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Disclaimer

The recommendations in this guideline represent the view of NICE, arrived at after careful
consideration of the evidence available. When exercising their judgement, professionals are
expected to take this guideline fully into account, alongside the individual needs, preferences
and values of their patients or service users. The recommendations in this guideline are not
mandatory and the guideline does not override the responsibility of healthcare professionals
to make decisions appropriate to the circumstances of the individual patient, in consultation
with the patient and/or their carer or guardian.

Local commissioners and/or providers have a responsibility to enable the guideline to be
applied when individual health professionals and their patients or service users wish to use it.
They should do so in the context of local and national priorities for funding and developing
services, and in light of their duties to have due regard to the need to eliminate unlawful
discrimination, to advance equality of opportunity and to reduce health inequalities. Nothing
in this guideline should be interpreted in a way that would be inconsistent with compliance
with those duties.

NICE guidelines cover health and care in England. Decisions on how they apply in other UK
countries are made by ministers in the Welsh Government, Scottish Government, and
Northern Ireland Executive. All NICE guidance is subject to regular review and may be
updated or withdrawn.

Copyright
© NICE 2023. All rights reserved. Subject to Notice of rights.
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Brain injury biomarkers for predicting
acute post-brain injury complications

Review questions

1.1 What is the diagnostic accuracy of brain injury biomarkers for predicting acute post-
brain injury complications?

1.2 What is the clinical and cost effectiveness of biomarkers when followed by the
appropriate treatment for acute post-brain injury complications to improve patient
outcomes?

1.1.1 Introduction

The potential use of fluid biomarkers in the identification of patients with acute complications,
defined here as the presence of intracranial injury on cross sectional imaging, was reviewed
in this update. This is an area of significant interest for researchers with a wide variety of
different protein and more recently also non-protein biomarkers the subject of investigation in
blood and other fluids.

Biomarkers of traumatic brain injury could offer the opportunity to streamline the care of
patients by assisting in separating those who would benefit from imaging and admission from
the vast majority who will have normal imaging and could be appropriate for discharge.
Likewise, developments in analytical methods mean there may be potential for some patients
to avoid hospital attendance at all if biomarkers can be sampled and analysed in the pre-
hospital setting. Overall, this could result in a significant improvement in the patient journey
and emergency department workflow pressures.

1.1.2 Summary of the protocol

For full details see the review protocol in Appendix A.

Table 1: PICO characteristics of review question — Diagnostic accuracy
Population Inclusion: Infants, children and adult with suspected traumatic brain injury (TBI)

Strata:
e Adults (aged 216 years)
e Children (aged 21 to <16 years)
e Infants (aged <1 year)

Mixed population studies will be included but downgraded for indirectness. Cut-
off of 60% will be used for all age groups

Exclusion: Adults, and children (including infants under 1 year) with superficial
injuries to the eye or face without suspected or confirmed head or brain injury.

Target condition = Acute post-brain injury complications
Index tests e Biomarkers

o Blood biomarkers
- $100 calcium binding protein B (S100B)
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-Ubiquitin C-terminal Hydrolase-L1 (UCHL1)
-Neuron Specific Enolase (NSE)
-Brain-derived neurotrophic factor (BDNF)
-Neurofilament light (NFL)
- Neurofilament Heavy (NF-H)
- all-Spectrin breakdown products (SBDP)
- Myelin basic protein (MBP)
- glial fibrillary acidic protein (GFAP)

o Salivary biomarkers
-salivary microRNAs (miRNAs)
-Extracellular vesicles (EVs)
-S100B

o Urine biomarkers
-Extracellular vesicles (EVs)
Each test must be followed by an appropriate treatment for complication after
brain injury
Treatment:

Admission to hospital for observation + possible neurosurgical management of
TBI

Timings:
Ideally biomarkers to be done before CT. Include studies if biomarkers done
after CT but downgrade it for indirectness.

Intra cranial injury and/or complex skull fracture on CT/MRI

e diagnostic accuracy of biomarkers for predicting acute post-brain injury
complications

Diagnostic accuracy to be reported by test sensitivity/specificity
Cross-sectional studies

Cohort studies (prospective and retrospective)

Systematic reviews and meta-analyses of the above

25 Table 2: PICO characteristics of review question — Test and treat
Inclusion: Infants, children and adult with suspected or confirmed head injury

Strata:
e Adults (aged 216 years)
e Children (aged =1 to <16 years)
o Infants (aged <1 year)

Mixed population studies will be included but downgraded for indirectness. Cut-
off of 60% will be used for all age groups

Exclusion: Adults, and children (including infants under 1 year) with superficial
injuries to the eye or face without suspected or confirmed head or brain injury.
Biomarkers
o Blood biomarkers
- S100 calcium binding protein B (S100B)
-Ubiquitin C-terminal Hydrolase-L1 (UCHL1)
-Neuron Specific Enolase (NSE)
-Brain-derived neurotrophic factor (BDNF)
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-Neurofilament light (NFL)
- Neurofilament Heavy (NF-H)
- all-Spectrin breakdown products (SBDP)
- Myelin basic protein (MBP)
- glial fibrillary acidic protein (GFAP)
o Salivary biomarkers
-salivary microRNAs (miRNAs)
-Extracellular vesicles (EVs)
-S100B
o Urine biomarkers
-Extracellular vesicles (EVs)

Each test must be followed by an appropriate treatment for complication after
brain injury.
Treatment:

Admission to hospital for observation + possible neurosurgical management of
TBI

Timings:
Biomarkers are used prior to decision for imaging or within 24 hours of injury.
Biomarkers will guide the decision to image or not.

Comparators:

To usual care (no testing with biomarkers)

To each other

All outcomes are considered equally important for decision making and
therefore have all been rated as critical:

e Quality of life - 3 months or more

o Objectively applied score of disability e.g. Glasgow Outcome Score (GOS)
or extended GOS - at 3 months or more

e Time to return to education/work/usual activities
Duration of post-injury complications
Randomised controlled trials (RCTs), systematic reviews of RCTs.

If no RCT evidence is available, non-randomised studies will be considered if
they adjust for key confounders, starting with prospective cohort studies.

Key Confounders:

Age

Gender

GCS (Glasgow Coma Scale) or pupillary response at presentation

1.1.3 Methods and process

This evidence review was developed using the methods and process described in
Developing NICE guidelines: the manual. Methods specific to this review question are
described in the review protocol in appendix A and the methods document.

Declarations of interest were recorded according to NICE’s conflicts of interest policy.
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1.1.4 Diagnostic evidence

1.1.4.1 Included studies

A search was conducted for cross-sectional studies and cohort studies (prospective and
retrospective) assessing the diagnostic test accuracy of brain injury biomarkers for predicting
acute post-brain injury complications in people with suspected traumatic brain injury (TBI).

Sixty four studies [cross-sectional and prospective/retrospective cohort studies] were
included in the review; -3 59 11, 13-44,46-49, 51-55, 57, 5967 these are summarised in Table 2 below.
Evidence from these studies is summarised in the clinical evidence summary below in Table
3.

Population

Majority of the included studies were in people with mild TBI (GCS 13-15). Studies with
mixed severity populations (mild/moderate/severe TBI) are included but have been
downgraded for indirectness as acute post-brain injury complications are most relevant to
those with mild TBI. Most studies reported inclusion of people with mild TBI with extracranial
injuries.

There were 47 studies in adults and 13 in infants/children. There were some studies with
mixed population (adults and children/children and youth); proportion of adults, youth and
children were not reported in these papers. These studies were included in adult or children
strata based on the reported mean (SD) age. Studies with mixed population have been
downgraded for indirectness. Two studies did not report age of the participants.

Index tests

In adults most of the studies assessed diagnostic accuracy of serum S100 calcium binding
protein B (S100 B), other biomarkers assessed were urinary S100B, glial fibrillary acidic
protein (GFAP), glial fibrillary acidic protein and break down products (GFAP-BDP), Ubiquitin
C-terminal Hydrolase-L1 (UCHL1), neuron-specific enolase (NSE), Neurofilament light (NFL),
small neuronal protein neurogranin (NRGN), pNFL-H and IL-10.

No relevant studies investigating the effects of the following biomarkers were identified in
adults: brain-derived neurotrophic factor (BDNF), Neurofilament Heavy (NF-H), all-Spectrin
breakdown products (SBDP), Myelin basic protein (MBP) and salivary biomarkers.

In children studies assessed diagnostic accuracy of serum S100 B, urinary S100B, GFAP,
NSE and UCHL-1.

No relevant studies investigating the effects of the following biomarkers were identified in
children: Neurofilament light (NFL) brain-derived neurotrophic factor (BDNF), Neurofilament
Heavy (NF-H), all-Spectrin breakdown products (SBDP), Myelin basic protein (MBP), urinary
biomarkers and salivary biomarkers.

Timing of blood sampling in studies ranged from 0-32 hours after injury. Most studies
reported testing within 3 hours or 3-6 hours after injury.

It was agreed that studies will be pooled based on timing of tests post- injury: 0-3 hours after
injury, >3 to 6 hours after injury, >6 -12 hours after injury, >12-24 hours after injury.

Only 2 diagnostic meta-analyses (serum S100 B at 0-3 hours after injury and serum S 100B
at >3 to 6 hours after injury) were possible because at least 3 studies are required for a valid
pooling of results, and for all other index tests only one or two studies were available. Some
studies reported serum S100 B tests within 0-6 hours after injury, these have been pooled in
the strata 0-3 hours or >3-6 hours after injury based on the median time of testing.

All studies reported biomarker testing before CT/MRI.
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There was variation in thresholds used for different biomarker tests in the studies. Studies
assessing diagnostic accuracy of serum S100B with thresholds 0.10 and 0.105 pg/L were
pooled as the thresholds were considered to be close enough to be combined. Studies with
all other different biomarkers and thresholds have been analysed/reported separately.

Reference standard

All studies reported CT as reference standard except for 4 studies which also used MRI
along with CT as the reference standard (Romner 2020- CT and MRI, Gill 2018- CT and
MRI, Linsenmaier, 2016 -CT and MRI, Oh 2007- CT or MRI).

Timing of reference standard: some studies reported that reference standard was done soon
after/within the same time frame as biomarker testing, whereas in some studies there was a
time interval between biomarker testing and reference standard for example biomarker test
within 6 hours and CT within 24h after injury. Many studies did not report exact timing of the
reference standard.

Qutcomes

There was variation in definition of outcomes reported in papers, with some reporting intra
cranial injury/lesions only and others reporting intracranial lesions with complex skull fracture
on CT/MRI. All outcomes have been extracted and analysed.

Follow-up/treatment for complication after brain injury

Only a few studies reported on follow-up/observation/ treatment for complication after brain
injury, this information where available has been included in the evidence tables.

QOutcome measures/statistical measures

Sensitivity and specificity were identified by the committee as the primary measures in
guiding decision-making. Clinical decision thresholds for sensitivity and specificity were set
by the committee, at 90% (above which a test would be recommended) and 60% (below
which a test is of no clinical use).

Sensitivity and specificity were both considered to be equally important. Biomarker testing is
the first stage of a two-step process, followed by CT/MRI if indicated by a positive test. The
need for the index test to have a very few false negatives was considered to be important so
as to avoid anyone with intracranial injury/lesion exiting at first stage prematurely. Specificity
was considered to be important as false positives would mean people who do not have
intracranial injury/lesion would receive unnecessary radiation (particularly for children).

Diagnostic test and treat

There was no evidence identified for test and treat component of this review.

1.1.4.2 Excluded studies
See the excluded studies list in Appendix .

See also the study selection flow chart in Appendix C and study evidence tables in Appendix
D.
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1.1.5 Summary of studies included in the diagnostic evidence

Table 3: Summary of studies included in the evidence review- Adults

Asadollahi, 2016 *
Prospective cohort

Iran.

n =158

Age, mean (SD):
35.5 (15.8) years

Gender (male):
69.6%

GCS: breakdown of
GCS not reported
but mild traumatic
brain injury (TBI)
defined as GCS 13-
15 for inclusion in
the study

9 (5.7%) on
anticoagulation

Setting: adult ED of
a teaching hospital

Inclusion criteria:
isolated mild
traumatic brain
injury (TBI) (GCS

Serum S100B
measured at 3 and 6
hours post injury

CT scan within 6 hours
post injury.

10

NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications
DRAFT [September 2022]

Positive CT scan (at least

one trauma-relevant

lesion (epidural, subdural,

subarachnoid,
intracerebral

haemorrhage, cerebral
contusion, brain oedema,
depressed skull fracture))

Follow up: no mention of
follow up but states that 2
participants underwent
neurologic deterioration
and needed surgical
treatment
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13-15 with loss of
consciousness
(LOC) <30 minutes
and post traumatic
amnesia (PTA) <1
hour;) >18 years of
age; presented to
the ED within 2
hours after the injury

Bazarian, 2006 4 n =96

Nested cohort
Age, mean (SD):
35.9 (19.5) years,
range 8-79 years,
median 39.5 years

Gender (male):
62.5%

GCS 15:91.7%
GCS 14:5.2%
GCS 13:3.1%

Ethnicity: 100%
white

Setting: emergency
department of the
University of
Rochester School of
Medicine

Serum S100B
measured within 4
hours of injury

Serum S100B
measured within 4
hours of injury, correct
for creatine kinase

Initial head CT

Follow up: assessment of
post-concussive symptoms
using the Rivermead Post
Concussion Questionnaire
via telephone at 3 months
after ED visit

11

NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications

DRAFT [September 2022]

Traumatic abnormality on
initial CT scan — Serum
S100B within 4 hours
Specificity (when
sensitivity set at 70%)
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Country: USA

Inclusion criteria for
this study: consent
for blood draw for
analysis in the ED;
head CT scan
performed in ED as
part of clinical care;
completed 3-month
follow up

Inclusion criteria for
the larger NIH study
met case definition
for mild traumatic
brain injury
(TBI)(blow to the
head or
acceleration/deceler
ation movement of
the head resulting in
one or more of the
following: loss of
consciousness <30
minutes; amnesia
<24 hours or any
alteration in mental
state at the time of
injury); GCS >13
measured 230
minutes after injury

12
NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications
DRAFT [September 2022]
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Study

ALERT-TBI Bazarian,
2018 ; Bazarian, 2021
57

Prospective cohort

Population

n = 1959 (results
reported separately
for n=1920 with
GCS 14-15)

Age, mean (SD):
48.9 (20.9) years,
range 18-98 years

Gender (male): 57%

GCS 15: 93%
GCS 14: 5%
GCS 13: 1%
GCS 12: 1%
GCS 11: <1%
GCS 10: 0%
GCS 11: <1%

Ethnicity: white
70%:; black or
African American
27%; Hispanic 5%;
other/unknown 4%

Setting: ED at 22
sites

Country: USA (15)
and Europe (7)

Index test
Index test:

Combined serum
UCH-L1 and GFAP
measured within 12

hours post injury (cut-

off concentration
values of 327 pg/mL
for UCH-L1 and 22
pg/mL for GFAP)

Reference standard

Reference standard:

CT scan within 12 hours
post injury.

13

NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications
DRAFT [September 2022]

Outcome

Positive CT scan
(presence of one or more
of the following injuries:
acute epidural
haematoma, acute
subdural haematoma,
indeterminate extra-axial
haemorrhage,
intraventricular
haemorrhage,
parenchymal haematoma,
petechial haemorrhagic or
bland sheer injury,
subarachnoid
haemorrhage, brain
oedema, brain herniation,
non-haemorrhagic
contusion, ventricular
compression, ventricular
trapping, cranial fractures,
depressed skull fractures,
facial fractures, scalp
injury, or skull base
fractures).

Comments
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Inclusion criteria:
=18 years of age;
presenting to ED
with suspected non-
penetrating TBI
resulting from
external force; GCS
9-15; underwent a
non-contrast head
CT scan within 12
hours of injury;
blood sampling
within 12 hours of
injury; informed

consent
Bazarian, 2013 §; n = 787 with mild Index test: Reference standard: Presence of intracranial
Jones 2020 traumatic brain CT scan. abnormalities. Traumatic
injury (TBI) Serum S100B within 6 CT abnormalities defined
hours post injury (cut- as subdural hematomas
Age, mean (SD): off >0.29 pg/L) gi?nHaibfnP;gural
38.2 (19.5 it ]
( ) ﬁoel:l:;n ilto i?FuWIt(hc;Sf subarachnoid
b Jury haemorrhage (SAH),
Gender (male): off >0.06 pg/L) oedema, skull fracture
63.5% Serum S100B within 6 and cerebral contusions.
hours post injury (cut-
GCS 15: 89.2% off >2.391 ug/L)
GCS 14: 6.5% Serum S100B within 6

hours post injury (cut-

GCS 13: 1.3% off >0.097 pg/L)

GCS “13-15": 2.5%

14
NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications
DRAFT [September 2022]
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Serum S100B within 6

Ethnicity: hours post injury (cut-
Hispanic/Latino off >0.521 pg/L)
4.4%; not Serum S100B within 6
Hispanic/Latino hours post injury (cut-
92.2%; off >0.1 ug/L)
refused/missing

3.3%

Setting: 6 EDs
Country: USA

Inclusion criteria: 21
year of age; met
study definition of
mild TBI (blow to the
head or rapid
acceleration/deceler
ation resulting in at
least one of the
following: a loss of
consciousness
(LOC) =30 minutes,
posttraumatic
amnesia <24 h,
neuropsychological
abnormality (any
transient period of
confusion,
disorientation, or
impaired

15
NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications
DRAFT [September 2022]
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Study

Biberthaler, 2006 8

Prospective multi
centre cohort study

Population
consciousness; in
children <2 years
old: irritability,
lethargy, or vomiting
post-injury), or
neurological
abnormality (seizure
acutely after injury,
hemiplegia, or
diplopia)); GCS 213
within 30 minutes of
injury; informed
consent

n = 1309 with minor
head injury

Age, median
(interquartile range):
47 (32-65) years

Gender (male): 65%

GCS: no breakdown
but GCS 13-15 for
inclusion in the
study

Ethnicity: not
reported

Index test

Index test:
Serum S100B

The median interval
between trauma and
blood sampling was 60
min (range, 40-80 or
25%-75%)

Reference standard

Reference standard:
Cranial CT (CCT)

Median interval between
blood sampling and CCT
scan was 30 min (range,
16-52 or 25%-75%).

16

NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications
DRAFT [September 2022]

Outcome

CCT-positive (patients
with at least one of the
pathophysiological
trauma-relevant findings
(haemorrhage, epidural,
subdural, sub
arachnoidal, intracerebral,
ventricular, cerebellar,
brainstem, cortex
contusion, haemorrhagic,
non-haemorrhagic))

Comments

Treatment: 11 individuals
required immediate
neurosurgical intervention
such as implantation of an
intraventricular catheter
for drainage of
cerebrospinal fluid or
decompressive
craniotomy.
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Biberthaler, 2001 °
Prospective cohort

Setting: 3 trauma
centers

Country: Germany

Inclusion criteria:
history of isolated
head trauma and
admission within 3
hours; GCS of 13 to
15 upon admission;
one or more of 10
clinical risk factors
(brief loss of
consciousness,
post-traumatic
amnesia, nausea,
vomiting, severe
headache,
dizziness, vertigo,
intoxication,
anticoagulation, age
above 60 years)

N=52

Age, mean (SD): not
reported

Gender (male): 73%

Index test:

Serum S100B at
admission (cut-off 0.1

Hg/ml)

Reference standard:

Spiral cranial CT scan
within 6 hours post injury.

17

NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications
DRAFT [September 2022]

Pathologic findings
(intracerebral
haemorrhage, skull
fracture, or diffuse brain
swelling) on CT scan
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GCS: no breakdown The interval between
but GCS 13-15 for trauma and admission
inclusion in the was 73.46 (47)

study minutes; and the
interval between
trauma and blood
sampling was 116
(18.8) minutes.

Ethnicity: not
reported

Setting: single ED
Country: Germany

Inclusion criteria:
presented to ED
with a history of
isolated MHT; GCS
13-15 at admission;
at least one of the
following symptoms:
amnesia, loss of
consciousness
(LOC), nausea,
vomiting, vertigo, or
severe headache

Biberthaler, 2002 10 n=104 Index test: Reference standard: Positive CCT scan Results reported for two
Cranial CT scan (diffuse injury I-IV, different test systems
Prospective cohort Age, mean (SD): not Serum S100B evacuated mass lesion

and non-evacuated mass

reported Plasma S100B lesion)

Gender (male): not  Blood sampling within
reported 2 hours of injury

18
NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications
DRAFT [September 2022]
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GCS: no breakdown
but GCS 13-15 for
inclusion in the
study

Ethnicity: not
reported

Setting: single ED
Country: Germany

Inclusion criteria:
presented to ED
with a history of
isolated MHT; GCS
13-15 at admission;
at least one of the
following symptoms:
transient loss of
consciousness
(LOC) <5 minutes,
amnesia for the
traumatic event,
nausea, vomiting,
vertigo and severe
headache; interval
below 2 hours
between traumatic
event and blood
sampling

19
NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications
DRAFT [September 2022]
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Cervellin, 2012 4

Prospective cohort

NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications

Age, mean (range):
58 (14-80) years

Gender (male): 68%

GCS: no breakdown
reported but GCS
14-15 for inclusion
in the study

Ethnicity: not
reported

Setting: EDs of a
single hospital

Country: ltaly

Inclusion criteria:
14-80 years of age;
presenting at the ED
with a history of MHI
requiring CT
scanning according
to local guideline
(criteria included
GCS 14-15)

DRAFT [September 2022]

Index test:

Serum S100B
measured within 3
hours post injury

Reference standard:

CT scan performed 30

minutes from blood
collection.

20

Positive CT scan (any
intracranial pathology
associated with an injury
(acute subdural, epidural
or parenchymal
hematoma, traumatic
subarachnoid
haemorrhage, cerebral
contusion and brain
swelling))
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Cevik, 2019 15

Cross-sectional study

NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications

Mixed adults and
children. Mean age
(Adults). Not
reported proportion
of adults and
children.

Age, mean (SD): 24
+ 22 (range, 5-65)
years

Gender: 48 patients
[38 (79%) males
and 10 (21%)
females] with “pure”
mild TBI

GCs:

The Glasgow coma
score (GCS) for all
patients was 14—15

GCS-15: 39
(81.25%)
GCS-14: 9(18.75%)

Setting: ED

DRAFT [September 2022]

Index test:

Serum biomarkers:

- S100 beta
(S100B)

glial fibrillary
acidic protein (GFAP)
- small neuronal
protein neurogranin
(NRGN)
Venous blood samples
were collected within
the first 4 h following
the trauma

Reference standard:

CT

21

Abnormal cerebral CT
findings

The primary end point of
the study was to
investigate the
relationship between the

levels of biomarkers such

as S100B, GFAP and
NRGN in patients with

mild head injury in the first

4 h after the trauma with
abnormal traumatic CT
findings.

Mixed population (adults
and children).

No information on follow-
up/treatment reported
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Country: Turkey

Inclusion criteria:
People with mild TBI

Chen, 2022 16 n = 644 (mostly mild

Prospective cohort TBI)

study Out of 644 patients,
52 had a Glasgow
Coma Scale (GCS)
score <13

n=462 with blood
samples (Analysed)

No-OMEI (other
major extra- cranial
injuries) sub-cohort
(n = 245)

Age, mean (SD)
years:

With blood
sample:50.7+22.7

Gender (male): 286
(61.9%)

GCS : 14 (14-15)

Reference standard:
Head CT

Index test: Index test:

Distribution of time
from injury to ED
admission/ blood draw
spanned 0—6 h with a
median at 1 h

-glial fibrillary acidic
protein (GFAP)
-ubiquitin C-terminal
hydrolase-L1 (UCH-L1)
-S100B

The pre-specified cut-
off values of GFAP,
UCH-L1, and S100B
were 22 pg/mL3, 327
pg/mL3, and 105
pg/mL13, respectively.

A negative test result
referred to markers
falling at or below their

22
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Acute brain injuries

Adults

No information on
treatment
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Country: USA pre-specified cut-off
Setting: ED value, whereas a
positive test result
indicated that markers
exceeded their pre-
specified cut-off value.

Inclusion criteria for
this study: Adult
patients (> 18 years
old) transported by
ambulance or
helicopter, for whom
a trauma alert was
triggered and who
underwent a non-
contrast head CT
seeking care for
suspected TBI, were

enrolled
zeiter, n= ndex test: eference standard: ositive CT scan

Czeiter, 2020 "7 2867 Index test Ref tandard Positive CT

CENTER-TBI Age, median Head CT scan (presence of any
(interquartile range):  Serum S100B traumatic intracranial

Prospective cohort 49 (30-66) years measured within 24 abnormal!tyz skul!

study hours post injury fractures‘ in isolation were
Gender (male): Serum neuron-specific .n?t conS|.df|erebd as it
67.9% enolase (NSE) intracranial abnormality)

measured within 24

GCS 15: 52.1% hours post injury

GCS 13-14: 15.9%  Serum GFAI? .
GCS 9-12: 7.7% measured within 24

GCS 3-8 21% hours post injury

’ Serum UCH-L1
measured within 24
hours post injury

23
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David, 2017 18

Prospective cohort

NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications

Setting: 65 clinical
sites, patients
stratified by care
path (emergency
department, hospital
admission and
intensive care unit)

Country: 17
European countries
and Israel

Inclusion criteria: all
severities of TBI;
presenting within 24
hours of injury and
scheduled for CT
scanning

n = 308
Age, mean (SD):
79.1 (10.5) years

Gender (male): 49%

GCS 15: 97.4%
GCS 13-14: 2.6%

DRAFT [September 2022]

Serum neurofilament
protein-light (NFL)
measured within 24
hours post injury

Index test:

Serum S100B
measured within 6
hours post injury (cut-
off 0.105 pg/L)

Reference standard:

Cranial CT scan performed
within 24 hours post injury

24

Positive CT scan (any
trauma related intracranial
haemorrhage, including

epidural, subdural or
subarachnoid
haemorrhage, or
intracerebral bleeding

(petechial haemorrhage,
contusion or hematoma))

All study participants were
on antithrombotic
medication — limited
applicability to the wider
review population.
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All participants were
on antithrombotic
medication

Setting: ED of a
single teaching
hospital

Country: France

Inclusion criteria:
218 years of age;
pre-injury
antiplatelet and/or
anticoagulant use;
mild blunt head
trauma (any blunt
head injury
regardless of loss of
consciousness or

amnesia)
Diaz-Arrastia, 2014 n = 206 Index test: Reference standard: Intracranial pathology on Included mixed severity
"*Multicentre Age, mean (SD): 42 CT CT
prospective cohort (18) years, . Serum
study (Transforming Ubiquitin C- ; .
. quitin C-terminal All patients underwent CT
RGN SR | e (male): 73% hydrolase L1 (UCH-L1) imaging of the brain at the

Knowledge in

) N - Serum glial time of initial presentation
F;iné?ﬁgﬁim injury GCS: majority of fibrillary acidic protein ~ to the ED. Each patient’s
- subjects (83%) were (GFAP) head CT was characterized
classified as having using the
25
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Study

Population

had mild TBI
(admission GCS
13-15), 4% as
having had a
moderate TBI (GCS
9-12), and 13% as
having had a severe
TBI (GCS 3-8).

Setting: trauma
centre

Country:
International

Inclusion criteria:
patients had to
present within 24 h
of injury with a
history of trauma to
the head sufficient
to triage to non-
contrast head CT
using the American
College of
Emergency
Physicians/Centres
for Follow up: 6
months after injury
Disease Control
(ACEP/CDC)

Index test

Upper limits of normal
were defined as mean
+ 3 standard
deviations. For UCH-
L1 mean (SD) was
0.073 (0.057) ng/mL,
and for GFAP mean
(SD) was 0.038 (0.059
ng/mL). Therefore, the
upper limits of normal
for UCH-L1 and GFAP
were 0.244 and 0.215
ng/mL, respectively.

Blood samples were
collected from subjects
who consented to
genetic and proteomic
analysis within 24
hours of injury.

Reference standard Outcome
recommendations of the
TBI-CDE Neuroimaging
Working Group. Each CT
was de-identified,
electronically uploaded to a
central imaging database,
and reviewed by a blinded
central reader who was a
board certified
neuroradiologist

26
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Study Population
evidence-based
joint practice
guideline.22 All
levels of GCS

scores were eligible.

Dickens, 2018 20
Prospective cohort

n = 210 (discovery
cohort- Turku,
Finland = 144) and
validation cohort-
Cambridge, UK (n =
66)

Age, mean (SD):
Discovery cohort
Mild: 48.37 (20.18)

Moderate:59.57
(17.32)

Severe: 55.05
(15.25)

validation cohort-

Mild: 36.75 (18.20)
Moderate: 41.57
(20.49)

Severe: 44.87
(17.71)

Index test

Index test:

. Serum GFAP

. Serum UCH-
L1

The blood samples
were collected within
12 hours of admission
to hospital.

There were some
patients who were
found unconscious and
transferred to hospital
and patients who
sustained mild TBI and
sought for medical
attention with latency.
In these patients, the
exact time of injury is
unknown.

Reference standard Outcome

Reference standard: Traumatic intracranial
CT findings

The CT scans were
analysed by
neuroradiologists and
double-read by a senior
neurosurgeon (JPP) and a
neurologist (OT).

Marshall classification was
chosen, because it can be
appropriately used for the
patient group division and
to address the clinical
questions.

27
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Comments

Mixed severity TBI based
on GCS (mild, moderate
and severe)

Study reports that all
patients received
treatment based on local
standards and current
international guidelines
and recommendations.
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Gender
(male/female):

Discovery cohort
Mild: 74/34
Moderate: 8/6
Severe: 19/3

validation cohort

Mild: 27/9
Moderate: 7/0
Severe: 17/6

GCS: Included all
severities

Discovery cohort:
(N=108) Mean GCS
(mild):14.19

(N=14) Mean GCS
(moderate):9.77

(N=22) Mean GCS
(severe):4.44

Validation cohort:

(N=36) Mean GCS
(mild): 14.54

28
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(N=7) Mean GCS

(moderate): 10.44
(N=23) Mean GCS
(severe): 5.68

Setting: trauma
centres

Country: UK,
Finland

Inclusion criteria:
Patients were
included if they were
older than 18 years
(16 in the UK) and
had a clinical
diagnosis of TBI and
indications on a
head CT according
to the National
Institute for Health

and Care

Excellence (NICE)

criteria.
Egea-Guerrero, 2012 Index test: Reference standard: Intracranial lesion (IL) on  Includes people over 14
21 Prospective cohort = 143 Serum S100B CT CT years. Not specified

proportion of

29
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Age, mean (SD): 49 A blood sample was In this study, IL included adults/children. Mean age
(20.6) years drawn at 6-hours post-  cerebral contusion, suggests adults.
TBI traumatic subarachnoid

Gender: Eighty-nine haemorrhage, epidural
patients were male haematoma, and subdural

(62.20%) and 54 haematoma. A venous

females (37.80%). blood sample was taken
during the first 6 hours
post-trauma for posterior

GCS: 15: 143 analysis of S100B serum

(100%) level. A CT scan to identify
IL was performed within 24

Twelve patients hours of the accident

were under (never prior to 1-hour post-

hypocoagulation trauma) [9-12].

therapy at the time Neuroradiological findings

of injury. were reviewed and

classified by a
neuroradiologist blind to

All patients had
patients ha study goals and data

normal levels of
consciousness
(GCS = 15) at
hospital admission
and at least one
neurological
symptom after TBI

Setting: hospital

Country: Spain
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Inclusion criteria:
aged 14 or over,
GCS =15 at
hospital admission
and one or more of
the following
symptoms: (1)
transitory loss of
consciousness; (2)
amnesia; (3)
persistent
headache; (4)
nausea or vomiting;
and (5) vertigo

Egea-Guerrero, 2018 n =260 Index test: Reference standard: Presence of intracranial Mixed population adults
22 Prospective cohort Serum S100B CT lesion (IL) on CT and children- includes
study Age, mean (SD): ;b(:ve 14rtyc(ejars of artge. f

Age > 65 years, n Blood sampling ~ 3 h CT scan within 24 hours a(;)ulzzpa%dechﬁ(rﬁgﬁ ion o

(%)- 50 (19.2%) and 25 min post-TBI post-TBI (never prior to 1 :

hour post-accident)
Gender, male, n A 5-mL sample of
(%): 166 (63.8) blood was drawn from

each patient. Once
GCS: GCS=15 (mild  collected, samples
TBI) were centrifuged at
18009 for 10 min. The
sera were separated
and frozen in aliquots
at —80°C until batch
evaluation.

Isolated TBI, n (%):
171 (65.8)
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S100B (pgiL),

median (IQR): 0.18  Venous blood samples

(0.09-037) for S100B were
collected

Setting: hospital approximately 3 hours

trauma centre and 25 min post-TBI
(IQR: 2.0-4.3).

Country: Spain
Inclusion criteria:
age = 14; GCS = 15
at hospital
admission and at
least one of the
following
symptoms/findings:
transitory loss of
Cconsciousness,
amnesia, persistent
headache, nausea
or vomiting ;
extraction of serum
sample within 6
hours post-trauma
and CT scan within
24 hours post-TBI
(never prior to 1
hour post-accident)

Ernstbrunner, 2016 2 n =382 (no ICH Index test: Reference standard: Secondary intracranial No information on
378; Secondary ICH  Serum S100B CT scan haemorrhagic events management
n=4) (SIHE) on CT

32
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Age, mean (SD):

No ICH: 82 (+9) Peripheral venous Primary head CT and

Secondary ICH: 76 blood was obtained RRHCT (repeated head

(11) directly after the computed tomography
primary CT within an (RRHCT) scans within 3

Gender (female%): average of 3 hours and 48 hours to trauma

_ * afterinitial trauma were performed.
Mo ICI7E 6 The CT scans were
Secondary ICH: 50 reviewed without delay by
an in-house attending
GCS: Mild TBI senior radiologist. After the
(GCS 14-15) CT scan, all patients with

mild HI were kept under
observation for a minimum

Ethnicity: not of 24 hours.

reported

Setting: Level
Trauma centre

Country: Austria

Inclusion criteria: (1)
260 years of age,
(2) intake of daily
LDA prophylaxis
(50-100 mg day-1),
(3) isolated mHI with
a GCS of 14-15, (4)
negative pHCT
within 3 hours and
(5) no hypertensive
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irregularities during
the in-hospital
observation period
(systolic blood
pressure <150 mm

Hg).
Forouzan, 2021 24 n=176
Prospective cohort Age, mean (SD):
36.4 (16) years

(range 16-90 years)

Gender (male):
80.1%

GCS 14-15: 100%
Setting: 2 hospitals
Country: Iran

Inclusion criteria:
216 years of age;
clinical diagnosis of
traumatic brain
injury (TBI); those
who have
indications for brain
CT scan in terms of

the National Institute
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Index test: Reference standard:
CT scan
Serum GFAP
Within 6 hours of injury
(not stated mean
timing of sampling)
34

Positive CT scan (acute
epidural or subdural
hematoma, cortical
contusion, ventricular
compression, ventricular
trapping, cerebral
herniation, intraventricular
haemorrhage,
hydrocephalus,
subarachnoid
haemorrhage, cerebral
oedema, post-traumatic
ischemia, intracranial
hematoma, and cerebral
venous sinus thrombosis)
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Study Population

for Clinical
Excellence Criteria
(NICE); <6 hours
elapsed between
the event and
examination; GCS

15- 13 (mild TBI)

Gardner, 2018 26 n =586 (n=169
TRACK-TBI Pilot analysed - people
study Prospective with mild TBI)

cohort study Age < 40 years:
n=79. Mean (SD):
25.8 (7.3) years
Age 40-59 years:
n=60. Mean (SD):
50.0 (5.9) years
Age = 60 years:
n=30. Mean (SD):
68.0 (8.4) years

Gender (female):
Age < 40 years: 21

(26.6)

Age 40-59 years: 20
(33.3)

Age = 60 years: 11
(36.7)

NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications
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Index test Reference standard

Reference standard:
Head CT

Index test:
Serum GFAP

All blood samples were
obtained within 24
hours of injury

Sample collection
hours post-injury
(hours):

Age < 40 years: 8.6 —
5.6 (1.0-23.9)

Age 40-59 years: 10.8
—6.9 (0.5-23.5)

Age = 60 years: 13.6 —
6.8 (2.1-23.5)

35

Outcome

Acute intra cranial trauma

For this study, evidence
of acute intracranial
trauma (i.e., CT+) was
defined as presence of at
least one of the following:
epidural haemorrhage
(EDH), subdural
haemorrhage (SDH),
subarachnoid
haemorrhage (SAH),
brain contusion,
intracerebral
haemorrhage (ICH),
intraventricular
haemorrhage (IVH),
traumatic or diffuse
axonal injury (TAI/DAI),
midline shift >5 mm,
partial or complete
effacement of basal
cisterns, or cerebral

Comments
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GCS: mild TBI oedema. CT- was defined
(GCS 13-15) as having none of these
GCS 13 aforementioned findings.

Age < 40 years: 2 Additionally, iptra-
(2.5) parenchymal injury was

) defined as contusion,
Age 40-59 years: 0 ICH, TAI/DAI, or oedema;
(0.0) extra-parenchymal injury,
Age 2 60 years: 0 as EDH, SDH, SAH, or
(0.0) IVH

GCS 14

Age < 40 years: 16
(20.3)

Age 40-59 years: 10
(16.7)

Age = 60 years: 2
(6.7)

GCS 15

Age < 40 years: 61
(77.2)

Age 40-59 years: 50
(83.3)

Age = 60 years: 28
(93.3)

Setting: trauma
centre
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Country: USA

Inclusion criteria:
age 16 years and
older with mild TBI
(GCS score 13-15)
and ability to
provide informed
consent either
independently or via

a proxy.
Gatson, 2014 27 (Mild n =34 Index test: Reference standard:
and Moderate TBI Age, mean (SD): CT scan
Biomarker [MAMBA] o1 negative: 33.4 +  Serum neurofilament-H
study) Prospective 98 (NFL-H)
cohort ' e

CT positive: 35.1 +

1.6 Study measured the

serum levels of pNFL-

Gender (ma|e): Hin patients with mild

CT negative: 7 TBI at Day 1 (18-24

(43.8) hours) or Day 3 (66-72

CT positive: 14 hours) after injury.

(77.7)

The range of detection
GCS: mild TBI fg?ﬂfgS ng/ml to 15
CT (negative): '

GCS 13: 2 (12.5)
GCS 14: 6 (37.5)
GCS 15: 8 (50)
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Intracranial findings on
CT (skull fractures,
subdural/
epidural/subarachnoid
haemorrhaging, oedema,
and/or contusions)
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CT positive:

GCS 13: 10 (55.5)
GCS 14: 1 (5.6)
GCS 15: 7 (38.9)

Setting: hospital
Country: USA

Inclusion criteria:
TBI patients with a
GCS score between
13 and 15 who were
admitted to
Parkland Hospital
(Dallas, Texas)
were identified and
screened using the
patient database.
Both men and
women between the
ages of 18 and 50
years with an mTBI
were screened.

Gill, 2018 28 n =277 Index test: Reference standard: Neuroimaging findings No follow-up reported
Prospective cohort CT scan within 48 hours (CT and MRI)
post injury
38
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Age, mean (SD): Plasma NFL within 48  MRI scan within 48 hours
MRI+, CT+ 52.03 hours post injury post injury

(19.83); MRI+, CT-  Plasma GFAP within

46.04 (16.08); MRI-, 48 hours post injury

CT-41.48 (15.25)  plasma UCH-L1 within

YISELS 48 hours post injury

Gender (male):
MRI+, CT+ 65%;
MRI+, CT- 60%;
MRI-, CT- 57%

GCS mean (SD):
MRI+, CT+ 14.07
(1.53); MRI+, CT-
14.42 (1.11); MRI-,
CT-14.51 (7.22)

Setting: emergency
department

Country: USA

Inclusion criteria:
seeking care for a
suspected brain
injury; 18-85 years
of age; GCS 13-15
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Ingebrigtsen, 2000 2°
Prospective cohort

n=182
Age, mean (range):
33 (15-78) years

Gender (male): 61%
GCS 13: 5.5%

GCS 14: 18.7%
GCS 15: 75.8%

Setting:
Departments of

Neurosurgery/Neuro

logy at 3 centres
Country: Finland

Inclusion criteria:
head injury with
brief (<10 minutes)
loss of
CONSCiousness;
GCS 13-15 at
admission; no focal

neurological deficits;

age 15-80 years;
admitted within 12
hours post injury;
CT performed within
24 hours after injury

Index test:

Serum S100B
measured immediately
after admission (cut-off
20.2 pg/L) (mean 3
hours (range 0.5-12
hours) after injury)

Reference standard:

CT scan within 24 hours
post injury
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Intracranial pathology on
CT scan

Follow up: Rivermead
Post Concussion
Symptoms questionnaire
measured 3 months post
injury

Population indirectness
as children and adults
were included, although
the mean suggests
majority were adults.
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Kahouadji, 2020 3! n =130
Prospective cohort Age, mean (SD):
44 .8 (20.4) years

Gender (male): 62%

GCS 13/14: 17%
GCS 15: 83%

Setting: single
centre ED

Country:
Switzerland

Inclusion criteria:
Adult (=18 years)
mild TBI patients
with a clinical
indication fora CT
scan, as described
in the Canadian CT
Head Rule; mild TBI
defined as head
trauma with GCS
score of 13—15

NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications
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Reference standard:
Cranial CT scan

Index test:
Serum S100B

measured 3 hours post
injury

41

Positive CT scan (at least
one pathophysiological
trauma-relevant
intracranial lesion - any
signs of cranial (skull
fracture) or intracranial
pathology (hematoma, air,
or contusion), subgaleal
hematomas were also
considered positive to
prevent disregarding
abnormalities that may
influence S100B levels

Study reports Serum
S100B did not influence
patients’ clinical
management
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Kaneko, 2019 32
Prospective cohort

NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications

n =57
Age, years: 70 (57-
81)

Gender (male): 22
(39%)

Severity: mild to
moderate TBI

GCS mean (range):
15 (14-15)

Setting: ED
Country: Japan

Inclusion criteria:
admission to the
emergency
department of
Kumamoto Medical
Center, single blunt
head trauma, mild-
to-moderate TBI
with Glasgow coma
scale score of 9-15,
and head computed
tomogra—phy (CT)
scheduled before

DRAFT [September 2022]

Index test:

Serum biomarkers

- glial fibrillary acidic
protein (GFAP)
(ng/mL)

- phosphorylated
neurofilament heavy
subunit (pNF-H)
(pg/mL)

- heart-type fatty acid
binding protein (H-
FABP) (ng/mL)

- neuron-specific
enolase (NSE) (ng/mL)
-S100B
protein(S100B)
(pg/mL)

Reference standard:

42

Positive head CT findings  No information on
treatment

Positive head CT findings
were defined as intra-
cranial haemorrhagic
findings
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collecting informed
consent

Kotlyar, 2011 34
Prospective cohort
study

n = 346
Age, mean (SD): 48
Gender (male): 62%

GCS:
GCS 15: 89% (303)

GCS <15: 10% (35)

Ethnicity:

White: 63% (219)
Hispanic: 20% (68)
Black: 13% (45)
Other: 4% (14)

Setting: ED
Country: USA

Inclusion criteria:
Patients presenting
within 6 hours of
injury and
undergoing HCT for
evaluation of minor
head trauma (GCS

Index test:
Serum S100B

Blood was collected
upon admission (within
6 hours of injury) and
immediately sent to the
laboratory for
processing

Reference standard:
Head CT

ED HCT was performed
within 3 h of ED
presentation
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No information on
treatment

Positive CT results
(subarachnoid
haemorrhage, epidural
haemorrhage, subdural
haemorrhage,
intraparenchymal
haemorrhage, diffuse
brain oedema , diffuse
axonal injury, skull
fracture)
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of 13-15) were
eligible for
enroliment. Patients
with concomitant
trauma were eligible
for enrollment.
Alcohol- and drug-
intoxicated patients
were also eligible for
enrollment if time of
injury was known.
Non-focal
neurologic
examination

Lagerstedt, 2017 3%
Prospective cohort

n=172 [CT +: 140
(81%); CT -: 32
(19%)]

Mixed population
(age > 14 years-
adults and children)
Age, years:

CT+: 46 (20) years
CT -: 61 (25) years

261 mild TBI
patients with a GCS
score of 15. Of
these, 172 patients
came to the hospital
< 6 h after trauma,

Index test: Head CT

- Serum S100B

- Serum Heart fatty-
acid binding protein (H-
FABP)

CT scan performed within
24 hours of the trauma

Blood samples
collected <6 hours
after trauma.

Reference standard:
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CT positive (not defined)

Population indirectness
as children and adults
were included, although
the mean suggests
majority were adults.

No information on
treatment
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with a mean time (+
SD) of 198 min + 88

Gender (male):
CT+: 101 (72%)
CT-: 23 (72%)

Setting: hospital

Country:
Switzerland and
Spain

Inclusion criteria:
diagnosis of mild
TBI with a GCS
score of 15;
presence of at least
one clinical
symptom (loss of
consciousness,
amnesia, vomiting
or nausea,
headache or
equilibrium
disorder); CT scan
performed within 24
h of the trauma
(where the presence
of epidural
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haemorrhage,
subdural
haemorrhage,
subarachnoid
haemorrhage,
intracerebral
haemorrhage,
contusion with
haemorrhage,
cerebral oedema or
skull fracture was
classified as CT-
positive); blood
sample collected at
admission; and age
above 14 years old.

Lagerstedt, 2018 3¢
Prospective cohort
study

n=132(CT
negative scan, n (%)
111 (84) 2; CT
positive n=21 (16))
Age, mean (SD)
year: mixed
population (mean
age -adults)

CT negative: 46 (21)
CT positive: 63 (24)

Gender (male):

Index test:

Reference standard:

CT positive (Epidural
haemorrhage, Subdural

Serum —H-FABP, CT scan haemorrhage,
MMP-1, MMP-3, MMP- Subarachnoid
9, VCAM, ICAM, SAA, haemorrhage,
CRP, GSTP, NKDA, Intracerebral
PRDX1, DJ-1 and IL- haemorrhage Contusion
10 with haemorrhage Skull
fracture)
<6 hours following a
TBI event
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CT negative: 82 (74) Mean (SD): CT

CT positive: 14 (67) negative: 195 (86); CT
positive: 177 (100)

GCS: GCS score of
15 and at least one
clinical symptom

Setting: ED
Country: Spain

Inclusion criteria:
patients were
diagnosed with mild
TBI and had a GCS
score of 15 and at
least one additional
clinical symptom
(vomiting or nausea,
loss of
consciousness,
amnesia, an
equilibrium disorder
or a headache) and
age above 14 years
old. Each patient
had a blood sample
taken at hospital
admission 6 hours
post trauma and a
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CT scan was
performed within 24
hours post trauma

N=133

Lagerstedt, 2018 37
Prospective cohort CT negative: 111
study (83)

CT positive: 22 (17)

Age, mean (SD)
year: (mixed
population)

CT negative: 46 (21)
years

CT positive: 61 (26)
years

Gender (male):

CT negative: 82 (74)
CT positive: 15 (68)
GCS: 15 (mild TBI)
Setting: ED

Country: Spain

Index test:
o) S100B
o) IL-10

<6 hours following TBI

A serum (Seville) or
plasma (Geneva)
sample was collected
from patients at
hospital admission.

Reference standard:
CT scan

Participating patients gave
a blood sample at hospital
admission and underwent a
CT scan within 24 hours of
their trauma event
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CT positive (Epidural
haemorrhage, Subdural
haemorrhage,
Subarachnoid
haemorrhage,
Intracerebral
haemorrhage, Contusion
with haemorrhage, Skull
fracture).

mixed population includes
adults and children. mean
age -adults

No information on
treatment
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Study Population
Inclusion criteria:

diagnosis of mild

TBI, a GCS score of

15 at hospital
admission and at
least one of the
following symptoms:
headache, nausea
or vomiting, loss of
consciousness (<
30 min) and
amnesia (< 24
hours).

Laribi, 2014 38
Prospective cohort
study

N=431

Patients included
were aged 18 years
or older presenting
to the ED within 3
hours after injury. A
3-hour cut-off was
chosen as S100B is
rapidly cleared from
the serum, with a
half-life between 0.5
and 2 hours

Age:

The median age
(IQR) of the
participants was 36
(24-54) years.

Index test

Index test:
S 100B

Venous blood samples
were collected
immediately at
patients' arrival to the
ED within 3 hours after
the clinical event (
(HO) and 3 hours (H3)
after the first sampling.

Reference standard Outcome

Reference standard:
Cranial CT

CT findings of intracranial
lesions.

Patients underwent a CT
scan within 6 hours after
clinical examination.

49

NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications

DRAFT [September 2022]

Comments

Fifty-one patients were
hospitalised either in the
ED observation unit or in
another hospitalisation
unit for =2 24 hours, mostly
for the treatment of
extracranial lesions. Six
patients in the CT+ group
were hospitalised in a
neurological/neurosurgica
| unit.
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Gender (male):
269 (65)

GCS: mild TBI
GCS 13:7 (2)
GCS 14: 48 (11)
GCS 15: 376 (87)

Reason for MHI was
a fall in 263
patients.

Setting: ED

Country:
International

Inclusion criteria:
history of MHI
defined by a
Glasgow Coma
Scale score (GCS)
from 13 to 15 with
one or more of the
following risk
factors: amnesia,
loss of
consciousness,
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nausea, vomiting,
vertigo,
anticoagulation
before injury or
severe headache on

admission
Li, 2022 39 n =463 Index test: Reference standard: Abnormalities on CT Adults
Retrospective cohort  Age, mean (SD): Distribution of time Non-contrast head CTs
study 50.8 + 22.7 years from injury to ED No information on
admission/blood draw treatment
Gender (female): spanned 0 through 6
177 (38.2) hours with a median at
1 hour.
GCS , median AESIE) %’;’f‘P/ L
{Q1,Q3] : 15 [14, 15] (2= Tpgiml)
Serum GFAP
) (22°pg/mL)
SR D Plasma UCH-L1
(327°pg/mL)
Country: USA Serum UCH-L1 (327
pg/mL)
Serum S1003
Setting: ED (105°pg/mL)
Country: USA

Composite plasma
Inclusion criteria for ~ biomarker

this study: (1) at Plasma GFAP
least 18 years old at  (22°pg/mL) and UCH-
admission, L1 (327)

(2)presented to the
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ED with suspected Serum GFAP

TBI, and (3) havea  (22°pg/mL) and UCH-
blood draw as part L1 (327)

of the standard of

care.

Linsenmaier, 2016 90 N=41 Index test: Reference standard: CCT positive (abnormal Admitted for observation:
Age mean (SD) Cranial CT findings) 11 (26.8)

Prospective cohort years: 54.6 6 23.3 S100B MRI Discharged: 30 (73.2)

study

Gender (male): 21
(51.2)

A cut-off value of
0.1mgl-1

GCS: mild TBI
not time specified
GCS 15: 36 (87.8)
GCS 14: 4 (9.8)
GCS 13: 1 (2.4)

Setting: ED
Country: Germany

Inclusion criteria: a
history of minor
head trauma
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(Glasgow Coma
Scale on admission:

13-15)
Mahan, 2019 4! n =104 Index test: Reference standard: CT positive Mixed severity -mild
Prospective cohort Age, years: with . glial fibrillary Head CT moderate and severe

mean (SD) age of acidic protein (GFAP)

52.7 years (19.6) . ubiquitin C- CT scans of the head

ranging from 18.5t0  terminal hydrolase L1 receiving a Marshall

92.8 (UCH-L1) Classification of Diffuse

. S100 calcium-  Injury | were labelled CT
Gender: 31 female,  binding protein B negative whereas all others
73 male (S100B) were labelled CT positive.

GCS: mixed severity The initial blood
TBI. Majority were sample was taken

with mild TBI within 8 hours of the
reported head injury.
. Specimen collection

GCS 3-8: 28
(19.2) was repeated 12-32

hours after the

Cos ez 5 (-19) reported time of injury.

GCS 13-15: 79
(76.0)

Setting: ED
Country: USA

Inclusion criteria:
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McMahon, 2015 43
TRACK-TBI
Prospective cohort
study

those with
suspected head
trauma resulting in a
clinically ordered CT
scan of the head at
the time of
admission, and
those with a blood
specimen collected
within 32 hours of
time of injury with
valid GFAP, S100B,
and UCH-L1
biomarker
concentrations.

N=215
Age mean (SD)
years: 42 (18) years

Gender (male): 73%
(156)

GCS: mixed GCS.
Majority with mild
TBI

Mild (GCS 13-15):
83 (179)
Moderate GCS 9-
12: 4(9)

Index test:

Glial fibrillary acidic
protein and its
breakdown products
(GFAP-BDP)

Serum GFAP-BDP
levels were drawn
within 24 hours and
analysed. Plasma
samples obtained
within 24 hours of
injury (mean 10.9
hours, SD 6.4 hours,

Reference standard:
CT imaging

Intracranial injury on CT

All patients underwent CT
imaging of the brain at the
time of initial presentation
to the ED.
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Severe GCS 3-8: 13 min 0.5 hours, max
(27) 23.4 hours)

Setting: trauma
centre

Country:
International
Inclusion criteria:
patients must have
presented to an ED
within 24 h of their
injury and had a
positive clinical
screen for acute TBI
necessitating a non-
contrast head CT
according to
American College of
Emergency
Physicians/Centres
for Disease Control
and Prevention
(ACEP/CDC)
evidence-based
joint practice

guideline.

Morochovic, 2009 44 n=102 Index test: Reference standard: Any intracranial pathology Three patients from CCT
Age, years: mean Serum S100B Cranial CT (CCT) associated with an injury ~ + group had negative
age 42.0 (SD 19.7, (acute subdural, epidural plasma level of S100B,
range 12—84 years) or parenchymal
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Peripheral venous CCT scan was performed hematoma, traumatic two of whom required
Gender: 71 males blood samples were in all patients involved in subarachnoid surgical treatment.
and 31 females, taken within 6 hours of  the study within 30 min of ~ haemorrhage, cerebral
the injury and were blood drawing contusion and brain
R sent to biochemical swelling) detectable on
%%SS T?"Ii :SFBI laboratory within 30 CCT scan was
( -15) i considered positive (CCT
+).
GCS 13: 3
GCS 14: 23
GCS 15: 76
Setting: ED
Country: Slovak
Republic
Inclusion criteria:
adults with mild TBI.
Patients with
chronic intracerebral
lesions were
included to the
study except
suspected/visible
brain tumour.
Mozafari, 2020 45 n=40 Index test: Reference standard: CT positive (not defined)
Cross-sectional study serum neuron-specific
enolase Cranial CT scan
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Age, mean (SD)
years: 35+ 2.1
years

Gender (male):

A venous blood
sample was first taken
by the ward nurse
during the first three

92.5% hours of the accident
just before performing
GCS: mild TBI the cranial CT scan,

Glasgow coma
score of 14 and 15.

Eleven of the study
participants had a
GCS score of 9 or
12 at the time of
referral

Ethnicity: not
reported

Setting: ED
Country: Iran

Inclusion criteria:
presence for an
indication of a brain
CT scan, aged 6
months to 18 years
and a Glasgow

coma score of 14 or
15. Injuries included

those from traffic

and then the second
sample was taken just
before performing the
CT scan again (as
secondary CT scan, 7
hours after performing
the primary CT scan).
Within 6 hours (not
specifically mentioned
about timings)
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and home or sport
events, and referrals
less than 6 hours of
the incident.
Inclusion criteria
were no previous
history of alcohol or
drug abuse, the
absence of a history
of previous
neurological disease
such as seizure or
epilepsy, the
absence of severe
traffic injury and
multiple trauma from
motor vehicles, and

absence of

melanoma
Muller, 2011 48 n =233 Index test: Reference standard: Positive CT findings (not  No information on
Prospective cohort Age, years: 48.4 S100B Cranial CT (CCT) defined) treatment

years (range 11-97;
25-75% quartile

Median time between After blood sampling, all
24-72). pirg

admission and blood patients underwent a CCT
sampling was 77 min scan
Gender: 143 were (25-75% quartile 60—
men and 90 were 120).
women
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GCS: mild TBI
(GCS 13 0 15)

Setting: ED

Country:
Switzerland

Inclusion criteria: All
adult patients (=16
years) with mild
head trauma (GCS
of 13—-15) were
included in the

study.
Muller, K., (2007) n =226 Index test: Reference standard: Intracranial pathologic No information on
Muller, 2007 4° Age, years: Mean Serum S100B Head CT findings revealed by CT treatment
Prospective cohort 39 (range, 18-92) Blood samples for scan (not defined)
years S100B analysis and
head CT were
Gender: 168 obtained within 12

(74.3%) men, and hours after the injury
58 (25.7%)

GCS: mild TBI
(GCS 13 0 15)

GCS13: 16 (7)
GCS 14: 30 (13)
GCS15: 180 (78)
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Setting: ED

Country: 4 centres
in Europe

Inclusion criteria:
Patients with head
injury were
assessed for
possible inclusion
during a 4-year
period (2001-2005).
The inclusion
criteria were the
following: History of
head injury, Loss of
consciousness
(LOC) or retrograde
amnesia, GCS
score of 13 to 15 at
admission, Blood
sampling within 12
hours of trauma,
First CT scan within
12 hours of trauma,
Signed written
informed consent
(optional, according
to local ethical
committee's
requirements)
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Oh, 2007 51
Prospective cohort

n=101 (n=45
patients with
traumatic ABI and=
56 patients with
nontraumatic ABI)
Age, years, mean
(SD): 45 years [31-
59]

Gender (male):
57.9% male

GCS: mixed severity
(mild, moderate and
severe). Majority
with mild TBI (80%)
The patients were
stratified into three
subgroups on the
GCS: mild (13-15),
moderate (8—12),
and severe (<8)

GCS 13-15: 82
GSC 9-12: 9
GCS <8:10

Setting: emergency
department (ED)

Serum S100 levels (by
Elecsys S100
immunoassay)

Measurement within 6
hours after symptom

Reference standard:
Cranial CT (CCT) or MRI

All patients underwent
initial CCT or MRI testing.
The patients who showed
negative findings in cranial
CT (CCT) were confirmed
by MRI.
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Country: Korea

Inclusion criteria:
admitted to
emergency
department within 6
hr after the onset of
ABI symptoms (no
further details)

n=1497 (810 CT
negative, CT
positive n = 549)
Age, mean (SD)
years:

CT (-): 37.7 (15.9)
CT (+): 43.7 (17.9)
Gender (male):

CT (-):516 (63.7%)
CT (+):408 (74.3%)

Okonkwo, 2020 52
TRACK-TBI
Prospective cohort

GCS: mixed severity
(mild, moderate and
severe). Majority
with mild TBI

CT (-):
GCS 13-15: 779
(98%)

GCS 9-12: 8 (1%)
GCS 3-8: 8 (1%)
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Index test:
Serum:

. GFAP
. S100B

Blood samples were
collected from subjects
who consented to
genetic and proteomic
analysis within a 24
hour window from time
of injury

Time to blood draw
(hours): 13.1 (6.8)

Reference standard:
Head CT

62

Intracranial injury on
admission CT scan

Mixed severity (mild,
moderate and severe)

Point of care testing
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‘Study  Populaton  Indextest ~  Referencestandard Outcome ~ Comments
CT (+):
GCS 13-15: 358
(74%)
GCS 9-12: 40 (8%) -
GCS 3-8: 85 (18%)

Setting: trauma
centre

Country: USA

Inclusion criteria:
presentation within
24 h of injury with
head trauma
warranting clinical
evaluation with a
non-contrast head
CT evaluation
based on the 2008
American College of
Emergency
Physicians/Centers
for Disease Control
(ACEP/CDC)
guidelines for
neuroimaging and
decision making in
TBI.
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Okonkwo, 2013 53
Prospective cohort
study

Total n =215
Mild n= 179

Moderate n=9
Severe n = 27

Age, mean (SD):
Mild 42.5 (18)

Moderate 44.1
(19.5)

Severe 39.2 (18.9)

Gender (male to
female ratio):
Mild 69.8% M:
30.2% F

Moderate 100% M:

0% F
Severe 81.5% M:
18.5% F

GCS score, mean
(SD): mixed
severity. majority

with mild TBI- 83%

had GCS 13-15
Mild 14.8 (0.44)

Moderate 11.22
(0.67)
Severe 3.59 (1.31)

Index test

GFAP and breakdown
products (GFAP-BDP)

Blood samples
collected within 24
hours of injury, mean
(SD) 10.9 h (6.4 h)
[min 0.5 h, max 23.4 h]

Reference standard

All patients underwent CT
imaging of the brain at the
time of initial presentation
to the ED.

CT scans performed at
time of initial presentation
the ED

Time between
measurement of index test
and reference standard:
unclear
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Included patients with
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Positive CT findings
on admission

Mild 42.5%
Moderate 77.8%
Severe 96.3%

Ethnicity: Not
reported

Setting: Multicentre
— 3 Level | trauma
centres participating
in the TRACK-TBI
study

Country: USA

Inclusion criteria:
patients presenting
within 24 h of injury
with a history of
trauma to the head
sufficient to be
triaged to non-
contrast head CT
using the American
College of
Emergency
Physicians/Centres
for Disease Control
(ACEP/CDC)
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Study

Papa, 2012 5
Prospective cohort

Population
evidence-based
joint practice
guideline.
n=108

Age, years mean
(SD): 39 (£15)

Gender (male):
70(65%)

GCS: mixed
severity. Majority
with mild TBI
GCS 13-15: 97

GCS 9-12: 11

Setting: Emergency
Departments (ED)

Country: USA

Inclusion criteria:
Eligibility for
suspected mild TBI
was determined by
the treating
physician based on
the history of blunt
head trauma
followed by either

Index test

Index test:
Serum GFAP-BDP

Blood samples were
obtained after arrival to
the ED and within 4
hours of the reported
time of injury. There
was only one serum
GFAP-BDP biomarker
level analysed per
patient in the 4-hour
post-injury period.

The average time to
serum collection for
TBI patients was 2.6
hours (95%CI 2.4-2.9)

Reference standard

Reference standard:
Head CT

Patients underwent
standard CT scan of the
head according to the
judgment of the treating
physician
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Outcome

Intracranial lesions on CT

Comments

Mixed severity mild and
moderate

Neurosurgical intervention
was performed on 14
patients (13%), 6 (43%)
presented with a GCS
13—-15 and 8 (57%) with
GCS 9-12
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Study Population

loss of
consciousness,
amnesia, or
disorientation and
presenting to the
emergency
department within 4
hours of injury with
a GCS of 9 to 15.

Papa, 2012 %5
Prospective cohort

n = 96
Age, years, mean
(SD):39 (£15)

Gender
(male/female):
64/36

GCS: Mild and
moderate TBI

n= 86 with GCS 13—
15

n= 10 with GCS 9—
12

Setting: ED

Country: USA
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Index test Reference standard

Reference standard:
Head CT

Index test:

Ubiquitin C-terminal
hydrolase (UCH-L1)

Blood samples were
obtained shortly after
arrival to the ED and
within 4 hours of the
reported time of injury.

The average time to
serum collection for
TBI patients was 2.7
hours (95%Cl 2.4-2.9)
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Outcome

Intracranial lesions on CT

Comments

Mixed severity (mild and
moderate)

Neurosurgical intervention
was performed on 14
(14%) patients: 6 (43%)
presented with GCS 13—
15 and 8 (57%) with GCS
9-12. Neurosurgical
intervention was defined
as either death within 7
days secondary to head
injury or the need for any
of the following
procedures within 7 days:
craniotomy, elevation of
skull fracture, intracranial
pressure monitoring, or
intubation for head injury
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Inclusion criteria:
adult patients with
blunt head trauma
followed by either
loss of
consciousness,
amnesia, or
disorientation and
presenting to the
emergency

department within 4

hours of injury with
aGCS of 9to 15

Poli-de-Figueiredo, n =50
2006 5° Prospective
cohort study (pilot

study) Not reported

Gender (male to

female ratio): 28 M:

22F

Setting: ED

Country: Brazil

Age, median (IQR):

Index test(s)
S100B levels

A cut-off point at a
concentration of 0.1
pg/L of S100B was
used.

Venous blood samples
were drawn on
admission and
processed to serum
(median 82 minutes,
(25%-75% quartiles:
60-110 min).

Reference standard

Cranial computed
tomography (CCT) was
performed within 6 hours of
emergency room
admission, and radiological
findings were defined as
pathological (CCT+) if
intracranial haemorrhage,
skull fracture, and/or
diffuse brain swelling
(oedema) were detected.

signs of intracranial injury
at the initial CCT scan
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Age not reported

No information on
treatment
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GSC: n=37 GCS 15,

n=11 GCS 14, n=2
GCS 13

Inclusion criteria:
patients who had
sustained isolated
minor head injury
(GCS 13 -15) and
presented at least
one of the following
symptoms:
amnesia, loss of
consciousness,
nausea, vomiting,
vertigo, or severe
headache on
admission.

Posti, 2019 ©0
Prospective cohort

n=160

Age, years mean
(SD): 47.2 (19.6)
years

Gender: 117 males
(73.1%) and 43
females (26.9%),
with a mean age of

GCS: mixed severity
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Time between
measurement of index
test and reference
standard: Unclear

Index test:
. Glial fibrillary CT
acidic protein (GFAP)

. Heart fatty-

acid binding protein (H-
FABP)

. Anti-

inflammatory mediator
interleukin 10 (IL-10)

. neurofilament
light chain (NF-L)
. S100B

69

Reference standard:

CT positive

CT scans were classified
according to the Marshall
grading system. Diffuse
injury/grade | (no visual
pathology) was
considered CT-, whereas
the other grades (II-VI)
were regarded as CT+.

Mixed severity

No information on
treatment
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Isolated all
severities: n = 94
Mild TBI: n =93
Isolated mild TBI: n
=55

Samples were
obtained within 24 h of
admission

Setting: ED
Country: Finland

Inclusion criteria:
age >18 years,
clinical diagnosis of
TBI, and indications
for acute head CT
according to the
National Institute for
Health and Care
Excellence (NICE)
criteria

Index test:
S100B

A serum sample for S-
100 analysis was
drawn immediately
(mean 3.8 hours after
injury; range, 0.5-24.0
hours) after admission
to the emergency room

Romner, 2000 61
Prospective cohort

Age: 32 (range, 1-
84) years

Gender: 175 (63%)
men and 103 (37%)

Reference standard:

CT scans of the brain and
cranium

In a subgroup of 45
patients with mild head
injury (GCS 14-15, LOC
for 20 min, absence of
focal neurological deficits,
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Intra cranial findings on
CT

Patients with severe head
injury (GCS < 9) were
intubated and ventilated
in the emergency room
before the initial CT scan.
All patients were admitted
for at least overnight
observation
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GCS: mixed in the head-injured and no signs of acute Mixed severity (mild,
severity, majority Gpatients. intracranial abnormality moderate and severe)
with mild TBI revealed by a CT scan),

MRI was also performed.

The head injuries
were classified
according to the
HISS as either
severe (GCS 3-8),
moderate (GCS 9-
13), or mild (GCS
14-15)

Mild: 254
Moderate: 16
Severe 8

Setting: ED-three
centers in
Scandinavia

Country: Norway

Inclusion criteria:
head injury with loss
of conscious- ness
(LOC), (2) blood
sample for S-100
analysis collected
within 24 h after
injury, and (3) CT
scan performed
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Study

Thaler, 2015 62
Prospective cohort
study

Population
within24 h after the
injury. LOC was
considered to have
occurred when the
patient had amnesia
for the trauma event
and if
accompanying
persons reported
LOC

n=782
Age median (IQR):
83 (74—88) years

Patients with minor
head injury (MHI)
who were receiving
antiplatelet
medication or who
were older than 65
years were either
admitted or
observed for at least
6 hours. All patients
underwent CCT.
The decision
whether a patient
had to be admitted
and the point in time
at which CCT was
performed

Index test

Index test:
Serum S100B

a venous blood sample
was drawn within 3
hours after injury and
the S100B level was
determined. The result
of S100B analysis was
not known to the
attending physician. All
clinical assessments
were completed before
the CCT scans were
performed

The median interval
between event and
blood drawing was
2:05 hours (IQR 1:30—
2:30).

Reference standard

Reference standard:
Cranial CT (CCT)

The median interval
between trauma and CCT
was 15:40 hours (IQR
3:54—21:30).
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Outcome

CCT positive (patients

with MHI who had at least

1 trauma-related

intracranial haemorrhage:

i.e., epidural, subdural,
subarachnoidal, or
intracerebral bleeding).

Comments

All patients were treated
as they normally would
have been, following the
standard operating
procedures of the
institutions

Patients with MHI who
were receiving antiplatelet
medication
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depended on the
clinical findings. W

GCS: mild TBI (13-
15)

GCS 13: 48 (6.1%)
GCS 14: 147
(18.8%)

GCS15: 587
(75.1%)

Gender (male): 245
(31.3%)

Ethnicity: not
reported

Setting: trauma
centres

Country: Austria

Inclusion criteria:
minor head injury
(MHI) (GCS Score
13-15) in patients
on medication with h
platelet aggregation
inhibitors (PAI) who
were older than 18
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years, and MHI in
patients age 65
years and older

independent of PAI

intake
Vedin, 2021 63 n = 243 (n=13 with Index test: Reference standard: Intracranial haemorrhage  Of the 243 patients, 37
Prospective cohort intracranial Urine and Serum S Head CT on CT (15.2%) took warfarin or
study haemorrhage (ICH)) 100B an oral anticoagulant, 24

Age, years: 60.8 (9.9%) took 75 mg of

years (+44.96 Sampled < 6 hours or aspirin, 2 (0.8%) were

years) less from trauma. g(j(r‘rg‘i;evzi?ec;\efnogrely
GCS: mild TBI combination of aspirin (75

mg once daily) and

GCS 13-15). All X .

E)atients werg awake ticagrelor (90 mg twice
daily), and 1 (0.4%) had a

when they arrived in serious bleeding disorder
the emergency

room.

Gender: not
reported

Setting: hospital ED
Country: Sweden

Inclusion criteria:
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Population 1:
Population 1 was
selected for the
study on S100B
serum and urine
levels of patients
with isolated head
trauma. patients
who were 18 years
or above and
seeking emergency
medical care due to
isolated head
trauma

population 2:
Population 2 was
selected for the
study on the serum
and the urine S100B
temporal profiles of
patients with
intracranial
haemorrhage.
patients who were
18 years or above
and had CT-verified
intracranial
haemorrhage due to
head trauma.
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Welch, 2016 %4
Prospective cohort
study

n =251
Age, years: 45.6
(18.4) years

GCS: mild and
moderate TBI

Of the 251 study
patients, 225
(89.6%; 95% Cl
85.2%—93.1%) had
an initial GCS of 15
of whom 24 (10.7%)
had a positive CT
scan. Among
patients with a
GCS<15 (n=26) 12
(46.2%) had a
positive CT scan.

Gender: 60.2%
(95% ClI; 53.8%—
66.3%) were male

Setting: ED
Country: US

Inclusion criteria:
patients were those
with an initial
Glasgow Coma

Index test:
Serum:

- GFAP

- UCH-L1
- S100B

Within 6 hours of injury

Blood samples were
collected at time of
study enrolment and
every 6 hours up to the
time of discharge
(either ED or hospital)
or up to 24 hours
(maximum of five
samples during index
visit). Patients who
were seen at follow-up
(Day 35 — 5 days) had
another sample
obtained when
feasible.

Reference standard:
Head CT
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Intracranial lesion on CT

Mixed severity includes
mild and moderate TBI

Assay results were not
available to the treating
clinician and were not
used to guide treatment
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Scale (GCS) score
of 9-15 who
underwent
emergency head CT
scan for evaluation
of the head injury as
deemed necessary
by the attending ED
physician. The
subject was £18
years of age and no
more than 80 years
of age. Acceleration
or deceleration
closed injury to the
head that was either
self-reported or
witnessed.
Presented to an
emergency
department (ED)
within 4 hours of
injury. An initial
Glasgow Coma
Scale score of 9-15
in the ED performed
by the Principal
Investigator (PI) or
trained study
personnel.

Included patients
presented within 4
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Study

Wolf, 2013 5
Prospective cohort
study

Population

hours of injury,
completed the
required CT scan as
part of routine care,
and had blood
drawn for analysis
within 6 hours of

injury

n=107
Age, mean (SD): 59
+ 23 years

Gender: 60 male
and 47 females

GCS: GCS 13-15
(mild GCS)

Ethnicity: not
reported

Setting: academic,
Level | trauma
centre

Country: Austria

Inclusion criteria:
injury within 3 hours
prior to admission to

Index test

Index test:
Serum:

-S100B protein
-neuron-specific
enolase (NSE)

Peripheral venous
blood was obtained
from each patient
within 3 hours after the
accident and prior to
cranial CT.

Reference standard

Reference standard:
Cranial CT

An emergency cranial CT
study was performed in all
patients.

The timing was usually
within 30 minutes after the
first examination by a
physician. Prior to the CT a
venous blood sample was
drawn.
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Outcome

CT positive (patients with
epidural, subdural,
subarachnoid, or
intracerebral
haemorrhage, including
contusions)

Comments

Seven patients from the
CT-positive group were
on anticoagulants at the
time of injury.

Eight patients required a
neurosurgical operation to
evacuate the ICH; only 1
of these 8 patients was on
anti- coagulation therapy
prior to the accident
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Study

Zongo, 2012 67
Prospective cohort

Population

the emergency
room, blunt head
trauma, and a GCS
score of 13-15.

n = 1560

Age, years mean
(range): 57 (32-82)
years

Gender (male): 870
(55.8%)

GCS: mild TBI
GCS 13: 39 (2.5)
GCS 14: 335 (21.5)

GCS 15: 1186
(76.0)

Ethnicity: not
reported

Setting: ED
Country: France

Inclusion criteria:
Patients included
were aged 15 years
or older, presenting

Index test

Index test:
S100B

Testing within 6 hours
of head trauma

Reference standard Outcome

Reference standard:
CT head scan

CT scan abnormality (CT
positive)

CT scan was performed
within 6 hours after the
head trauma
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Comments

At 0.10 and 0.12 pgl/L,
only 1 patient with plasma
S100-B below the cut-off
value had a positive CT
scan result: a 28-year-old
man with a cerebral
contusion that proved to
be a petechia and with a
blood alcohol
concentration of 3.0 g/L at
admission. The patient
required no further
neurosurgery or intensive
care. He stayed in the
hospital for 30 hours for
surveillance. The delay
between trauma and
blood drawing was 120
minutes. Between 0.12
and 0.14 ug/L, 2 patients
had a positive CT scan
result: a cerebral petechia
and a chronic subdural
haemorrhage with recent
bleeding. No
neurosurgical care was
required, and there was
no further neurologic
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to the ED within 6
hours of isolated
head trauma, with a
GCS of 13to 15 as
determined by the
attending physician,
and with one or
more of the
following risk
factors: loss of
consciousness,
posttraumatic
amnesia, repeated
vomiting, severe
headache,
dizziness, vertigo,
alcohol intoxication,
anticoagulation, and
age older than 65
years

Table 4: Summary of studies included in the evidence review- children

deterioration. The delay
between trauma and
blood drawing was 152
minutes and 255 minutes
for these 2 patients

Babcock, 20122 n = 679 (children in TBI Index Test Reference Standard

Secondary registry) S100B CT scan
analysis of
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Abnormal cranial CT was
defined by the presence

of any intracranial injury,

including subdural
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prospective n = 360 (underwent cranial S 100B level > 0.006ug L-1 haematomas, epidural

cohort study CT) S 100B level of 0.1 pg L-1 haematomas and cerebral
n = 155 (serum S100B contusions, as well as the
measurement) presence of skull

Within 6 hours of injury
n = 109 (eligible patients with fractures.

cranial CT and serum S100B
measurement)

Age, mean (SD): Normal CT
14.7 (3.9); Abnormal CT 14.2
(4.2)

Gender, male (%) Normal CT
52 (57.8); Abnormal CT 10
(52.6)

Among the children with both
CT and serum S100B, a
majority (86.2%) of children
had mild TBI; 83 had a GCS
score of 15, eight had a GCS
score of 14 and three had a
GCS score of 13

Setting: Paediatric emergency
department at a university
medical centre.

Country: USA
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Study

Bandyopadhyay,
2005
3Retrospective
analysis of a

Population

Inclusion criteria: Patients
aged 0-18 years were eligible
for inclusion in the primary
study if they met a modified
case definition of TBI
developed by the American
Congress of Rehabilitation
Medicine (blow to the head or
acceleration/deceleration
movement of the head
resulting in one or more of the
following: LOC <30 minutes,
amnesia <24 hours or any
alteration in mental state at the
time of the injury.

Exclusion criteria: Patients
presenting to the ED >6 hours
after injury or with pre-existing
medical or psychiatric
conditions known to be
associated with elevated
S100B level in the absence of
TBI (specifically, Alzheimer’s
disease, Down’s syndrome
and schizophrenia).
Additionally, those who had
run >10 miles in the past 12
hours were excluded.

n =86

Index test

Index test:

Serum Neuron-specific
Enolase (NSE)
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Reference standard

Reference standard:
CT
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outcome

Abnormal CT scan was
defined as a CT scan with
cerebral contusions,
cerebral oedema, or

Comments

Mixed severity TBI
included however
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Study
prospectively
enrolled cohort
study

Population

Age, mean (SD): 8.2(6 5.5)
years (range 11 months to 18
years).

Gender: Approximately two
thirds were male and white.

GCS: Among 86 enrolled
subjects, ten had Glasgow
Coma Scale (GCS) scores <13
(moderate and severe cTBI).

Ethnicity: not reported
Setting: ED
Country: USA

Inclusion criteria: Subjects
between 0 and 18 years of
age, evaluated within 24 hours
of sustaining closed traumatic
brain injury (TBI), and requiring
a cranial computed
tomography (CT) scan in
accordance with the written ED
protocol were enrolled.

Bouvier, 2012 "
Prospective
cohort

n = 446

Reference standard
Timing of CT not reported

Index test

Blood for serum NSE assay
was drawn at the time of
ED evaluation.

The mean time interval
from the time of reported
injury and the time blood
was drawn for NSE
measurement was 3.8
hours (range 0.4 to 14.8).

Reference standard
CT scan

Index Test
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outcome

parenchymal,
subarachnoidal, subdural,
or epidural bleeding.
Presence of skull fracture
alone was not sufficient to
classify a CT as
abnormal.

Intracerebral lesion on CT

Comments

majority of patients had
mild TBI

Includes a population
with mixed TBI severity
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Study Population
Age, median (IQR): 5.2 (2.1-
9.0)

Gender, male: female ratio:
1.68

Severity: 3 severity groups
according to the Masters
classification

Masters 1: 183 (41%)
Masters 2: 241 (54%)
Masters 3: 22 (5%)

Ethnicity: Not reported

Setting: Paediatric emergency
department

Country: France

Inclusion criteria: All children
(age 0 —16 years, admission
within 3 h) with closed head
trauma were eligible for
enrolment and were ranked in
3 severity groups according to
the Masters classification.
Masters group 3 (severe TBI),

which formed a positive control

group, was composed of

children with a Glasgow Coma

Index test Reference standard
S100B

Recently established
reference intervals were
used: the upper serum
S100B reference limits
(95th percentile) were
derived for 3 age groups:
0.35 pg/L for age 0 -9
months, 0.23 ug/L for age
10 —24 months, and 0.18
pg/L for age >24 months.
Patients exhibiting serum
concentrations below the
specific age-range cut-off
were counted as S100B
negative (S100B), and
those with concentrations
above as S100B positive
(S100B).

The median interval
between trauma and blood
sampling was 2 hours 05
min (range 1 hour 30 min to
2 hours 45 min or 25%—
75%).
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outcome

Comments
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Study

Castellani, 2009
13 Prospective
cohort

Population

Scale (GCS) <13 or loss of
consciousness or progressive
decrease in consciousness.
Masters group 2 (mild TBI)
comprised children with a GCS
score of 13—15 on admission
and 1 or more of 12 clinical
risk factors: brief loss of
consciousness, posttraumatic
amnesia, nausea, vomiting,
severe or progressive
headache, dizziness, vertigo,
intoxication, anticoagulation,
skull fracture, seizure, age <2
years. Masters group 1
(minimal TBI) was made up of
children with a GCS score of
15 without symptoms or with
only headache or bruising.

n =928
n = 109 (included in study)
Age, mean (SD): 9.5 (4.7)

Gender, male, n (%): 73 (67)

On admission, a GCS of 15
was recorded in 86 (78.9%), of
14in 13 (11.9%) and of 13 in
10 (9.2%) patients.

Index test

Index Test
S100B

According to an analysis in
healthy children recently
conducted by the authors,
the upper reference of
serum S-100B was set to
0.16 pg/L.

All patients with MTBI and
clinical symptoms who had

85
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Reference Standard
CT scan
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outcome

.Pathological CT

Comments

After clinical
examination and S100B
sampling, all patients
were admitted for
inpatient observation
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Study

Fridriksson,
2000 %
prospective pilot
study

Population
Ethnicity: Not reported

Setting: Hospital emergency
department

Country: Austria

Inclusion criteria: Patients <18
years with a GCS 13-15 (in
combination with vomiting, loss
of consciousness, persisting
headache, retrograde
amnesia, and vertigo) with
serum S100B measured within
6 hours of blunt head trauma
who went on to require a CT
scan during their inpatient
episode.

n =50
Age, mean (SD): aged 2
months to 16 years

Presence of intracranial lesion
group (PICL) (n=22): 9.16 (5.7)
years

No intra cranial lesion (NICL)
group (n=27): 7.66 (5.3) years

Gender:

Presence of intracranial lesion
(n=22): males 12; females 10

Index test

their serum S-100B
measured within 6 hours
after trauma and
subsequently went on to
require a CT during their in-
patient episode were
selected from the database
for this study

Index test:

serum neuron-specific
enolase (NSE)

The mean time from injury
to obtaining blood
samples for NSE was 256
(310) minutes in the
PICL group and 242 (147)
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Reference standard:
Head CT
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outcome

Head CT was reported as
positive for ICL when
cerebral oedema,
parenchymal bleeding,
cerebral contusion, or sub
arachnoidal, subdural, or
epidural bleeding was
identified. Enrolled
patients were assigned to
one of two groups based
on the presence or
absence of ICL on head
CT. The PICL (presence

Comments

One patient in the NICL
group required surgery
for elevation of a minor
depressed skull fracture.
In the PICL group, five
patients (23%)
underwent craniotomy:
two for evacuation of an
intra cranial hematoma,
two for elevation of a de-
pressed skull fracture,
and one for insertion of
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No intra cranial lesion (n=27):
males 15; females 12

Mixed severity population
GCS mean (SD):

Presence of intracranial lesion:

11.96 (4.2)

No intracranial lesion: 13.96
(2.6)

GCS>12

Presence of intracranial lesion:

14/22
No intracranial lesion: 25/27

Setting: ED of an academic
tertiary care children’s hospital

Country: USA

Inclusion criteria: All patients
presenting with blunt head
trauma within 24 hours of
injury and requiring head CT
evaluation in accordance with
the written ED practice
guidelines were eligible for
enrolment

in the NICL group (p =
0.82).
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of ICL) group consisted of
patients with evidence of
ICL. The NICL (no ICL)
group consisted of
patients with no evidence
of ICL or isolated skull
fracture only.

a ventriculostomy
catheter.

Twenty-one of the 22
patients in the PICL
group and 14 of the 27
patients in the NICL
group were admitted to
the hospital. The mean
hospital stay was 7.4
days (range 1-48) for
the PICL group and 2.1
days (range 1-6) for the
NICL group (p =0.89).
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Study Population

Kelmendi, 2018 n =380

¥ single-centre  Age, mean (SD): 9.1 (3.8)
prospective years

cohort study

Gender: Forty-six patients
were male (57.5%), and 34
patients were female (42.5%).

GCS:

Patients were diagnosed with
mild TBI if they presented with
a GCS score of 13-15, loss of
consciousness (LOC) lasting <
30 mins and posttraumatic
amnesia (PTA) lasting < 1
hour

GCS 15: 25 (31.3%)
GCS 14: 26 (32.5%)
GCS 13: 27 (33.8%)
Ethnicity: not reported

Setting: emergency
department and the
neurosurgery clinic

Country: Kosovo

Index test

Index test:
S 100 B

At 3 hours of injury

Blood samples were
obtained from each patient
via a cubital vein at 3 hours
after head injury.

88

outcome

Trauma related cerebral
lesions on CT

Reference standard
Reference standard:

Head CT

The CT was usually
performed within 30 minutes
after the patient was first
examined by an emergency
physician.

A venous blood sample was
drawn prior to every CT. The
CT examination involved the
acquisition of parenchymal
and bone window images. All
head CTs were reviewed for
signs of TBI by a radiologist
blinded to the patients’
clinical signs and S100B
levels
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Comments

The study reports that
S100B levels had no
effect on clinical
decisions or patient
management in the
study.
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Inclusion criteria: Children with
head trauma alone who were
between 2 and 16 years of age
were included in the study

Manzano, 2016 N=73 Index test: Reference standard: Primary outcome was
#2 Prospective Without intracranial injury (ICI) Cranial CT evaluation of the No surgical intervention
multicentre (n=53); With ICI (n=20) S100B diagnostic value of S100B  was required.
cohort study Age mean (SD) months: in detecting intracranial
. ’ injuries in children aged
W!thOUt ICI: 94.0 (56.5) Venous blood was obtained <JI6 years with mild ﬁead
With ICI: 78.1 (44.4) within 6 hours of the trauma trauma.

in all children for S100B
measurement before a
head CT was performed.
As the S100B value was
not available during the
acute care period, the
GCS <15: mild TBI patient’s management was
Without ICI: 19 (35.8) not altered.

With ICI: 8 (40.0)

Gender (male):
Without ICI: 35 (66.0)
With ICI: 16 (80.0)

Ethnicity: not reported
Setting: ED
Country: Switzerland

Inclusion criteria: children aged
<16 years with a mild TBI
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(GCS=13) for whom a head
CT was requested by the

attending physician.

Mozafari, 2019 n =40 Index test: Reference standard: No information on

46 cross- Age: Median age in years Urine and serum S 100B Brain CT :: ;il::v: 2:;22:2%3 with treatment reported.
sectional study  (range) 9

isolated head trauma on
Group A (positive CT) (n=20):  Within 6 hours of injury CT (not defined positive
9 (2-18) years pathological findings)
Group B (negative CT) (n=20):

6.6 (0.5 - 18) years

Gender:

Group A (positive CT) (n=20):
females -4 (20%)

Group B (negative CT) (n=20):
females — 8 (40%)

GCS%:

GCS 14

Group A (positive CT) (n=20):
4 (20%)

Group B (negative CT) (n=20):
13 (65%)

GCS 15
Group A (positive CT) (n=20):
16 (80%)
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Group B (negative CT) (n=20):
7 (35%)

Ethnicity: not reported
Setting:
Country: Iran

Inclusion criteria: presence for
an indication of a brain CT
scan, aged 6 months to 18
years and a Glasgow coma
score of 14 or 15. Injuries
included those from traffic and
home or sport events, and
referrals less than 6 hours of
the incident. Inclusion criteria
were no previous history of
alcohol or drug abuse, the
absence of a history of
previous neurological disease
such as seizure or epilepsy,
the absence of severe traffic
injury and multiple trauma from
motor vehicles, and absence
of melanoma

Mozafari, 2020 n =62 Index test: Reference standard: Positivefortrauma
47 Prospective Age, mean (SD): neuron-specific enolase Cranial CT pathological findings on
cohort study CT positive: 8.57 (5.16) years  (NSE) CT scan
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CT negative: 8.32 (4.72) years

A venous blood sample
Gender: was immediately taken by
CT positive: 22 (71%) th_e _ward nurse fro_m_all the
CT negative: 24 (77.4%) g'f'?r'}';"?n%?;f:ttz f‘;‘gh'” €l
obtaining their information,

GCs: performing initial

Positive CT scan group: the examinations and their
frequency of a GCS score of initial stabilisation.

14 was 17 (54.8%) and that of

a GCS score of 15 was 14 The patients were then
(45.2%), referred to an imaging unit
Negative CT scan group: for cranial CT scan.

frequency of a GCS score of
14 was 6 (19.4%) and that of a
GCS score of 15 was 25
(80.6%)

Ethnicity: not reported
Setting: ED
Country: Iran

Inclusion criteria: After the
initial examinations and
stabilisation of the patients
with TBIs by a senior
emergency medicine resident,
CT scans of the brain were
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Study

Papa, 2017 57
Prospective
cohort study

Population

performed according to the
latest guidelines in case the
indications appeared, including
an age of 6 months to 18
years, a GCS score of 14 and
15, the mechanism of damage
being of the type of traffic
accidents and domestic or
sport injuries, the incident
occurring within the previous 6
hrs, the parents giving consent
for the participation of their
children in the study, lack of
pregnancy, no history of
alcohol or drug abuse, no
history of neurological
diseases such as seizure and
epilepsy and the absence of
severe road traffic injuries
such as overturned vehicle or
being thrown out of the car

n = 196 head trauma patients
Patients with head trauma with
and without TBI symptoms
(n=196):

Age in years, mean (SD):
11.51 (7)

Gender (male to female ratio):
130 M: 18 F

Index test

Index test(s)
Ubiquitin C-terminal
hydrolase (UCH-L1)

Blood samples were
obtained in all patients
within 6 hours of injury

93

Reference standard outcome
Reference standard Presence of intracranial
CT scan lesions on initial CT scan

Time between measurement
of index test and reference
standard: Unclear
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Comments

Mixed population (birth-
21 years)

After assessment and
treatment in the ED,
patients were either
discharged home or
admitted to the hospital
based on severity of
their injuries and patient
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GCS score in ED, n (%): mixed

severity TBI

GCS 9-12 = 3 (1.5%)
GCS 13 =1 (0.5%)
GCS 14 = 13 (6.5%)
GCS 15 =179 (91.5%)

Setting: EDs of three level 1
trauma centres (2 paediatric
and 1 adult)

Country: USA

Inclusion criteria: children and
young people (birth-21 years
of age) with blunt head trauma
presenting to the ED within 6 h
of injury with a GCS score of
9-15. The control cohort
included trauma patients
without blunt head trauma and
with a GCS of 15 presenting to
the ED within 6 h of injury.

Papa, 2015 %8 Age (years), mean (SD): 11.51
Prospective (7)
cohort study

Gender (male to female ratio):
131 M: 66 F

Index test(s)

Glial fibrillary acidic protein
(GFAP)

Cut-off level of 0.15 ng/mL

94

Reference standard:
CT scan
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presence of intracranial
lesions on initial CT scan

management was not
altered by the study

Mixed population (birth-
21 years)

After assessment and
treatment in the ED,
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Study Population

GCS score in ED, n (%). Mixed
severity TBI (majority with mild
TBI)

GCS 9-12 = 3 (1.5%)

GCS 13 =1 (0.5%)

GCS 14 = 13 (6.5%)

GCS 15 =180 (91.5%)

Setting: EDs of three level 1
trauma centres (2 paediatric
and 1 adult)

Country: USA

Inclusion criteria: children and
young people (birth-21 years
of age) with blunt head trauma
presenting to the ED within 6 h
of injury with a GCS score of
9-15. The control cohort
included trauma patients
without blunt head trauma and
with a GCS of 15 presenting to
the ED within 6 h of injury.

Papa, 2016 ¢ n=155

Prospective Age, mean (SD): 13 (7) years
cohort study

Index test

Blood samples were
obtained in all patients

within six hours of injury

and measured by ELISA for

GFAP (ng/ml)

Index test:

Glial fibrillary acidic protein

(GFAP)

95

Reference standard

Time between measurement
of index test and reference
standard: unclear

Reference standard:
Head CT
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outcome

Presence of intracranial
lesions on initial CT scan.

Comments

patients were either
discharged home or
admitted to hospital
based on severity of
their injuries and patient
management was not
altered by the study

Mixed population of
adults and children (six
months to 21 years).
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Study Population

range from six months to 21
years.

Gender (male): 100 (65%)

GCS: mixed severity but 99%
with GCS 13-15

GCS 9-12: 2 (1%)
GCS 13: 2 (1%)
GCS 14: 6 (4%)
GCS 15: 146 (94%)

Ethnicity: not reported
Setting: ED
Country: USA

Inclusion criteria: history of
blunt head trauma presenting
to the ED within 6 h of injury
with an initial GCS score of 9
to 15. Head trauma patients
were further categorised into
children with TBI symptoms
(loss of consciousness,
amnesia, disorientation, or
change in behaviour) and
children without TBI
symptoms.

Index test
S100B

Blood samples were
obtained within 6 hours of
the reported time of injury.

96

Reference standard outcome

Trauma patients underwent
standard CT scan of the
head according to the
judgment of the treating
physician. CT examinations
were interpreted by board-
certified radiologists who
recorded location, extent,
and type of brain injury.
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Comments

After assessment and
treatment in the ED,
patients were either
discharged home or
admitted to hospital
based on severity of
their injuries, and patient
management was not
altered by the study. No
further details on
treatment.
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Yeung, 2020 66
Prospective
cohort study

NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications

n=24
children < 18 years

Age, median IQR: age of 5
years (3.5, 1—8.8 years)

Gender: 67% males

GCS: Mixed severity (mild,
moderate and severe).
Majority with mild TBI

mild TBI with GCS of 13 to 15:
15 (62.5%)

moderate TBI with GCS of 9 to
12: 4 (16.7%)

severe TBI with GCS of 8 or
less: 5 (20.8%)

Ethnicity: not reported
Setting: tertiary care hospital
Country: USA

Inclusion criteria: Children 0 to
18 years with an isolated,
acute (<24 hours) TBI who
presented to a paediatric
trauma referral centre were

DRAFT [September 2022]

Salivary biomarkers

Study reports variable
timing of sample collection.

Timing of index test not

97

Reference standard: Significant brain injury on

All patients with SBI
were admitted to the
paediatric intensive care
unit; 1 patient (7.1%)
subsequently expired
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eligible for participation if they
required inpatient
hospitalisation following ED
management.

98
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1.1.6 Summary of the diagnostic evidence

Table 5: Clinical evidence summary: diagnostic test accuracy of biomarkers in adults

S100B <3 hours after injury
Adults- serum S 100 B (cut-offs 0.10 and 0.105 upg/L) (within 3 hours after injury) — meta-analysis performed

serum S 6 3676 CT Within 3 Varies across 0.99[0.94,1.00] 0.33[0.30,0.36] Sensitivity
100 B (cut- Biberthale hours studies: sdee 0.75[0.19,0.99] 0.19[0.15,0.23] Very None None None LOW
Offz 3-185 r,2006 footnotes 1.00[0.87, 1.00] 0.38[0.33,0.43] Serious®
3; ) E;?Stz%f;lg 0.93[0.81,0.99] 0.17[0.11,0.24]  Specificity
Lar;bi 0.86 [0.65, 0.97] 0.32[0.26, 0.38] Very None None None LOW
2014 ’ 0.98 [0.89, 1.00] 0.35[0.32,0.39] Serious?
Li. 2022 0.73[0.54,0.88] 0.36[0.26, 0.48]
Muller
2011 Pooled: (0.94 Pooled: 0.29
e (0.83, 0.99)¢ (0.20, 0.40)¢
2015
Wolf,
2013
Adults - serum S100B ( cut-off 0.15 ug/L) - within 3 hours after injury
99
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serum
S100B cut- Lar|b|
off 0.15, 2014
Ho/L) Biberthale

r, 2002

CT findings of
intracranial
lesions.

positive CCT
scan (diffuse
injury -1V,
evacuated mass
lesion and non-
evacuated mass
lesion)

0.96 [0.81, 1.00] 0.44 [0.39, 0.49]
1.00 [0.86, 1.00] 0.46 [0.35, 0.58]

Adults - serum S100B (optimal cut off 0.115 pg/L)- at 3 hours after injury

serum 1 158 CT
S100B Asadollah

(optimal cut i, 2016

off 0.115

Mg/L)-

Positive CT
scan (at least
one trauma-
relevant lesion
(epidural,
subdural,
subarachnoid,
intracerebral
haemorrhage,
cerebral
contusion, brain
oedema,
depressed skull
fracture))

0.95[0.88,0.99] 0.35][0.25, 0.47]

Adults-serum S100B measured immediately after admission (cut-off 20.2 ug/L) mean 3 hours after injury

100
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Sensitivity

Very None
serious?

Specificity

Very None
serious?

Sensitivity

Very None
serious?

Specificity

Very None
serious?

None

None

Seriou
SC

None

Seriou

Very
seriou
SC

VERY
LOW

LOW

VERY
LOW

VERY
LOW
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serum mean 3 intracranial 0.90 [0.55,1.00] 0.65[0.57,0.72] Sensitivity

S100B Ingebrlgts hours pathology on CT Very Serious® None  Very VERY

measured en, 2000 scan Serious? seriou LOW

immediatel se

y after

admission

(cut-off Specificity

=0.2 pg/L) Very Serious® None  Seriou VERY
Serious? s¢ LOW

Adults- serum S100B (cut-off 0.12 pg/L)- within 2 hours after injury

serum 1 104 CT scan within 2 positive CCT 1.00 [0.86, 1.00] 0.46 [0.35, 0.58] Sensitivity
S100B (cut- Biberthale hours scan (diffuse Very None None  Seriou VERY
off 0.12 r, 2002 injury I-1V, Serious? ¢ LOW
pg/L)- evacuated mass e

lesion and non- Specificity

evacuated mass

lesion) Very None None None LOW

Serious?

Adults- serum S100B (a cut-off of 0.48 ug/L)- within 3 hours after injury

serum S 1 Wolf, 107 CT within 3 CT positive 0.33[0.17,0.53] 0.91[0.82,0.96] Sensitivity
100B (a 2013 hours (patients with Very None None none LOW
cutoff of epidural, serious?
0.48 ug/L)- subdural, .
subarachnoid, Specificity
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or intracerebral Very None None  Seriou VERY
haemorrhage, serious? s¢ LOW
including

contusions)
Adults- serum S100B post injury (cut-off 0.38 pg/L)- within 3 hours after injury

serum 1 60 CT within 3 positive CT scan 1.00 [0.83, 1.00] 0.57 [0.41, 0.73] Sensitivity
S100B post  Cervellin, hours (any intracranial None Serious® None Seriou LOW
injury (cut- 2012 pathology ¢
off 0.38 associated with .
ug/L)- an injury (acute Specificity
subdural,
epidural or None Serious® None  Seriou LOW
parenchymal s¢
hematoma,
traumatic
subarachnoid
haemorrhage,
cerebral
contusion and
brain swelling))
Adults- serum S100B (cut-off 2.31 pg/L)-within 3 hours after injury
serum 1 60 CT within 3 positive CT scan Sensitivity
S100B (cut- Cervellin, hours (any intracranial  0.15[0.03, 0.38] 1.00[0.91, 1.00] None Serious® None None MOD
off 2.31 2012 pathology ERAT
ug/L)- associated with E
102
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S100B - > 3 to 6 hours after injury

an injury (acute
subdural,
epidural or
parenchymal
hematoma,
traumatic
subarachnoid
haemorrhage,
cerebral
contusion and
brain swelling))

Adults- serum S 100 B (cut-offs 0.10 and 0.105 pg/L) (> 3 - 6 hours after injury) — meta-analysis performed

3994 CT >3 hours

to 6 hours

serum S 10
100 B (cut- Bazarian
offs 0.10 2013

Varies across
studies: see
footnotesd

0.87 [0.73, 0.95]
0.85 [0.68, 0.95]
1.00 [0.78, 1.00]
0.95[0.77, 1.00]

0.36 [0.32, 0.39]
0.30 [0.25, 0.36]
0.27 [0.19, 0.35]
0.31[0.25, 0.37]
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Specificity

Seriou
SC

None Serious®? None

Sensitivity

Very
serious?

Specificity

Very None Seriou
seriousP s¢

LOW

VERY
LOW
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and 0.105  David, 0.97 [0.84,1.00] 0.10[0.05,0.18] Very Very None none VERY
Hg/L) 2017 0.81[0.64,0.93] 0.42[0.34,0.51] serious? serious® LOW
Egea- 0.68 [0.46, 0.85] 0.52[0.46, 0.57]
Guerrero, 0.83[0.59, 0.96] 0.30 [0.20, 0.41]
Az 1.00[0.75, 1.00] 0.14 [0.10, 0.20]

Egea-
Guerrero, 0.99[0.95,1.00] 0.14[0.13, 0.16]

2018
Kahouadiji Pooled: 0.93 Pooled: 0.27
, 2020 [0.84,0.98]° [0.17, 0.38]¢

Lagersted
t, 2017
Laribi,
2014
Morochov
ic, 2009
Vedin,
2021
Zongo
2012
Adults- serum S100B (cut-off >0.29 pg/L)- within 6hours after injury

serum 1 787 CT within 6 Traumatic CT 0.52[0.37,0.66] 0.76[0.73,0.79] Sensitivity
off >0.29 2013 defined as se LOW

/L)- subdural
HMg/L) ubdu Specificity
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?Selgns;tomag I Serious? Serious? none None
epidura

hematomas,
subarachnoid
haemorrhage
(SAH), oedema,
skull fracture,
and cerebral
contusions.

Adults- serum S100B (cut-off >0.06 pg/L)- within 6hours after injury

serum 1 787 Cranial CT  within 6 Traumatic CT 1.00[0.93, 1.00] 0.12[0.10,0.15] Sensitivity
S100B (cut- Bazarian hours abnormalities Serious® Serious® none none LOW
off >0.06 2013 defined as e
ug/L)- subdural Specificity

hematomas Serious?2 Serious® none none LOW

(SDH), epidural

hematomas,

subarachnoid

haemorrhage

(SAH), oedema,

skull fracture,

and cerebral

contusions.

Adults- serum S100B (cut-off >2.391 ug/L)- within 6 hours after injury
serum 787 CT within 6 Traumatic CT 0.04 [0.00, 0.14] 0.99[0.98, 1.00] Sensitivity
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off >2.391 defined as Specificity
pg/L)- Bazarlan subdural
2013 hematomas
(SDH), epidural
hematomas,
subarachnoid
haemorrhage
(SAH), oedema,
skull fracture,
and cerebral

Serious? Serious®? none none LOW

contusions.
Adults- serum S100B (cut-off >0.097 ug/L)-within 6 hours after injury
serum 1 787 CT within 6 Traumatic CT 0.90[0.78,0.97] 0.32[0.29, 0.36] Sensitivity
S100B (cut- Bazarian hours abnormalities Serious? Serious® none Seriou LOW
off >0.097 2013 defined as ¢
pg/L)- subdural e
hematomas Specificity
(SDH), epidural Serious? Serious® none none LOW
hematomas,
subarachnoid
haemorrhage

(SAH), oedema,
skull fracture,
and cerebral
contusions.

Adults- serum S100B (cut-off >0.521 ug/L)-within 6hours after injury
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serum
S100B (cut-
off >0.521

Mg/L)-

Bazanan
2013

within 6
hours

Traumatic CT
abnormalities
defined as
subdural
hematomas
(SDH), epidural
hematomas,
subarachnoid
haemorrhage
(SAH), oedema,
skull fracture,
and cerebral
contusions.

Adults- serum S100B (cut-off 0.130 ug/L) at 6 hours after injury

serum
S100 B
(cut-off
0.130 pg/L)

1 Egea-

Guerrero,

2012

143

CT

at 6 hours

intracranial
lesion (IL) on CT

Adults- serum S100B (cut-off 0.2 p g/L) -mean 3.8 hours after injury

serum
S100 B

NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications

1
Romner,
2000

278
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CT and
MRI

mean 3.8
hours

Intra cranial
findings on CT

0.24[0.13, 0.38]

1.00 [0.78, 1.00]

0.92 [0.74, 0.99]

107

0.90 [0.88, 0.92]

0.33 [0.25, 0.42]

0.66 [0.60, 0.72]

Sensitivity
Serious?
Specificity
Serious?

SeriousP

SeriousP

Sensitivity

none SeriousP

Specificity

none SeriousP

Sensitivity

Very
serious?

SeriousP

none

none

none

none

none

none

Seriou
SC

Seriou

none

Seriou
SC

LOW

VERY
LOW

LOW

MOD
ERAT

VERY
LOW
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(cut-off 0.2
Hgll)

after
injury

Adults-serum S100B (optimal cut off 0.21 ug/L)- at 6 hours after injury

serum
S100B
(optimal cut
off 0.21

Mg/L)-

1
Asadollah
i, 2016

236

CT

at 6 hours

Positive CT
scan (at least
one trauma-
relevant lesion
(epidural,
subdural,
subarachnoid,
intracerebral
haemorrhage,
cerebral
contusion, brain
oedema,
depressed skull
fracture))

Adults- serum S100 B (cut-off 0.230 ug/L) at 6 hours after injury

serum
S100 B
(cut-off
0.230 pg/l)

NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications

1 Egea-
Guerrero,
2012

143
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CT

at 6 hours

intracranial
lesion (IL) on CT

0.99 [0.93, 1.00]

0.93 [0.68, 1.00]
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0.20 [0.14, 0.27]

0.52 [0.43, 0.60]

Specificity

Very
serious?

Serious?

Sensitivity

Serious? none

Specificity

Serious? none

Sensitivity

None SeriousP

Specificity

none Seriou
SC

none none

none none

None seriou
SC

VERY
LOW

MOD
ERAT

MOD
ERAT

LOW
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None Serious® None None  MOD
ERAT
E
Adults- serum S100 B (cut-off 0.254 ug/l) at 6hours after injury
serum 1 Egea- 143 CT at 6 hours intracranial 0.87 [0.60, 0.98] 0.57 [0.48, 0.66] Sensitivity
S100 B Guerrero, lesion (IL) on CT None Serioust None Seriou MOD
(CUt-Oﬁ 2012 s¢ ERAT
0.254 pg/l) E
Specificity
None Serious® None Seriou LOW
SC
Adults- serum S100B (cut-off 0.15, ug/L)- at 6 hours after injury (second sampling 3 hrs after 1st sampling)
serum 1 Laribi, 412 CT at 6 hours CT findings of 0.85[0.65,0.96] 0.63[0.58, 0.68] Sensitivity
S100B ( 2014 intracranial Serious® None None  Seriou LOW
cut-off 0.15, lesions. s
/L)-
ho/L) Specificity
Serious? None None Seriou LOW
SC

Adults (mean age 24 yrs) [mixed children and adults] - serum S100B- optimal cut-off value of 0.47 pug/L -within 4hours after injury

serum 1 Cevik 48 CT within 4 abnormal 0.96 [0.79, 1.00] 0.63[0.41,0.81] Sensitivity
optimal cut- findings serious? ¢
Specificity
109
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off value of Very Serious® None  Seriou VERY
0.47 pg/L serious? s° LOW
Adults- serum S100B (cut-off 0.42 pg/L)-within 6 hours after injury
serum 1 Kotlyar, 346 CT within 6 Positive CT 0.86 [0.65, 0.97] 0.37[0.32,0.43] Sensitivity
S100B (cut- 2011 hours results Very None None Seriou VERY
off 0.42 (subarachnoid serious? se LOW
/L haemorrhage, .
- epidural e Specificity
haemorrhage, Very None None None LOW
subdural serious?
haemorrhage,
intraparenchym
al haemorrhage,
diffuse brain
oedema , diffuse
axonal injury,

skull fracture)
Adults- serum S100B (cut-off 0.32 pg/L)-within 6 hours after injury

serum 1 Kotlyar, 346 CT within 6 Positive CT 0.91[0.71,0.99] 0.24[0.20, 0.29] Sensitivity
S100B (cut- 2011 hours results Very None None Seriou VERY
off 0.32 (subarachnoid serious? ¢ LOW
/L)- haemorrhage, e
Mg/L) 9 Specificity
110
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epidural
haemorrhage,
subdural
haemorrhage,
intraparenchym
al haemorrhage,
diffuse brain
oedema, diffuse
axonal injury,
skull fracture)

Adults- serum S100B (cut-off 0.24 pg/L) - within 6 hours after injury

serum 1 Kotlyar, 346
S100B (cut- 2011

off 0. 24

Hg/L)

within 6
hours

Positive CT
results
(subarachnoid
haemorrhage,
epidural
haemorrhage,
subdural
haemorrhage,
intraparenchym
al haemorrhage,
diffuse brain
oedema, diffuse
axonal injury,
skull fracture)

0.97 [0.82, 1.00]

Adults- serum S100B (cut-off value, 0.12 pg/L) - within 6 hours after injury

NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications
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0.13[0.10, 0.17]

Very None
serious?

Sensitivity

Very None
serious?

Specificity

Very None
serious?

None None

None Seriou VERY
s¢ LOW

None None LOW
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serum 1 Zongo 1560 CT within 6 CT scan 0.99[0.95,1.00] 0.20[0.18,0.22] Sensitivity
S100B (cut- 2012 hours abnormality (CT None None None None HIGH
off Value, positive) .
0.12 pg/L) Specificity
None None None None HIGH
Adults- serum S100B (cut-off 0.14 pg/L)-within 6 hours after injury
serum 1 Zongo 1560 CT within 6 CT scan 0.97 [0.92,0.99] 0.27 [0.25, 0.29] Sensitivity
S100B (cut- 2012 hours abnormality (CT None None None None HIGH
off Value, positive) o
0.14 pg/L)- Specificity
None None None None HIGH
Adults- serum S100B (Cut-off 0.105 ug/L)- within 6 hours after injury (CCT negative or MRI positive)
serum 1 Oh, 101 CT or MRl  within 6 acute traumatic  1.00 [0.92, 1.00] 0.54 [0.40, 0.67] Sensitivity
(Cut-off (CCT negative serious?
0.105 mg/ or MRI positive) o
L)- Specificity
Very Serious® None  Seriou VERY
serious? s°¢ LOW
Adults (mixed adults and children -mean age adults) — serum S100B (cut-off 0.072 ug/L)- within 6 hours after injury
serum 1 133 CT within 6 CT positive sensitivity set at  specificity: sensitivity
S100B ( Lagersted hours (Epidural 100% 18.4% (95% CI very Serious® none none VERY
cut-off t, 2018 haemorrhage, 12.9- 24.6)f serious? LOW
Subdural e
specificity
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0.0720. 24
KoL)

haemorrhage,
Subarachnoid
haemorrhage,
Intracerebral
haemorrhage,
Contusion with
haemorrhage,
Skull fracture).

Adults- serum S100B (0. 03 ug/L threshold) [6 hours -time from reported injury to blood sample obtained]

serum 1 Welch, 231 CT

S100B 2016 -
(0.03 ug/L

threshold)

at 6 hours

CT scan was sensitivity set at
positive— 100%

defined as the

presence of an

acute trauma-

related

intracranial

lesion

0.02 (95% ClI
0.00, 0.04)

Adults- serum S100B (0.10 ug/I] threshold) [6 hours -time from reported injury to blood sample obtained]

serum 1 Welch, 231 CT
S100B 2016

(0.10 pg/1]

threshold)

at 6 hours

CT scan was 0.91 (0.75, 0.98) 0.44 (0.37,
positive— 0.51)f
defined as the

presence of an

acute trauma-

related

intracranial

lesion
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very SeriousP
serious?
sensitivity
Serious?  SeriousP
specificity
Serious?  SeriousP
sensitivity
Serious?  SeriousP
specificity
Serious?  SeriousP

none

none

none

none

none

none

none

none

Seriou
SC

none

VERY
LOW

LOW

LOW

VERY
LOW

LOW
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Adults-serum S100B (cut-off NR) within 4 hours after injury

serum 1 96 CT within 4 Traumatic
S100B (cut- Bazarian, hours abnormality on
off NR) 2006 initial CT scan

S100B >6 to 12 hours after injury
Adults- serum S100 B- 0 to 8-hours after injury (cut-off value NR)

serum 1 Mahan, 104 CT 0- to 8- CT positive (not
S100 B- 2019 hours defined)
(cut-off

value NR)

Adults-serum S100B (Cut-off 20.10 ug/L) -within 12 hours after injury

serum 1 Muller 226 CT within 12 Intracranial
S100B 2007 hours pathologic
(Cut-off findings

=0.10 pg/L) revealed by CT
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when sensitivity
set at 70%

0.64 [0.46, 0.79]

0.95 [0.76, 1.00]
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Specificity%:
26% (Cl not
reported)f

0.54 [0.42, 0.67]

0.31[0.25, 0.38]

sensitivity

Very none

serious?

specificity

Very none

serious?

Sensitivity

None Seriou
sb

Specificity

None Seriou
sb

Sensitivity

Very None

serious?

Specificity

none

none

None

None

None

Canno LOW
t

assess

Canno LOW
t

assess

Seriou LOW
SC

Seriou LOW
SC

Seriou VERY
s¢ LOW
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scan (not
defined)

S$100B> 12 hours after injury
Adults- serum S100 B - 12 to 32-hours after injury (cut-off value NR)

serum 1 Mahan, 104 CT 12-to 32- CT positive (not
S100 B - 2019 hours defined)

cut-off

value NR)

Adults- serum S100B (cut-off [0.179 pg/L])- within 24 hours of admission

serum 1 Posti 55 CT Within 24  CT scans were
S100B (cut- 2019 hours classified
off 0.179 according to the
ug/L) Marshall grading
system. Diffuse
Patients injury/grade |
with (nohvilsual)
pathology) was
ﬁﬁ:ja?; considered CT-,

whereas the
other grades (lI-
VI) were
regarded as
CT+.
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0.72 [0.55, 0.86]

sensitivity set at
100%

115

0.57 [0.45, 0.69]

Specificity 11.1

(Cl not reported)
f

Very None
serious?

Sensitivity

None SeriousP
Specificity

None Serious?
sensitivity

Serious?  SeriousP
Specificity

Serious? Serious

b

None

None

None

none

none

None

Seriou
SC

Seriou
SC

Canno
t
assess

Canno
t
assess

VERY
LOW

VERY
LOW

LOW

LOW
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S$100B- timing of test NR

Adults-serum S100B (cut-off value of 0.1ug/L)- not time specified [reference standard CT and MRI]

serum 1 41 CT and not time CCT positive. If ~ 1.00 [0.48, 1.00]
S100B (cut- Linsenmai MRI specified intracranial
off value of er, 2016 haemorrhage
0.1mg/L)- could not be
excluded safely,
the patient was
also considered
as “CCT
positive”
because of an
equivocal CT
finding
deserving
further
evaluation.
Urine S100B
Adults- urine S100B (cut-off 20.09 pg/L)- within 6 hours after injury
Adults- 1 Vedin, 243 CT within 6 Intracranial 0.92 [0.64, 1.00]
urine - 2021 hours haemorrhage on
S100B (cut- CT
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0.25[0.12, 0.42]

0.11 [0.08, 0.16]

Sensitivity

Very
serious?

None

Specificity

Very
serious?

None

Sensitivity

Very
serious?

Specificity

None

None Very
seriou
SC

None None

None Seriou
SC

VERY
LOW

LOW

VERY
LOW
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off 20.09 Very None None None
ug/L)- serious?
GFAP

within 6hours after injury
Adults [mixed adults and children (mean 24 years)]- serum GFAP - cut-off 0.23 ug/L -within 4hours after injury

serum 1 Cevik 48 CT within 4 abnormal 0.75[0.53,0.90] 0.63[0.41,0.81] Sensitivity
GFAP - cut- 2019 hours cerebral CT Very Serious® none Seriou VERY
off 0.23 findings serious? s¢ LOW
0.23 ug/L
- Specificity
Very Serious® none Seriou VERY
serious? s¢ LOW
Adults- serum GFAP (cut-off 1.35 pg/L)- within 6 hours after injury
serum 1 176 CT within 6 positive CT scan 0.50[0.16, 0.84] 0.44[0.36, 0.52] Sensitivity
GFAP (cut- Forouzan, hours (acute epidural Serious® none none Seriou LOW
off 1.35 2021 or subdural ¢
/L hematoma, .
Mg/L) Specificity
117
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cortical Serious® none none none MOD
contusion, ERAT

ventricular E
compression,
ventricular
trapping,
cerebral
herniation,
intraventricular
haemorrhage,
hydrocephalus,
subarachnoid
haemorrhage,
cerebral
oedema, post-
traumatic
ischemia,
intracranial
hematoma, and
cerebral venous
sinus
thrombosis)

Adults- plasma GFAP (cut-off 0.022 pg/ml) -within 6 hours after injury

plasma 1Li, 2022 463 CT 0-6 hours  Abnormalities 0.97 [0.92, 0.99] 0.50[0.45,0.56] sensitivity

GFAP (cut- on CT- Serious? none none none  MOD

off 0.022 presence/absen ERAT

ug/ml) ce of closed E
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head injuries Specificity
including skull
fracture,
pneumocephalu
s, haemorrhage,
mass effect, and
brain
parenchymal
injuries.

Adults- serum GFAP (cut-off 0.022 ug/ml) -within 6 hours after injury

serum 1Li,2022 463 CT 0-6 hours  Abnormalities 0.93[0.82,0.98] 0.51[0.43,0.59] Sensitivity

GFAP (cut- on CT- Serious? none none none  MOD

off 0.022 presence/absen ERAT

ug/ml) ce of closed E
head injuries
including skull —
fracture, Specificity
pneumocephalu Serious? none none none MOD
s, haemorrhage, ERAT
mass effect, and E
brain
parenchymal
injuries.

Adults-serum GFAP (cut-off of 0 ug/L) [6 hours -time from reported injury to blood sample obtained]

231 CT ab hours sensitivity

Serious? none none none MOD
ERAT
E
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serum 1 Welch CT scan was Sensitivity set at  0.00 (0.00, Serious?® Serious® none Canno

GFAP (cut- 2016 positive— 100% 0.02)f t

off of 0 defined as the assess

ug/L) presence of an specificity
?;:’izérauma Serious? Serious® none Canno LOW
intracranial t
lesion assess

within 8h after injury
Adults- serum GFAP - 0 to 8-hours after injury (cut-off value NR)

serum 1 Mahan, 104 CT within 8- CT positive (not  0.89[0.74, 0.97] 0.62[0.49, 0.73] Sensitivity
GFAP - 2019 hours defined) None Serious® none  Seriou LOW
(cut-off ¢
lue NR
value NR) Specificity
None Serious® none Seriou LOW
SC
within 24 h after injury
Adults- serum GFAP cut-off 0.013 pg/L -within 24h after injury
serum 1 1359 CT within 24 intracranial 0.99[0.98,1.00] 0.16[0.13,0.18] Sensitivity
GFAP cut-  Okonkwo, hours injury on Very Serious® none none VERY
off 0.013 2020 admission CT serious? LOW
/L
ug el Specificity
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Adults- serum GFAP cut-off 0.038 pg/L) -within 24 hours after injury

serum 1 1359 CT within 24 intracranial
GFAP cut-  Okonkwo, hours injury on

off 0.038 2020 admission CT
ug/L) scan

Adults-serum GFAP cut-off 0.113 pg/L)- within 24hours after injury

serum 1 1359 CT within 24 intracranial
GFAP cut-  Okonkwo, hours injury on

off 0.113 2020 admission CT
ug/L) scan

Adults- serum GFAP cut-off 0.190 pg/L)- within 24hours after injury

serum 1 1359 CT within 24 intracranial
GFAP cut-  Okonkwo, hours of injury on

off 0.190 2020 injury admission CT
ug/L) scan
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0.96 [0.94, 0.98]

0.90 [0.87, 0.93]

0.85[0.81, 0.87]
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0.30 [0.27, 0.34]

0.50 [0.46, 0.53]

0.59 [0.56, 0.63]

Very SeriousP

serious?

Sensitivity

Very
serious?

Specificity

Very
serious?

Serious?

Serious?

Sensitivity

Very Serious®

serious?
Specificity

Very
serious?

SeriousP

Sensitivity

Very
serious?

Specificity

SeriousP

none

none

none

none

none

none

none

none

none

Seriou
SC

none

none

VERY
LOW

VERY
LOW

VERY
LOW

VERY
LOW

VERY
LOW

VERY
LOW
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Very Serious® none Seriou VERY

serious? s¢ LOW
Adults- serum GFAP [cut-off 0.43 pg/L)]- within 24 hours after injury - middle age (40-59)
serum 1 60 CT within 24 acute intra 0.90[0.68,0.99] 0.78[0.62,0.89] Sensitivity
GFAP 0.43  Gardner, hours cranial trauma Serious? none none Seriou LOW
ug/L) 2018 ¢

Specificity

Serious? none none none MOD

ERAT
E

Adults- serum GFAP [cut-off point 0.43 pg/L) -within 24 hours after injury- young (<40 yr)
serum 1 79 CT within 24 acute intra 0.83[0.59,0.96] 0.84[0.72,0.92] Sensitivity
GFAP [cut- Gardner, hours cranial trauma Serious? none none Very VERY
off point 2018 seriou LOW
0.43 ug/L) ¢

Specificity

Serious® none none Seriou LOW

SC
Adults- serum GFAP [cut-off 0.43 pg/L)] -within 24 hours after injury- older age (>60)
serum 1 30 CT within 24 acute intra 0.67 [0.41,0.87] 0.67[0.35,0.90] Sensitivity
off 0.43 2018 s
/L

Hg/L)] Specificity
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Serious® none none Seriou
SC

Adults- serum GFAP cut-off 0.0666 pg/L - within 24 hours of admission
serum 1 Posti 55 CT Within 24  CT scans were sensitivity set at  Specificity 19.4  Sensitivity
GFAP cut- 2019 hours classified 100% e Cl r@sseel)” | sefoss | S=ioue? | aeme Not LOW
off 0.0666 according to the applica
ug/L Marshall grading ble
Patients system. Diffuse o
with injury/grade [ SpeC|f|C|ty
Isolated (no visual Serious® Serious® None  Canno LOW
Mild TBI pathology) was t

considered CT-, assess

whereas the

other grades (llI-

VI) were

regarded as

CT+.
Adults- serum GFAP (cut-off 0.06662 ug/L)- within 24 hours after injury
serum 1 Posti 93 CT within 24  CT scans were  Sensitivity set at  Specificity 16.1 Sensitivity
GFAP (cut- 2019 hours classified 100% (Cl notreported) gerious?  Serious® none Canno LOW
off 0.0662 according to the i t
Hg/L Marshall grading assess

tem. Diff
system. Diffuse Specificity
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Patients injury/grade | Serious?2  Serious® none Canno LOW
with Mild (no visual t
TBI pathology) was assess

considered CT-,
whereas the
other grades (lI-
VI) were
regarded as
CT+.

within 32 hours after injury
Adults- serum GFAP -12 to 32-hours after injury- (cut-off value NR)

serum 1 Mahan, 104 CT 12-to 32- CT positive (not  0.94 [0.81, 0.99] 0.68 [0.55, 0.78] Sensitivity
GFAP (12- 2019 hours defined) None Serious® none  Seriou LOW
to 32-hour) ¢
(cut-off e
value NR) Specificity

None Serious® none Seriou LOW

SC

GFAP-BDP
Adults-Serum GFAP-BDP (cut-off level of 0.035 pg/L) - within 4 hours of injury
Serum 1 Papa 117 CT within 4 intra cranial 0.97 [0.84,1.00] 0.18[0.10,0.27] Sensitivity
GFAP-BDP 2012 hours lesions on CT None Serious® none Seriou LOW
(cut-off ¢

Specificity
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level of None Serious® none  none  MOD
0.035 pg/L) ERAT
E
Adults- serum GFAP-BDP at a 0.68 ug/L - within 24 hours after injury
serum 1 215 CT within 24 intracranial 0.73[0.64,0.81] 0.89[0.81,0.94] Sensitivity
GFAP-BDP  Okonkwo hours pathology on CT None Serious® none none MOD
ata 0.68 2013 ERAT
Hg/L E
Specificity
None Serious® none Seriou LOW
SC
Adults- serum GFAP-BDP (a cut-off of 0.6 pug/L)- within 24 hours after injury
serum 1 215 CT within 24 intracranial 0.67 [0.58,0.76] 0.89[0.81,0.94] Sensitivity
GFAP-BDP McMahon hours injury on CT None Serious® none Seriou LOW
(a cut-off of , 2015 s¢
0.6 ug/L)-
ho/L) Specificity
None Serious® none Seriou LOW
SC
Adults- serum GFAP-BDP level (a cut-off of 1.66 pg/L) - within 24 hours after injury
serum 1 215 CT within 24 intracranial 0.45[0.36, 0.55] 0.99[0.95, 1.00] Sensitivity
GFAP-BDP  McMahon hours injury on CT None Serious® none none MOD
level (a cut- , 2015 ERAT
E
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off of 1.66 Specificity
MglL) None Serious® none none MOD
ERAT
E
NSE
Adults- serum NSE (a cut-off limit of 14.7 pg/L)- within 3 hours after injury
serum NSE 1 Wolf, 107 CT within 3 CT positive 0.57 [0.37,0.75] 0.77 [0.66, 0.86] Sensitivity
(a cut-off 2013 hours (patients with Very none none Seriou VERY
limit of 14.7 epidural, serious? ¢ LOW
ug/L)- subdural, o
subarachnoid, Specificity
or intracerebral Very none none none LOW
hemorrhage, serious?
including
contusions)
Adults- serum NSE (cut-off limit of 16.4 pug/L) - within 3 hours after injury
serum NSE 1 Wolf, 107 CT within 3 CT positive 0.53[0.34,0.72] 0.16[0.08, 0.26] Sensitivity
(cut-off limit 2013 hours (patients with Very none none Seriou VERY
of 16.4 epidural, serious? s¢ LOW
ug/L) subdural, o
subarachnoid, Specificity
or intracerebral Very none none none LOW
haemorrhage, serious?
including

contusions)
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UCH-L1
Adults- serum UCH-L1 (cut-off level of 0.09 pg/L) — within 4hours of injury
serum 1 Papa 105 CT within 4 Intracranial 1.00[0.88, 1.00] 0.21[0.12,0.32] Sensitivity
UCH-L1 2012 hours lesions on CT None Serious® none Seriou LOW
(cut-off ¢
level of e s
0.09 ug/L) SpeC|f|C|ty
None Serious® none none MOD
ERAT
E
Adults plasma UCH-L1 (cut-off 0.327 pug/ml)- within 6 hours after injury
plasma 1Li,2022 463 CT 0-6 hours  Abnormalities 0.95[0.89,0.98] 0.18[0.14,0.22] sensitivity
UCH-L1 ( on CT- Serious? none none none  MOD
cut-off presence/absen ERAT
0.327 ce of closed E
ug/ml) head injuries s
including skull specificity
fracture, Serious? none none none MOD
pneumocephalu ERAT
s, haemorrhage, E
mass effect, and
brain
parenchymal
injuries.

Adults serum UCH-L1 (cut-off 0.327 ug/ml)- within 6 hours after injury
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serum
UCH-L1 (
cut-off
0.327
pg/ml)

1Li, 2022 463

0-6 hours

Abnormalities
on CT-
presence/absen
ce of closed
head injuries
including skull
fracture,
pneumocephalu
s, haemorrhage,
mass effect, and
brain
parenchymal
injuries.

0.89 [0.78, 0.96]

0.27 [0.21, 0.35]

Adults- serum UCH-L1 (cut-off of 0.041 ug/L) [6 hours -time from reported injury to blood sample obtained]

serum
UCH-L1
(cut-off of
0.041 pg/L)

1 Welch 231
2016

CT

at6
hours -

CT scan was
positive—
defined as the
presence of an
acute trauma-
related
intracranial
lesion

Adults- serum UCH-L1 - 0 to 8-hours after injury (cut-off value NR)
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CT

Sensitivity set at

100%

0.53 [0.35, 0.70]
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0.40 (0.33, 0.47)
f

0.50 [0.38, 0.62]

sensitivity

Serious? none none

specificity

Serious? none none

Sensitivity
Serious?
Specificity
Serious?

Serious? none

Serious? none

Sensitivity

none

none

none

none

MOD
ERAT
E

MOD
ERAT

LOW

LOW
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serum 1Mahan, Within 8-  CT positive (not None Serious® none Seriou
UCH-L1 2019 hours defined) s¢
(ClIJt'OfLR) Specificity
value
None Serious® none Seriou LOW
SC

Adults- serum UCH-L1 - 12 to 32 hours after injury - (cut-off value NR)

serum 1 Mahan, 104 CT 12 to CT positive (not  0.61 [0.43,0.77] 0.51[0.39, 0.64] Sensitivity
UCH-L1 2019 32hours  defined) None Serious® none  Seriou LOW
(cut-off ¢
lue NR
value NR) Specificity
None Serious® none Seriou LOW
SC
Combined serum UCH-L1 and GFAP
Adults -combined plasma GFAP (cut-off 0.022 pg/ml) and UCH-L1 (cut-off 0.327 pug/ml) - within 6 hours after injury
combined 1Li, 2022 463 CT 0-6 hours  Abnormalities 1.00 [0.97, 1.00] 0.11[0.08,0.15] Sensitivity
plasma on CT- Serious? none none none  MOD
GFAP (cut- presence/absen ERAT
off 0.022 ce of closed E
ug/ml) and head injuries
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UCH-L1 including skull Serious? none none none MOD
(cut-off fracture, ERAT
0.327 pneumocephalu E
ug/ml) s, haemorrhage,

mass effect, and

brain

parenchymal

injuries.
Adults -combined serum GFAP (cut-off 0.022 ug/ml) and UCH-L1 (cut-off 0.327 pug/ml) - within 6 hours after injury
combined 1Li, 2022 463 CT 0-6 hours  Abnormalities 1.00[0.94,1.00] 0.17[0.12,0.24] Sensitivity
el on CT- Serious? none none none  MOD
GFAP (cut- presence/absen ERAT
off 0.022 ce of closed E
ug/ml) and head injuries o
UCH-L1 including skull specificity
(cut-off fracture, Serious? none none none MOD
0.327 pneumocephalu ERAT
pg/ml) s, haemorrhage, E

mass effect, and

brain

parenchymal

injuries.
Adults- combined serum UCH-L1 and GFAP measured within 12 hours after injury ((0.327 pg/Lfor UCH-L1 and 0.022 for GFAP pg/L)
Combined 1 1920 CT within 12 Positive CT 0.97[0.92,0.99] 0.37[0.34, 0.39] Sensitivity
serum Bazarian hours scan (presence None none none none HIGH
UCH-L1 2018 of one or more .

Specificity
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and GFAP of the following None none none  none  HIGH
measured injuries: acute

(0.327 ug/L epidural

for UCH-L1 haematoma,

and 0.022 acute subdural

for GFAP haematoma,

ug/L) indeterminate
extra-axial
haemorrhage,
intraventricular
haemorrhage,
parenchymal
haematoma,
petechial
haemorrhagic or
bland sheer
injury,
subarachnoid
haemorrhage,
brain oedema,
brain herniation,
non-
haemorrhagic
contusion,
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ventricular
compression,
ventricular
trapping, cranial
fractures,
depressed skull
fractures, facial
fractures, scalp
injury, or skull
base fractures).

Adults- serum GFAP & UCH-L1N (Threshold for positive test 0.1 ug/L for GFAP and 0.040 pug/L UCH-L1) [4 hours- time from reported injury to blood sample

obtained]

serum 1 welch 231
GFAP & 2016

UCH-L1N

(Threshold

for positive

test 0.1

ug/Lfor

GFAP and

0.040 pg/L

UCH-L1)

CT

at 4 hours

CT scan was
positive—
defined as the
presence of an
acute trauma-
related
intracranial
lesion

Sensitivity set at
100%

Sensitivity
Serious? Serious® none none LOW
specificity
Serious? Serious® none none LOW

Adults- serum GFAP & UCH-L1N (Threshold for positive test- 0.1 ug/Lfor GFAP and 0.040 ug/L UCH-L1)) [6 hours - time from reported injury to blood sample

obtained]

NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications

DRAFT [September 2022]

132



DRAFT FOR CONSULTATION
Brain injury biomarkers for predicting acute brain injury complications

serum 1 welch 231 at 6 hours CT scan was
GFAP & 2016 positive—
UCH-L1N defined as the
(Threshold presence of an
for positive acute trauma-
test 0.1 related

ug/Lfor intracranial
GFAP and lesion

0.040 pg/L

UCH-L1))

serum small neuronal protein neurogranin (NRGN)

Sensitivity set at
100%

0.39 (0.33, 0.46)
f

Sensitivity
Serious? Serious® none
specificity
Serious? Serious® none

none

none

Adults (mixed adults and children (mean 24 years))- serum small neuronal protein neurogranin (NRGN)- cut-off 1.87 pg/L - within 4hours after injury

1 Cevik 48
2019

CT abnormal
cerebral CT

findings

within
4hours

serum
small
neuronal
protein
neurograni
n (NRGN)-
cut-off 1.87
Mg/l

serum pNFL-H
Adults- serum pNFL-H (1.071 pg/L) — 18-24 hours after injury

1Gatson, 34 CT 18-24 Intracranial
2014 hours findings on CT

serum
pNFL-H

(skull fractures,
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0.83 [0.63, 0.95]

0.89 [0.65, 0.99]
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0.58 [0.37, 0.78]

0.69 [0.41, 0.89]

Sensitivity

Very
serious?

Specificity

Very
serious?

Serious?  None

serious?2  None

Sensitivity

Serious? none none

Seriou
SC

Seriou
SC

Seriou
SC

LOW

LOW

VERY
LOW

VERY
LOW

LOW
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(1.071 subdural/
ug/L) epidural/subarac
hnoid

haemorrhaging,
oedema, and/or
con-tusions)

Serum IL-10
Adults (mixed adults and children- mean age adults) IL-10 (cut-off 0.000 159 pg/L))- within 6 hours after injury

serum IL- 1 133 CT within 6 CT positive Sensitivity set at  specificity
10 (cut-off  Lagersted hours (Epidural 100% 25.8% (95% CI
0.000 159 t, 2018 haemorrhage, 19.7-32.0)f
ug/L))- Subdural

haemorrhage,

Subarachnoid

haemorrhage,

Intracerebral

haemorrhage,

Contusion with

haemorrhage,

Skull fracture).

Adults- serum IL-10 (cut-off 0.00014 ug/L)- within 24 hours of admission
55 CT
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Specificity
Serious? none none

Sensitivity

Very Serious® none
serious?

Specificity

Very Serious® none
serious?

Sensitivity

Seriou

Not
applica
ble

none
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serum IL- 1 Posti Within 24 Ability of the Sensitivity set at  Specificity 2.8%  Serious? Serious® none Canno
10 (cut-off 2019 hours of Individual 100% (Cl not reported) t
0.00014 admission Biomarkers in d assess
ug/L)- Discriminating Specificity
i CT-Negative
C’vﬁ’ﬂents and C-|9_ Positive Serious? Serious® none tCanno LOW
isolated TBI Patients with
Isolated Mild assess
TBI
Adults- serum IL-10 (cut-off 0.00014 pg/) — within 24 hours of admission
serum IL- 1 Posti 55 CT within 24  CT scans were  sensitivity setat  Specificity 5.4%  Sensitivity
10 (cut-off 2019 hours of classified 100% (no CI)f Serious® Serious® none Canno LOW
0.00014 admission according to the t
ug/) Marshall grading assess
Patients system. Diffuse .
with Mild injury/grade | Specificity
B (no visual Serious?® Serious® none Canno LOW
pathology) was t
considered CT-, assess

whereas the
other grades (lI-
VI) were
regarded as
CT+.

Neurofilament light chain (NF-L)
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Adults- serum NF-L (cut-off 0.00418 pg/L)- within 24 hours of admission

1 Posti 55 CT
2019

Within 24
hours of
admission

serum NF-L
(cut-off
0.00418

Hg/L)-

Patients
with

isolated
Mild TBI

CT scans were
classified
according to the
Marshall grading
system. Diffuse
injury/grade |
(no visual
pathology) was
considered CT-,
whereas the
other grades (lI-
VI) were
regarded as
CT+.

Adults- serum NF-L (cut-off 0.0043 pg/L) - within 24 hours of admission

serum NF-L 1 Posti 93 CT Within 24
(cut-off 2019 hours of
0.0043 admission
Hg/L)

Patients
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CT scans were
classified
according to the
Marshall grading
system. Diffuse

sensitivity set at
100%

Sensitivity set at
100%
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Specificity 5.6%
(CI not reported)
f

7.1 % (CI not
reported)f

Sensitivity

Serious?  SeriousP

Specificity

Serious?  SeriousP

Sensitivity

Serious?  SeriousP

Specificity

none

none

none

Canno
t
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Canno
t
assess
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t
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LOW
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with mild injury/grade | Serious® Serious® none  Canno LOW
TBI (no visual t
pathology) was assess

considered CT-,
whereas the
other grades (lI-
VI) were
regarded as
CT+.

@ Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 1 increment if the majority of studies were rated at high risk of bias, and
downgraded by 2 increments if the majority of studies were rated at very high risk of bias.

bindirectness was assessed using the QUADAS-2 checklist items referring to applicability. The evidence was downgraded by 1 increment if the majority of studies were seriously
indirect and downgraded by 2 increments if the majority of studies are very seriously indirect. Studies were downgraded for indirectness if it included mixed population (adults and
children or youth and children) or mixed severity population (mild, moderate and severe TBI).

CThe evidence was downgraded by 1 increment when the confidence interval around the point estimate crossed one of the clinical thresholds (0.90 or 0.60), and downgraded by 2
increments when the confidence interval around the point estimate crossed both of the clinical thresholds. The upper clinical threshold marked the point above which
recommendations would be possible, and the lower clinical threshold marked the point below which the tool would be regarded as of little clinical use.

d0utcome definitions: Biberthaler,2006- intracerebral lesions on CT; Ernstbrunner, 2016- secondary intracranial haemorrhagic events (SIHE) on CT; Laribi, 2014- CT findings of
intracranial lesions;Muller 2011- positive CT findings (not defined); Thaler, 2015- CCT positive (patients with MHI who had at least 1 trauma-related intracranial haemorrhage: i.e.,
epidural, subdural, subarachnoidal, or intracerebral bleeding);Wolf, 2013- CT positive (patients with epidural, subdural, subarachnoid, or intracerebral hemorrhage, including
contusions);Bazarian 2013- presence of intracranial abnormalities. Traumatic CT abnormalities defined as subdural hematomas (SDH), epidural hematomas, subarachnoid
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haemorrhage (SAH), oedema, skull fracture, and cerebral contusions.;David, 2017- positive CT scan (any trauma related intracranial haemorrhage, including epidural, subdural or
subarachnoid haemorrhage, or intracerebral bleeding (petechial haemorrhage, contusion or hematoma));Egea-Guerrero, 2012- intracranial lesion (IL) on CT; Egea-Guerrero,
2018- presence of intracranial lesion (IL) on CT; Kahouadji, 2020-positive CT scan (at least one pathophysiological trauma-relevant intracranial lesion - any signs of cranial (skull
fracture) or intracranial pathology (hematoma, air, or contusion), subgaleal hematomas were also considered positive to prevent disregarding abnormalities that may influence
S100B levels; Lagerstedt, 2017 -CT positive (not defined); Lin 2022-abnormalities on CT- presence/absence of closed head injuries including skull fracture, pneumocephalus,

haemorrhage, mass effect, and brain parenchymal injuries. ; Vedin, 2021- Intracranial haemorrhage on CT,; Zongo 2012- CT scan—positive (minor head injury patients with at least
1 trauma-relevant lesion).

¢Pooled sensitivity/specificity from diagnostic meta-analysis
f raw data were not provided by the paper and were not able to be calculated by NGC. Data as reported in the paper.

Clinical evidence summary: diagnostic test accuracy of biomarkers in children

Serum S100B

children- serum S100B cut-off (0.35 ug/L for age 0 to 9 months; 0.23 pg/L for age 10 to 24 months; 0.18 p g/L for age >24 months)- median 2 hours after
injury

serum 1 65 CT median 2 Intracerebral lesion 0.33 [0.20, 0.50] Sensitivity
S100B  Bouvier, hours on CT 1.00 Seriou  Seriou  None Seriou  VERY
cut-off 2012 [0.85, s@ sP s¢ LOW
0.35
( 1.00] Specificity
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pg/L for
age 0 -9
months;
0.23
pg/L for
age 10 —
24
months;
0.18
g/L for
age >24
months)-

children- serum S100B (Cut-off value 0.14 ug/L) - All children <16 years — within 6hours after injury

serum 1 73 CT within 6 intracranial injuries  0.95 0.34 [0.22, 0.48]
S100B Manzan hours [0.75,

(Cut-off 0, 2016 1.00]

value

0.14

Hg/L) -

All

children

<16

years

children- serum S100B (cut-off 0.16ug/L)- within 6 hours after injury

109 CT pathological CT 0.42[0.31, 0.55]
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serum within 6 1.00
S100B Castella hours CT was classified [0.90,
(cut-off  ni, 2009 as pathological in 1.00]
0.16pg/L the presence of a
) skull fracture or

intra cranial

hemorrhage (ICH).

children- serum S 100B level of 0.1 pg/L- within 6 hours after injury

serumS 1 109 CT within 6 0.47 0.89[0.81, 0.95]
100B Babock hours An abnormal [024,

level of 2012 cranial CT was 071]

0.1 pg/L defined by the

presence of any
intracranial injury,
including subdural
haematomas,
epidural haemato-
mas and cerebral
contusions, as well
as the presence of
skull fractures.

children and youth (mean 13 years) - serum S100b cut-off level of 0.020 ug/L - within 6hours after injury

children 1 Papa 92 CT within 6 presence of 1.00 0.26 [0.17, 0.37]
and 2016 hours intracranial lesions  [0.63,
youth on initial CT scan. 1.00]
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(mean
13 yrs)- Specificity
serum
S100b None Seriou  None none MODE
cut-off s? RATE
level of
0.020
Hg/L
children- serum S 100 B (cut-off of 172.15ug/L)- within 6 hours after injury
serumS 1 40 CT within 6 positive pathologic  0.95 1.00 [0.83, 1.00] Sensitivity
100 B Mozafari hours findings associated [0.75, Seriou  None None Seriou LOW
(cut-off , 2019 with isolated head 1.00] 52 se
of trauma on CT (not .
172.154 defined positive Specificity
g/L pathological
findings) Seriou  None None Seriou LOW
s? s¢
Children- serum S 100B level cut-off > 0.006ug/L- within 6 hours after injury
serumS 1 109 CT within 6 Abnormal cranial 0.89 0.31[0.22, 0.42] Sensitivity
100B Babock hours CT [0.67, Very None None Seriou VERY
level cut- 2012 0.99] serious s¢ LOW
off > a
0.006pg/
L - Specificity
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Urinary S100B

children- urinary S100B (cut-off levels of 56.4 ng/L)- within 6 hours after injury

urinary 1 40 CT
S100B Mozafari

(cut-off , 2019

levels of

56.4

Hg/L

positive pathologic  0.95
findings associated [0.75,
with isolated head 1.00]
trauma on CT (not

defined positive
pathological

findings)

0.90 [0.68, 0.99]

Children- urinary S100B (cut-off levels of 67.75 ng/L)- within 6 hours after injury

urinary 1 40 CT
S100B Mozafari

(cut-off , 2019

levels of

67.75

ng/L)

GFAP

positive pathologic ~ 0.90
findings associated [0.68,
with isolated head 0.99]
trauma on CT (not

defined positive

pathological

findings)

0.95 [0.75, 1.00]

Very None

serious
a

Sensitivity
Seriou  None
Sa

Specificity

Seriou  None
Sa

Sensitivity

Seriou None
Sa

Specificity

Seriou None
Sa

children and youth (median age 12)- serum GFAP (cut-off 0.15 pg/L) within 6 hours after injury: Isolated skull fracture+ICL
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Serum 1 Papa 15 within 6 presence of 0.95 0.48 [0.39, 0.57] Sensitivity
GFAP 2015 hours intracranial lesions  [0.76, Very Seriou None Seriou VERY
(cut-off on initial CT scan 1.00] serious sP se LOW
0.15 a
/L
Hg/L) Specificity
Very Seriou  None none VERY
serious  sP LOW

a

children and youth (mean 13 years)- serum GFAP cut-off level of 0.15 pg/L - within 6hours after injury (ICL only no skull fracture)

serum 1Papa 92 CT within 6 presence of 1.00 0.36 [0.26, 0.47] Sensitivity
GFAP 2016 hours intracranial lesions  [0.63, None Seriou  None Seriou LOW
cut-off on initial CT scan. 1.00] b ¢
level of P
Specificity
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0.15 Intracranial lesions None  Seriou None none MODE
pg/L on CT included any sP RATE

acute traumatic

intracranial lesions

visualised on CT

scan such

haemorrhages

(epidural, subdural,

subarachnoid,

ventricular, and

parenchymal),

contusions,

oedema, and

pneumocephalus

but excluded facial

fractures and

isolated skull

fractures without

intracranial lesions.

children and youth (median age 12)- serum GFAP (cut-off 0.15 pg/L) within 6hours after injury: ICL only (no skull fracture)

serum 1 Papa 152 CT within 6 presence of 0.94 0.47 [0.38, 0.56] Sensitivity
GFAP 2015 hours intracranial lesions  [0.73, Very Seriou  none Seriou VERY
(cut-off on initial CT scan 1.00] serious  sP ¢ LOW
0.15 a
/L
holL) Specificity
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Very Seriou  none none VERY
serious  sP LOW
a

UCH-L1

children and youth (mean age 12) -serum UCH-L1 (cu-off =2 0.18 ug/L])- within 6hours after injury

serum 1 Papa, 152 CT within 6 presence of 1.00 0.47 [0.39, 0.56] Sensitivity

UCH-L1 2017 hours intracranial lesions  [0.80, Very Seriou  none Seriou VERY

(Cut -off on initial CT scan 1.00] serious  sP ¢ LOW

20.18 a

/L

Hg/L]) Specificity
Very Seriou  none none VERY
serious  sP LOW
a

NSE

children- serum NSE (at a level of NSE 2 15.3 ug/L) - mean 4hours after injury

serum 1 49 CT mean 4 Presence of 0.77 0.52 [0.32, 0.71] Sensitivity

NSE (at  Fridrikss hours intracranial lesion [0.55, None Seriou  none Very VERY

alevel of on, (ICL) 0.92] b serious LOW

NSE = 2000 c

15.3 -

ug/L)- Specificity .
None Seriou  none Seriou LOW

sP s°©

children- serum NSE (cut-off points 5.74 pg/L)-within 6hours after injury
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serum within 6 CT positive (not 1.00 0.87 [0.70, 0.96] Sensitivity

NSE Mozafarl hours defined) [0.89, Seriou  none none Seriou LOW

(cut-off 2020 1.00] 52 ¢

oints

g.7l4 Specificity

pg/L)- Seriou  none none Seriou LOW
Sa SC

children- serum NSE (cut-off points of 6.97 pg/L) - within 6hours after injury

serum 1 62 CT within 6 CT positive (not 0.94 1.00 [0.89, 1.00] Sensitivity

NSE Mozafari hours defined) [0.79, Seriou  none none Seriou LOW

(cut-off 2020 0.99] 5@ ¢

ints of

Boy Specificity

Mg/L) Seriou  none none Seriou LOW
s? s¢

@Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 1 increment if the majority of studies were rated at high risk of bias, and downgraded
by 2 increments if the majority of studies were rated at very high risk of bias.

bindirectness was assessed using the QUADAS-2 checkilist items referring to applicability. The evidence was downgraded by 1 increment if the majority of studies were seriously
indirect and downgraded by 2 increments if the majority of studies are very seriously indirect. Studies were downgraded for indirectness if it included mixed population (adults and
children or youth and children) or mixed severity population (mild, moderate and severe TBI).

CThe evidence was downgraded by 1 increment when the confidence interval around the point estimate crossed one of the clinical thresholds (0.90 or 0.60), and downgraded by 2
increments when the confidence interval around the point estimate crossed both of the clinical thresholds. The upper clinical threshold marked the point above which
recommendations would be possible, and the lower clinical threshold marked the point below which the tool would be regarded as of little clinical use.
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1

2 Clinical evidence summary: diagnostic test accuracy of biomarkers in studies where age was not reported in studies

3

S100B
age NR- serum100B (cut-off 0.1 pg/L) -median 82 minutes after injury
age NR- 1 Poli- 50 CT median 82  signs of 1.00 [0.54, 1.00] 0.20[0.10, 0.35] Sensitivity
serum de- minutes intracranial Seriou Seriou  None Very VERY
S100B Figueire injury at the . sb serious LOW
(cut-off do 2006 initial CCT c
0.1 ug/L
ha/L) scan Specificity
Seriou  Seriou  None None LOW
s@ sP
age NR-serum S100B at admission (cut-off 0.1 pg/L- within 3 hours after injury
serum 1 52 CT within 3 pathologic 1.00 [0.78, 1.00] 0.41[0.25, 0.58] Sensitivity
S100B Bibertha hours findings serious Seriou  None Seriou VERY
(cut-off ler, (intracerebr a b sC LOW
0.1 ug/L) 2001 al
Hg/L) Specificity
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haemorrha Seriou  Seriou None None
ge, skull s@ sP

fracture, or

diffuse

brain

swelling) on

CT scan

@ Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 1 increment if the majority of studies were rated at high risk of bias, and
downgraded by 2 increments if the majority of studies were rated at very high risk of bias.

bindirectness was assessed using the QUADAS-2 checklist items referring to applicability. The evidence was downgraded by 1 increment if the majority of studies were seriously
indirect and downgraded by 2 increments if the majority of studies are very seriously indirect. Studies were downgraded for indirectness if it included mixed population (adults and
children or youth and children) or mixed severity population (mild, moderate and severe TBI).

CThe evidence was downgraded by 1 increment when the confidence interval around the point estimate crossed one of the clinical thresholds (0.90 or 0.60), and downgraded by 2
increments when the confidence interval around the point estimate crossed both of the clinical thresholds. The upper clinical threshold marked the point above which
recommendations would be possible, and the lower clinical threshold marked the point below which the tool would be regarded as of little clinical use.

11

12
13

1.1.7 Economic evidence

1.1.7.1 Included studies

No health economic studies were included.
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1.1.7.2 Excluded studies

One economic study relating to this review question was identified but was excluded due to methodological limitations'. See Appendix |, for
reasons for exclusion given.

See also the health economic study selection flow chart in Appendix F.
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1.1.8 Summary of included economic evidence

None.

1.1.9 Economic model

Modelling was not conducted for this review.
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1.1.10 Unit costs

Relevant unit costs are provided below to aid consideration of cost effectiveness.

Code Description Unit cost

RDO1A Magnetic Resonance Imaging Scan of One Area, £146.75
without Contrast, 19 years and over

RD01B Magnetic Resonance Imaging Scan of One Area, £215.63
without Contrast, between 6 and 18 years

RD01C Magnetic Resonance Imaging Scan of One Area, £140.83
without Contrast, 5 years and under

RD20A Computerised Tomography Scan of One Area, without £88.06
Contrast, 19 years and over

RD20B Computerised Tomography Scan of One Area, without £159.25
Contrast, between 6 and 18 years

RD20C Computerised Tomography Scan of One Area, without £104.27
Contrast, 5 years and under

PF Plain Film (including x-ray) £28.62

Direct access costs from NHS Reference costs: 2019-2020 version 2
1.1.11 Evidence statements

Economic
e No relevant economic evaluations were identified.

1.1.12 The committee’s discussion and interpretation of the evidence

1.1.12.1. The outcomes that matter most

Diagnostic accuracy

Intracranial injury and/or complex skull fracture on CT or MRI was the outcome relevant for
the diagnostic accuracy component of this review. Sensitivity and specificity were identified
by the committee as the primary measures in guiding decision-making. Clinical decision
thresholds for sensitivity and specificity were set at 0.90 (above which a test would be
recommended) and 0.60 (below which a test is of no clinical use).

Sensitivity and specificity were both considered to be equally important. Biomarker testing is
the first stage of a two-step process, followed by CT/MRI if indicated by a positive test. The
need for the index test to have a very few false negatives was considered to be important so
as to avoid anyone with intracranial injury/lesion exiting at first stage prematurely. Specificity
was considered to be important as false positives would mean people who do not have
intracranial injury/lesion would receive unnecessary radiation (particularly for children).

Diagnostic test and treat

All outcomes are considered equally important for decision making and therefore have all
been rated as critical: quality of life at 3 months or more, objectively applied score of
disability e.g. Glasgow Outcome Score (GOS) or extended GOS - at 3 months or more and
time to return to education/work/usual activities.

There was no evidence identified for this component of the review.
1.1.12.2 The quality of the evidence
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Diagnostic accuracy

Sixty-four cross-sectional and prospective/retrospective cohort studies were included in the
diagnostic accuracy component of the review.

Population

The majority of the included studies were in people with mild TBI (GCS 13-15). Studies with
mixed severity populations (mild/moderate/severe TBI) were included but were downgraded
for indirectness as acute post-brain injury complications are most relevant to those with mild
TBI. Most studies reported inclusion of people with mild TBI with extracranial injuries: a
couple of studies reported results separately for isolated TBI (without extracranial injuries)
and mild TBI (with extracranial injuries). Most of the studies were in adults (49 studies in
adults and 13 in infants/children). There were some studies with mixed population (adults
and children/children and young people); proportion of adults, young people and children
were not reported in these papers. These studies were included in either adult or children
strata based on the reported mean (SD) age. Studies with mixed populations have been
downgraded for indirectness. Two studies did not report age of the participants.

Index tests

In adults most of the studies assessed diagnostic accuracy of serum S100 calcium binding
protein B (S100 B); other biomarkers assessed were urinary S100B, glial fibrillary acidic
protein (GFAP), glial fibrillary acidic protein and break down products (GFAP-BDP), Ubiquitin
C-terminal Hydrolase-L1 (UCHL1), neuron-specific enolase (NSE), Neurofilament light (NFL),
small neuronal protein neurogranin (NRGN), pNFL-H and IL-10. No relevant studies
investigating the effects of the following biomarkers were identified in adults: brain-derived
neurotrophic factor (BDNF), Neurofilament Heavy (NF-H), all-Spectrin breakdown products
(SBDP), Myelin basic protein (MBP) and salivary biomarkers.

In children, studies assessed diagnostic accuracy of serum S100 B, urinary S100B, GFAP,
NSE and UCHL-1. No relevant studies investigating the effects of the following biomarker
were identified in children: Neurofilament light (NFL) brain-derived neurotrophic facto
(BDNF), Neurofilament Heavy (NF-H), all-Spectrin breakdown products (SBDP), Myeli basic
protein (MBP), urinary biomarkers and salivary biomarkers. Only one of the biomarkers was
point of care testing and all were lab-based testing. Timing of blood sampling in studies
ranged from 0-32 hours after injury. Most studies reported testing within 3 hours or 3-6 hours
after injury, with only 8 studies reporting testing 6 hours after injury. In clinical practice most
people with traumatic head injury present to the hospital within 3 hours of injury and
manufacturers recommend this time frame for optimal test results.

There was variation in thresholds used for different biomarker tests in the studies, as these
depend on the assays (platforms) used for testing. All studies reported biomarker testing
before CT/MRI.

Reference standard

All studies reported CT as reference standard except for 4 studies which also used MRI
along with CT as the reference standard. Three of the 4 studies used MRI when CT was
negative, only one study used CT and MRI in all participants. Many studies did not report
exact timing of the reference standard. Some studies reported that reference standard was
done soon after/within the same time frame as biomarker testing, whereas in some studies
there was a time interval between biomarker testing and reference standard, for example
biomarker test within 6 hours and CT within 24h after injury. In clinical practice ideally head
CT scan should be performed within one hour of the risk factor being identified.
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Qutcomes

There was variation in definition of outcomes reported in papers, with some reporting intra
cranial injury/lesions only and others reporting intracranial lesions with complex skull fracture
on CT/MRI. All outcomes were extracted and analysed.

Meta-analysis

Analysis was stratified by population in the studies: adults and children. For each of the
above strata studies were pooled/classified based on the biomarkers and timings (0-3 hours,
>3-6 hours, >6-12 hours and >12 to 24 hours) of the test post-injury. Only 2 diagnostic meta-
analyses (S100 B at 0-3 hours after injury and S 100B at >3 to 6 hours after injury) were
possible because at least 3 studies are required for a valid pooling of results, and for all other
index tests only one or two studies were available as there was variation in the thresholds
(cut-offs) and timing of index tests. Studies assessing diagnostic accuracy of serum S100B
with thresholds 0.10 and 0.105 ug/L were pooled as the thresholds were considered to be
close enough to be combined. Studies with all other different biomarkers and thresholds
have been analysed/reported separately.

Risk of bias

The quality of evidence for diagnostic accuracy studies varied from very low to high quality
using the QUADAS checklist; the majority of the evidence was downgraded due to risk of
bias, imprecision and indirectness. The most common reasons that studies were
downgraded for risk of bias were due to selection bias or because of a lack of blinding in
some studies which may have caused detection bias. The committee also acknowledged that
some uncertainty existed across the effect sizes seen within the evidence, with some
confidence intervals crossing the MID thresholds (0.90 as the upper threshold and 0.60 as
lower threshold for both sensitivity and specificity was used for assessing imprecision), or
line of no effect. Studies were downgraded for indirectness if the study included a mixed
population (adults and children/youth and children) or mixed severity (mild, moderate and
severe TBI). The committee took quality of the evidence into account while interpreting the
evidence for decision making.

1.1.12.3 Benefits and harms

The diagnostic accuracy data for the different biomarker tests in adults and children were
discussed. The evidence for biomarkers was insufficient and not consistent in both adults
and children.

There were high sensitivity values for some biomarkers at certain thresholds; however, the
specificity values were not high enough across the evidence; the committee agreed that this
was equally important given the consequences of unnecessary radiation particularly in
children.

Many biomarkers were tested in small samples leading to imprecise estimates. Alternatively,
such estimates were from large but single studies. The committee noted that accuracy
differed quite widely between different studies looking at the same biomarker test.

The evidence included in the review was heterogenous with different biomarkers with
variable thresholds and time-points. Most people with head injury present to the hospital
within 3 hours and the manufacturers recommend this time frame for optimal test results.
Many studies assessed biomarkers beyond this time point.

The population in the included studies was mixed; medium risk and high-risk people
(decision algorithms for whether or not to perform a CT scan in the acute phase, which
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stratifies patients into high/medium/low risk based on history and clinical findings) are already
indicated for CT imaging according to current NICE guidelines (rec 1.4.7 and 1.4.8). Studies
also included very low risk patients who are currently ineligible for CT in NHS practice.

Many studies included people with mild TBI with extracranial injuries. The committee noted
that some biomarkers, particularly S100B, can also rise in the presence of extracranial injury
due to injury to peripheral nerves and this could have contributed to increased sensitivity of
these biomarker tests.

The committee noted that most studies assessed lab-based biomarker testing and only one
of them were point of care tests. In lab-based testing results would be available only after a
few hours which could potentially lead to delays in CT scanning. Point of care test with
immediate results would help the clinician to determine a quicker course of action or
treatment. Currently the technology for point of care testing for biomarkers for traumatic head
injury is still in development hence the committee agreed that further research is needed in
this area.

Considering the limitations of the evidence the committee were unable to make
recommendations for the use of biomarkers in the prediction of acute post-injury
complications in those with mild traumatic brain injury. However, the committee agreed that
biomarker tests had promise, which might be manifested in further high-quality research, and
S0 a research recommendation was proposed.

Biomarkers are not currently used within the NHS in the prediction of acute post brain injury
complications. In current practice the decision on whether to conduct a CT to detect
intracranial injury is made on the basis of two clinical decision rules (CDRs). The adult rule is
a modification of the Canadian CT head rule to allow applicability to all adults with head
injury, not just people with mild TBI (GCS 13-15). The paediatric rule is a modification of the
CHALICE rule to permit observation rather than radiation in medium risk children.

1.1.12.4 Cost effectiveness and resource use

Biomarker tests can prevent potentially harmful exposure to radiation, if they can identify
those patients that do not require a CT scan. There are several different biomarker tests,
although none are routinely used in the NHS at present. Their costs will vary but are likely to
be a fraction of the cost of a CT scan.

No economic evaluations were included and so unit costs were presented to the committee.
For a biomarker test to be cost effective it would need to be accurate (both sensitive and
specific). If it is not specific enough then it would not prevent enough CT scans to justify the
cost of the biomarker. Unless it is highly sensitive, a significant proportion of people with
clinically important injuries will be discharged without a CT scan, some of whom would
deteriorate before getting access to neurosurgical treatment.

In the clinical review there was no evidence of clinical effectiveness from test and treat
studies, which would have been ideal. There tended to be high sensitivity values for some
biomarkers at certain thresholds, although in most studies, especially the larger ones, these
were below 100%. The specificity values were not considered by the committee to be high
enough. There were other limitations to the clinical evidence. In particular, the population
included moderate and high-risk patients, where CT scanning is already strongly indicated.

All the research was laboratory-based. Since CT scanning can usually be conducted quite
quickly in the emergency department, the use of biomarker testing could potentially increase
the time it takes to get scanned, which might lead to deterioration and worse patient
outcomes. The committee therefore decided that more research was needed before
biomarkers could be recommended either as a replacement or as a supplement to current
prediction rules. The research would need to focus on point-of-care testing in appropriate
populations. This research would need to be incorporated into an economic model that

154
NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications
DRAFT [September 2022]



—

DRAFT FOR CONSULTATION
Brain injury biomarkers for predicting acute brain injury complications

evaluates the trade-off between the cost of the test, the cost savings in terms of reduced
imaging and the net impact on patient outcomes.

1.1.12.5 Other factors the committee took into account

None.
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Appendices

Appendix A — Review protocols

Review protocol for diagnostic accuracy of brain injury biomarkers for predicting acute post-brain injury complications
ID Field Content

1. Review title 2.3 a What is the diagnostic accuracy of brain injury biomarkers for predicting acute post-
brain injury complications?

Post-brain injury complications may be defined in two main ways:
¢ Intracranial injury on CT/MRI (does not usually include fracture within this definition)

e Abnormal CT/MRI which includes intracranial injury and skull fracture (depends on
definition of the study)

[Some papers will include fractures but not all]

The committee wanted to limit only to the ability of biomarkers to identify CT/MRI findings as
it was agreed that even if biomarkers could identify or predict signs or symptoms such as
seizures, this would only be relevant if they also had a confirmed abnormality on CT/MRI

This will group will include people with mild traumatic brain injury
Time frame:

e Up to 1 week for children

e Up to 1 month for adults
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2. Review question What is the diagnostic accuracy of brain injury biomarkers for predicting acute post-brain
injury complications?

3. Objective To determine the diagnostic accuracy of brain injury biomarkers for predicting acute post-
brain injury complications.

4. Searches

The following databases (from inception) will be searched:
e Cochrane Database of Systematic Reviews (CDSR)

e Embase

e MEDLINE

e Epistemonikos

Searches will be restricted by:
¢ English language studies

e Human studies

Other searches:

e Inclusion lists of systematic reviews

The searches may be re-run 6 weeks before the final committee meeting and further studies
retrieved for inclusion if relevant.

The full search strategies will be published in the final review.

Medline search strategy to be quality assured using the PRESS evidence-based checklist
(see methods chapter for full details).
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5. Condition or domain being
studied

Acute post-brain injury complications in patients who have experienced a head injury.

6. Population

Inclusion: Infants, children and adult with suspected traumatic brain injury (TBI)

Strata:
e Adults (aged 216 years)
e Children (aged =1 to <16 years)
e Infants (aged <1 year)

Mixed population studies will be included but downgraded for indirectness. Cut-off of 60% will
be used for all age groups

Exclusion: Adults, and children (including infants under 1 year) with superficial injuries to the
eye or face without suspected or confirmed head or brain injury.

7. Test

e Biomarkers

o Blood biomarkers
- 8$100 calcium binding protein B (S100B)
-Ubiquitin C-terminal Hydrolase-L1 (UCHL1)
-Neuron Specific Enolase (NSE)
-Brain-derived neurotrophic factor (BDNF)
-Neurofilament light (NFL)
- Neurofilament Heavy (NF-H)
- all-Spectrin breakdown products (SBDP)
- Myelin basic protein (MBP)
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- glial fibrillary acidic protein (GFAP)
o Salivary biomarkers
-salivary microRNAs (miRNAs)
-Extracellular vesicles (EVs)
-S100B
o -Urine biomarkers
-Extracellular vesicles (EVs)
Each test must be followed by an appropriate treatment for complication after brain injury
Treatment:

Admission to hospital for observation + possible neurosurgical management of TBI

Timings:

Ideally biomarkers to be done before CT. Include studies if biomarkers done after CT but
downgrade it for indirectness.

Biomarkers are used prior to decision for imaging or within 24 hours of injury. Biomarkers will
guide the decision to image or not.

Studies will be pooled based on timing of tests: 0-3 hours after injury, >3 to 6 hours after
injury, >6-12hours after injury, >12-24hours after injury.

Biomarkers of TBI are often measured in body fluids. Measurements are obtained from CSF,
saliva, blood (serum or plasma) and urine. CSF not in common use hence it is not included.
There will be access to CSF only in people with significant (severe) head injury. Most of the
patients with post-brain injury complications have mild head injury (GCS 13-15) and lumbar
puncture to analyse CSF biomarkers is not indicated for such patients.
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8. Reference standard e Intra cranial injury and/or complex skull fracture on CT/MRI
9. Types of study to be included Cross-sectional studies
Cohort studies (prospective and retrospective)
Systematic reviews and meta-analyses of the above
10. | Other exclusion criteria Non-English language studies.
Conference abstracts will be excluded as it is expected there will be sufficient full text
published studies available.
1. | Context To determine diagnostic accuracy of brain injury biomarkers for predicting acute post-brain
injury complications.
12. | Primary outcomes (critical All outcomes are considered equally important for decision making and therefore have all
outcomes) been rated as critical:
diagnostic accuracy outcomes
e diagnostic accuracy of biomarkers for predicting acute post-brain injury complications
13. | Data extraction (selection and

coding)

All references identified by the searches and from other sources will be uploaded into EPPI
reviewer and de-duplicated.

10% of the abstracts will be reviewed by two reviewers, with any disagreements resolved by
discussion or, if necessary, a third independent reviewer.

This review will make use of the priority screening functionality within the EPPI-reviewer
software.

The full text of potentially eligible studies will be retrieved and will be assessed in line with the
criteria outlined above.

A standardised form will be used to extract data from studies (see Developing NICE
guidelines: the manual section 6.4).
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10% of all evidence reviews are quality assured by a senior research fellow. This includes
checking:

e papers were included /excluded appropriately
e a sample of the data extractions

¢ correct methods are used to synthesise data
e a sample of the risk of bias assessments

Disagreements between the review authors over the risk of bias in particular studies will be
resolved by discussion, with involvement of a third review author where necessary.

14. | Risk of bias (quality) assessment | g, diagnostic reviews
¢ Diagnostic test accuracy studies: QUADAS-2
Assessment will be independently quality assured by a second reviewer. Disagreements
between the reviewers will be resolved by discussion, with involvement of a third party
where necessary.
15. | Strategy for data synthesis

For diagnostic accuracy evidence:

e Aggregate data on diagnostic accuracy of investigations will be collected and synthesized in
a quantitative data analysis.

e Endnote will be used for bibliography, citations, sifting and reference management.

o WinBUGS will be used for meta-analysis of diagnostic accuracy studies if included studies
are sufficiently homogeneous.

¢ If meta-analysis is not possible, data will be presented as individual values in adapted
GRADE profile tables and plots of un-pooled sensitivity and specificity from RevMan
software.

o Where available, outcome data from new studies will be meta-analysed with corresponding
data included in CG 176.
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16. | Analysis of sub-groups
NA

17. | Type and method of review O Intervention
Diagnostic
O Prognostic
O Qualitative
U Epidemiologic
O Service Delivery
O Other (please specify)

18. | Language English

19. Country England

20. | Anticipated or actual start date [For the purposes of PROSPERO, the date of commencement for the systematic review can
be defined as any point after completion of a protocol but before formal screening of the
identified studies against the eligibility criteria begins.

A protocol can be deemed complete after sign-off by the NICE team with responsibility for
quality assurance.]

21. | Anticipated completion date [Give the date by which the guideline is expected to be published. This field may be edited at
any time. All edits will appear in the record audit trail. A brief explanation of the reason for
changes should be given in the Revision Notes facility.]

22. Stage of review at time of this Review Stage Started Completed

submission
Preliminary O O
searches
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Piloting of the study | O
selection process

Formal screening I |
of search results
against eligibility

criteria

Data extraction O O
Risk of bias 1 1
(quality)

assessment

Data analysis I |

23. Named contact 5a. Named contact

National Guideline Centre

5b Named contact e-mail
[Guideline emaill@nice.org.uk

[Developer to check with Guideline Coordinator for email address]

5e Organisational affiliation of the review

National Institute for Health and Care Excellence (NICE) and [National Guideline Alliance /
National Guideline Centre / NICE Guideline Updates Team / NICE Public Health Guideline
Development Team] [Note it is essential to use the template text here and one of the centre
options to enable PROSPERO to recognise this as a NICE protocol]

24. | Review team members [Give the title, first name, last name and the organisational affiliations of each member of the

review team. Affiliation refers to groups or organisations to which review team members
belong.]
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From the National Guideline Centre:
[Guideline lead]

[Senior systematic reviewer]
Systematic reviewer

[Health economist]

[Information specialist]

[Others]

25. | Funding sources/sponsor This systematic review is being completed by the National Guideline Centre which receives
funding from NICE.

26. | Conflicts of interest All guideline committee members and anyone who has direct input into NICE guidelines
(including the evidence review team and expert withesses) must declare any potential
conflicts of interest in line with NICE's code of practice for declaring and dealing with conflicts
of interest. Any relevant interests, or changes to interests, will also be declared publicly at the
start of each guideline committee meeting. Before each meeting, any potential conflicts of
interest will be considered by the guideline committee Chair and a senior member of the
development team. Any decisions to exclude a person from all or part of a meeting will be
documented. Any changes to a member's declaration of interests will be recorded in the
minutes of the meeting. Declarations of interests will be published with the final guideline.

27. | Collaborators Development of this systematic review will be overseen by an advisory committee who will
use the review to inform the development of evidence-based recommendations in line with
section 3 of Developing NICE guidelines: the manual. Members of the guideline committee
are available on the NICE website: [NICE guideline webpage].

28. | Other registration details [Give the name of any organisation where the systematic review title or protocol is registered
(such as with The Campbell Collaboration, or The Joanna Briggs Institute) together with any
unique identification number assigned. If extracted data will be stored and made available
through a repository such as the Systematic Review Data Repository (SRDR), details and a
link should be included here. If none, leave blank.]
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29. Reference/URL for published [Give the citation and link for the published protocol, if there is one.]
protocol
30. | Dissemination plans NICE may use a range of different methods to raise awareness of the guideline. These
include standard approaches such as:
¢ notifying registered stakeholders of publication
¢ publicising the guideline through NICE's newsletter and alerts
e issuing a press release or briefing as appropriate, posting news articles on the NICE
website, using social media channels, and publicising the guideline within NICE.
[Add in any additional agree dissemination plans.]
31. | Keywords [Give words or phrases that best describe the review.]
32. | Details of existing review of same | |6 details of earlier versions of the systematic review if an update of an existing review is
topic by same authors being registered, including full bibliographic reference if possible. NOTE: most NICE reviews
will not constitute an update in PROSPERO language. To be an update it needs to be the
same review question/search/methodology. If anything has changed it is a new review]
33. | Current review status 0 Ongoing
Completed but not published
U Completed and published
O Completed, published and being updated
OJ Discontinued
34. | Additional information NA
35. | Details of final publication

www.nice.org.uk
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Review protocol for clinical and cost effectiveness of brain injury biomarkers for acute post-brain injury complications (test and
treat)

ID Field Content

1. Review title 2.3b What is the clinical and cost effectiveness of biomarkers when followed by the appropriate treatment
for acute post-brain injury complications to improve patient outcomes?

Post-brain injury complications may be defined in two main ways:
¢ Intracranial injury on CT/MRI (does not usually include fracture within this definition)

e Abnormal CT/MRI which includes intracranial injury and skull fracture (depends on definition of
the study)

[Some papers will include fractures but not all]

The committee wanted to limit only to the ability of biomarkers to identify CT/MRI findings as it was
agreed that even if biomarkers could identify or predict signs or symptoms such as seizures, this would
only be relevant if they also had a confirmed abnormality on CT/MRI

This will group will include people with mild traumatic brain injury
Time frame:

e Up to 1 week for children

e Up to 1 month for adults

2. Review question What is the clinical and cost effectiveness of biomarkers when followed by the appropriate treatment for
acute post-brain injury complication to improve patient outcomes?
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3. Objective

To understand the clinical and cost efficacy of brain injury biomarkers for acute post-brain injury
complications.

4. Searches

The following databases (from inception) will be searched:

e Cochrane Central Register of Controlled Trials (CENTRAL)
e Cochrane Database of Systematic Reviews (CDSR)

e Embase

e« MEDLINE

o Epistemonikos

Searches will be restricted by:
¢ English language studies

e Human studies

Other searches:

e Inclusion lists of systematic reviews

The searches may be re-run 6 weeks before the final committee meeting and further studies retrieved for
inclusion if relevant.

The full search strategies will be published in the final review.

Medline search strategy to be quality assured using the PRESS evidence-based checklist (see methods
chapter for full details).
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5. ;32?;2% or domain being Acute post-brain injury complication in patients who have experienced a head injury.
6. Population Inclusion: Infants, children and adult with suspected or confirmed head injury
Strata:
e Adults (aged 216 years)
e Children (aged 21 to <16 years)
¢ Infants (aged <1 year)
Mixed population studies will be included but downgraded for indirectness. Cut-off of 60% will be used for
all age groups
Exclusion: Adults, and children (including infants under 1 year) with superficial injuries to the eye or face
without suspected or confirmed head or brain injury.
7. Intervention

Biomarkers

o Blood biomarkers
- S100 calcium binding protein B (S100B)
-Ubiquitin C-terminal Hydrolase-L1 (UCHL1)
-Neuron Specific Enolase (NSE)
-Brain-derived neurotrophic factor (BDNF)
-Neurofilament light (NFL)
- Neurofilament Heavy (NF-H)
- all-Spectrin breakdown products (SBDP)
- Myelin basic protein (MBP)

174

NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications

DRAFT [September 2022]




DRAFT FOR CONSULTATION
Brain injury biomarkers for predicting acute brain injury complications

- glial fibrillary acidic protein (GFAP)
o Salivary biomarkers
-salivary microRNAs (miRNAs)
-Extracellular vesicles (EVs)
-S100B
o Urine biomarkers

-Extracellular vesicles (EVs)

Each test must be followed by an appropriate treatment for complication after brain injury.
Treatment:

Admission to hospital for observation + possible neurosurgical management of TBI

Timings:

Biomarkers are used prior to decision for imaging or within 24 hours of injury. Biomarkers will guide the
decision to image or not.

Biomarkers of TBI are often measured in body fluids. Measurements are obtained from CSF, saliva,
blood (serum or plasma) and urine. CSF not in common use hence it is not included. There will be
access to CSF only in people with significant (severe) head injury. Most of the patients with post-brain
injury complications have mild head injury (GCS 13-15) and lumbar puncture to analyse CSF biomarkers
is not indicated for such patients.

9. Comparator Comparators:
e To usual care (no testing with biomarkers)
e To each other
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9. Types of study to be included ¢ Randomised controlled trials (RCTs), systematic reviews of RCTs.

¢ If no RCT evidence is available, non-randomised studies will be considered if they adjust for key
confounders, starting with prospective cohort studies.

Key Confounders:
o Age
e Gender
e GCS or pupillary response at presentation

10. | Other exclusion criteria Non-English language studies.
Conference abstracts will be excluded as it is expected there will be sufficient full text published studies
available.

11. | Context Give summary details of the setting and other relevant characteristics which help define the inclusion or
exclusion criteria.
Include relevant details if these form part of the review’s eligibility criteria but are not reported elsewhere
in the PROSPERO record. Also include details of any previous guidelines that will be updated by this
question]

12. Primary outcomes (critical All outcomes are considered equally important for decision making and therefore have all been rated as

outcomes)

critical:
¢ Quality of life - 3 months or more

e Obijectively applied score of disability e.g. Glasgow Outcome Score (GOS) or extended GOS - at 3
months or more

e Time to return to education/work/usual activities
e Duration of post-injury complications
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13. Data extraction (selection and

coding) All references identified by the searches and from other sources will be uploaded into EPPI reviewer and

de-duplicated.

10% of the abstracts will be reviewed by two reviewers, with any disagreements resolved by discussion
or, if necessary, a third independent reviewer.

This review will make use of the priority screening functionality within the EPPI-reviewer software.

The full text of potentially eligible studies will be retrieved and will be assessed in line with the criteria
outlined above.

A standardised form will be used to extract data from studies (see Developing NICE guidelines: the
manual section 6.4).

10% of all evidence reviews are quality assured by a senior research fellow. This includes checking:
e papers were included /excluded appropriately

e a sample of the data extractions

o correct methods are used to synthesise data

e a sample of the risk of bias assessments

Disagreements between the review authors over the risk of bias in particular studies will be resolved by
discussion, with involvement of a third review author where necessary.

14. | Risk of bias (quality) assessment | Risk of bias will be assessed using the appropriate checklist as described in Developing NICE

guidelines: the manual.

For Intervention reviews

o Systematic reviews: Risk of Bias in Systematic Reviews (ROBIS)
¢ Randomised Controlled Trial: Cochrane RoB (2.0)

¢ Non randomised study, including cohort studies: Cochrane ROBINS-|

15. | Strategy for data synthesis For clinical effectiveness evidence:

177
NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications
DRAFT [September 2022]


https://www.nice.org.uk/process/pmg20/chapter/introduction-and-overview
https://www.nice.org.uk/process/pmg20/chapter/introduction-and-overview

DRAFT FOR CONSULTATION

Brain injury biomarkers for predicting acute brain injury complications

¢ Pairwise meta-analyses will be performed using Cochrane Review Manager (RevMan5). Fixed-effects
(Mantel-Haenszel) techniques will be used to calculate risk ratios for the binary outcomes where
possible. Continuous outcomes will be analysed using an inverse variance method for pooling
weighted mean differences.

¢ Heterogeneity between the studies in effect measures will be assessed using the |2 statistic and
visually inspected. An I value greater than 50% will be considered indicative of substantial
heterogeneity. Sensitivity analyses will be conducted based on pre-specified subgroups using stratified
meta-analysis to explore the heterogeneity in effect estimates. If this does not explain the
heterogeneity, the results will be presented pooled using random-effects.

o GRADEpro will be used to assess the quality of evidence for each outcome, taking into account
individual study quality and the meta-analysis results. The 4 main quality elements (risk of bias,
indirectness, inconsistency and imprecision) will be appraised for each outcome. Publication bias is
tested for when there are more than 5 studies for an outcome.

¢ The risk of bias across all available evidence was evaluated for each outcome using an adaptation of
the ‘Grading of Recommendations Assessment, Development and Evaluation (GRADE) toolbox’
developed by the international GRADE working group http://www.gradeworkinggroup.org/

Where meta-analysis is not possible, data will be presented and quality assessed individually per
outcome.

16. | Analysis of sub-groups

Subgroups that will be investigated if heterogeneity is present:

Older adults
e older/frail adults who have suffered a fall

17. | Type and method of review

Intervention

X

Diagnostic

Prognostic

O (o g

Qualitative
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U Epidemiologic
O Service Delivery
O Other (please specify)

18. | Language English

19. | Country England

20. | Anticipated or actual start date [For the purposes of PROSPERO, the date of commencement for the systematic review can be defined
as any point after completion of a protocol but before formal screening of the identified studies against
the eligibility criteria begins.

A protocol can be deemed complete after sign-off by the NICE team with responsibility for quality
assurance.]

21. | Anticipated completion date [Give the date by which the guideline is expected to be published. This field may be edited at any time.
All edits will appear in the record audit trail. A brief explanation of the reason for changes should be given
in the Revision Notes facility.]

22. Stage of review at time of this Review Stage Started Completed

submission

Preliminary I |

searches

Piloting of the study | 1

selection process

Formal screening O O

of search results

against eligibility

criteria

Data extraction I |
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Risk of bias [ 7
(quality)

assessment

Data analysis O O

23. Named contact 5a. Named contact

National Guideline Centre

5b Named contact e-mail
[Guideline emaill@nice.org.uk

[Developer to check with Guideline Coordinator for email address]

5e Organisational affiliation of the review

National Institute for Health and Care Excellence (NICE) and [National Guideline Alliance / National
Guideline Centre / NICE Guideline Updates Team / NICE Public Health Guideline Development Team]
[Note it is essential to use the template text here and one of the centre options to enable PROSPERO to
recognise this as a NICE protocol]

24. | Review team members [Give the title, first name, last name and the organisational affiliations of each member of the review

team. Affiliation refers to groups or organisations to which review team members belong.]

From the National Guideline Centre:
[Guideline lead]

[Senior systematic reviewer]
Systematic reviewer

[Health economist]

[Information specialist]
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[Others]

25.

Funding sources/sponsor

This systematic review is being completed by the National Guideline Centre which receives funding from
NICE.

26.

Conflicts of interest

All guideline committee members and anyone who has direct input into NICE guidelines (including the
evidence review team and expert witnesses) must declare any potential conflicts of interest in line with
NICE's code of practice for declaring and dealing with conflicts of interest. Any relevant interests, or
changes to interests, will also be declared publicly at the start of each guideline committee meeting.
Before each meeting, any potential conflicts of interest will be considered by the guideline committee
Chair and a senior member of the development team. Any decisions to exclude a person from all or part
of a meeting will be documented. Any changes to a member's declaration of interests will be recorded in
the minutes of the meeting. Declarations of interests will be published with the final guideline.

27.

Collaborators

Development of this systematic review will be overseen by an advisory committee who will use the
review to inform the development of evidence-based recommendations in line with section 3 of
Developing NICE guidelines: the manual. Members of the guideline committee are available on the NICE
website: [NICE guideline webpage].

28.

Other registration details

[Give the name of any organisation where the systematic review title or protocol is registered (such as
with The Campbell Collaboration, or The Joanna Briggs Institute) together with any unique identification
number assigned. If extracted data will be stored and made available through a repository such as the
Systematic Review Data Repository (SRDR), details and a link should be included here. If none, leave
blank.]

290.

Reference/URL for published
protocol

[Give the citation and link for the published protocol, if there is one.]

30.

Dissemination plans

NICE may use a range of different methods to raise awareness of the guideline. These include standard
approaches such as:

¢ notifying registered stakeholders of publication
¢ publicising the guideline through NICE's newsletter and alerts

e issuing a press release or briefing as appropriate, posting news articles on the NICE website, using
social media channels, and publicising the guideline within NICE.

[Add in any additional agree dissemination plans.]
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31. | Keywords [Give words or phrases that best describe the review.]

32. | Details of existing review of same

; [Give details of earlier versions of the systematic review if an update of an existing review is being
topic by same authors

registered, including full bibliographic reference if possible. NOTE: most NICE reviews will not constitute
an update in PROSPERO language. To be an update it needs to be the same review
question/search/methodology. If anything has changed it is a new review]

33. Current review status Ongoing

Completed and published

Completed, published and being updated

O Completed but not published
O
O
O

Discontinued

34. Additional information NA

35. | Details of final publication www.nice.org.uk

2 Health economic review protocol

3
Review . . .
question All questions — health economic evidence
Objectives To identify health economic studies relevant to any of the review questions.
Search ¢ Populations, interventions and comparators must be as specified in the clinical review protocol above.
criteria

o Studies must be of a relevant health economic study design (cost—utility analysis, cost-effectiveness analysis, cost-benefit
analysis, cost—consequences analysis, comparative cost analysis).

¢ Studies must not be a letter, editorial or commentary, or a review of health economic evaluations. (Recent reviews will be
ordered although not reviewed. The bibliographies will be checked for relevant studies, which will then be ordered.)

e Unpublished reports will not be considered unless submitted as part of a call for evidence.
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Search
strategy

Review
strategy

o Studies must be in English.

A health economic study search will be undertaken using population-specific terms and a health economic study filter — see
appendix B below. The search covered all years

Studies not meeting any of the search criteria above will be excluded. Studies published before 2006, abstract-only studies and
studies from non-OECD countries or the USA will also be excluded.

Studies published in 2006 or later that were included in the previous guidelines will be reassessed for inclusion and may be
included or selectively excluded based on their relevance to the questions covered in this update and whether more applicable
evidence is also identified.

Each remaining study will be assessed for applicability and methodological limitations using the NICE economic evaluation
checklist which can be found in appendix H of Developing NICE guidelines: the manual (2014).5°

Inclusion and exclusion criteria

o If a study is rated as both ‘Directly applicable’ and with ‘Minor limitations’ then it will be included in the guideline. A health
economic evidence table will be completed and it will be included in the health economic evidence profile.

o If a study is rated as either ‘Not applicable’ or with ‘Very serious limitations’ then it will usually be excluded from the guideline. If it
is excluded then a health economic evidence table will not be completed and it will not be included in the health economic
evidence profile.

o If a study is rated as ‘Partially applicable’, with ‘Potentially serious limitations’ or both then there is discretion over whether it
should be included.

Where there is discretion

The health economist will make a decision based on the relative applicability and quality of the available evidence for that question,
in discussion with the guideline committee if required. The ultimate aim is to include health economic studies that are helpful for
decision-making in the context of the guideline and the current NHS setting. If several studies are considered of sufficiently high
applicability and methodological quality that they could all be included, then the health economist, in discussion with the committee
if required, may decide to include only the most applicable studies and to selectively exclude the remaining studies. All studies
excluded on the basis of applicability or methodological limitations will be listed with explanation in the excluded health economic
studies appendix below.

The health economist will be guided by the following hierarchies.
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Setting:

o UK NHS (most applicable).

e OECD countries with predominantly public health insurance systems (for example, France, Germany, Sweden).
e OECD countries with predominantly private health insurance systems (for example, Switzerland).

¢ Studies set in non-OECD countries or in the USA will be excluded before being assessed for applicability and methodological
limitations.

Health economic study type:

o Cost—utility analysis (most applicable).

o Other type of full economic evaluation (cost—benefit analysis, cost-effectiveness analysis, cost—consequences analysis).
e Comparative cost analysis.

o Non-comparative cost analyses including cost-of-illness studies will be excluded before being assessed for applicability and
methodological limitations.

Year of analysis:
o The more recent the study, the more applicable it will be.

o Studies published in 2006 or later (including any such studies included in the previous guidelines) but that depend on unit costs
and resource data entirely or predominantly from before 2006 will be rated as ‘Not applicable’.

e Studies published before 2006 (including any such studies included in the previous guidelines) will be excluded before
being assessed for applicability and methodological limitations.
Quality and relevance of effectiveness data used in the health economic analysis:

e The more closely the clinical effectiveness data used in the health economic analysis match with the outcomes of the studies
included in the clinical review the more useful the analysis will be for decision-making in the guideline.
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Appendix B — Literature search strategies

This literature search strategy was used for the following questions:

e What is the diagnostic accuracy of brain injury biomarkers for predicting acute post-
brain injury complications?
e What is the clinical and cost effectiveness of biomarkers when followed by the

appropriate treatment for acute post-brain injury complications to improve patient
outcomes?

The literature searches for this review are detailed below and complied with the methodology
outlined in Developing NICE guidelines: the manual.>®

For more information, please see the Methodology review published as part of the
accompanying documents for this guideline.

Clinical search literature search strategy

Searches were constructed using a PICO framework where population (P) terms were
combined with Intervention (I) and in some cases Comparison (C) terms. Outcomes (O) are
rarely used in search strategies as these concepts may not be indexed or described in the
title or abstract and are therefore difficult to retrieve. Search filters were applied to the search
where appropriate.

Table 6: Database parameters, filters and limits applied
Database Dates searched Search filter used
Medline (OVID) 1946 — 22 June 2022 Randomised controlled trials
Systematic review studies
Observational studies
Diagnostic tests studies

Exclusions (animal studies,
letters, comments, editorials,
case studies/reports)

English language

Embase (OVID) 1974 — 22 June 2022 Randomised controlled trials
Systematic review studies
Observational studies
Diagnostic tests studies

Exclusions (animal studies,
letters, comments, editorials,
case studies/reports,
conference abstracts)

English language
The Cochrane Library (Wiley) Cochrane Reviews to 2022

Issue 6 of 12
CENTRAL to 2022 Issue 6 of
12
Epistemonikos (The Inception to 22 June 2022 Exclusions (Cochrane reviews)
Epistemonikos Foundation)
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19  Medline (Ovid) search terms

1. craniocerebral trauma/ or exp brain injuries/ or coma, post-head injury/ or exp head
injuries, closed/ or head injuries, penetrating/ or exp intracranial hemorrhage,
traumatic/ or exp skull fractures/

2. ((skull or cranial) adj3 fracture*).ti,ab.

3. ((head or brain or craniocerebral or cranial or cerebral or skull) adj4 (injur* or
trauma®)).ti,ab.

4, (trauma* and ((subdural or intracranial) adj2 (h?ematoma* or h?emorrhage* or
bleed*))).ti,ab.

5 or/1-4

6 letter/

7. editorial/

8 news/

9 exp historical article/

10. Anecdotes as Topic/

11. comment/

12. case report/

13. (letter or comment*).1i.

14. or/6-13

15. randomized controlled trial/ or random®.ti,ab.

16. 14 not 15

17. animals/ not humans/

18. exp Animals, Laboratory/

19. exp Animal Experimentation/

20. exp Models, Animal/

21. exp Rodentia/

22. (rat or rats or mouse or mice or rodent*).ti.

23. or/16-22

24. 5 not 23

25. limit 24 to English language

26. exp Biomarkers/

27. exp S100 Proteins/

28. Glial Fibrillary Acidic Protein/

29. Phosphopyruvate Hydratase/

30. Ubiquitin Thiolesterase/

31. exp MicroRNAs/

32. Brain-Derived Neurotrophic Factor/

33. Neurofilament Proteins/

34. Spectrin/

35. Myelin Basic Protein/

36. exp Extracellular Vesicles/

37. tau Proteins/

38. (Ubiquitin Thiolesterase* or "Ubiquitin C-terminal hydrolase*" or "Ubiquitin C-Terminal
Esterase*" or "Ubiquitin Carboxy-Terminal Hydrolase*" or "Ubiquitin Carboxy-Terminal
Esterase*" or uch-11 or UCHL1).ti,ab.

39. (S100* or GFAP or "glial fibrillary acid* protein*" or "brain-derived neurotrophic factor*"
or "brain-derived nerve growth factor*" or BDNF or spectrin® or tau or proteomic* or
microRNA* or miRNA* or micro-rna*).ti,ab.
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40. ((muscle or nervous or neuron* or alpha or beta or gamma) adj3 enolase*).ti,ab.

41. (Phosphopyruvate Hydratase* or 2-phosphoglycerate* or 2-phospho-D-glycerate* or
NSE).ti,ab.

42. ((neurofilament* adj3 (protein* or chain* or polypeptide*)) or NF-L or NF-H).ti,ab.

43. ((myelin basic or nerve tissue* or golli* or hog* or mbp*) adj2 protein®).ti,ab.

44, (((extracellular or secretory) adj vesicle*) or exovesicle* or apoptotic bod* or exosome*

or endosome* or ectosome* or microvesicle* or ((membrane or cell-derived) adj
microparticle*)).ti,ab.

45, biomarker*.ti,ab,kf.

46. marker*.ti,ab.

47. or/26-46

48. 25 and 47

49. randomized controlled trial.pt.

50. controlled clinical trial.pt.

51. randomi#ed.ti,ab.

52. placebo.ab.

53. randomly.ti,ab.

54. Clinical Trials as topic.sh.

55. trial ti.

56. or/49-55

57. Meta-Analysis/

58. exp Meta-Analysis as Topic/

59. (meta analy* or metanaly* or metaanaly* or meta regression).ti,ab.

60. ((systematic* or evidence*) adj3 (review™ or overview™)).ti,ab.

61. (reference list* or bibliograph* or hand search* or manual search* or relevant
journals).ab.

62. (search strategy or search criteria or systematic search or study selection or data
extraction).ab.

63. (search* adj4 literature).ab.

64. (medline or pubmed or cochrane or embase or psychlit or psyclit or psychinfo or
psycinfo or cinahl or science citation index or bids or cancerlit).ab.

65. cochrane.jw.

66. ((multiple treatment™* or indirect or mixed) adj2 comparison*).ti,ab.

67. or/57-66

68. Epidemiologic studies/

69. Observational study/

70. exp Cohort studies/

71. (cohort adj (study or studies or analys™ or data)).ti,ab.

72. ((follow up or observational or uncontrolled or non randomi#ed or epidemiologic*) adj
(study or studies or data)).ti,ab.

73. ((longitudinal or retrospective or prospective or cross sectional) and (study or studies or
review or analys™® or cohort* or data)).ti,ab.

74. Controlled Before-After Studies/

75. Historically Controlled Study/

76. Interrupted Time Series Analysis/

77. (before adj2 after adj2 (study or studies or data)).ti,ab.

78. exp case control study/
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79. case control*.ti,ab.
80. Cross-sectional studies/
81. (cross sectional and (study or studies or review or analys* or cohort* or data)).ti,ab.
82. or/68-81
83. exp "Sensitivity and Specificity"/
84. (sensitivity or specificity).ti,ab.
85. ((pre test or pretest or post test) adj probability).ti,ab.
86. (predictive value* or PPV or NPV).ti,ab.
87. likelihood ratio™.ti,ab.
88. Likelihood Functions/
89. ((area under adj4 curve) or AUC).ti,ab.
90. (receive* operat* characteristic* or receive* operat* curve* or ROC curve®).ti,ab.
91. gold standard.ab.
92. exp Diagnostic Errors/
93. (false positiv* or false negativ*).ti,ab.
94. Diagnosis, Differential/
95. (diagnos* adj3 (performance* or accurac*® or utilit* or value* or efficien* or effectiveness
or precision or validat* or validity or differential or error*)).ti,ab.
96. or/83-95
97. 48 and (56 or 67 or 82 or 96)
20 Embase (Ovid) search terms
1. head injury/
2 exp brain injury/
3. skull injury/ or exp skull fracture/
4 ((head or brain or craniocerebral or cranial or cerebral or skull) adj4 (injur* or

trauma®)).ti,ab.

5. ((skull or cranial) adj3 fracture*).ti,ab.
(trauma* and ((subdural or intracranial) adj2 (h?ematoma* or h?emorrhage* or
bleed*))).ti,ab.
or/1-6
letter.pt. or letter/
note.pt.

10. editorial.pt.

11. (conference abstract or conference paper).pt.

12. case report/ or case study/

13. (letter or comment*).ti.

14. or/8-13

15. randomized controlled trial/ or random®.ti,ab.

16. 14 not 15

17. animal/ not human/

18. nonhuman/

19. exp Animal Experiment/

20. exp Experimental Animal/

21 animal model/

22. exp Rodent/
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23. (rat or rats or mouse or mice or rodent*).ti.

24, or/16-23

25. 7 not 24

26. limit 25 to English language

27. *biological marker/

28. *protein S 100/

29. *glial fibrillary acidic protein/

30. *enolase/

31 *ubiquitin thiolesterase/

32. exp *microRNA/

33. *brain derived neurotrophic factor/

34, *neurofilament protein/

35. *spectrin/

36. *myelin basic protein/

37. *exosome/

38. *tau protein/

39. (Ubiquitin Thiolesterase* or "Ubiquitin C-terminal hydrolase*" or "Ubiquitin C-Terminal
Esterase*" or "Ubiquitin Carboxy-Terminal Hydrolase*" or "Ubiquitin Carboxy-Terminal

Esterase™" or uch-11 or UCHL1).ti,ab.

40. (S100* or GFAP or "glial fibrillary acid* protein*" or "brain-derived neurotrophic factor
or "brain-derived nerve growth factor*" or BDNF or spectrin* or tau or proteomic* or
microRNA* or miRNA* or micro-rna*).ti,ab.

£l

41. ((muscle or nervous or neuron* or alpha or beta or gamma) adj3 enolase*).ti,ab.

42. (Phosphopyruvate Hydratase* or 2-phosphoglycerate* or 2-phospho-D-glycerate* or
NSE).ti,ab.

43, ((neurofilament* adj3 (protein* or chain* or polypeptide*)) or NF-L or NF-H).ti,ab.

44, ((myelin basic or nerve tissue* or golli* or hog* or mbp*) adj2 protein*).ti,ab.

45, (((extracellular or secretory) adj vesicle*) or exovesicle* or apoptotic bod* or exosome*

or endosome™ or ectosome™* or microvesicle* or ((membrane or cell-derived) adj
microparticle™)).ti,ab.

46. biomarker*.ti,ab,kw.

47. marker*.ti,ab.

48. or/27-47

49, 26 and 48

50. random®.ti,ab.

51. factorial*.ti,ab.

52. (crossover* or cross over*).ti,ab.

53. ((doubl* or singl*) adj blind*).ti,ab.

54, (assign* or allocat* or volunteer* or placebo*).ti,ab.
55. crossover procedure/

56. single blind procedure/

57. randomized controlled trial/

58. double blind procedure/

59. or/50-58

60. systematic review/

61. Meta-Analysis/

62. (meta analy* or metanaly* or metaanaly* or meta regression).ti,ab.
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63. ((systematic* or evidence*) adj3 (review™ or overview™)).ti,ab.

64. (reference list* or bibliograph* or hand search* or manual search* or relevant
journals).ab.

65. (search strategy or search criteria or systematic search or study selection or data
extraction).ab.

66. (search* adj4 literature).ab.

67. (medline or pubmed or cochrane or embase or psychlit or psyclit or psychinfo or
psycinfo or cinahl or science citation index or bids or cancerlit).ab.

68. cochrane.jw.

69. ((multiple treatment* or indirect or mixed) adj2 comparison*).ti,ab.

70. or/60-69

71. Clinical study/

72. Observational study/

73. Family study/

74. Longitudinal study/

75. Retrospective study/

76. Prospective study/

77. Cohort analysis/

78. Follow-up/

79. cohort*.ti,ab.

80. 78 and 79

81. (cohort adj (study or studies or analys™ or data)).ti,ab.

82. ((follow up or observational or uncontrolled or non randomi#ed or epidemiologic*) adj
(study or studies or data)).ti,ab.

83. ((longitudinal or retrospective or prospective or cross sectional) and (study or studies or
review or analys* or cohort* or data)).ti,ab.

84. (before adj2 after adj2 (study or studies or data)).ti,ab.

85. exp case control study/

86. case control*.ti,ab.

87. cross-sectional study/

88. (cross sectional and (study or studies or review or analys™ or cohort* or data)).ti,ab.

89. or/71-77,80-89

90. exp "sensitivity and specificity"/

91. (sensitivity or specificity).ti,ab.

92. ((pre test or pretest or post test) adj probability).ti,ab.

93. (predictive value* or PPV or NPV).ti,ab.

94. likelihood ratio™.ti,ab.

95. ((area under adj4 curve) or AUC).ti,ab.

96. (receive™® operat* characteristic* or receive* operat* curve* or ROC curve®).ti,ab.

97. diagnostic accuracy/

98. diagnostic test accuracy study/

99. gold standard.ab.

100. exp diagnostic error/

101. (false positiv* or false negativ*).ti,ab.

102. differential diagnosis/

103. (diagnos™ adj3 (performance* or accurac*® or utilit* or value* or efficien* or effectiveness
or precision or validat* or validity or differential or error)).ti,ab.
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104. or/90-103
105. 49 and (59 or 70 or 89 or 104)
21  Cochrane Library (Wiley) search terms

#1. MeSH descriptor: [Craniocerebral Trauma] this term only

#2. MeSH descriptor: [Brain Injuries] explode all trees

#3. MeSH descriptor: [Coma, Post-Head Injury] this term only

#4, MeSH descriptor: [Head Injuries, Closed] explode all trees

#5. MeSH descriptor: [Head Injuries, Penetrating] this term only

#6. MeSH descriptor: [Intracranial Hemorrhage, Traumatic] explode all trees

#7. MeSH descriptor: [Skull Fractures] explode all trees

#8. ((skull or cranial) near/3 fracture*):ti,ab

#9. ((head or brain or craniocerebral or cranial or skull) near/3 (injur* or trauma®)):ti,ab

#10. (trauma* and ((subdural or intracranial) near/2 (h?ematoma* or h?emorrhage* or
bleed*))):ti,ab

#11. #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10

#12. MeSH descriptor: [Biomarkers] explode all trees

#13. MeSH descriptor: [S100 Proteins] explode all trees

#14. MeSH descriptor: [Glial Fibrillary Acidic Protein] this term only

#15. MeSH descriptor: [Phosphopyruvate Hydratase] this term only

#16. MeSH descriptor: [Ubiquitin Thiolesterase] this term only

#17. MeSH descriptor: [MicroRNAs] explode all trees

#18. MeSH descriptor: [Brain-Derived Neurotrophic Factor] this term only

#19. MeSH descriptor: [Neurofilament Proteins] this term only

#20. MeSH descriptor: [Spectrin] this term only

#21. MeSH descriptor: [Myelin Basic Protein] this term only

#22. MeSH descriptor: [Extracellular Vesicles] explode all trees

#23. MeSH descriptor: [tau Proteins] this term only

#24. (Ubiquitin Thiolesterase™ or "Ubiquitin C-terminal hydrolase*" or "Ubiquitin C-Terminal
Esterase*" or "Ubiquitin Carboxy-Terminal Hydrolase*" or "Ubiquitin Carboxy-Terminal

Esterase™" or uch-11 or UCHL1):ti,ab

#25. (S100* or GFAP or "glial fibrillary acid* protein*" or "brain-derived neurotrophic factor
or "brain-derived nerve growth factor*" or BDNF or spectrin* or tau or proteomic* or
microRNA* or miRNA* or micro-rna*):ti,ab

£l

#26. ((muscle or nervous or neuron* or alpha or beta or gamma) near/3 enolase*):ti,ab

#27. (Phosphopyruvate Hydratase* or 2phosphoglycerate* or 2phospho-D-glycerate* or
NSE):ti,ab

#28. ((neurofilament* near/3 (protein* or chain* or polypeptide*)) or NF-L or NF-H):ti,ab

#29. ((myelin basic or nerve tissue* or golli* or hog* or mbp*) near/2 protein*):ti,ab

#30. (((extracellular or secretory) near vesicle*) or exovesicle* or apoptotic bod* or

exosome* or endosome* or ectosome* or microvesicle* or ((membrane or cell-derived)
near microparticle*)):ti,ab

#31. biomarker*:ti,ab,kw

#32. marker*:ti,ab

#33. #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 or
#24 or #25 or #26 or #27 or #28 or #29 or #30 or #31 or #32

#34, #11 and #33

22  Epistemonikos search terms
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1. (advanced _title_en:(((trauma OR traumatic) AND (injury OR injuries))) OR
advanced_abstract_en:(((trauma OR traumatic) AND (injury OR injuries)))) OR
(advanced_title_en:(((skull OR cranial) AND fracture*)) OR
advanced_abstract_en:(((skull OR cranial) AND fracture*))) OR
(advanced_title_en:(((head OR brain OR craniocerebral OR cranial OR cerebral OR
skull) AND (injur* OR trauma*))) OR advanced_abstract_en:(((head OR brain OR
craniocerebral OR cranial OR cerebral OR skull) AND (injur* OR trauma*)))) AND
(advanced_title_en:((biomarker* OR marker*)) OR advanced_abstract_en:((biomarker*
OR marker*))) OR (advanced_title_en:((S100* OR GFAP OR "glial fibrillary acid*
protein*" OR "brain-derived neurotrophic factor*" OR "brain-derived nerve growth
factor*" OR BDNF OR spectrin* OR tau OR proteomic* OR microRNA* OR miRNA*
OR micro-rna*)) OR advanced_abstract_en:((S100* OR GFAP OR "glial fibrillary acid*
protein*" OR "brain-derived neurotrophic factor*" OR "brain-derived nerve growth
factor*" OR BDNF OR spectrin®* OR tau OR proteomic* OR microRNA* OR miRNA*
OR micro-rna*))) OR (advanced_title_en:((Ubiquitin Thiolesterase* OR "Ubiquitin C-
terminal hydrolase™ OR "Ubiquitin C-Terminal Esterase™ OR "Ubiquitin Carboxy-
Terminal Hydrolase™" OR "Ubiquitin Carboxy-Terminal Esterase*" OR uch-11 OR
UCHL1)) OR advanced_abstract_en:((Ubiquitin Thiolesterase* OR "Ubiquitin C-
terminal hydrolase* OR "Ubiquitin C-Terminal Esterase™ OR "Ubiquitin Carboxy-
Terminal Hydrolase*" OR "Ubiquitin Carboxy-Terminal Esterase*" OR uch-11 OR
UCHL1))) OR (advanced_title_en:((enolase* OR Phosphopyruvate Hydratase* OR 2-
phosphoglycerate* OR 2-phospho-D-glycerate* OR NSE)) OR
advanced_abstract_en:((enolase* OR Phosphopyruvate Hydratase* OR 2-
phosphoglycerate* OR 2-phospho-D-glycerate* OR NSE))) OR
(advanced_title_en:((neurofilament protein®* OR myelin basic protein* OR extracellular
vesicle* OR exovesicle* OR apoptotic bod* OR exosome* OR endosome* OR
ectosome™ OR microvesicle* OR cell-derived microparticle*)) OR
advanced_abstract_en:((neurofilament protein* OR myelin basic protein®* OR
extracellular vesicle* OR exovesicle* OR apoptotic bod* OR exosome* OR endosome*
OR ectosome* OR microvesicle* OR cell-derived microparticle®)))

Health Economics literature search strategy

Health economic evidence was identified by conducting searches using terms for a broad
Head Injury population. The following databases were searched: NHS Economic Evaluation
Database (NHS EED - this ceased to be updated after 315 March 2015), Health Technology
Assessment database (HTA - this ceased to be updated from 315t March 2018) and The
International Network of Agencies for Health Technology Assessment (INAHTA). Searches
for recent evidence were run on Medline and Embase from 2014 onwards for health
economics, and all years for quality-of-life studies.

Table 7: Database parameters, filters and limits applied
Search filters and limits

Database Dates searched applied
Medline (OVID) Health Economics Health economics studies
1 January 2014 — 22 June Quality of life studies
2022
Exclusions (animal studies,
Quality of Life letters, comments, editorials,
1946 — 22 June 2022 case studies/reports)

English language

Embase (OVID) Health Economics Health economics studies
1 January 2014 — 22 June Quality of life studies
2022
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Search filters and limits

Database Dates searched applied
Quality of Life Exclusions (animal studies,
1974 — 22 June 2022 letters, comments, editorials,

case studies/reports,
conference abstracts)

English language

NHS Economic Evaluation Inception —31st March 2015
Database (NHS EED)

(Centre for Research and
Dissemination - CRD)

Health Technology Inception — 31st March 2018
Assessment Database (HTA)

(Centre for Research and
Dissemination — CRD)

The International Network of Inception — 22 June 2022 English language
Agencies for Health

Technology Assessment

(INAHTA)

32  Medline (Ovid) search terms

1. craniocerebral trauma/ or exp brain injuries/ or coma, post-head injury/ or exp head
injuries, closed/ or head injuries, penetrating/ or exp intracranial hemorrhage,
traumatic/ or exp skull fractures/

2. ((skull or cranial) adj3 fracture®).ti,ab.

3. ((head or brain or craniocerebral or intracranial or cranial or skull) adj3 (injur* or
trauma®)).ti,ab.

4. (trauma* and ((subdural or intracranial or brain) adj2 (h?ematoma* or h?emorrhage* or
bleed))).ti,ab.

5. or/1-4

6. letter/

7. editorial/

8. news/

9. exp historical article/

10. Anecdotes as Topic/

11. comment/

12. case report/

13. (letter or comment*).ti.

14. or/6-13

15. randomized controlled trial/ or random®.ti,ab.

16. 14 not 15

17. animals/ not humans/

18. exp Animals, Laboratory/

19. exp Animal Experimentation/

20. exp Models, Animal/

21. exp Rodentia/

22 (rat or rats or mouse or mice or rodent*).ti.
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23. or/16-22

24. 5 not 23

25. limit 24 to English language

26. economics/

27. value of life/

28. exp "costs and cost analysis"/

29. exp Economics, Hospital/

30. exp Economics, medical/

31 Economics, nursing/

32. economics, pharmaceutical/

33. exp "Fees and Charges"/

34. exp budgets/

35. budget*.ti,ab.

36. cost™ ti.

37. (economic* or pharmaco?economic*).ti.

38. (price* or pricing*).ti,ab.

39. (cost* adj2 (effectiv* or utilit* or benefit* or minimi* or unit* or estimat* or variable*)).ab.
40. (financ* or fee or fees).ti,ab.

41. (value adj2 (money or monetary)).ti,ab.

42. or/26-41

43. quality-adjusted life years/

44. sickness impact profile/

45. (quality adj2 (wellbeing or well being)).ti,ab.

46. sickness impact profile.ti,ab.

47. disability adjusted life.ti,ab.

48. (gal* or gtime™ or qwb* or daly*).ti,ab.

49. (euroqol* or eq5d* or eq 5*).ti,ab.

50. (gol* or hgl* or hgol* or h qol* or hrgol* or hr gol*).ti,ab.

51. (health utility* or utility score* or disutilit* or utility value*).ti,ab.

52. (hui or hui1 or hui2 or hui3).ti,ab.

53. (health* year* equivalent® or hye or hyes).ti,ab.

54. discrete choice™.ti,ab.

55. rosser.ti,ab.

56. (willingness to pay or time tradeoff or time trade off or tto or standard gamble*).ti,ab.
57. (sf36* or sf 36* or short form 36* or shortform 36* or shortform36*).ti,ab.
58. (sf20 or sf 20 or short form 20 or shortform 20 or shortform20).ti,ab.

59. (sf12* or sf 12* or short form 12* or shortform 12* or shortform12*).ti,ab.
60. (sf8* or sf 8* or short form 8* or shortform 8* or shortform8*).ti,ab.

61. (sf6* or sf 6* or short form 6* or shortform 6* or shortform6*).ti,ab.

62. or/43-61
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63. 25 and (42 or 62)
33 Embase (Ovid) search terms

1. head injury/

2 exp brain injury/

3. skull injury/ or exp skull fracture/

4 ((head or brain or craniocerebral or intracranial or cranial or skull) adj3 (injur* or
trauma®)).ti,ab.
((skull or cranial) adj3 fracture™).ti,ab.
(trauma* and ((subdural or intracranial or brain) adj2 (h?ematoma* or h?emorrhage* or
bleed*))).ti,ab.

7. or/1-6

8. letter.pt. or letter/

9. note.pt.

10. editorial.pt.

11. (conference abstract or conference paper).pt.

12. case report/ or case study/

13. (letter or comment®).ti.

14. or/8-13

15. randomized controlled trial/ or random®.ti,ab.

16. 14 not 15

17. animal/ not human/

18. nonhuman/

19. exp Animal Experiment/

20. exp Experimental Animal/

21. animal model/

22. exp Rodent/

23. (rat or rats or mouse or mice or rodent*).ti.

24. or/16-23

25. 7 not 24

26. limit 25 to English language

27. health economics/

28. exp economic evaluation/

29. exp health care cost/

30. exp fee/

31. budget/

32. funding/

33. budget*.ti,ab.

34. cost* ti.

35. (economic* or pharmaco?economic®).ti.

36. (price™ or pricing*).ti,ab.

37. (cost* adj2 (effectiv* or utilit* or benefit* or minimi* or unit* or estimat* or variable*)).ab.

38. (financ* or fee or fees).ti,ab.

39. (value adj2 (money or monetary)).ti,ab.
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40. or/27-39

41. quality-adjusted life years/

42. "quality of life index"/

43. short form 12/ or short form 20/ or short form 36/ or short form 8/

44, sickness impact profile/

45. (quality adj2 (wellbeing or well being)).ti,ab.

46. sickness impact profile.ti,ab.

47. disability adjusted life.ti,ab.

48. (gal* or gtime* or qwb* or daly*).ti,ab.

49. (euroqol* or eq5d* or eq 5*).ti,ab.

50. (gol* or hgl* or hqol* or h gol* or hrgol* or hr qol*).ti,ab.

51. (health utility* or utility score* or disutilit* or utility value*).ti,ab.

52. (hui or hui1 or hui2 or hui3).ti,ab.

53. (health* year* equivalent® or hye or hyes).ti,ab.

54. discrete choice*.ti,ab.

55. rosser.ti,ab.

56. (willingness to pay or time tradeoff or time trade off or tto or standard gamble*).ti,ab.

57. (sf36* or sf 36* or short form 36* or shortform 36* or shortform36*).ti,ab.

58. (sf20 or sf 20 or short form 20 or shortform 20 or shortform20).ti,ab.

59. (sf12* or sf 12 or short form 12* or shortform 12* or shortform12*).ti,ab.

60. (sf8* or sf 8* or short form 8 or shortform 8* or shortform8*).ti,ab.

61. (sf6™ or sf 6* or short form 6 or shortform 6* or shortform6*).ti,ab.

62. or/41-61

63. 26 and (40 or 62)

34 NHS EED and HTA (CRD) search terms

#1. MeSH DESCRIPTOR Brain Injuries EXPLODE ALL TREES

#2. MeSH DESCRIPTOR Craniocerebral Trauma

#3. MeSH DESCRIPTOR Coma, Post-Head Injury

#4. MeSH DESCRIPTOR Head Injuries, Closed EXPLODE ALL TREES

#5. MeSH DESCRIPTOR Head Injuries, Penetrating

#6. MeSH DESCRIPTOR Intracranial Hemorrhage, Traumatic EXPLODE ALL TREES

#7. MeSH DESCRIPTOR Skull Fractures EXPLODE ALL TREES

#8. (((skull or cranial) adj3 fracture™))

#9. (((head or brain or craniocerebral or intracranial or cranial or skull) adj3 (injur* or
trauma®)))

#10. ((trauma* and ((subdural or intracranial or brain) adj2 (h?ematoma* or h?emorrhage*
or bleed*))))

#11. #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10

35 INAHTA search terms

1. ((((trauma* and ((subdural or intracranial or brain) and (haematoma* or hematoma* or
haemorrhage* or hemorrhage* or bleed*))))[Title]) AND (((trauma* and ((subdural or
intracranial or brain) and (haematoma* or hematoma* or haemorrhage* or
hemorrhage* or bleed*))))[Title])) OR ((((skull or cranial) and fracture*))[Title] OR
(((skull or cranial) and fracture*))[abs]) OR ((((head or brain or craniocerebral or
intracranial or cranial or skull) and (injur* or trauma*)))[Title] OR (((head or brain or
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craniocerebral or intracranial or cranial or skull) and (injur* or trauma*)))[abs]) OR
("Skull Fractures"[mhe]) OR ("Intracranial Hemorrhage, Traumatic"[mhe]) OR ("Head
Injuries, Penetrating"[mh]) OR ("Head Injuries, Closed"[mhe]) OR ("Coma, Post-Head
Injury"[mh]) OR ("Brain Injuries"[mhe]) OR ("Craniocerebral Trauma"[mh])
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37 Appendix C —Diagnostic evidence study selection

38 Figure 1: Flow chart of clinical study selection for the review of biomarkers for acute

39 post-injury complications (diagnostic accuracy)
Records identified through Additional records identified through
database searching, n=4753 other sources, n=18

\ 4

Records screened in 1st sift,
n=4771

_ | Records excluded in 1st sift,
n=4376

\ 4

Full-text papers assessed for
eligibility, n=395

VL \ 4

/Papers included in review, n=GN ﬁapers excluded from review, n=331 \

Reasons for exclusion: see appendix |

40
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41 Figure 2: Flow chart of clinical study selection for the review of biomarkers for acute

42 post-injury complications (test and treat)
Records identified through Additional records identified through
database searching, n=4727 other sources, n=0
\ 4

Records screened in 1st sift,
n=4727

_ | Records excluded in 2n sift,
n=4687

y

Full-text papers assessed for
eligibility, n=40

VL \ 4

ﬂapers included in review, n=0\ ﬁapers excluded from review, n=40 \

Reasons for exclusion: see appendix |

43

199
NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications DRAFT [Se



DRAFT FOR CONSULTATION
Brain injury biomarkers for predicting acute brain injury complications

Appendix D —Diagnostic evidence

Biomarkers in adults

Reference Asadollahi, 2016 '
P ti hort
Study type rospective coho
Study methodology Data source: prospective study carried out from December 2013 to June 2014 at an adult emergency department (ED) of a

teaching hospital in Tehran, Iran. Consecutive patients with isolated mild TBI were recruited.

Number of patients n =158

Patient characteristics Age, mean (SD): 35.5 (15.8) years

Gender (male): 69.6%

GCS: breakdown of GCS not reported but mild TBI defined as GCS 13-15 for inclusion in the study
9 (5.7%) on anticoagulation

Ethnicity: not reported

Setting: adult ED of a teaching hospital

Country: Iran

Inclusion criteria: isolated mild TBI (GCS 13-15 with loss of consciousness (LOC) <30 minutes and post traumatic amnesia
(PTA) <1 hour;) >18 years of age; presented to the ED within 2 hours after the injury

Exclusion criteria: GCS of 15 without LOC or PTA; pregnancy; history of severe neurologic or psychiatric disorder; history of
neurosurgical procedures; focal neurologic deficit; multiple injuries (trauma to the face, chest, abdomen, extremities or pelvic
girdle requiring immediate therapeutic intervention); renal or liver disease; severe injury (abbreviated injury score 22); acute

non-traumatic intracranial lesions

Acute post-brain injury complications
Target condition(s)
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Reference Asadollahi, 2016 !

Index test:
Index test(s) and ncexest

reference standard
Serum S100B measured at 3 and 6 hours post injury

Reference standard:
CT scan within 6 hours post injury.

Follow up: no mention of follow up but states that 2 participants underwent neurologic deterioration and needed surgical
treatment

Results Outcome: Positive CT scan (at least one trauma-relevant lesion (epidural, subdural, subarachnoid, intracerebral
haemorrhage, cerebral contusion, brain oedema, depressed skull fracture).

Positive CT scan — Serum S100B at 3 hours (optimal cut off 0.115 ug L")

TP: 75
FP: 51
TN: 28
FN: 4

Sensitivity%: 94.9

Specificity%: 35.4

PPV%: 59.5

NPV%: 87.5

AUC (95% ClI): 0.7 (0.618-0.782)

201
NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications DRAFT [September 2022]



DRAFT FOR CONSULTATION
Brain injury biomarkers for predicting acute brain injury complications

Reference Asadollahi, 2016 !
SN/SP calculated by NGC

Sensitivity: 0.95 [0.88, 0.99]
Specificity: 0.35 [0.25, 0.47]

Positive CT scan — Serum S100B at 6 hours (optimal cut off 0.21 ug L)

TP: 78

FP: 126

TN: 31

FN: 1

Sensitivity%: 98.7

Specificity%: 39.2

PPV%: 61.9

NPV%: 96.8

AUC (95% Cl): 0.74 (0.662-0.817)

SN/SP Calculated by NGC

Sensitivity: 0.99 [0.93, 1.00]

Specificity: 0.20 [0.14, 0.27]
Source of funding Financially supported by a grant from Sina Trauma and Surgery Research Center, Tehran University of Medical Sciences
Risk of bias (QUADAS 2 — risk of bias): serious. Unclear whether the results of the index test were interpreted without
knowledge of the results of the reference standard and vice versa

Indirectness (QUADAS 2 — applicability): none

Limitations
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Reference

Comments

Reference
Study type
Study methodology

Number of patients

Patient characteristics

Asadollahi, 2016 !

Bazarian, 2006 4
Nested cohort

Data source: subjects identified by research assistants from a larger cohort of consecutive mild TBI patients participating in
a NIH registry study between February and September 2003.

n =96

Age, mean (SD): 35.9 (19.5) years, range 8-79 years, median 39.5 years

Gender (male): 62.5%

GCS 15:91.7%

GCS 14: 5.2%

GCS 13: 3.1%

Ethnicity: 100% white

Setting: emergency department of the University of Rochester School of Medicine

Country: USA

Inclusion criteria for this study: consent for blood draw for analysis in the ED; head CT scan performed in ED as part of

clinical care; completed 3-month follow up

Inclusion criteria for the larger NIH study met case definition for mild TBI (blow to the head or acceleration/deceleration
movement of the head resulting in one or more of the following: loss of consciousness <30 minutes; amnesia <24 hours or
any alteration in mental state at the time of injury); GCS >13 measured 230 minutes after injury
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Reference

Target condition(s)

Index test(s) and
reference standard

Results

Bazarian, 2006 #
Exclusion criteria: presenting >4 hours after injury; pre-existing medical or psychiatric conditions known to be associated
with elevated S100B (Alzheimer’s, Down’s syndrome, Schizophrenia); those who had run >10 miles in the last 12 hours

Acute post-brain injury complications

Index test:

Serum S100B measured within 4 hours of injury
Serum S100B measured within 4 hours of injury, correct for creatine kinase

Reference standard:
Initial head CT

Follow up: assessment of post-concussive symptoms using the Rivermead Post Concussion Questionnaire via telephone at
3 months after ED visit

Outcome: traumatic abnormality on initial CT scan

Traumatic abnormality on initial CT scan — Serum S100B within 4 hours

Specificity%: 26 (when sensitivity set at 70%)
PPV%: not reported

NPV% (95% Cl): 75 (2.6-67)

AUC (95% Cl): 0.49 (CI not reported)

Traumatic abnormality on initial CT scan — Serum S100B within 4 hours, corrected for creatine kinase

Specificity%: 42 (when sensitivity set at 70%)
PPV%: not reported
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Reference

Source of funding

Limitations

Comments

Reference
Study type
Study methodology

Bazarian, 2006 *
NPV% (95% Cl): 96 (83.5-99.8)
AUC (95% Cl): 0.54 (CI not reported)

National Institutes of Health grant

Risk of bias (QUADAS 2 — risk of bias): very serious. Unclear whether the results of the index test were interpreted without
knowledge of the results of the reference standard and vice versa; unclear sequencing and time interval between index test
and reference standard

Indirectness (QUADAS 2 — applicability): none

ALERT-TBI Bazarian, 2018 ; Bazarian, 2021 57
Prospective cohort

Data source: prospective study carried out at 22 sites from December 2012 to March 2014. Patients presenting to
participating emergency departments (ED) with suspected non-penetrating TBI resulting from an external force were
recruited. Secondary analysis using only the mild TBI subjects (n=1901). Index test was a rapid version of the UCH-L1 and
GFAP combined test.
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Reference
Number of patients

Patient characteristics

Target condition(s)

Index test(s) and
reference standard

ALERT-TBI Bazarian, 2018 ; Bazarian, 2021 57
n = 1959 (results reported separately for n=1920 with GCS 14-15)

Age, mean (SD): 48.9 (20.9) years, range 18-98 years
Gender (male): 57%

GCS 15: 93%
GCS 14: 5%
GCS 13: 1%
GCS 12: 1%
GCS 11: <1%
GCS 10: 0%
GCS 11: <1%

Ethnicity: white 70%; black or African American 27%; Hispanic 5%; other/unknown 4%
Setting: ED at 22 sites
Country: USA (15) and Europe (7)

Inclusion criteria: 218 years of age; presenting to ED with suspected non-penetrating TBI resulting from external force; GCS
9-15; underwent a non-contrast head CT scan within 12 hours of injury; blood sampling within 12 hours of injury; informed
consent

Exclusion criteria: time of injury could not be determined; head CT scan not performed; venepuncture not feasible; informed
consent not obtainable
Acute post-brain injury complications

Index test:

Combined serum UCH-L1 and GFAP measured within 12 hours post injury (cut-off concentration values of 327 pg/mL for
UCH-L1 and 22 pg/mL for GFAP)
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Reference ALERT-TBI Bazarian, 2018 ; Bazarian, 2021 57

Reference standard:
CT scan within 12 hours post injury.

Follow up: no mention of follow up

Results Outcome: Positive CT scan (presence of one or more of the following injuries: acute epidural haematoma, acute subdural
haematoma, indeterminate extra-axial haemorrhage, intraventricular haemorrhage, parenchymal haematoma, petechial
haemorrhagic or bland sheer injury, subarachnoid haemorrhage, brain oedema, brain herniation, non-haemorrhagic
contusion, ventricular compression, ventricular trapping, cranial fractures, depressed skull fractures, facial fractures, scalp
injury, or skull base fractures).

113 participants with GCS 14—-15 TBI had a traumatic intracranial injury on head CT. without intra cranial injury in GCS 14—
15 n=1,807

Positive CT scan — Combined serum UCH-L1 and GFAP measured within 12 hours post injury (cut-off concentration values
of 327 pa/mL for UCH-L1 and 22 pa/mL for GFAP)

n=1920 with GCS 14-15:
Sensitivity%: 97.3 (95% Cl 92.4-99.4)
Specificity%: 36.7 (95% Cl 34.5-39)
PPV%: 8.8 (95% CI 7.3-10)

NPV%: 99.5 (95% Cl 98.7-99.9)

Back calculation of 2x2 table done by NGC:

TP: 110
FP: 1144
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Reference

Source of funding

Limitations

Comments

Reference
Study type
Study methodology

Number of patients

Patient characteristics

ALERT-TBI Bazarian, 2018 ; Bazarian, 2021 57
FN: 3
TN: 663

Sponsored by Banyan Biomarkers (involved in the design of the study)
Risk of bias (QUADAS 2 — risk of bias): none

Indirectness (QUADAS 2 — applicability): none

Bazarian, 2013 ¢; Jones 2020 3°
Prospective cohort

Data source: prospective study carried out at 6 emergency departments (ED) from 2008 to 2010. Patients presenting to
participating EDs with mild TBI were recruited. Patients presenting to a single centre for routine blood work were enrolled as
control subjects.

n = 787 with mild TBI, n = 467 controls (only mild TBI case data extracted for this review)
Age, mean (SD): 38.2 (19.5)

Gender (male): 63.5%

GCS 15: 89.2%

GCS 14:6.5%

GCS 13: 1.3%
GCS “13-15": 2.5%
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Reference Bazarian, 2013 6; Jones 2020 3
Ethnicity: Hispanic/Latino 4.4%; not Hispanic/Latino 92.2%; refused/missing 3.3%

Setting: 6 EDs
Country: USA

Inclusion criteria: 21 year of age; met study definition of mild TBI (blow to the head or rapid acceleration/deceleration
resulting in at least one of the following: a loss of consciousness (LOC) <30 minutes, posttraumatic amnesia <24 h,
neuropsychological abnormality (any transient period of confusion, disorientation, or impaired consciousness; in children <2
years old: irritability, lethargy, or vomiting post-injury), or neurological abnormality (seizure acutely after injury, hemiplegia, or
diplopia)); GCS 213 within 30 minutes of injury; informed consent

Exclusion criteria: history of brain tumour, melanoma, Alzheimer’s disease, bone fracture, stroke/surgery within the previous
month

Acute post-brain injury complications
Target condition(s)

I test:
Index test(s) and Index test:

reference standard
Serum S100B within 6 hours post injury

Serum S100B within 6 hours post injury
Serum S100B within 6 hours post injury
Serum S100B within 6 hours post injury
Serum S100B within 6 hours post injury
Serum S100B within 6 hours post injury

cut-off >0.29 ug/L)
cut-off >0.06 pg/L)
cut-off >2.391 ug/L)
cut-off >0.097 ug/L)
cut-off >0.521 ug/L)
cut-off >0.1 pg/L)

~ o~ o~ o~ o~ —~

Reference standard:
CT scan.

Follow up: no mention of follow up
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Reference Bazarian, 2013 ¢; Jones 2020 3°

Results Outcome: presence of intracranial abnormalities. Traumatic CT abnormalities defined as subdural hematomas (SDH),
epidural hematomas, subarachnoid haemorrhage (SAH), oedema, skull fracture, and cerebral contusions.

N=737 with normal CT, n=45 abnormal CT, n=5 missing

Presence of intracranial abnormalities — Serum S100B within 6 hours post injury

AUC: 0.694 (0.62-0.77)

Presence of intracranial abnormalities — Serum S100B within 6 hours post injury (cut-off >0.29 ug/L)

Sensitivity%: 51.1 (95% CI 35-66)

Specificity%: 76.3 (95% CI 73-79)

Back calculation of 2x2 table done by NGC (for Serum S100B within 6 hours post injury (cut-off >0.29 ug/L)

TP: 26
FP: 177
FN: 24
TN: 560

Presence of intracranial abnormalities — Serum S100B within 6 hours post injury (cut-off >0.06 ug/L)

Sensitivity%: 100 (95% CI 92-100)
Specificity%: 12.3 (95% CI 10-15)
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Reference

Bazarian, 2013 ¢; Jones 2020 3°

Back calculation of 2x2 table done by NGC (for Serum S100B within 6 hours post injury (cut-off >0.06 ug/L)

TP: 50
FP: 649
FN: 0
TN: 88

Presence of intracranial abnormalities — Serum S100B within 6 hours post injury (cut-off >2.391 ug/L)

Sensitivity%: 4.4 (95% CI 0.5-15)
Specificity%: 99.1 (95% Cl 98-99.6)

Back calculation of 2x2 table done by NGC (for Serum S100B within 6 hours post injury (cut-off >2.391 ug/L)

TP: 2
FP: 7
FN: 48
TN: 730

Presence of intracranial abnormalities — Serum S100B within 6 hours post injury (cut-off >0.097 ug/L)

Sensitivity%: 88.9 (95% CI 76-96)
Specificity%: 31.7 (95% CI 28-35)

211

NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications DRAFT [September 2022]



DRAFT FOR CONSULTATION
Brain injury biomarkers for predicting acute brain injury complications

Reference

Bazarian, 2013 ¢; Jones 2020 3°

Back calculation of 2x2 table done by NGC (for Serum S100B within 6 hours post injury (cut-off >0.097 pg/L)

TP: 45
FP: 501
FN: 5
TN: 236

Presence of intracranial abnormalities — Serum S100B within 6 hours post injury (cut-off >0.521 ug/L)

Sensitivity%: 24.4 (95% CI 13-40)
Specificity%: 90.2 (95% CI 88-92)

Back calculation of 2x2 table done by NGC (for Serum S100B within 6 hours post injury (cut-off >0.521 pg/L)

TP: 12
FP: 74
FN: 38
TN: 663

Presence of intracranial abnormalities — Serum S100B within 6 hours post injury (cut-off >0.1 pyg/L)

Sensitivity%: 86.7 (95% Cl 73-95)
Specificity%: 35.8 (95% Cl 32-39)
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Reference

Source of funding

Limitations

Comments

Reference
Study type
Study methodology

Bazarian, 2013 ¢; Jones 2020 3°

Back calculation of 2x2 table done by NGC (for Serum S100B within 6 hours post injury (cut-off >0.1 ug/L):

TP: 39
FP: 476
FN: 6

TN: 266
Supported by funds from the New York State Department of Health, the Academic Health Center Consortium, and the
Emergency Research Network of the Empire State (ERNIES)

Risk of bias (QUADAS 2 — risk of bias): serious. Unclear whether index test results were interpreted without knowledge of
the reference standard

Indirectness (QUADAS 2 — applicability): serious. Included adults and children. Reported mean (SD) age suggests majority
were adults

No information on treatment

Biberthaler, 2002 1°
Prospective cohort

Data source: prospective study carried out at a single level 1 University trauma center over 18 months. Patients presenting

to the emergency room of the Department of Surgery and Traumatology with a history of isolated minor head trauma (MHT)
were recruited.
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Reference Biberthaler, 2002 1°

Number of patients n=104

Patient characteristics Age, mean (SD): not reported

Gender (male): not reported

GCS: no breakdown but GCS 13-15 for inclusion in the study
Ethnicity: not reported

Setting: single ED

Country: Germany

Inclusion criteria: presented to ED with a history of isolated MHT; GCS 13-15 at admission; at least one of the following
symptoms: transient loss of consciousness (LOC) <5 minutes, amnesia for the traumatic event, nausea, vomiting, vertigo
and severe headache; interval below 2 hours between traumatic event and blood sampling

Exclusion criteria: not reported

Acute post-brain injury complications
Target condition(s)

Index test:
Index test(s) and ncexest

reference standard
Serum S100B (LIA-mat® and LIAISON®)

Plasma S100B (LIA-mat® and LIAISON®)

Reference standard:
Cranial CT scan.

Follow up: no mention of follow up
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Reference Biberthaler, 2002 '°

Results Outcome: positive CCT scan (diffuse injury I-1V, evacuated mass lesion and non-evacuated mass lesion)
N=80 CCT negative
N=24 CCT positive

Positive CCT scan — Serum S100B within 2 hours post injury (cut-off 0.12ng/ml) (LIA-mat®)

Sensitivity%: 100 (95% CI not reported)
Specificity%: 46 (95% CI not reported)
AUC (95% Cl): 0.77 (95% CI 0.68-0.87)

Back calculation of 2x2 table by NGC:

TP: 24
FP: 43
FN: 0

TN: 37

Positive CCT scan — Serum S100B within 2 hours post injury (cut-off 0.12ng/ml) (LIAISON®)

Sensitivity%: 100 (95% CI not reported)
Specificity%: 46 (95% CI not reported)
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Reference Biberthaler, 2002 '°
AUC (95% Cl): 0.79 (95% Cl 0.7-0.89)

Back calculation of 2x2 table by NGC:

TP: 24
FP: 43
FN: 0

TN: 37

Positive CCT scan — Plasma S100B within 2 hours post injury (cut-off 0.15ng/ml) (LIA-mat®)

Sensitivity%: 100 (95% CI not reported)
Specificity%: 46 (95% CI not reported)
AUC (95% Cl): 0.77 (95% CI 0.68-0.87)

Back calculation of 2x2 table by NGC:

TP: 24
FP: 43
FN: 0

TN: 37
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Reference

Source of funding

Limitations

Comments

Biberthaler, 2002 '°

Positive CCT scan — Plasma S100B within 2 hours post injury (cut-off 0.12ng/ml) (LIAISON®)

Sensitivity%: 100 (95% CI not reported)
Specificity%: 46 (95% CI not reported)
AUC (95% Cl): 0.76 (95% CI 0.67-0.85)

Back calculation of 2x2 table by NGC:

TP: 24
FP: 43
FN: 0

TN: 37

Supported in part by the Deutsche Forschungs-Gemeinschaft, Sonderforschungsbereich 469 of the Ludwig-Maximilians-
University Munich

Risk of bias (QUADAS 2 — risk of bias): very serious. Unclear whether selection of patients could have introduced bias;
unclear whether index test results were interpreted without knowledge of the reference standard and vice versa

Indirectness (QUADAS 2 — applicability): serious. Age not reported

Results reported for two different test systems
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Reference
Study type
Study methodology

Number of patients

Patient characteristics

Target condition(s)

Index test(s) and
reference standard

Biberthaler, 2006 8
Prospective multi centre cohort study

Data source: prospective study carried out at 3 level 1 trauma centers from June 2002 to October 2003. Consecutive
patients presenting with minor head injury (MHI) were recruited, as well as a negative control group (healthy individuals) and
a positive control group (moderate to severe head injury).

n = 1309 with minor head injury [study also included n = 504 healthy individuals and n = 55 with moderate and severe TBI-
data has not been extracted for these groups as they are not relevant to our review population]

Age, median (interquartile range): 47 (32-65) years

Gender (male): 65%

GCS: no breakdown but GCS 13-15 for inclusion in the study

Ethnicity: not reported

Setting: 3 trauma centers

Country: Germany

Inclusion criteria: history of isolated head trauma and admission within 3 hours; GCS of 13 to 15 upon admission; one or
more of 10 clinical risk factors (brief loss of consciousness, post-traumatic amnesia, nausea, vomiting, severe headache,
dizziness, vertigo, intoxication, anticoagulation, age above 60 years)

Exclusion criteria: <18 years of age; pregnant women; prisoners; multiple injured patients
Acute post-brain injury complications

Index test:
Serum S100B

The median interval between trauma and blood sampling was 60 min (range, 40-80 or 25%-75%)

Reference standard:
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Reference Biberthaler, 2006 &
Cranial CT (CCT)

Median interval between blood sampling and CCT scan was 30 min (range, 16-52 or 25%-75%).

Patients classified as : CCT-negative (CCT-; MHI patients without any signs of trauma-relevant intracerebral lesions) and
CCT-positive (patients with at least one of the pathophysiological trauma-relevant findings (hemorrhage, epidural, subdural,
sub arachnoidal, intracerebral, ventricular, cerebellar, brainstem, cortex contusion, haemorrhagic, non-hemorrhagic))

Results Outcome: intracerebral lesions on CT

Of these n=1309 MHI patients, 1216 (93%) were proved to be CCT- and 93 (7%) were proved to be CCT* on the initial CCT
scan. Of the latter group, 11 individuals required immediate neurosurgical intervention such as implantation of an
intraventricular catheter for drainage of cerebrospinal fluid or decompressive craniotomy.

S100B (cut-off value of 0.10 ug/L) — median time was 60 min:

Sensitivity: 99% (95% Cl, 96%-100%)
Specificity: 30% (95% Cl, 29%-31%)
AUC: 0.80 (95% CI, 0.75-0.84)

Back calculation of 2x2 table done by NGC

TP: 92
FP: 815
FN: 1
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Reference

Source of funding

Limitations

Comments

Reference
Study type
Study methodology

Number of patients

Patient characteristics

Biberthaler, 2006 &
TN: 401

Not reported

Risk of bias (QUADAS 2 — risk of bias): very serious. Unclear whether selection of patients could have introduced bias;
unclear whether index test results were interpreted without knowledge of the reference standard and vice versa
Indirectness (QUADAS 2 — applicability): none

Treatment: 11 individuals required immediate neurosurgical intervention such as implantation of an intraventricular catheter
for drainage of cerebrospinal fluid or decompressive craniotomy.

Cervellin, 2012 14
Prospective cohort

Data source: prospective study carried out at a single hospital between January and May 2011. Consecutive patients
presenting to the emergency department (ED) with a history of minor head injury (MHI) were recruited.

n =60

Age, mean (range): 58 (14-80) years

Gender (male): 68%

GCS: no breakdown reported but GCS 14-15 for inclusion in the study
Ethnicity: not reported

Setting: EDs of a single hospital
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Reference Cervellin, 2012 14
Country: ltaly

Inclusion criteria: 14-80 years of age; presenting at the ED with a history of MHI requiring CT scanning according to local
guideline (criteria included GCS 14-15)

Exclusion criteria: suspected/visible brain tumour

Acute post-brain injury complications
Target condition(s)

Index test:
Index test(s) and ncexest

reference standard o o
Serum S100B measured within 3 hours post injury

Reference standard:
CT scan performed 30 minutes from blood collection.

Follow up: no mention of follow up

Results Outcome: positive CT scan (any intracranial pathology associated with an injury (acute subdural, epidural or parenchymal
hematoma, traumatic subarachnoid haemorrhage, cerebral contusion and brain swelling))

N=20 CT+
N=40 CT -

Positive CT scan — Serum S100B within 3 hours post injury (cut-off 0.38 ug/L)

Sensitivity%: 100 (95% CI not reported)
Specificity%: 58 ( 95% CI not reported)
PPV%: 54 (95% CI not reported)
NPV%: 100 (95% CI not reported)
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Reference Cervellin, 2012 4

AUC: 0.8 (p<0.001)

Back calculation of 2x2 table by NGC:

TP: 20
FP: 17
FN: 0

TN: 23

Positive CT scan — Serum S100B within 3 hours post injury (cut-off 2.31 ug/L)

Sensitivity%: 15 (95% CI not reported)
Specificity%: 100 (95% ClI not reported)
PPV%: 100 (95% CI not reported)
NPV%: 70 (95% CI not reported)

Back calculation of 2x2 table by NGC:

TP: 3
FP: 0
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Reference Cervellin, 2012 "
FN: 17
TN: 40
Source of funding Not reported
S Risk of bias (QUADAS 2 — risk of bias): none
imitations
Indirectness (QUADAS 2 — applicability): serious. Study included children and adults; mean age suggests majority were
adults
Comments -
Reference Cevik, 2019 5
-sectional st
Study type Cross-sectional study

Data source: patients who were treated in the Emergency Department of hospital for mild TBI between February 2016 and
Study methodology September 2016

=4
Number of patients n =48
Mixed adults and children. Mean age (Adults). Not reported proportion of adults and children.

Patient characteristics
Age, mean (SD): 24 + 22 (range, 5-65) years
Gender: 48 patients [38 (79%) males and 10 (21%) females] with “pure” mild TBI
GCS:
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Reference

Target condition(s)

Index test(s) and
reference standard

Cevik, 2019 15

The Glasgow coma score (GCS) for all patients was 14—-15 and all presented with one or more symptoms of post-traumatic
amnesia which is accepted as the presence of any elapsed time between the return of continuous memory and the accident,
nausea/vomiting, post-traumatic seizure, persistent headache, and transient loss of consciousness at the time of referral to
emergency service, but no injury to other tissues or organs (solid organ injury, bone fracture).

GCS-15: 39 (81.25%)
GCS-14: 9(18.75%)

Ethnicity: not reported

Setting: ED

Country: Turkey

Inclusion criteria: People with mild TBI

24 patients with intracranial traumatic pathology (CT+) were included as the pathological group and 24 age-matched
patients without intracranial traumatic pathology (CT-).

Exclusion criteria: GCS score at hospital admission of < 14, pregnancy or possibility of pregnancy, renal failure, multiple
trauma, admission to hospital > 4 h after trauma, and previous concurrent nervous system disorders.

Acute post-brain injury complications

Index test:

Serum biomarkers:
- S100 beta (S100B)
- glial fibrillary acidic protein (GFAP)
- small neuronal protein neurogranin (NRGN)
Venous blood samples were collected within the first 4 h following the trauma
Reference standard:
CT
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Reference Cevik, 2019 5

Follow up: Venous blood samples were collected within the first 4 h following the trauma and 16-slice CT scans of the head
without contrast enhancement were obtained (Somatom Emotion; Siemens AG, Erlangen, Germany).

Results Outcome:

abnormal cerebral CT findings

The primary end point of the study was to investigate the relationship between the levels of biomarkers such as S100B,
GFAP and NRGN in patients with mild head injury in the first 4 h after the trauma with abnormal traumatic CT findings.

Of the 48 patients with mild TBI, 24 were CT + and 24 were CT-. Regarding haemorrhage, 11 patients had epidural
hematoma two of which was having accompanying pneumocephalus, one patient had intracerebral hematoma, two patients
had subarachnoid hematoma, and three patients had subdural hematoma one of which was having accompanying
subarachnoid haematoma. In addition, seven patients had cerebral contusions and 18 had cranial fractures with
accompanying intracranial pathology.

NRGN levels were significantly higher in patients who were CT+ (n = 24) than in those who were CT- (n =24) (5.79 £ 4.14
vs. 2.95 + 2.38 ng/mL, respectively, p = 0.001). Mean S100B levels were significantly higher in the 24 patients who were
CT+ than the 24 patients who were CT- (1.72 £ 1.05 pg/L vs. 0.73 + 0.64 ug/L, respectively, p < 0.001). The mean GFAP
level was significantly higher in the 24 patients who were CT+ than in the 24 patients who were CT- (0.60 + 0.38 vs.0.36
0.25ng/mL, respectively, p = 0.026.

S100 beta (S100B) - optimal cut-off value of 0.47 ug/L -within 4h

Sensitivity: 95.8% (95% CI 78.9%-99.9%)
specificity: 62.5% (95% CI 40.6%—81.2%)
Positive predictive value (PPV): 71.9 %
Negative predictive value (NPV): 93.7 %
AUC: 0. 84 (95% CI 0.72- 0.95)
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Reference Cevik, 2019 5
Back calculation of 2x2 table done by NGC
TP: 23
FP: 9
FN: 1
TN: 15

glial fibrillary acidic protein (GFAP) - cut-off value of GFAP 0.23 ng/mL - within 4h

Sensitivity: 75% [95% CIl 53.3%—90.2%]
Specificity: 62.5% (95% Cl 40.6%-81.2%).
Positive predictive value (PPV): 66.7%.
Negative predictive value (NPV): 71.4 %
AUC: 0.69 (95% CI 0.54- 0.84)

Back calculation of 2x2 table done by NGC
TP: 18

FP: 9

FN: 6

TN: 15

small neuronal protein neurogranin (NRGN)- optimal cut-off value for 1.87 ng/mL- within 4h

Sensitivity: 83.3% (95%CI 62.6%-95.3%)
Specificity: 58.3% (95% Cl 36.6%—77.9%)
PPV: 66.7%

NPV: 77.8 %

AUC: 0.77 (95% CI 0.63 -0.90)

Back calculation of 2x2 table done by NGC
TP: 20
FP: 10
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Reference

Source of funding

Limitations

Comments

Reference

Study type

Study methodology

Cevik, 2019 15
FN: 4
TN: 14

At NRGN concentration of > 1.63 ng/mL[N=48]- within 4h
Sensitivity: 100% (no CI reported)

Specificity: 17% (no Cl reported)

PPV: 55% (no Cl reported)

NPV: 100% (no CI reported)

At NRGN concentration of > 1.95 ng/mL in the paediatric group (age, < 16 years) [N=20]- within 4h
Sensitivity: 100% (no ClI reported)

Specificity: 70% (no Cl reported)

PPV: 77% (no Cl reported)

NPV: 100% (no ClI reported)

ROC analysis of NRGN values showed that NRGN serum levels accurately discriminated between patients with pathologic
versus normal findings on CT

No funding
Risk of bias (QUADAS 2 — risk of bias): very serious. Unclear whether the selection of patients could have introduced bias;
unclear whether the index test was interpreted without knowledge of the reference standard and vice versa

Indirectness (QUADAS 2 — applicability): serious. Mixed population (adults and children).

No information on treatment

Chen, 2022 ¢
Prospective cohort study
USA

Data source: This prospective study involved patients admitted to Stanford Hospital’s Emergency Department for suspicion
of TBI between November 2015 and April 2017.
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Reference

Number of patients

Patient characteristics

Target condition(s)

Index test(s) and
reference standard

Chen, 2022 '°

n = 644 (mostly mild TBI) Out of 644 patients, 52 had a Glasgow Coma Scale (GCS) score <13
n=462 with blood samples (Analysed)

No-OMEI (other major extra- cranial injuries) sub-cohort (n = 245)

Age, mean (SD) years:

With blood sample:50.7£22.7
Gender (male): 286 (61.9%)
GCS : 14 (14-15)

Ethnicity:

Setting: ED

Country: USA

Inclusion criteria for this study: Adult patients (> 18 years old) transported by ambulance or helicopter, for whom a trauma
alert was triggered and who underwent a non-contrast head CT seeking care for suspected TBI, were enrolled

Exclusion criteria: NR
Acute post-brain injury complications

Index test:
Distribution of time from injury to ED admission/ blood draw spanned 0—6 h with a median at 1 h
-glial fibrillary acidic protein (GFAP)

-ubiquitin C-terminal hydrolase-L1 (UCH-L1)
-S100B
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Reference

Results

Source of funding

Limitations

Comments

Chen, 2022 "¢

The pre-specified cut-off values of GFAP, UCH-L1, and S100B were 22 pg/mL3, 327 pg/mL3, and 105 pg/mL13,
respectively. A negative test result referred to markers falling at or below their pre-specified cut-off value, whereas a positive
test result indicated that markers exceeded their pre-specified cut-off value.

Reference standard:
Head CT

Outcome: acute brain injuries

In the full cohort, 440 patients had plasma samples of GFAP, and 442 patients had plasma samples of UCH-L1; 189
patients had serum samples of S100B

Full cohort (n=440)

Plasma GFAP: AUC 0.868 (N=119)
Plasma UCH-L1 :AUC 0.624 (n=119)
Serum 100B: AUC 0.607 (n=44)

No OMEI (n=245)

Plasma GFAP: AUC 0.873 (N=78)
Plasma UCH-L1 :AUC 0.660 (n=78)

Serum 100B: AUC 0.662 (n=30)
No funding
Risk of bias (QUADAS 2 — risk of bias): very serious. Unclear whether the results of the index test were interpreted without

knowledge of the results of the reference standard and vice versa; unclear sequencing and time interval between index test
and reference standard

Indirectness (QUADAS 2 — applicability): none

No information on treatment
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Reference
Study type
Study methodology

Number of patients

Patient characteristics

Target condition(s)

Index test(s) and
reference standard

Czeiter, 2020 ' CENTER-TBI
Prospective cohort

Data source: prospective study conducted at 65 clinical sites between December 2014 and December 2017. Patients with all
severities of TBI presenting to a study centre within 24 hours of injury and scheduled for CT scanning were recruited.

n = 2867

Age, median (interquartile range): 49 (30-66) years

Gender (male): 67.9%

GCS 15: 52.1%

GCS 13-14: 15.9%

GCS 9-12: 7.7%

GCS 3-8: 21%

Ethnicity: not reported

Setting: 65 clinical sites, patients stratified by care path (emergency department, hospital admission and intensive care unit)
Country: 17 European countries and Israel

Inclusion criteria: all severities of TBI; presenting within 24 hours of injury and scheduled for CT scanning

Exclusion criteria: severe pre-existing neurological disorder
Acute post-brain injury complications

Index test:

Serum S100B measured within 24 hours post injury
Serum neuron-specific enolase (NSE) measured within 24 hours post injury
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Reference Czeiter, 2020 ' CENTER-TBI
Serum GFAP measured within 24 hours post injury
Serum UCH-L1 measured within 24 hours post injury
Serum neurofilament protein-light (NFL) measured within 24 hours post injury

Reference standard:
Head CT scan

Follow up: no mention of follow up

Results Outcome: positive CT scan (presence of any traumatic intracranial abnormality; skull fractures in isolation were not
considered as intracranial abnormality)

Positive CT scan — Serum S100B within 24 hours post injury (mild TBI subgroup GCS 13-15)

AUC (95% Cl): 0.68 (0.65-0.71)

Positive CT scan — Serum NSE within 24 hours post injury (mild TBI subgroup GCS 13-15)
AUC (95% Cl): 0.62 (0.6-0.65)

Positive CT scan — Serum GFAP within 24 hours post injury (mild TBI subgroup GCS 13-15)
AUC (95% CI): 0.85 (0.83-0.87)

Positive CT scan — Serum UCH-L1 within 24 hours post injury (mild TBI subgroup GCS 13-15)

AUC (95% Cl): 0.76 (0.74-0.79)
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Reference

Source of funding

Limitations

Comments

Czeiter, 2020 '" CENTER-TBI

Positive CT scan — Serum NFL within 24 hours post injury (mild TBI subgroup GCS 13-15)

AUC (95% Cl): 0.75 (0.72-0.77)

Positive CT scan — all biomarkers combined within 24 hours post injury (mild TBI subgroup GCS 13-15)

AUC (95% Cl): 0.85 (0.84-0.87)

Positive CT scan — Serum GFAP + UCH-L1 within 24 hours post injury (mild TBI subgroup GCS 13-15)
AUC (95% CI): 0.85 (0.84-0.87)

Positive CT scan — Serum GFAP + S100B within 24 hours post injury (mild TBI subgroup GCS 13-15)
AUC (95% CI): 0.85 (0.84-0.87)

Positive CT scan — Serum GFAP + UCH-L1 + S100B within 24 hours post injury (mild TBI subgroup GCS 13-15)

AUC (95% CI): 0.85 (0.84-0.87)

Supported by the European Union 7th Framework program (EC grant 602150). Additional funding was obtained from the
Hannelore Kohl Stiftung (Germany), from OneMind (USA), from Integra LifeSciences Corporation (USA) and from
Neurotrauma Sciences (USA). The funders had no role in the study design, collection, analysis and interpretation of data,
nor in the writing of the report or in publication decisions.

Risk of bias (QUADAS 2 — risk of bias): none
Indirectness (QUADAS 2 — applicability): none

Results extracted from supplementary tables 6 and 7
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Reference David, 2017 '8

Study type Prospective cohort

Data source: prospective study conducted at a single teaching hospital between January 2014 and October 2015.
Consecutive patients presenting to the adult emergency department (ED) with pre-injury antiplatelet/anticoagulant use and
mild blunt head trauma were recruited.

n =308

Study methodology

Number of patients

Patient characteristics Age, mean (SD): 79.1(10.5) years

Gender (male): 49%

GCS 15: 97.4%
GCS 13-14: 2.6%

Ethnicity: not reported

All participants were on antithrombotic medication
Setting: ED of a single teaching hospital

Country: France

Inclusion criteria: 218 years of age; pre-injury antiplatelet and/or anticoagulant use; mild blunt head trauma (any blunt head
injury regardless of loss of consciousness or amnesia)

Exclusion criteria: unable to give informed consent; known injuries transferred from outside facilities; history of coagulation
disorder; cranial CT scan performed >24 hours after index trauma; serum sampling >6 hours post-injury; unknown time of
trauma; missing informed consent

Acute post-brain injury complications
Target condition(s)
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Reference David, 2017 '8

Index test:
Index test(s) and ncexest

reference standard
Serum S100B measured within 6 hours post injury (cut-off 0.105 pg/L)

Reference standard:
Cranial CT scan performed within 24 hours post injury

Follow up: no mention of follow up

Results Outcome: positive CT scan (any trauma related intracranial haemorrhage, including epidural, subdural or subarachnoid
haemorrhage, or intracerebral bleeding (petechial haemorrhage, contusion or hematoma))

Positive CT scan — Serum S100B within 6 hours post injury (cut-off 0.105 pg/L)

TP: 28
FP: 192

TN: 83

FN: 5

Sensitivity% (95% Cl): 84.8 (68.1-94.9)
Specificity% (95% Cl): 30.2 (24.8-36)
PPV% (95% Cl): 12.7 (8.6-17.9)
NPV% (95% Cl): 94.3 (87.2-98.1)

SN/SP calculated by NGC:

Sensitivity: 0.85 [0.68, 0.95]
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Reference

Source of funding

Limitations

Comments

Reference
Study type
Study methodology

Number of patients

Patient characteristics

David, 2017 '8
Specificity: 0.30 [0.25, 0.36]

Not reported
Risk of bias (QUADAS 2 — risk of bias): serious. Unclear whether the results of the index test were interpreted without
knowledge of the results of the reference standard and vice versa

Indirectness (QUADAS 2 — applicability): serious. All study participants were on antithrombotic medication — limited
applicability to the wider review population.

Methods section states sensitivity, specificity, PPV and NPV of S100B blood level for the detection of ICH requiring a
medical and/or surgical treatment were estimated in the study population, but this is not clearly reported in the results. Main
results extracted for positive CT scan

Dickens, 2018 2°
Prospective cohort

Data source: The patients were recruited as part of the EU funded TBI care (Evidence-based Diagnostic and Treatment
Planning Solution for Traumatic Brain Injuries) project.

n = 210 (discovery cohort- Turku, Finland = 144) and validation cohort- Cambridge, UK (n = 66)

Age, mean (SD):
Discovery cohort
Mild: 48.37 (20.18)

Moderate:59.57 (17.32)
Severe: 55.05 (15.25)
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Reference Dickens, 2018 2°
validation cohort-

Mild: 36.75 (18.20)
Moderate: 41.57 (20.49)
Severe: 44.87 (17.71)

Gender (male/female):

Discovery cohort
Mild: 74/34
Moderate: 8/6
Severe: 19/3

validation cohort

Mild: 27/9
Moderate: 7/0
Severe: 17/6

GCS: Included all severities

Discovery cohort:

(N=108) Mean GCS (mild):14.19
(N=14) Mean GCS (moderate):9.77
(N=22) Mean GCS (severe):4.44

Validation cohort:

(N=36) Mean GCS (mild): 14.54
(N=7) Mean GCS (moderate): 10.44
(N=23) Mean GCS (severe): 5.68
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Reference

Target condition(s)

Index test(s) and
reference standard

Dickens, 2018 °
Ethnicity: not reported

Setting: trauma centres
Country: UK, Finland

Inclusion criteria: Patients were included if they were older than 18 years (16 in the UK) and had a clinical diagnosis of TBI
and indications on a head CT according to the National Institute for Health and Care Excellence (NICE) criteria.

Exclusion criteria: Patients were excluded if the injuries were blast-induced or penetrating injury, chronic subdural
hematoma, pre-existing brain injuries or conditions, which caused non-independent living, TBI or suspected TBI two weeks
prior to recruitment, non-native speaker, and no if no consent was obtained

Acute post-brain injury complications

Index test:

e Serum GFAP
e Serum UCH-L1

The blood samples were collected within 12 h of admission to hospital.

There were some patients who were found unconscious and transferred to hospital and patients who sustained mTBI and
sought for medical attention with latency. In these patients, the exact time of injury is unknown.

Reference standard:
CT
The CT scans were analysed by neuroradiologists and double-read by a senior neurosurgeon (JPP) and a neurologist (OT).

Marshall classification was chosen, because it can be appropriately used for the patient group division and to address the
clinical questions.

Classification: Marshall Grade 1 (CT negative) vs. Marshall Grade 2-6 (CT positive)
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Reference Dickens, 2018 2°

Results Outcome: traumatic intracranial findings (CT positive)

Predict abnormalities on a CT scan (Marshall Grade > 1)

Turku data (discovery cohort, Finland)

GFAP
AUC = 0.73; 95% ClI: 0.64-0.83

UcH-L1
AUC = 0.71; 95% Cl: 0.62-0.85)

a combination of both

AUC = 0.73; 95% CI: 0.62-0.86),).

Cambridge data (validation cohort, UK).

GFAP
AUC = 0.64; 95% CI: 0.64-0.64)

UCH-L1
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Reference

Source of funding

Limitations

Comments

Reference

Study type

Study methodology

Dickens, 2018 2°
AUC = 0.58; 95% CI: 0.58-0.58

combination model

AUC = 0.64; 95% CI: 0.63-0.64)

all giving poorer predictive accuracy in validation cohort

The work was supported by the EU FP7 project TBI care (Project ref. 270259 to MO DM and OT), by the GE-NFL Head
Health Challenge | Award (grant no. 7620 to MO and TH), by Goverment’s Special Financial Transfer tied to academic
research in Health Sciences (Finland) (to JPP and RSKT.), and by personal grant from Emil Aaltonen Foundation and
Finnish Brain Foundation (to JPP). Support for P.J.H. — National Institute for Health Research (NIHR) Research
Professorship; NIHR Biomedical Research Centre (NIHR BRC) Cambridge. Support for K.L.H.C. — NIHR BRC Cambridge.
This work was supported by the NIHR Biomedical Research Centre in Cambridge. VFJN is supported by an Academy of
Medical Sciences / The Health Foundation Fellowship.

Risk of bias (QUADAS 2 — risk of bias): none

Indirectness (QUADAS 2 — applicability): serious. Mixed severity TBI based on GCS (mild, moderate and severe)

All patients received treatment based on local standards and current international guidelines and recommendations

Diaz-Arrastia, 2014 °

Multicentre prospective cohort study (Transforming Research and Clinical Knowledge in Traumatic Brain Injury [TRACK-
TBI]).

Data source: Subjects were identified and recruited upon arrival at one of three level 1 trauma centres as part of the
multicentre prospective TRACK-TBI study
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Reference
Number of patients

Patient characteristics

Target condition(s)

Index test(s) and
reference standard

Diaz-Arrastia, 2014 °
n =206

Age, mean (SD): 42 (18) years,
Gender (male): 73%

GCS: majority of subjects (83%) were classified as having had mild TBI (admission GCS 13-15), 4% as having had a
moderate TBI (GCS 9-12), and 13% as having had a severe TBI (GCS 3-8).

Ethnicity: not reported
Setting: trauma centre
Country: International

Inclusion criteria: patients had to present within 24 h of injury with a history of trauma to the head sufficient to triage to non-
contrast head CT using the American College of Emergency Physicians/Centres for Disease Control (ACEP/CDC) evidence-
based joint practice guideline.22 All levels of GCS scores were eligible.

Exclusion criteria: not reported
Acute post-brain injury complications

Index test:

- Serum Ubiquitin C-terminal hydrolase L1 (UCH-L1)
- Serum glial fibrillary acidic protein (GFAP)

Upper limits of normal were defined as mean + 3 standard deviations. For UCH-L1 mean (SD) was 0.073 (0.057) ng/mL,
and for GFAP mean (SD) was 0.038 (0.059 ng/mL). Therefore, the upper limits of normal for UCH-L1 and GFAP were 0.244
and 0.215 ng/mL, respectively.

Blood samples were collected from subjects who consented to genetic and proteomic analysis within 24 h of injury. All
samples were date and time stamped to compare with time of injury.
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Reference

Results

Source of funding

Limitations

Diaz-Arrastia, 2014 °
Reference standard:
CT

All patients underwent CT imaging of the brain at the time of initial presentation to the ED. Each patient’s head CT was
characterized using the recommendations of the TBI-CDE Neuroimaging Working Group. Each CT was de-identified,
electronically uploaded to a central imaging database, and reviewed by a blinded central reader who was a board certified
neuroradiologist.

Follow up: 6 months after injury

Outcome: Intracranial pathology on CT

CT scans demonstrated intracranial pathology in 43% of those with mild TBI, in 78% of those with moderate TBI, and in 96%
of those with severe TBI.

Ubiquitin C-terminal hydrolase L1 (UCH-L1)

AUC: 0.71 (95% CI 0.64-0.78)

glial fibrillary acidic protein (GFAP)

AUC: 0.88 (95% CI 0.84-0.93)

Combined UCH-L1 and GFAP

AUC: 0.88 (95% CI 0.83—0.93)
This study was funded by National Institutes of Health (NIH) Grant 1RC2 NS069409

Risk of bias (QUADAS 2 — risk of bias): none
Indirectness (QUADAS 2 — applicability): serious. Included mixed severity
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Reference

Comments

Reference
Study type
Study methodology

Number of patients

Patient characteristics

Diaz-Arrastia, 2014 °

Egea-Guerrero, 2012 2!
Prospective cohort

Data source: One hundred and forty-three post-TBI patients without a decrease in consciousness (GCS =15) and with at
least one neurological symptom (e.g. transitory loss of consciousness, amnesia, headache, dizziness or vomiting) were
prospectively included.

Includes people over 14 years. Not specified proportion of adults/children. Mean age suggests adults.
n =143

Age, mean (SD): 49 (20.6) years

Gender: Eighty-nine patients were male (62.20%) and 54 females (37.80%).

GCS: 15: 143 (100%)

Twelve patients were under hypocoagulation therapy at the time of injury.

All patients had normal levels of consciousness (GCS = 15) at hospital admission and at least one neurological symptom
after TBI

Ethnicity: not reported

Setting: hospital
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Reference

Target condition(s)

Index test(s) and
reference standard

Results

Egea-Guerrero, 2012 2!
Country: Spain

Inclusion criteria: aged 14 or over, GCS = 15 at hospital admission and one or more of the following symptoms: (1) transitory
loss of consciousness; (2) amnesia; (3) persistent headache; (4) nausea or vomiting; and (5) vertigo

Exclusion criteria: under 14 years of age, pregnancy or possibility of pregnancy, previous history of drug/alcohol abuse,
renal failure, GCS below 15 at hospital admission, drug interference in GCS evaluation, hospital admission after 6 hours
post-trauma, history of syncope or seizure before head trauma, other previous concurrent nervous system disorders,
absence of post-trauma head CT scan, hospital discharge before the first 24 hours post-TBI and ICU admission/transfer due
to associated severe extracranial lesions.

Acute post-brain injury complications

Index test:
Serum S100B

A blood sample was drawn at 6-hours post-TBI

Reference standard:
CT

In this study, IL included cerebral contusion, traumatic subarachnoid haemorrhage, epidural haematoma, and subdural
haematoma. A venous blood sample was taken during the first 6 hours post-trauma for posterior analysis of S100B serum
level. A CT scan to identify IL was performed within 24 hours of the accident (never prior to 1-hour post-trauma) [9-12].
Neuroradiological findings were reviewed and classified by a neuroradiologist blind to study goals and data.

Outcome: intracranial lesion (IL) on CT

The mean S100B value in this series was 0.392 ug L-1, with 95% Confidence Interval (Cl) at 0.327-0.456 pg L-1. A total of
15 patients (10.5%) showed IL.
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Reference Egea-Guerrero, 2012 2!

Patients with IL detected by CT scan had significantly higher S100B protein levels than those without IL (p= 0.007). The
mean S100B value in serum from patients without IL was 0.369 ug with 95% CI at 0.302-0.436141.-1. Patients with
pathological CT findings had an S100B mean value of 0.585 ugL-1, with 95% CI at 0.363-0.806 ug L-1.

No patient suffered neurological deterioration, and none required emergency neurosurgery

Different cut-off values for S 100B for detecting IL 6 hours post-TBI

Value (ug L-1) Sensitivity Specificity PPV NPV

0.105 100 26.56 13.76 100

0.130 100 32.81 14.85 100

0.230 93.33 51.56 18.42 98.51

0.254 86.66 57.03 19.11 97.33
Raw data:

S100 B (cut-off 0.105 ug L-1) 6h post-TBI
TP: 15

FP: 94

FN: 0

TN: 34

SN/SP ccalculated by NGC:
Sensitivity: 1.00 [0.78, 1.00]
Specificity: 0.27 [0.19, 0.35]

S100 B (cut-off 0.130 ug L-1) 6h post-TBI
TP: 15
FP: 86
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Reference Egea-Guerrero, 2012 2!
FN: 0
TN: 42

SN/SP calculated by NGC:
Sensitivity: 1.00 [0.78, 1.00]
Specificity: 0.33 [0.25, 0.42]

S100 B (cut-off 0.230 pg L-1) at 6h post-TBI
TP: 14

FP: 62

FN:1

TN: 66

SN/SP calculated by NGC:
Sensitivity: 0.93 [0.68, 1.00]
Specificity: 0.52 [0.43, 0.60]

S100 B (cut-off 0.254 ug L-1) at 6h post-TBI
TP: 13

FP: 55

FN: 2

TN: 73

SN/SP calculated by NGC:
Sensitivity: 0.87 [0.60, 0.98]
Specificity: 0.57 [0.48, 0.66]

Different cut-off values for S 100B detecting IL 3-hours post- TBI

| Value (ug L-1) Sensitivity Specificity | PPV | NPV
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Reference

Source of funding

Limitations

Comments

Reference
Study type
Study methodology

Number of patients

Patient characteristics

Egea-Guerrero, 2012 2!

0.105 100 25 15.29 100
0.130 100 32.29 16.67 100
0.230 92.31 51.04 20.34 98
0.254 84.62 57.29 21.15 96.49

No raw data available

No significant differences were found between AUCs for the 6-hour and 3-hour screening intervals.
Donation of Protein S100B Electrochemiluminescence Assay Kits from Roche Diagnostics, Mannheim, Germany
Risk of bias (QUADAS 2 — risk of bias): none

Indirectness (QUADAS 2 — applicability): serious. Mixed population of adults and children.

No information on treatment for patients.

Egea-Guerrero, 2018 22
Prospective cohort study

Data source: Two centres contributed to this study, the Virgen del Rocio University Hospital in Seville and the Virgen de las
Nieves University Hospital in Granada. Subjects with a Glasgow Coma Scale (GCS) score of 15 and at least one
neurological symptom post-trauma was selected.

n =260

Mixed population includes above 14 years. Not reported proportion of adults and children.
Age, mean (SD): Age > 65 years, n (%)- 50 (19.2%)

Gender, male, n (%): 166 (63.8)
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Reference

Target condition(s)

Index test(s) and
reference standard

Egea-Guerrero, 2018 22
GCS: GCS=15 (mild TBI)

Symptom findings, n (%)

Amnesia: 143 (55.0)

Loss of consciousness: 190 (73.1)

Nausea: 69 (26.5)

Vomits: 40 (15.4)

Headache: 145 (55.8)

Isolated TBI, n (%): 171 (65.8)

S100B (pg/L), median (IQR): 0.18 (0.09-037)

Ethnicity: not reported
Setting: hospital trauma centre

Country: Spain

Inclusion criteria: age = 14; GCS = 15 at hospital admission and at least one of the following symptoms/findings: transitory
loss of consciousness, amnesia, persistent headache, nausea or vomiting (17); extraction of serum sample within 6 h post-
trauma (2) and CT scan within 24 h post-TBI (never prior to 1 h post-accident)

Exclusion criteria: anticoagulated or anti-aggregated treatment, pregnancy or possibility of pregnancy, previous history of
drug/alcohol abuse, renal failure, drug interference in the evaluation of GCS, history of syncope or seizure before head
trauma, previous cerebrovascular accident or TBI, epilepsy, schizophrenia, depression or degenerative disease and multiple
trauma with an Abbreviated Injury Score = 3 in organs excluding the brain

Acute post-brain injury complications

Index test:
Serum S100B

A 5-mL sample of blood was drawn from each patient. Once collected, samples were centrifuged at 1800g for 10 min. The
sera were separated and frozen in aliquots at —80°C until batch evaluation.
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Reference

Results

Egea-Guerrero, 2018 22
Venous blood samples for S100B were collected approximately 3 h and 25 min post-TBI (IQR: 2.0-4.3).

Reference standard:
CT

CT scan within 24 h post-TBI (never prior to 1 h post-accident)

Outcome: presence of intracranial lesion (IL) on CT

For the analysis of the clinical variables of mild TBI, patients were divided according to findings in the CT scan indicating
presence or no presence of IL.

N=22. Twenty-two patients (8.5%) presented ILs in CT scans, including epidural hemorrhage (18.2% of ILs), subdural
haemorrhage (54.5%), subarachnoid haemorrhage (27.3%) and contusion (50.0%). None of these patients underwent
emergency neurosurgery.

N=238 normal CT
S100 B - cut-off for S 100B in patients with mild TBI (S100B = 0.10 pg/L) ~ 3 h and 25 min post-TBI

ROC analysis showed that levels of S100B within 6 h post-mild TBI could differentiate between patients with and without IL
(AUC [area under the curve] = 0.671; 95% CIl = 0.5740.769; p = 0.008).

Seventy patients (26.92%) showed values of S100B <0.10 pg/L.

Sensitivity- 95.5% (no Cl reported)

specificity- 30.7% (no Cl reported)
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Reference

Source of funding

Limitations

Comments

Reference
Study type
Study methodology
Number of patients

Patient characteristics

Egea-Guerrero, 2018 22
positive predictive value (PPV)- 11.1% (no Cl reported)
negative predictive value (NPV)- 98.6% (no Cl reported)

Back calculation of 2x2 table by NGC:

TP: 21
FP: 164
FN: 1

TN: 74
Not reported
Risk of bias (QUADAS 2 — risk of bias): none

Indirectness (QUADAS 2 — applicability): serious. Mixed population of adults and children.

None of these patients underwent emergency neurosurgery.

Ernstbrunner, 2016 %3
Retrospective cohort

Data source: Data were collected retrospectively of all patients admitted from November 2008 to May 2012.
n = 382 (no ICH 378; Secondary ICH n=4)

Age, mean (SD):
No ICH: 82 (+9)
Secondary ICH: 76 (x11)
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Reference

Target condition(s)

Index test(s) and
reference standard

Ernstbrunner, 2016 2

No ICH :207 lacerations, 25 fractures
Secondary ICH : 3 lacerations
Gender (female%):

No ICH: 60

Secondary ICH: 50

GCS: Mild (GCS 14-15)
Ethnicity: not reported
Setting: Level Trauma centre
Country: Austria

Inclusion criteria: (1) 260 years of age, (2) intake of daily LDA prophylaxis (50-100 mg day') (low dose acetyl salicylic acid
prophylaxis), (3) isolated mHI with a GCS of 14-15, (4) negative pHCT within 3 hours and (5) no hypertensive irregularities
during the in-hospital observation period (systolic blood pressure <150 mm Hg).

Exclusion criteria: patients taking anticoagulants such as heparin, warfarin, coumarin, clopidogrel or non-steroidal anti-
inflammatory drugs; haematological or onco-logical diseases; and moderate or severe head injuries. On admission, the LDA
therapy was paused and replaced by low-dose heparin for 14 days after the event

Acute post-brain injury complications

Index test:
Serum S100B

Peripheral venous blood was obtained directly after the primary CT within an average of 3 hours after initial trauma

Reference standard:
CT scan
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Reference Ernstbrunner, 2016 2
Primary head CT and RRHCT (repeated head computed tomography (RRHCT) scans within 3 and 48 hours to trauma were
performed.

The CT scans were reviewed without delay by an in-house attending senior radiologist. After the CT scan, all patients with
mHI were kept under observation for a minimum of 24 hours.

Results Outcome:
secondary intracranial haemorrhagic events (SIHE) on CT

Four patients (corresponds to 1.0%) developed SIHEs

S100B cut-off value of 0.10 yg 1-' -within an average of 3 hours

Sensitivity: 75.0%

Specificity: 19.0%

negative predictive value (NPV): 98.6%

positive predictive value (PPV) 1.0%

area under the curve (AUC) for detection of SIHEs: 0.399 (95% CI = 0.079-0.720; p> 0.05)

Back calculation of 2x2 table by NGC:

TP: 3
FP: 306
FN: 1
TN: 72
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Reference
Source of funding

Ernstbrunner, 2016 23
No funding

Risk of bias (QUADAS 2 — risk of bias): very serious. Unclear whether selection of patients could have introduced bias;

Limitations unclear whether index test results were interpreted without knowledge of the reference standard and vice versa
Indirectness (QUADAS 2 — applicability): none

Comments No information on management

Reference Forouzan, 2021 %

Study type Prospective cohort

Study methodology Data source: patients with TBI who were referred to 2 trauma hospitals in 2019

Number of patients n=176

Patient characteristics Age, mean (SD): 36.4 (16) years (range 16-90 years)
Gender (male): 80.1%
GCS 14-15: 100%

Ethnicity: not reported

Setting: 2 hospitals

Country: Iran
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Reference

Target condition(s)

Index test(s) and
reference standard

Results

Forouzan, 2021 24

Inclusion criteria: 216 years of age; clinical diagnosis of TBI; those who have indications for brain CT scan in terms of the
National Institute for Clinical Excellence Criteria (NICE); <6 hours elapsed between the event and examination; GCS 15- 13
(mild TBI)

Exclusion criteria: <16 years old; explosive or penetrating damage; chronic subdural hematoma; previous brain disorders;
TBI requiring no CT; living in another province that made it difficult to follow-up
Acute post-brain injury complications

Index test:
Serum GFAP
Within 6 hours of injury (not stated mean timing of sampling)

Reference standard:
CT scan

Follow up: post-concussion symptoms measured 3 months after injury
Outcome: positive CT scan (acute epidural or subdural hematoma, cortical contusion, ventricular compression, ventricular

trapping, cerebral herniation, intraventricular hemorrhage, hydrocephalus, subarachnoid hemorrhage, cerebral edema, post-
traumatic ischemia, intracranial hematoma, and cerebral venous sinus thrombosis)

The results of the CT scan in the patients under study were found to be normal for 168 individuals and positive for 8
individuals with intracranial trauma-related lesions. A

Positive CT scan — Serum GFAP (optimal cut-off derived from AUC 1.35 ng/ml)- within 6 hours

Sensitivity%: 50 (95% CI not reported)
Specificity%: 44 (95% ClI not reported)

253

NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications DRAFT [September 2022]



DRAFT FOR CONSULTATION
Brain injury biomarkers for predicting acute brain injury complications

Reference Forouzan, 2021 2*

AUC% (95% Cl): 42.5 (95% CI 73.5-11.5)

Back calculation of 2x2 table by NGC:

TP: 4
FP: 94
FN: 4
TN: 74
Source of funding Supported by the vice-chancellor of research affairs of the Ahvaz Jundishapur University of Medical Sciences
L Risk of bias (QUADAS 2 — risk of bias): serious. Unclear whether the reference standard was interpreted without knowledge
Limitations of the index test
Indirectness (QUADAS 2 — applicability): none
Comments Methods section states sensitivity, specificity, PPV and NPV of S100B blood level for the detection of ICH requiring a
medical and/or surgical treatment were estimated in the study population, but this is not clearly reported in the results. Main
results extracted for positive CT scan.
Reference Gardner, 2018 26 TRACK-TBI Pilot study
Study type Prospective cohort study

Data source: Study enrolled 586 patients with TBI across the spectrum of age and TBI severity who presented to the
emergency department (ED) of one of the three participating Level 1 trauma centres within 24 h of head trauma.

n = 586 (n=169 analysed - people with mild TBI)

Study methodology

Number of patients

= . :
Patient characteristics Age < 40 years: n=79. Mean (SD): 25.8 (7.3) years
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Age 40-59 years: n=60. Mean (SD): 50.0 (5.9) years
Age = 60 years: n=30. Mean (SD): 68.0 (8.4) years

Gender (female):

Age < 40 years: 21 (26.6)
Age 40-59 years: 20 (33.3)
Age = 60 years: 11 (36.7)

GCS: mild TBI (GCS 13-15)
GCS 13

Age < 40 years: 2 (2.5)

Age 40-59 years: 0 (0.0)
Age = 60 years: 0 (0.0)

GCS 14

Age < 40 years: 16 (20.3)
Age 40-59 years: 10 (16.7)
Age = 60 years: 2 (6.7)

GCS 15

Age < 40 years: 61 (77.2)
Age 40-59 years: 50 (83.3)
Age = 60 years: 28 (93.3)

Ethnicity:

White

Age < 40 years: 62 (78.5)
Age 40-59 years: 47 (78.3)
Age = 60 years: 29 (96.7)
Black

Age < 40 years: 7 (8.9)
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Reference

Target condition(s)

Index test(s) and
reference standard

Gardner, 2018 26 TRACK-TBI Pilot study
Age 40-59 years: 8 (13.3)
Age = 60 years: 0 (0.0)
Asian

Age < 40 years: 5 (6.3)
Age 40-59 years: 2 (3.3)
Age = 60 years: 0 (0.0)
Other/unknown

Age < 40 years: 5 (6.3)
Age 40-59 years: 3 (5.0)
Age = 60 years: 1 (3.3)

Setting: trauma centre
Country: USA

Inclusion criteria: age 16 years and older with mild TBI (GCS score 13-15) and ability to provide informed consent either
independently or via a proxy.

Exclusion criteria: Patients were excluded if they were non-English speaking, pregnant, in custody, undergoing psychiatric
evaluation, had contraindications to magnetic resonance imaging (MRI), or had pre-existing medical or neurological
conditions that would interfere with evaluation of TBI (such as pre-existing dementia or severe psychiatric illness)

Acute post-brain injury complications

Index test:
Serum GFAP

All blood samples were obtained within 24 h of injury
Sample collection hours post-injury (hours):

Age < 40 years: 8.6 — 5.6 (1.0-23.9)

Age 40-59 years: 10.8 — 6.9 (0.5-23.5)

Age = 60 years: 13.6 — 6.8 (2.1-23.5)
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Reference

Results

Gardner, 2018 2¢6 TRACK-TBI Pilot study

Reference standard:
Head CT

A single board-certified neuroradiologist (ELY), blinded to demographic, socioeconomic, and clinical data (except age and
sex), reviewed each head CT and scored evidence of acute intracranial trauma according to expert consensus
recommendations of the TBI CDE Neuroimaging Working Group.

Outcome:

acute intra cranial trauma

For this study, evidence of acute intracranial trauma (i.e., CT+) was defined as presence of at least one of the following:
epidural haemorrhage (EDH), subdural haemorrhage (SDH), subarachnoid haemorrhage (SAH), brain contusion,
intracerebral haemorrhage (ICH), intraventricular haemorrhage (IVH), traumatic or diffuse axonal injury (TAI/DAI), midline
shift >5 mm, partial or complete effacement of basal cisterns, or cerebral oedema. CT- was defined as having none of these
aforementioned findings. Additionally, intra-parenchymal injury was defined as contusion, ICH, TAI/DAI, or oedema; extra-
parenchymal injury, as EDH, SDH, SAH, or IVH.

Patients were categorised as young (age< 40 years), middle aged (40-59 years) and older age (age =60 years).

While GCS score did not significantly differ across age categories, older adults had the highest prevalence of CT findings
(especially SDH and SAH) and the highest prevalence of intensive care unit and stepdown admission

GFAP levels were found to be significantly higher with increasing age group.

Young: CT negative n=61; CT positive n=18
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Reference Gardner, 2018 26 TRACK-TBI Pilot study
Middle aged: CT negative: n=40, CT positive n= 20
Older age: CT negative n=12, CT positive n= 18

Results:

For diagnosis of intracranial trauma on CT

GFAP ng/ml [cut-off point 0.43 (0.25-0.60)] (all patients)

AUC (95% confidence interval [CI]): 0.88 (0.82- 0.93)

GFAP ng/mL [cut-off point 0.43 (0.25-0.60)]- within 24 hrs

Young age ( < 40 years),

Sensitivity: 83.3 (no ClI reported)

specificity: 83.6 (no Cl reported)

Back calculation of 2x2 table by NGC:

TP: 15
FP: 10
FN: 3
TN: 51
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Reference Gardner, 2018 26 TRACK-TBI Pilot study

GFAP ng/mL [cut-off point 0.43 (0.25-0.60)]- within 24 hrs
Middle age (40-59 years)

Sensitivity: 90.0 (no Cl reported)

specificity: 77.5 (no Cl reported)
Back calculation of 2x2 table by NGC:

TP: 18
FP: 9
FN: 2
TN: 31

GFAP ng/mL [cut-off point 0.43 (0.25-0.60)]- within 24 hrs
Old age (age =60 years).

Sensitivity: 66.7 (no Cl reported)
specificity: 66.7 (no Cl reported)

Back calculation of 2x2 table by NGC:

TP: 12
FP: 4
FN: 6
TN: 8
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Reference Gardner, 2018 26 TRACK-TBI Pilot study

AUC

Young age
0.93, 0.88-0.99

Middle-aged
0.92, 0.86-0.99

old age
0.73, 0.54-0.91

Source of funding This study was supported by the National Institutes of Neurological Disorders and Stroke (Beeson K23NS095755 to RCG,
RC2 NS069409 to GTM, U0O1 NS086090 to GTM, and R21NS085455 to KWW), the American Federation for Aging
Research (to RCG), the Department of Defence (DoD; W81XWH-13-1-0441 to GTM and W81XWH-14-2-0176 to GTM), the
University of Florida McKnight Brain Institute BSCIRTF fund (to KWW), and the SUNY Downstate Medical Centre (to RR).
This study was also supported in part by the Office of the Assistant Secretary of Defence for Health Affairs through the DoD
Broad Agency Announcement under award numbers W81XWH-11-2-0069 (RR) and W81XWH-14-2-0166 (RR).

Risk of bias (QUADAS 2 — risk of bias): serious. Unclear whether the selection of patients could have introduced bias

Ll Indirectness (QUADAS 2 — applicability): none

Comments No information on treatment
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Reference Gatson, 2014 %’ (Mild and Moderate TBI Biomarker [MAMBA] study)
Study type Prospective cohort

Dat : patients with ild TBI (mTBI isti f periods of | f i ) f bef ft
Study methodology ata source: patients with an mi (mTBI ) consisting of periods of loss of consciousness, loss of memory before or after

the event, altered mental status, and/or neurological deficits that are acute or chronic were enrolled into this TBI bio-marker
study. The Glasgow Coma Scale (GCS) scoring system was also used to identify the mTBI patients.

Number of patients n =234

Age, mean (SD):
CT negative: 33.4 £ 9.8
CT positive: 35.1 £ 1.6

Patient characteristics

Gender (male):
CT negative: 7 (43.8)
CT positive: 14 (77.7)

GCS: mild TBI
CT (negative):
GCS 13: 2 (12.5)
GCS 14: 6 (37.5)
GCS 15: 8 (50)

CT positive:

GCS 13: 10 (55.5)
GCS 14: 1 (5.6)

GCS 15:7 (38.9)
Ethnicity: not reported
Setting: hospital

Country: USA
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Reference

Target condition(s)

Index test(s) and
reference standard

Results

Gatson, 2014 2’ (Mild and Moderate TBI Biomarker [MAMBA] study)

Inclusion criteria: TBI patients with a GCS score between 13 and 15 who were admitted to Parkland Hospital (Dallas, Texas)
were identified and screened using the patient database .Both men and women between the ages of 18 and 50 years with
an mTBI were screened.

Exclusion criteria: Patients with penetrating injuries or those included in an interventional clinical trial were excluded
Acute post-brain injury complications

Index test:
Serum neurofilament-H (NFL-H)

Study measured the serum levels of pNFL-H in patients with mTBI at Day 1 (18-24 hours) or Day 3 (66-72 hours) after
injury.

The range of detection is 0.0293 ng/ml to 15 ng/ ml.

Reference standard:
CT scan

A scan was deemed to be positive if there was evidence of skull fractures, subdural/ epidural/subarachnoid hemorrhaging,
edema, and/or contusions.

Outcome:

Intracranial findings on CT (skull fractures, subdural/ epidural/subarachnoid haemorrhaging, oedema, and/or contusions)

Of the mTBI patients who were admitted to the hospital, 47% of subjects (n = 16) had normal findings on CT scans (CT—
group), and intracranial findings were documented on the CT scans of 53% (n = 18; CT+ group).

pNFL-H (1071 pg/ml) — (18-24 hours) Day 1
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Reference Gatson, 2014 %’ (Mild and Moderate TBI Biomarker [MAMBA] study)
AUC: 82.5%
Sensitivity: 87.5%
Specificity :70%.

Back calculation of 2x2 table by NGC:

TP: 16
FP:5
FN: 2
TN: 11

pNFL-H (1071 pg/ml) - Day 3

AUC: 71.7%

Source of funding Funding was provided by the Division of Bum/Trauma/Critical Care; Department of Surgery; UT Southwestern Medical
Center, Dallas, Texas.

Risk of bias (QUADAS 2 — risk of bias): serious. Unclear whether the selection of patients could have introduced bias

i el Indirectness (QUADAS 2 — applicability): none

Comments No information on management
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Reference
Study type
Study methodology

Number of patients

Patient characteristics

Target condition(s)

Index test(s) and
reference standard

Gill, 2018 8
Prospective cohort

Data source: patients presenting to the emergency department (ED) seeking care for a suspected brain injury and healthy
controls without a history of TBI or neurologic disease were recruited from the National Institute of Health protocols:
NCT01762475 and 09-NR-0131. Part of the Traumatic Head Injury Neuroimaging Classification study

n = 277 (n = 49 controls)
Age, mean (SD): MRI+, CT+ 52.03 (19.83); MRI+, CT- 46.04 (16.08); MRI-, CT- 41.48 (15.25) years

Gender (male): MRI+, CT+ 65%; MRI+, CT- 60%; MRI-, CT- 57%

GCS mean (SD): MRI+, CT+ 14.07 (1.53); MRI+, CT- 14.42 (1.11); MRI-, CT- 14.51 (7.22)
Ethnicity: not reported

Setting: emergency department

Country: USA

Inclusion criteria: seeking care for a suspected brain injury; 18-85 years of age; GCS 13-15

Exclusion criteria: not reported
Acute post-brain injury complications

Index test:

Plasma NFL within 48 hours post injury
Plasma GFAP within 48 hours post injury
Plasma UCH-L1 within 48 hours post injury

Reference standard:

CT scan within 48 hours post injury
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Reference Gill, 2018 28
MRI scan within 48 hours post injury

Follow up: no mention of follow up

Results Outcome: neuroimaging findings (CT and MRI)

Findings on CT scan — Plasma GFAP within 48 hours post injury

AUC (95% Cl): 0.77 (0.7-0.84)

Findings on CT scan — Plasma NFL within 48 hours post injury

AUC: 0.65 (95% CI not reported)

Findings on MRI scan — Plasma GFAP within 48 hours post injury

AUC: 0.8 (95% CI not reported)

Findings on MRI scan — Plasma NFL within 48 hours post injury

AUC: 0.66 (95% CI not reported)

Findings on MRI scan with negative CT scan — Plasma GFAP within 48 hours post injury

AUC: 0.74 (95% CI not reported)

Findings on MRI scan with negative CT scan — Plasma NFL within 48 hours post injury
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Reference

Source of funding

Limitations

Comments

Reference
Study type
Study methodology

Number of patients

Patient characteristics

Gill, 2018 28

AUC: 0.64 (95% CI not reported)

National Institute of Nursing Research (NINR) Intramural Research Program, National Institute of Neurological Disease and
Stroke (NINDS) Team, Center for Neuroscience and Regenerative Medicine, Acute Studies and Biomarker Core, National
Football League and General Electric, Head to Head Grant

Risk of bias (QUADAS 2 — risk of bias): very serious. Unclear whether selection of patients could have introduced bias; no
description of what was considered to be a positive finding on CT/MRI scans; unclear whether reference standard was
interpreted without knowledge of the index test

Indirectness (QUADAS 2 — applicability): none

UCH-L1 also measured but findings not reported as approximately one third did not meet quality control specifications.
Diagnostic accuracy of a combination of biomarkers was also reported, but not extracted as it included tau which is not
included in the review protocol.

Ingebrigtsen, 2000 2°
Prospective cohort

Data source: consecutive adult patients with head injury evaluated in the emergency department (ED) of a single university
hospital from November 2015 to November 2016.

n=182

Age, mean (range): 33 (15-78) years
Gender (male): 61%

GCS 13: 5.5%

GCS 14: 18.7%
GCS 15: 75.8%
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Reference

Target condition(s)

Index test(s) and
reference standard

Results

Ingebrigtsen, 2000 2°
Ethnicity: not reported

Setting: Departments of Neurosurgery/Neurology at 3 centres
Country: Finland

Inclusion criteria: head injury with brief (10 minutes) loss of consciousness; GCS 13-15 at admission; no focal neurological
deficits; age 15-80 years; admitted within 12 hours post injury; CT performed within 24 hours after injury

Exclusion criteria: history of neurological disease
Acute post-brain injury complications

Index test:
Serum S100B measured immediately after admission (cut-off >0.2 pg/L) (mean 3 hours (range 0.5-12 hours) after injury)

Reference standard:
CT scan within 24 hours post injury

Follow up: Rivermead Post Concussion Symptoms questionnaire measured 3 months post injury

Outcome: intracranial pathology on CT scan

Intracranial pathology on CT scan — Serum S100B measured immediately after admission (cut-off 20.2 ug/L) mean 3 hours

TP: 9
FP: 60
TN: 112
FN: 1
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Reference

Source of funding

Limitations

Comments

Reference
Study type
Study methodology

Number of patients

Patient characteristics

Ingebrigtsen, 2000 2°
Sensitivity%: 90
Specificity%: 65

PPV: 0.13

NPV: 0.99

SN/SP calculated by NGC

Sensitivity: 0.90 [0.55, 1.00]
Specificity: 0.65 [0.57, 0.72]

The Laerdal Foundation for Acute Medicine and the Skane County Council’'s Research and Development Foundation

Risk of bias (QUADAS 2 — risk of bias): very serious. Unclear whether the index test was interpreted without knowledge of
the reference standard and vice versa; unclear no description of what was considered intracranial pathology on CT scan
Indirectness (QUADAS 2 — applicability): serious. Population indirectness as children and adults were included, although the
mean suggests majority were adults.

Kahouadiji, 2020 '
Prospective cohort

Data source: adult patients presenting to the emergency department (ED) at a single centre with mild TBI and clinical
indication for a CT scan from February 2018 to April 2019

n =130
Age, mean (SD): 44.8 (20.4) years

Gender (male): 62%
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Reference

Target condition(s)

Index test(s) and
reference standard

Results

Kahouadji, 2020 '

GCS 13/14: 17%
GCS 15: 83%

Ethnicity: not reported
Setting: single centre ED
Country: Switzerland

Inclusion criteria: Adult (218 years) mild TBI patients with a clinical indication for a CT scan, as described in the Canadian
CT Head Rule; mild TBI defined as head trauma with GCS score of 13-15

Exclusion criteria: not reported
Acute post-brain injury complications

Index test:
Serum S100B measured 3 hours post injury

Reference standard:
Cranial CT scan

Follow up: no mention of follow up
Outcome: positive CT scan (at least one pathophysiological trauma-relevant intracranial lesion - any signs of cranial (skull

fracture) or intracranial pathology (hematoma, air, or contusion), subgaleal hematomas were also considered positive to
prevent disregarding abnormalities that may influence S100B levels

Positive CT scan — Serum S100B measured 3 hours post injury (cut-off 0.1 ug/L)

TP: 32
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Reference Kahouadji, 2020 '
FP: 87
TN: 10
FN: 1
Sensitivity% (95% Cl): 97 (84.2-99.9)
Specificity% (95% Cl): 11 (5.8-19.4)
PPV% (95% Cl): 27 (19.3-36.1)
NPV% (95% Cl): 92 (61.5-99.8)
AUC (95% CI): 0.71 (0.6-0.81)

SN/SP_calculated by NGC

Sensitivity: 0.97 [0.84, 1.00]
Specificity: 0.10 [0.05, 0.18]

Positive CT scan — Serum S100B measured 3 hours post injury (cut-off 0.08 pg/L)

Sensitivity% (95% Cl): 100 (89.4-100)
Specificity% (95% Cl): 7 (2.3-13)

Positive CT scan — Serum S100B measured 3 hours post injury (cut-off 0.14 pg/L)

Sensitivity% (95% CI): 91 (76-98)
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Reference

Source of funding

Limitations

Comments

Reference
Study type
Study methodology

Number of patients

Patient characteristics

Kahouadji, 2020 '
Specificity% (95% Cl): 31 (21.9-41.1)

Supported by the program in the Auvergne Rhéne-Alpes region for international academic and scientific cooperation
between French and Swiss teams

Risk of bias (QUADAS 2 — risk of bias): very serious. Unclear whether the selection of patients could have introduced bias;
unclear whether the index test was interpreted without knowledge of the reference standard and vice versa
Indirectness (QUADAS 2 — applicability): none

Serum S100B did not influence patients’ clinical management

Kaneko, 2019 32
Prospective cohort

Data source: patients with mild-to-moderate TBI admitted to emergency department, using blood samples obtained upon
admission. The study was performed between May 2014 and June 2016 in the emergency department at Kumamoto
Medical Center

n =57
Age, years: 70 (57-81)

Gender (male): 22 (39%)
Severity: mild to moderate TBI
GCS mean (range): 15 (14-15)

Ethnicity: not reported
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Reference Kaneko, 2019 32
Setting: ED
Country: Japan

Inclusion criteria: admission to the emergency department of Kumamoto Medical Center, single blunt head trauma, mild-to-
moderate TBI with Glasgow coma scale score of 9-15, and head computed tomography (CT) scheduled before collecting
informed consent

Exclusion criteria: Pregnant women were excluded.

Acute post-brain injury complications
Target condition(s)

Index test:

Serum biomarkers

- glial fibrillary acidic protein (GFAP) (ng/mL)

- phosphorylated neurofilament heavy subunit (pNF-H) (pg/mL)

- heart-type fatty acid binding protein (H-FABP) (ng/mL)

- neuron-specific enolase (NSE) (ng/mL)

- S 100B protein (S100B) (pg/mL)

After obtaining informed consent, the blood sample taken upon emergency department admission was stored at -80 °C

Index test(s) and
reference standard

Reference standard:

CT

Follow up: not reported

Outcome: Positive head CT findings

Results
Positive head CT findings were defined as intra-cranial haemorrhagic findings
CT positive: (n=12)
CT negative: (n=45)
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Reference Kaneko, 2019 32
Positive head CT findings: 12 (21%)
- Traumatic subarachnoid haemorrhage (SAH): 4
- subdural haematoma (SDH): 7

- Brain contusion: 1

The Glasgow coma scale score was significantly different between the two groups, with median values of 14 and 15 in the
head CT-positive and -negative groups.

Serum biomarkers value:

- GFAP (ng/mL)0.11 (0.00-0.22)

- pNF-H (pg/mL) 53.9 (0.0-265.4)
- H-FABP (ng/mL) 5.2 (3.1-9.6)

- NSE (ng/mL) 12.6 (7.9-15.6)

- S 100B (pg/mL) 7.2 (0.0-48.7)

Biomarker: AUC curve (95% CI)
GFAP: 0.845 (0.698-0.991)
pNF-H: 0.569 (0.398-0.739)
H-FABP: 0.518 (0.315-0.721)
NSE: 0.744 (0.565-0.923)
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Reference

Source of funding

Limitations

Comments

Reference
Study type
Study methodology

Number of patients

Patient characteristics

Kaneko, 2019 32

S100B: 0.753 (0.582-0.924)

study was supported by JSPS KAKENHI (Grant Number JP16K11409)

Risk of bias (QUADAS 2 — risk of bias): very serious. Unclear whether the selection of patients could have introduced bias;
unclear whether the index test was interpreted without knowledge of the reference standard and vice versa
Indirectness (QUADAS 2 — applicability): none

No information on treatment

Kotlyar, 2011 34
Prospective cohort study

Data source: This was a prospective observational study of patients aged 18 years or older with minor head trauma
presenting to an urban Level | ED (> 90,000 visits per year) from March 2006-April 2007. Minor head trauma was defined as
blunt head injury with a Glasgow Coma Scale score (GCS) of 13-15, with or without loss of consciousness, and a non-focal
neurologic examination.

n = 346

Age, mean (SD): 48
Gender (male): 62%

GCS:
GCS 15: 89% (303)
GCS <15: 10% (35)

Ethnicity:

White: 63% (219)
Hispanic: 20% (68)
Black: 13% (45)
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Reference

Target condition(s)

Index test(s) and
reference standard

Results

Kotlyar, 2011 34
Other: 4% (14)

Setting: ED
Country: USA

Inclusion criteria: Patients presenting within 6 h of injury and undergoing HCT for evaluation of minor head trauma (GCS of
13-15) were eligible for enroliment. Patients with concomitant trauma were eligible for enrollment. Alcohol- and drug-
intoxicated patients were also eligible for enrollment if time of injury was known. Non-focal neurologic examination

Exclusion criteria: Major trauma, non-English-speaking patients, head trauma occurring > 6 h before ED presentation,
altered mental status of unclear etiology (e.g., seizure, stroke, sepsis)

Acute post-brain injury complications

Index test:
Serum S100B

Blood was collected upon admission (within 6 hours of injury) and immediately sent to the laboratory for processing

Reference standard:
Head CT

ED HCT was performed within 3 h of ED presentation

Outcome:

Positive CT results (subarachnoid haemorrhage, epidural haemorrhage, subdural haemorrhage, intraparenchymal
haemorrhage , diffuse brain oedema , diffuse axonal injury, skull fracture)
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Reference Kotlyar, 2011 34
Head CT negative: 324
Head CT positive: 22

S100B (cut-off 42 ng/dL)- within 6 hours

Sensitivity (95% Cl): 86% (95% Cl 67-96%)
Specificity (95% Cl): 37% (95% CI 29-45%)
PPV (95% Cl): 18% (95% CI 12-27%)
NPV (95% ClI): 94% (95% CI 87-98%)

Back calculation of 2x2 table done by NGC:

TP: 19
FP: 204
FN: 3
TN: 120

S100B (cut-off 32 ng/dL)- within 6 hours

Sensitivity (95% Cl): 91% (95% Cl 72-98%)
Specificity (95% Cl): 24% (95% CI 17-31%)
PPV (95% CI): 16% (95% CI 11-24%)
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Reference Kotlyar, 2011 34
NPV (95% Cl): 94% (95% CI 81-98%)

Back calculation of 2x2 table done by NGC:

TP: 20
FP: 246
FN: 2
TN: 78

S100B (cut-off 24 ng/dL)- within 6 hours

Sensitivity (95% Cl): 96% (95% CI 78-100%)
Specificity (95% Cl): 13% (95% CI 9-20%)
PPV (95% Cl): 15% (95% CI 10-22%)

NPV (95% ClI): 95% (95% CI 76-100%)

Back calculation of 2x2 done by NGC:

TP: 21
FP: 282
FN: 1
TN: 42

Source of funding Not reported

277
NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications DRAFT [September 2022]



DRAFT FOR CONSULTATION
Brain injury biomarkers for predicting acute brain injury complications

Reference Kotlyar, 2011 34
Risk of bias (QUADAS 2 — risk of bias): very serious. Unclear whether the selection of patients could have introduced bias;

Limitations unclear whether the index test was interpreted without knowledge of the reference standard and vice versa
Indirectness (QUADAS 2 — applicability): none

Comments No information on treatment

Reference Lagerstedt, 2017 3%
Prospective cohort

Study type P

Data source: This study recruited a total of 261 patients at three different European sites: Geneva (Switzerland), Barcelona
(Spain) and Seville (Spain)

n =172 [CT +: 140 (81%); CT -: 32 (19%)]

Study methodology

Number of patients

Mixed population (age > 14 years- adults and children)
Age, years:

CT+: 46 (20) years

CT -: 61 (25) years

Patient characteristics

261 mild TBI patients with a GCS score of 15. Of these, 172 patients came to the hospital < 6 h after trauma, with a mean
time (£ SD) of 198 min + 88

Gender (male):

CT+: 101 (72%)

CT-: 23 (72%)
Ethnicity: not reported
Setting: hospital

Country: Switzerland and Spain
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Reference Lagerstedt, 2017 3%

Inclusion criteria: diagnosis of mTBI with a GCS score of 15; presence of at least one clinical symptom (loss of
consciousness, amnesia, vomiting or nausea, headache or equilibrium disorder); CT scan performed within 24 h of the
trauma (where the presence of epidural haemorrhage, subdural haemorrhage, subarachnoid haemorrhage, intracerebral
haemorrhage, contusion with haemorrhage, cerebral oedema or skull fracture was classified as CT-positive); blood sample
collected at admission; and age above 14 years old.

Exclusion criteria: pregnancy; GCS score below 15 at admission to hospital; absence of clinical symptoms; no head CT
scan; and no signed informed consent form

Acute post-brain injury complications
Target condition(s)

Index test:
- Serum S100B
- Serum Heart fatty-acid binding protein (H-FABP)

Index test(s) and
reference standard

Blood samples collected <6 h after trauma.
Reference standard:

Head CT

CT scan performed within 24 h of the trauma

Outcome:

Results CT positive (not defined)

S100B and H-FABP levels were measured for all patients (at < 6 h) and showed significantly higher concentrations in CT-
positive than in CT-negative patients (p = 0.003 and p = 0.004, respectively).

A total of 32 patients (19%) were classified as CT-positive and n=140 CT negative.

Results:
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Reference Lagerstedt, 2017 3%
S100 B (cut-off 0.1 pg/L)- within 6h

Sensitivity: 81.3 (95% CIl 65.6—93.8)
Specificity: 42.1 (95% CI 34.3-50.0)

Back calculation of 2x2 tables by NGC

TP: 26
FP: 81
FN: 6

TN: 59

S100 B (cut-off 0.042 ug/L) [sensitivity set at 100% )- within 6h

Sensitivity: 100 (95% CI 100-100)
Specificity: 6.4 (95% Cl 2.8-10.7)

S100B:

AUC: 66.9% (95% CI 56 -77.8)

H-FABP (cut-off 2.62 ug/L) [sensitivity set at 100%)- within 6h
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Reference Lagerstedt, 2017 3%
Sensitivity: 100 (95% CI 100-100)
Specificity: 29.3 (95% Cl 21.4-37.1)

H-FABP
AUC: 66.4% (95% Cl 57.2-75.5%)

Source of funding Not stated
Risk of bias (QUADAS 2 — risk of bias): very serious. Unclear whether the selection of patients could have introduced bias;

77
78
79
80

Limitations unclear whether the index test was interpreted without knowledge of the reference standard and vice versa
Indirectness (QUADAS 2 — applicability): serious. Population indirectness as children and adults were included, although the
mean suggests majority were adults.
Comments No information on treatment
Reference Lagerstedt, 2018 3¢
Prospective cohort stud
Study type pectiv udy
Data source: Patients were recruited from three different European sites: Geneva, Seville and Barcelona.
Study methodology

Number of patients

Patient characteristics

NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications DRAFT [September 2022]

n = 132 (CT negative scan, n (%) 111 (84) 2; CT positive n=21 (16))

Age, mean (SD) year: mixed population (mean age -adults)

CT negative: 46 (21)
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Reference

Target condition(s)

Index test(s) and
reference standard

Lagerstedt, 2018 3¢
CT positive: 63 (24)

Gender (male):

CT negative: 82 (74)

CT positive: 14 (67)

GCS: GCS score of 15 and at least one clinical symptom
Ethnicity: not reported

Setting: ED

Country: Spain

Inclusion criteria: patients were diagnosed with mTBI and had a GCS score of 15 and at least one additional clinical
symptom (vomiting or nausea, loss of consciousness, amnesia, an equilibrium disorder or a headache) and age above 14
years old. Each patient had a blood sample taken at hospital admission 6 h post trauma and a CT scan was performed
within 24h post trauma

Exclusion criteria: no CT scan, no clinical symptoms, GCS score below 15, pregnancy and no signed informed consent form.
Acute post-brain injury complications

Index test:

Serum biomarkers - Thirteen proteins

—H-FABP, MMP-1, MMP-3, MMP-9, VCAM, ICAM, SAA, CRP, GSTP, NKDA, PRDX1, DJ-1 and IL-10
<6 h following a TBI event

Time, trauma to blood, (min):
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Reference Lagerstedt, 2018 3¢
Mean (SD): CT negative: 195 (86); CT positive: 177 (100)

Reference standard:

CT scan

Results Outcome:

CT positive (Epidural haemorrhage, Subdural haemorrhage, Subarachnoid haemorrhage, Intracerebral haemorrhage
Contusion with haemorrhage Skull fracture)

N= 132 patients, of whom 21 were CT-positive (16%).

Analyses were performed on the first 62 patients recruited in the 132 mTBI patients of Cohort 1, of whom were 48 CT-
negative and 14 CT-positive.

Results: (All protein concentrations in ng/mL except for IL-10, which is in pg/mL)
Sensitivity set at 100%

IL-10 — (cut-off 0.06)

Sensitivity: 100 (95% CI 100-100)

Specificity: 27.1 (95% CI 14.6-39.6)

H-FABP- (cut-off 2.0)

Sensitivity: 100 (95% CI 100-100)
Specificity: 33.3 (95% Cl 20.8-47.9)
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Reference Lagerstedt, 2018 3¢
VCAM-(cut-off 359.2 )

Sensitivity: 100 (95% CI 100-100)
Specificity: 12.5 (95% Cl 4.2—22.9)

GSTP -(cut-off 42.1)

Sensitivity: 100 (95% CI 100—100)
Specificity: 10.4 (95% CI 2.1-18.8)

CRP -(cut-off 132.4)

Sensitivity: 100 (95% CI 100-100)
Specificity: 4.2 (95% CI1 0.0-10.4)
SAA — (cut-off 279.2)

Sensitivity: 100 (95% CI 100-100)
Specificity: 8.3 (2.1-16.7)

DJ-1 (cut-off 50.8)

Sensitivity: 100 (95% CI 100-100)
Specificity: 16.7 (95% CI 6.3-27.1)

PRDX1-(cut-off 23.5)
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Reference Lagerstedt, 2018 3¢
Sensitivity: 100 (95% CI 100—100)
Specificity: 6.3 (95% CI 0.0-14.6)

NDKA- cut-off NR

Sensitivity: 100 (100-100) -
Specificity: NR

ICAM cut-off NR

Sensitivity: 100 (95% CI 100-100)
Specificity: NR

MMP-3-cut-off NR

Sensitivity: 100 (95% CI 100-100)
Specificity: NR

MMP-1 -cut-off 5.5

Sensitivity: 100 (95% CI 100-100)
Specificity: 10.4 (95% CI 2.1-18.8)

MMP-9- (cut-off 505.0)
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Reference

Source of funding

Limitations

Comments

Reference
Study type
Study methodology

Number of patients

Patient characteristics

Lagerstedt, 2018 3¢
Sensitivity: 100 (95% CI 100—100)
Specificity: 8.3 (95% Cl 2.1-16.7)

Among the 13 biomarkers, only the H-FABP and IL-10 proteins were found at significantly higher levels in CT positive
patients than in CT-negative patients

Not reported

Risk of bias (QUADAS 2 — risk of bias): very serious. Unclear whether the selection of patients could have introduced bias;

unclear whether the index test was interpreted without knowledge of the reference standard and vice versa
Indirectness (QUADAS 2 — applicability): mixed population includes adults and children. mean age -adults

To increase specificity four proteins were further analysed when combined in panels. This data has not been extracted.

Lagerstedt, 2018 37
Prospective cohort study

Data source: Patients were recruited from Geneva (Switzerland) and Seville (Spain).

-For verification, plasma samples were collected from n=52 patients in Geneva and for validation; n= 133 patients, with
either plasma or serum samples, were collected in Geneva and Seville.

CT negative: 111 (83)
CT positive: 22 (17)

Age, mean (SD) year: (mixed population)

CT negative: 46 (21) years
CT positive: 61 (26) years
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Reference Lagerstedt, 2018 7
Gender (male):
CT negative: 82 (74)
CT positive: 15 (68)
GCS: 15 (mild TBI)
Ethnicity: not reported
Setting: ED

Country: Spain

Inclusion criteria: diagnosis of mTBI, a GCS score of 15 at hospital admission and at least one of the following symptoms:
headache, nausea or vomiting, loss of consciousness (< 30 min) and amnesia (< 24 h).

Exclusion criteria: NR

Acute post-brain injury complications
Target condition(s)

I test:
Index test(s) and Index test:

reference standard
o S100B

o IL-10
<6 hours following TBI

A serum (Seville) or plasma (Geneva) sample was collected from patients at hospital admission.
Reference standard:

CT scan
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Reference Lagerstedt, 2018 7
Participating patients gave a blood sample at hospital admission and underwent a CT scan within 24 h of their trauma event

Results Outcome: CT positive (Epidural haemorrhage, Subdural haemorrhage, Subarachnoid haemorrhage, Intracerebral
haemorrhage, Contusion with haemorrhage, Skull fracture).

Not all patients suffering from mTBI seek immediate clinical help, thereby increasing the time between trauma and blood
sampling. The markers’ performances were evaluated on patients admitted to hospital within 24 h of their trauma event. This
raised the cohort population to 207 mTBI patients, of whom 29 (14%) were CT-positive and 178 (86%) were CT-negative

Both IL-10 and S100B were significantly higher in CT-positive than in CT-negative patients (p < 0.001).

Results

sensitivity set at 100%

S100B ( cut-off 0.072 ug/uL)
specificity: 18.4% (95% CI 12.9— 24.6)

IL-10 (cut-off 0.159 pg/mL):

specificity 25.8% (95% CI 19.7-32.0)

Source of funding Not reported
L Risk of bias (QUADAS 2 — risk of bias): very serious. Unclear whether the selection of patients could have introduced bias;
Limitations unclear whether the index test was interpreted without knowledge of the reference standard and vice versa

Indirectness (QUADAS 2 — applicability): mixed population includes adults and children. mean age -adults
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Reference Lagerstedt, 2018 7
Comments No information on treatment
Reference Laribi, 2014 38

P ti hort st
Study type rospective cohort study

Data source: prospective observational study was carried out from June 2008 to June 2010 in adult emergency departments
(ED) of seven hospitals in France, including five teaching hospitals (Cochin, Henri Mondor, Lariboisiere, Poitiers, Reims) and
two general hospitals (Orleans, Pontoise).

N=431

Study methodology

Number of patients

Patients included were aged 18 years or older presenting to the ED within 3 h after injury. A 3-h cut-off was chosen as
S100B is rapidly cleared from the serum, with a half-life between 0.5 and 2 h

Age,:

The median age (IQR) of the participants was 36 (24-54) years.
Extra cranial injuries: 201 (47%)

Gender (male):

269 (65)

Patient characteristics

GCS: mild TBI
GCS 13:7 (2)
GCS 14: 48 (11)
GCS 15: 376 (87)

Reason for MHI was a fall in 263 patients.
Ethnicity: not reported
Setting: ED
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Reference

Target condition(s)

Index test(s) and
reference standard

Laribi, 2014 38
Country: International

Inclusion criteria: history of MHI defined by a Glasgow Coma Scale score (GCS) from 13 to 15 with one or more of the
following risk factors: amnesia, loss of consciousness, nausea, vomiting, vertigo, anticoagulation before injury or severe
headache on admission

Exclusion criteria: no need for a CT scan as decided by the treating physician, renal failure with a serum creatinine level
above 150 ymol/L, malignant melanoma, focal neurological deficit, pregnant women, age older than 80 years, and loss of
consciousness more than 10 min. Patients with concomitant injuries of the extremities were also excluded.

Acute post-brain injury complications

Index test:
S 100B

Venous blood samples were collected immediately at patients' arrival to the ED within 3 h after the clinical event ( (HO) and
3 h (H3) after the first sampling.

Reference standard:
Cranial CT

Patients underwent a CT scan within 6 h after clinical examination.
Need for hospitalisation or neurosurgery was also recorded.

According to the CT radiological findings, patients were divided into two groups: CT— corresponding to MHI patients without
relevant cerebral lesion and CT+ corresponding to MHI patients with at least one trauma-relevant cerebral lesion. Trauma
relevant lesions were confirmed by a board-certified radiologist blinded to the serum S100B level.

The mean time interval between MHI and CT scanning was 3 h; time intervals between MHI and the HO/H3 blood samplings
were near 2 h and 5 h, respectively.
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Reference Laribi, 2014 38

Four patients initially classified as CT+, were reclassified as CT— after a second CT examination by a senior radiologist/ED
physician that excluded cerebral lesions.

Fifty-one patients were hospitalised either in the ED observation unit or in another hospitalisation unit for = 24 h, mostly for
the treatment of extracranial lesions. Six patients in the CT+ group were hospitalized in a neurological/neurosurgical unit.

Results Outcome:

CT positive- CT findings of intracranial lesions.

Of the total cohort, 404 patients had a negative CT and 27 had a positive one.

At HO (at ED within 3 hours)
S100B (Diasorin)( cut-off 0.15, ug/L)

Sensitivity: 96.3% (95% Cl 81.0-99.9)
Specificity: 44.3% (95% Cl 39.4-49.1)

TP: 26
FP: 219
FN: 174
TN: 1

SN/SP calculated by NGC:
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Reference Laribi, 2014 38
Sensitivity: 0.96 [0.81, 1.00]
Specificity: 0.44 [0.39, 0.49]

S100B (Roche Diagnostics assay ) cut-off 0.10, ug/L)
Sensitivity: 100% (95% CI 86.8-100)

Specificity: 38.2% (95% Cl 33.3-43.1)

TP: 26
FP: 231
FN: 0
TN: 143

SN/SP calculated by NGC:

Sensitivity: 1.00 [0.87, 1.00]
Specificity: 0.38 [0.33, 0.43]

At H3 (3 h after the first sampling)
S100B (Diasorin)(_cut-off 0.15, pg/L)
Sensitivity: 84.6% (95% Cl 65.1-95.6)
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Reference Laribi, 2014 38

Specificity: 63.0% (95% Cl 58.1-67.7)

TP: 22
FP: 143
FN: 4
TN: 243

SN/SP calculated by NGC:

Sensitivity: 0.85 [0.65, 0.96]
Specificity: 0.63 [0.58, 0.68]

S100B (Roche Diagnostics assay) (cut-off 0.10, ug/L)

Sensitivity=68.0% (95% Cl 49.7-86.3)
Specificity=51.2% (95% Cl 46.1-56.4)

TP: 17
FP: 177
FN: 8
TN: 189
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Reference Laribi, 2014 38

SN/SP calculated by NGC:

Sensitivity: 0.68 [0.46, 0.85]
Specificity: 0.52 [0.46, 0.57]

Source of funding No funding

S Risk of bias (QUADAS 2 — risk of bias): serious. Unclear whether the selection of patients could have introduced bias
it Indirectness (QUADAS 2 — applicability): none

Comments Information on treatment

85
86
87

Reference Li, 2022 %
Retrospective cohort study
Study type USA
Study methodology Data source: retrospective enrolment of patients transported to Stanford Health Care’s emergency department (ED) by

ambulance or helicopter, for whom a trauma alert was triggered per established criteria and who underwent a non-contrast
head CT scan due to suspicion of TBI, between December 2015 and April 2017

Number of patients n =463

: +
Patient characteristics Age, mean (SD): 50.8 £ 22.7 years
Gender (female): 177 (38.2)
GCS , median {Q1,Q3] : 15 [14, 15]

Ethnicity: NR
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Reference

Target condition(s)

Index test(s) and
reference standard

Li, 2022 3°
Setting: ED
Country: USA

Inclusion criteria for this study: (1) at least 18 years old at admission, (2) presented to the ED with suspected TBI, and (3)
have a blood draw as part of the standard of care.

Exclusion criteria: non-English—speaking patients were excluded, as well as patients without the capacity to consent
(including those with altered mental status and hearing impairments) if no legal authorized representative was available

Acute post-brain injury complications

Index test:

Distribution of time from injury to ED admission/blood draw spanned 0 through 6 h with a median at 1 h.
Plasma GFAP (22°pg/mL)

Serum GFAP  (22°pg/MI)

Plasma UCH-L1 (327°pg/mL)

Serum UCH-L1 (327 pg/mL)

Serum S1003 (105°pg/mL)

Composite plasma biomarker
Plasma GFAP (22°pg/mL) and UCH-L1 (327)
Serum GFAP (22°pg/mL) and UCH-L1 (327)

Thresholds for GFAP (22 pg/mL) and UCH-L1(327 pg/mL) were taken from Bazarian et al.’s multicenter study for the
prediction of intracranial injuries on head CT, and the threshold for S1008 (105 pg/mL) was taken from Welch et al.’s study
on differentiating normal and abnormal head CT findings in patients with suspected mild or moderate TBI.

Reference standard:
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Reference Li, 2022 %
Non-contrast head CTs

All patients underwent a noncontrast head CT as part of their initial workup in the emergency room

Results Outcome: Abnormalities on CT
N=122 (26.3%) had one or more abnormalities presenting on head CT
Normal head CT: N=341

Plasma and serum samples were available—and levels detectable—in 442 (95%) and 222 (48%) of the patients,
respectively.

Plasma GFAP (22°pg/mL)
TP: 115

FP: 159

TN: 162

FN: 4

Serum GFAP  (22°pg/Ml)
TP: 51

FP: 81

TN: 85

FN: 4

Plasma UCH-L1 (327°pg/mL)
TP: 113

FP: 266
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Reference Li, 2022 %

TN: 57
FN: 6
Serum UCH-L1 (327 pg/mL)

TP:50

FP: 121

TN: 45

FN: 6

Serum S100  (105°pg/mL)

TP: 41

FP: 120

TN: 25

FN: 3

Composite plasma biomarker

Plasma GFAP (22°pg/mL) [0.022 ug/ml] and UCH-L1 ( 327 pg/mL) [0.327 pg/ml]
TP: 119

FP: 287

TN: 35

FN: O

Serum GFAP (22°pg/mL) [0.022 pg/ml]
or UCH-L1 (327) [0.327 ug/ml]

TP: 56

FP: 137
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Reference Li, 2022 %

TN: 29
FN: 0

Any head CT abnormalities, n (%) 122 (26.3)
Skull fracture, n (%) 31 (6.7)
Pneumocephalus, n (%) 10 (2.2)

Intracranial hemorrhage, n (%) 114 (24.6)

Mass effect, n (%) 24 (5.2)

Brain parenchymal injuries, n (%) 36 (7.8)
Source of funding no financial support for the research, authorship, and/or publication of this article.
o Risk of bias (QUADAS 2 — risk of bias): very serious. Unclear whether the results of the index test were interpreted without
Limitations knowledge of the results of the reference standard and vice versa; unclear sequencing and time interval between index test
and reference standard
Indirectness (QUADAS 2 — applicability): none
Comments No information on treatment
Reference Linsenmaier, 2016 4°
Study type Prospective cohort study
Data source: 41 patients with a history of minor head trauma (Glasgow Coma Scale on admission: 13—15) were examined
Study methodology

using CCT and underwent MRI of the head within 48 h of admission.

Number of patients N=41

Patient characteristics Age mean (SD) years: 54.6 6 23.3

Gender (male): 21 (51.2)
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Reference

Target condition(s)

Index test(s) and
reference standard

Linsenmaier, 2016 4°
GCS: mild TBI

GCS 15: 36 (87.8)
GCS 14: 4 (9.8)
GCS 13:1 (24)
Ethnicity: not reported
Setting: ED

Country: Germany

Inclusion criteria: a history of minor head trauma (Glasgow Coma Scale on admission: 13—15)

Exclusion criteria: under the age of 18 years, pregnant females and patients with multiple injuries were exclude
Acute post-brain injury complications

Index test:

S100B

A cut-off value of 0.1mgl"

blood samples were obtained on admission for the measurement of S-100B concentration (time not specified)

Patients with raised serum concentrations were grouped as S-100B positive (S-100B1) and concentrations below the cut-off
were considered as S-100B negative (S-100B2).

Reference standard:

Cranial CT
MRI
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Reference

Results

Linsenmaier, 2016 4°

The patients were grouped into CCT negative (CCT- no abnormal findings) and CCT positive (CCT+, abnormal findings). If
intracranial haemorrhage could not be excluded safely, the patient was also considered as “CCT positive” because of an
equivocal CT finding deserving further evaluation.

patients were grouped into MRI negative (MRI- no abnormality) and MRI positive (MRI+ at least one trauma-related finding).

Outcome: CCT positive (abnormal findings)

Of 41 (100%) patients, 12 (29.3%, CCT1) patients were categorized as CCT positive with a total of 14 trauma-related
lesions: contusions (n =8); subarachnoid (n =1), subdural (n = 2) and epidural (n =1) haemorrhages; and fractures (n = 2). 5
(12.2%, MRI) patients had abnormal MRI with a total of 15 trauma-related lesions: contusions (n = 7); subarachnoid (n =5),
subdural (n =2) and epidural (n =1) haemorrhages. Five patients had trauma-related findings diagnosed by both CCT and
MRI; another seven patients had positive or questionable CCT scans and lesions were not confirmed by MRI. In the latter
group, one haemorrhage suspected on CCT was then correctly diagnosed as cavernoma by MRI.

The remaining six positive CCT were assessed as artefacts, in retrospect, because of the negative MRI scan. The rate of
CCT scans that were supposed to be false-positive CCT findings was 17%. Compared with CCT, MRI detected 10 additional
lesions: 6 contusions and 4 subarachnoid haemorrhages. Compared with CCT, MRI detected 10 additional lesions: 6
contusions and 4 subarachnoid haemorrhages. However, none of both skull fractures was detected.

Outcome
Admitted for observation: 11 (26.8)
Discharged: 30 (73.2)

Results: S100B and MRI (cut-off value of 0.1mgl-")- not time specified

Sensitivity: 100%
Specificity: 25%
TP: 5

FP: 27

FN: 0
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Reference

Source of funding

Limitations

Comments

Reference
Study type
Study methodology

Number of patients

Patient characteristics

Linsenmaier, 2016 4°

TN: 9

PPV: 16%
NPV: 100%

SN/SP calculated by NGC:

Sensitivity: 1.00 [0.48, 1.00]
Specificity: 0.25 [0.12, 0.42]

No funding

Risk of bias (QUADAS 2 — risk of bias): very serious. Unclear whether the selection of patients could have introduced bias;
unclear whether the index test was interpreted without knowledge of the reference standard and vice versa
Indirectness (QUADAS 2 — applicability): none

No information on treatment

Mahan, 2019 #
Prospective cohort

Data source: The study enrolled patients presenting to the emergency department of Hennepin County Medical Center
(Minneapolis, Minnesota, USA), an adult level | trauma center, from May i6, 2016, to May t, 2017.

n =104

Age, years: with mean (SD) age of 52.7 years (19.6) ranging from 18.5 to 92.8
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Reference

Target condition(s)

Index test(s) and
reference standard

Mahan, 2019 #
Gender: 31 female, 73 male

GCS: mixed severity TBI. Majority mild TBI
GCS 3-8: 28 (19.2)

GCS 9-12: 5 (4.8)

GCS 13-15: 79 (76.0)

Ethnicity:

Hispanic or Latino: 4 (3.8)

Non-Hispanic or Latino: 96 (92.3)
Unknown: 4 (3.8)

Setting: ED

Country: USA

Inclusion criteria:

those with suspected head trauma resulting in a clinically ordered CT scan of the head at the time of admission, and those
with a blood specimen collected within 32 hours of time of injury with valid GFAP, StooB, and UCH-Li biomarker con-

centrations.

Exclusion criteria: excluded if their time of injury could not be accurately identified, if they had a history of head trauma 6
months before admission, or if they were participating in another clinical study. Those with active psychiatric, neurologic,
and/or developmental disorders also were excluded

Acute post-brain injury complications

Index test:

o glial fibrillary acidic protein (GFAP)

e ubiquitin C-terminal hydrolase L1 (UCH-L1)
e S100 calcium-binding protein B (S100B)
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Reference Mahan, 2019 4!
The initial blood sample was taken within 8 hours of the reported head injury. Specimen collection was repeated 12-32 hours
after the reported time of injury.

Reference standard:
Head CT

CT scans of the head receiving a Marshall Classification of Diffuse Injury | were labeled CT negative whereas all others
were labeled CT positive.

Outcome:

Ree CT positive

CT scan of the head (68 CT negative and 36 CT positive)

At the 0- to 8-hour timepoint

GFAP -0- to 8-hour (cut-off value NR)

Sensitivity: 0.89 (95% CI not reported)
Specificity: 0.62 (95% CI not reported)

Back calculation of 2x2 table by NGC:

TP: 32
FP: 26
FN: 4

TN: 42
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Reference Mahan, 2019 4!

UCH-L1 -0- to 8-hour (cut-off value NR)

Sensitivity: 0.52 (95% CI not reported)
specificity: 0.50 (95% CI not reported)

Back calculation of 2x2 table by NGC:

TP: 19
FP: 34
FN: 17
TN: 34

S100 B alone -0- to 8-hour (cut-off value NR)

Sensitivity: 0.63 (95% CI not reported)
Specificity: 0.54 (95% CI not reported)

Back calculation of 2x2 table by NGC:

TP: 23
FP: 31
FN: 13
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Reference Mahan, 2019 4!

TN: 37

The combination of GFAP and UCH-L1 -0- to 8-hour-(cut-off value NR)

Sensitivity: 0.87 (95% CI not reported)
Specificity: 0.61 (95% CI not reported)

Back calculation of 2x2 table by NGC:

TP: 31
FP: 27
FN: 5

TN: 41

Combination of all biomarkers 0- to 8-hour-(cut-off value NR)

sensitivity:0.86 (95% CI not reported)
specificity: 0.61 (95% CI not reported)

Back calculation of 2x2 table by NGC:

TP: 31
FP: 27
FN: 5
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Reference Mahan, 2019 4!

TN: 41

GFAP and S100B combination -0- to 8-hour-(cut-off value NR)

Sensitivity: 0.84 (95% CI not reported)
Specificity: 0.60 (95% CI not reported)

Back calculation of 2x2 table by NGC:

TP: 30
FP: 27
FN: 6

TN: 41

combination of UCH-L1 and S100B -0- to 8-hour-(cut-off value NR)

sensitivity: 0.56 (95% CI not reported)
specificity: 0.51 (95% CI not reported)

Back calculation of 2x2 table by NGC:

TP: 20
FP: 33
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Reference Mahan, 2019 4!
FN: 16
TN: 35

At the 12- to 32-hour timepoint

GFAP -12- to 32-hour-(cut-off value NR)

Sensitivity: 0.94 (95% CI not reported)
Specificity: 0.67 (95% CI not reported)

Back calculation of 2x2 table by NGC:

TP: 34
FP: 22
FN: 2

TN: 46

S100 B alone -12- to 32-hour-(cut-off value NR)

Sensitivity: 0.72 (95% CI not reported)
Specificity: 0.57 (95% CI not reported)

Back calculation of 2x2 table by NGC:
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Reference Mahan, 2019 4!
TP: 26
FP: 29
FN: 10
TN: 39

UCH-L1 alone-12- to 32-hour-(cut-off value NR)

Sensitivity: 0.61 (95% CI not reported)
Specificity: 0.52 (95% CI not reported)

Back calculation of 2x2 table by NGC:

TP: 22
FP: 33
FN: 14
TN: 35

combination of GFAP and UCH-L1 -12- to 32-hour-(cut-off value NR)

sensitivity: 0.93 (95% ClI not reported)
specificity: 0.67 (95% CI not reported)
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Reference Mahan, 2019 4!

Back calculation of 2x2 table by NGC:

TP: 33
FP: 22
FN: 3

TN: 46

combination of all biomarkers -12- to 32-hour-(cut-off value NR)

sensitivity: 0.93 (95% CI not reported)
specificity: 0.67 (95% CI not reported)

Back calculation of 2x2 table by NGC:

TP: 33
FP: 22
FN: 3

TN: 46

combination of GFAP and S100B -12- to 32-hour-(cut-off value NR)

sensitivity: 0.91 (95% CI not reported)
specificity: 0.66 (95% CI not reported)
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Reference Mahan, 2019 4!

Back calculation of 2x2 table by NGC:

TP: 33
FP: 23
FN: 3

TN: 45

combination of UCH-L1 and S100 B -12- to 32-hour-(cut-off value NR)

sensitivity: 0.74 (95% CI not reported)
specificity: 0.59 (95% ClI not reported)

Back calculation of 2x2 table by NGC:

TP: 27
FP: 28
FN: 9

TN: 40

Source of funding Not stated

Risk of bias (QUADAS 2 — risk of bias): none

Ll Indirectness (QUADAS 2 — applicability): serious. Mixed severity -mild moderate and severe

Comments No information on treatment
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Reference McMahon, 2015 4 TRACK-TBI

Study type Prospective cohort study

Data source: This multi-centre, prospective, cohort study included patients 16—93 years of age presenting to three level 1
trauma centres with suspected TBI (loss of consciousness, post-trauma amnesia, and so on).

N=215

Study methodology

Number of patients
Patient characteristics Age mean (SD) years: 42 (18) years

Gender (male): 73% (156)
GCS: mixed GCS. Majority with mild TBI

Mild (GCS 13-15): 83 (179)
Moderate GCS 9-12: 4(9)
Severe GCS 3-8: 13 (27)

Ethnicity: not reported
Setting: trauma centre

Country: International

Inclusion criteria: patients must have presented to an ED within 24 h of their injury and had a positive clinical screen for
acute TBI necessitating a non-contrast head CT according to American College of Emergency Physicians/Centers for
Disease Control and Prevention (ACEP/CDC) evidence-based joint practice guideline.

Exclusion criteria: NR

Acute post-brain injury complications
Target condition(s)

Index test:
Index test(s) and ncexest

reference standard
Glial fibrillary acidic protein and its breakdown products (GFAP-BDP)
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Reference

Results

McMahon, 2015 * TRACK-TBI
Serum GFAP-BDP levels were drawn within 24 h and analysed. Plasma samples obtained within 24 h of injury (mean 10.9
h, SD 6.4 h, min 0.5 h, max 23.4 h)

Reference standard:
CT imaging

All patients underwent CT imaging of the brain at the time of initial presentation to the ED.

Outcome: intracranial injury on CT

Fifty-one percent (n = 110) of patients presenting with positive clinical screen for TBI had intracranial pathology
demonstrated on admission CT. n=105 CT negative

Results:

GFAP-BDP (a cut-off value to maximize accuracy in the mild and moderate injury range specifically yielded a GFAP-BDP.
level of 0.6 ng/mL)- within 24 hrs

Sensitivity: 67%,
Specificity: 89%

Back calculation of 2x2 table by NGC:

TP: 74
FP:12
FN: 36
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Reference

Source of funding

Limitations

Comments

McMahon, 2015 4 TRACK-TBI
TN:93

GFAP-BDP level (A cut-off value to maximise specificity was calculated at a GFAP-BDP concentration of 1.66 ng/mL) -
within 24 hrs

Sensitivity: 45%
Specificity: 99%

Back calculation of 2x2 table by NGC:

TP: 50
FP: 1
FN: 60
TN: 104

To assess the diagnostic performance of GFAP-BDP, the AUC for GFAP-BDP that was calculated to discriminate patients
with traumatic lesions on head CT was 0.88 (95% confidence interval [Cl], 0.84-0.93, p < 0.000001)

This work was funded by the National Institutes of Health (grant no.: 1RC2 NS069409).
Risk of bias (QUADAS 2 — risk of bias): none
Indirectness (QUADAS 2 — applicability): mixed severity GCS (mild moderate and severe)

No information on treatment
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Reference
Study type
Study methodology

Number of patients

Patient characteristics

Muller, 2007 4°
Prospective cohort

Data source: This prospective study recruited patients from four centers in Europe (Department of Neurosurgery, University
Hospital of North Norway, Troms0, Norway; Emergency Department, Hope University Hospital, Salford, UK, Department of
Orthopaedic Surgery, Spital Oberen-gadin, St. Moritz, Switzerland; and Department of Neurosurgery, University Hospital of
Lund, Sweden

n =226

Age, years: Mean 39 (range, 18-92) years
Gender: 168 (74.3%) men, and 58 (25.7%)

GCS: mild TBI (GCS 13 0 15)
GCS13: 16 (7)

GCS 14: 30 (13)

GCS15: 180 (78)

Ethnicity: not reported
Setting: ED
Country: 4 centres in Europe

Inclusion criteria: Patients with head injury were assessed for possible inclusion during a 4-year period (2001-2005). The
inclusion criteria were the following: History of head injury, Loss of consciousness (LOC) or retrograde amnesia, GCS score
of 13 to 15 at admission, Blood sampling within 12 hours of trauma, First CT scan within 12 hours of trauma, Signed written
informed consent (optional, according to local ethical committee's requirements)

Exclusion criteria: History of neurologic or psychiatric disorder, Focal neurologic deficit- Multiple injuries, defined as trauma
to the face, chest, abdomen, extremities, or pelvic girdle requiring immediate therapeutic intervention, Renal or liver disease,
Age <18 years

314

NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications DRAFT [September 2022]



DRAFT FOR CONSULTATION
Brain injury biomarkers for predicting acute brain injury complications

Reference Muller, 2007 4°

Acute post-brain injury complications
Target condition(s)

Index test:

Serum S100B

Blood samples for S100B analysis and head CT were obtained within 12 hours after the injury
Reference standard:

Head CT

Outcome: Intracranial pathologic findings revealed by CT scan (not defined)

Index test(s) and
reference standard

Results

CT showed intracranial abnormality in 21 (9%) patients. Seventeen patients (82%) had contusion, two (9%) had subdural
hematoma, and two patients (9%) had epidural hematoma. None underwent neurologic deterioration, and none needed
surgical treatment.

S100B (Cut-off 20.10 ug/L) (within 12 hours of injury)
area under the curve, 0.73; 95% ClI, 0.62-0.84; p = 0.001
ROC analysis showed S100B to be a significant discriminator of CT abnormality

Sensitivity: 0.95 (95% ClI, 0.76-1.0)

Specificity: 0.31 (95% Cl, 0.25-0.38)

positive predictive value: 0.12 (95% ClI, 0.080.19)
negative predictive value: 0.98 (95% ClI, 0.92-1.0)

TP: 20
FP:141
FN: 1

TN: 64

SN/SP calculated by NGC:

sensitivity: 0.95 [0.76, 1.00]

specificity: 0.31 [0.25, 0.38]
Source of funding Not stated
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Reference Muller, 2007 4°
Risk of bias (QUADAS 2 — risk of bias): very serious. Unclear whether the selection of patients could have introduced bias;

Limitations unclear whether the index test was interpreted without knowledge of the reference standard and vice versa
Indirectness (QUADAS 2 — applicability): none
Comments No information on treatment
100
101
102
Reference Morochovic, 2009 44
Study type Prospective cohort

Data source: The prospective study comprised consecutive patients of all ages, who presented to the trauma emergency
department with history of MTBI between December 2006 and December 2007

n =102

Study methodology

Number of patients
Patient characteristics Age, years: mean age 42.0 (SD 19.7, range 12—84 years)

Gender: 71 males and 31 females,

GCS: mild TBI (GCS 13-15)

GCS 13: 3
GCS 14: 23
GCS 15: 76

Ethnicity: not reported
Setting: ED

Country: Slovak Republic
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Reference

Target condition(s)

Index test(s) and
reference standard

Results

Morochovic, 2009 44

Inclusion criteria: adults with mild TBI. Patients with chronic intracerebral lesions were included to the study except
suspected/visible brain tumour.

Exclusion criteria: Any patients with unknown time of injury or acute non-traumatic intracerebral lesions were excluded from
the study.

Acute post-brain injury complications

Index test:
Serum S100B

Peripheral venous blood samples were taken within 6 h of the injury and were sent to biochemical laboratory within 30 min.

Reference standard:
Cranial CT (CCT)

CCT scan was performed in all patients involved in the study within 30 min of blood drawing.

Outcome: Any intracranial pathology on CCT

Any intracranial pathology associated with an injury (acute subdural, epidural or parenchymal hematoma, traumatic
subarachnoid haemorrhage, cerebral contusion and brain swelling) detectable on CCT scan was considered positive (CCT
+).

Intracranial injuries detectable on CCT scans were present in eighteen (17.6%) patients and negative CCT scans in 84
(82.4%) patients.

There were 74 (72.5%) patients with serum S 1 00B level above 0.1 ng/ml and 28 (27.5%) below cut off point.

S100B- cut-off (= 0.1 ng/ml)

Sensitivity: 83.3% (95% CI 0.58-0.96)
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Reference Morochovic, 2009 44
Specificity: 29.8% (95% Cl 0.21-0.41)
positive predictive value: 20.3% (95% CI 0.12-0.32)
negative predictive value: 89.3% (95% CI 0.71-0.97)

TP: 15
FP: 59
FN: 3

TN: 25

SN/SP calculated by NGC

Sensitivity: 0.83 [0.59, 0.96]

Specificity: 0.30 [0.20, 0.41]
Source of funding This work was supported by the scientific grant agency of The Ministry of Education of the Slovak Republic (ME SR) and of
The Slovak Academy of Sciences (SAS) No. 1/4260/07

Risk of bias (QUADAS 2 — risk of bias): none

EiE e Indirectness (QUADAS 2 — applicability): none

Comments Three patients from CCT + group had negative plasma level of S100B, two of whom required surgical treatment.
103
104

Reference Muller, 2011 48

Study type Prospective cohort
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Reference

Study methodology

Number of patients

Patient characteristics

Target condition(s)

Index test(s) and
reference standard

Muller, 2011 48

Data source: Between January 2008 and August 2009, all patients with mild head trauma admitted to the ER of our regional
trauma centre were consecutively enrolled. According to our in-house policy, all patients with head injuries undergo CCT

n =233
Age, years: 48.4 years (range 11-97; 25-75% quartile 24-72).

Gender: 143 were men and 90 were women

GCS: mild TBI (GCS 13 0 15)

Ethnicity: not reported

Setting: ED

Country: Switzerland

Inclusion criteria: All adult patients (=216 years) with mild head trauma (GCS of 13—-15) were included in the study.

Exclusion criteria: Patients suffering from cancer, stroke or other neurological diseases, or presenting with intracranial
bleeds with a diameter greater than 5 mm or >1 bleed, a history of inherited coagulopathy or anticoagulant therapy, platelet
aggregation inhibitor therapy or intoxication were excluded. Patients with late admissions to the ER and/or multiple
associated injuries were also excluded from the study group

Acute post-brain injury complications

Index test:
S100B

Median time between admission and blood sampling was 77 min (25-75% quartile 60—120).

Reference standard:
Cranial CT (CCT)
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Reference Muller, 2011 48
After blood sampling, all patients underwent a CCT scan

Results Outcome: positive CT findings (not defined)

A positive S-100B level in the blood was found in 169/233 (72.5%) mild head injury patients (>0.105 pg/l).

Findings in the remaining patients were negative.

There were 22/233 (9.4%) positive CCT scans and the remainder were negative.

S100B (cut-off 0.105 yg/l)- median time 77 min

Sensitivity: 86.4% (no Cl reported)
Specificity: 12.2% (no Cl reported)
PPV :12.8% (no Cl reported)
NPV: 85.7% (no Cl reported)

Raw data:

TP: 19
FP: 144
FN: 3
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Reference

Source of funding

Limitations

Comments

Reference
Study type
Study methodology

Number of patients

Patient characteristics

Muller, 2011 48
TN: 67
SN/SP calculated by NGC

Sensitivity: 0.86 [0.65, 0.97]

Specificity: 0.32 [0.26, 0.38]
Not stated

Risk of bias (QUADAS 2 — risk of bias): very serious. Unclear whether the selection of patients could have introduced bias;
unclear whether the index test was interpreted without knowledge of the reference standard and vice versa
Indirectness (QUADAS 2 — applicability): none

No information on treatment

Oh, 2007 51
Prospective cohort

Data source: This study consisted of 101 patients who were admitted to the emergency department within 6 hr after the
onset of acute brain injury (ABI) symptoms

n = 101 (n= 45 patients with traumatic ABI and= 56 patients with nontraumatic ABI)

Age, years, mean (SD): 45 years [31-59]
Gender (male): 57.9% male

GCS: mixed severity (mild, moderate and severe). Majority with mild TBI (80%)

The patients were stratified into three subgroups on the GCS: mild (13—15), moderate (8—-12), and severe (<8)
GCS 13-15: 82

GSC 9-12: 9

GCS <8:10
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Reference

Target condition(s)

Index test(s) and
reference standard

Results

Oh, 2007 >

Ethnicity: not reported

Setting: ED

Country: Korea

Inclusion criteria: admitted to emergency department within 6 hr after the onset of ABI symptoms (no further details)

Exclusion criteria: The patients with metabolic disorders or seizure did not take imaging test and were excluded in this study
Acute post-brain injury complications

Index test:
Serum S100 levels (by Elecsys S100 immunoassay)

Measurement within 6 hr after symptom onset

Reference standard:
Cranial CT (CCT) or MRI

All patients underwent initial CCT or MRI testing. The patients who showed negative findings in CCT were confirmed by
MRI.
Outcome: acute traumatic brain injury (CCT negative or MRI positive)

Traumatic acute brain injury: n= 45.

There were 45 patients with traumatic ABI and 56 patients with nontraumatic ABI.

S100B (Cut-off 0.105 mg/ L) (n=45 people with acute TBI)- within 6 hr (CCT negative or MRI positive)

Sensitivity%: 96.9 (no Cl reported)
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Reference

Source of funding

Limitations

Comments

Reference
Study type
Study methodology

Number of patients

Oh, 2007 >

Specificity%: 53.8 (no Cl reported)
PPV%: 83.8 (no Cl reported)
NPV%: 87.5 (no Cl reported)

Back calculation of 2x2 table by NGC:

TP: 45
FP: 26
FN: 0

TN: 30

Not stated

Risk of bias (QUADAS 2 — risk of bias): very serious. Unclear whether the selection of patients could have introduced bias;
unclear whether the index test was interpreted without knowledge of the reference standard and vice versa
Indirectness (QUADAS 2 — applicability): serious. Mixed severity population (mild, moderate and severe)

No information on treatment

Okonkwo, 2020 52 TRACK-TBI
Prospective cohort

Data source: Subjects with TBI (GCS 3-15) were identified and enrolled prospectively in the TRACK-TBI study (TRACK-TBI.
Subjects presenting to one of 18 participating level | United States trauma centers were enrolled from February 26, 2014 to
July 27, 2018. T

n = 1497 (810 CT negative, CT positive n = 549)
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Reference Okonkwo, 2020 52 TRACK-TBI
Age, mean (SD) years:

CT (-): 37.7 (15.9)

CT (+): 43.7 (17.9)

Gender (male):

CT (-):516 (63.7%)

CT (+):408 (74.3%)

Patient characteristics

GCS: mixed severity (mild, moderate and severe). Majority with mild TBI
CT (-):

GCS 13-15: 779 (98%)

GCS 9-12: 8 (1%)

GCS 3-8: 8 (1%)

CT (+):

GCS 13-15: 358 (74%)
GCS 9-12: 40 (8%) -
GCS 3-8: 85 (18%)
Ethnicity: not reported

Setting: trauma centre
Country: USA

Inclusion criteria: presentation within 24 h of injury with head trauma warranting clinical evaluation with a non-contrast head
CT evaluation based on the 2008 American College of Emergency Physicians/Centers for Disease Control (ACEP/CDC)
guidelines for neuroimaging and decision making in TBI.

Exclusion criteria: NR

Acute post-brain injury complications
Target condition(s)
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Reference Okonkwo, 2020 52 TRACK-TBI
Index test(s) and w
reference standard erum:

e GFAP

e S100B

Blood samples were collected from subjects who consented to genetic and proteomic analysis within a 24 h window from
time of injury

Time to blood draw (hours): 13.1 (6.8)

Reference standard:
Head CT

Outcome: intracranial injury on admission CT scan

CT- (n = 810) CT+ (n = 549)

Results

GFAP cut-off 13.1 pa/ml (within 24h of injury)
Sensitivity: 0.994 (95% CI1 0.986, 1)

Specificity: 0.157 (95% Cl 0.131, 0.182)
PPV: 0.351 (95% CI 0.344, 0.359)
NPV: 0.985 (95% CI 0.961, 1)

Back calculation of 2x2 table done by NGC:

TP: 546
FP: 683
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Reference Okonkwo, 2020 2 TRACK-TBI
FN: 3
TN: 127

GFAP cut-off 37.8 pg/ml (within 24h of injury)

Sensitivity: 0.964 (95% CI1 0.944, 0.980)
Specificity: 0.303 (95% CI1 0.271, 0.340)
PPV: 0.389 (95% CI 0.377, 0.402)
NPV: 0.949 (95% CI 0.921, 0.973)

Back calculation of 2x2 table done by NGC:

TP: 529
FP: 565
FN: 20

TN: 245

GFAP cut-off 113.3 pa/ml (within 24h of injury)

Sensitivity: 0.902 (95% Cl 0.869, 0.933)
Specificity: 0.498 (95% CI 0.466, 0.530)
PPV: 0.452 (95% Cl 0.435, 0.470)
NPV: 0.917 (95% CI 0.891, 0.941)
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Reference Okonkwo, 2020 2 TRACK-TBI

Back calculation of 2x2 table done by NGC:

TP: 495
FP: 407
FN: 54

TN: 403

GFAP cut-off 190.1 pa/ml (within 24h of injury)

Sensitivity: 0.846 (95% Cl 0.810, 0.883)
Specificity: 0.594 (95% Cl 0.561, 0.630)
PPV: 0.490 (95% Cl 0.466, 0.515)
NPV: 0.894 (95% CI 0.872, 0.917)

Back calculation of 2x2 table done by NGC:

TP: 464
FP: 329
FN: 85

TN: 481

AUCs for GFAP and S100B of CT+ versus CT-
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Reference Okonkwo, 2020 2 TRACK-TBI

0-6 h post-injury

GFAP
AUC: 0.93 (95% CI 0.880-0.977)
S100B
AUC: 0.77 (95% Cl 0.681-0.859)

7-12 h post-injury

GFAP
AUC: 0.81 (95% CI 0.761-0.865)
S100B

AUC:0.67 (95% Cl 0.601-0.743)

13-18 h post-injury

GFAP
AUC: 0.84 (95% CI 0.800-0.881)
S100B
AUC: 0.71 (95% CI 0.652-0.760)

328
NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications DRAFT [September 2022]



109

DRAFT FOR CONSULTATION
Brain injury biomarkers for predicting acute brain injury complications

Reference

Source of funding

Limitations

Comments

Reference
Study type
Study methodology

Okonkwo, 2020 52 TRACK-TBI

19-24 h post-injury

GFPA
AUC: 0.85 (95% CI 0.815-0.882)
S100B
AUC: 0.68 (95% CI 0.634-0.730)

This work was supported by the following grants: National Institute of Neurological Disorders (NINDS) 1RC2NS069409-01,
3RC2NS069409-02S1, 5RC2NS069409-02, 1U0TNS086090-01, 3U0TNS086090-02S1, 3UOTNS086090-02S2,
3U01TNS086090- 03S1, 5U01NS086090-02, and 5U01NS086090-03; US Department of Defense (DOD) W81 XWH-13-1-
0441, and US DOD W81XWH-14-2-0176.

Risk of bias (QUADAS 2 — risk of bias): very serious. Unclear whether the selection of patients could have introduced bias;
unclear whether the index test was interpreted without knowledge of the reference standard and vice versa

Indirectness (QUADAS 2 — applicability): serious. Mixed severity (mild, moderate and severe)

No information on treatment

Okonkwo, 2013 33
Prospective cohort study

Mixed (mild, moderate and severe) traumatic brain injury patients

Data source: Transforming Research and Clinical Knowledge in Traumatic Brain Injury (TRACK-TBI) study which is a National
Institute of Neurological Disorders and Stroke (NINDS)-funded multicentre, prospective, collaboration among four United States
centres to develop, test and refine TBl common data elements (TBI-CDEs) for research in four domains: demographics,
neuroimaging, biomarkers, and outcome measures.
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Reference Okonkwo, 2013 %3

Recruitment: Subjects were identified and recruited upon arrival at one of three level | trauma centres involved in the TRACK-
TBI study

Number of patients Total n = 215
Mild n= 179
Moderate n=9

Severe n = 27

Patient characteristics Age, mean (SD):
Mild 42.5 (18)
Moderate 44.1 (19.5)
Severe 39.2 (18.9)

Gender (male to female ratio):
Mild 69.8% M: 30.2% F
Moderate 100% M: 0% F
Severe 81.5% M: 18.5% F

GCS score, mean (SD): mixed severity. majority with mild TBI- 83% had GCS 13-15
Mild 14.8 (0.44)
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Reference Okonkwo, 2013 %3
Moderate 11.22 (0.67)
Severe 3.59 (1.31)

Positive CT findings on admission
Mild 42.5%

Moderate 77.8%

Severe 96.3%

Ethnicity: Not reported

Setting: Multicentre — 3 Level | trauma centres participating in the TRACK-TBI study

Country: USA

Inclusion criteria: patients presenting within 24 h of injury with a history of trauma to the head sufficient to be triaged to non-
contrast head CT using the American College of Emergency Physicians/Centres for Disease Control (ACEP/CDC) evidence-
based joint practice guideline.

Exclusion criteria: Not stated in paper

These were reported on clinical trials.gov: presentation to Emergency Department > 24 hours post-injury, custody or
Incarceration, 5150 Psychiatric Hold.
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Reference Okonkwo, 2013 %3
Target condition(s) Acute post brain injury complications
Index test(s) and Index test

reference standard
GFAP and breakdown products (GFAP-BDP)

Reference standard

All patients underwent CT imaging of the brain at the time of initial presentation to the ED. Each patient’s head CT was
characterized using the recommendations of the TBI-CDE Neuroimaging Working Group, a set of consensus-based
recommendations for data collection regarding specific radiological features, data definitions needed to characterise injuries,
and best practices needed to optimise and harmonise imaging data acquisition for TBI research.

Time between measurement of index test and reference standard: unclear
CT scans performed at time of initial presentation the ED

Blood samples collected within 24 hours of injury, mean (SD) 10.9 h (6.4 h) [min 0.5 h, max 23.4 h]

Results Outcomes: Intracranial pathology on CT

CT+ =109

CT -=106

Diagnostic accuracy of GFAP-BDP:

GFAP-BDP at a 0.68ng/mL optimal value - within 24 hrs

Sensitivity (%) = 73 (95%Cl =64—81)
Specificity (%) = 89 (95%CI = 81-94)
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Reference Okonkwo, 2013 %3
PPV (%) = 87 (95%CI =78-92)
NPV (%) = 76 (95%CI =68-83)

Back calculation of 2x2 table done by NGC:

TP: 80
FP: 12
FN: 29
TN: 94

The ability of GFAP-BDP level to for diagnosing TBI subjects with pathological CT features
AUC 0.88 (95% confidence interval [Cl], 0.84—-0.93).

Source of funding National Institute of Neurological Disorders and Stroke (NINDS)
Risk of bias (QUADAS 2 - risk of bias): none
Limitations
Indirectness (QUADAS 2 — applicability): serious. Included patients with GCS 9-12
Comments Demographic analysis of patients lost to follow-up at 6 months revealed no significant difference in age or gender, but a

significant difference in admission GCS score (p = 0.019). Of patients lacking 6 month data, 94% sustained mild TBI, whereas
78% of patients with 6 month follow-up data sustained mild TBI.

110
111
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Reference
Study type
Study methodology

Number of patients

Patient characteristics

Target condition(s)

Index test(s) and
reference standard

Papa, 2012 5
Prospective cohort

Data source: study enrolled a convenience sample of adult patients with suspected TBI following blunt head trauma
presenting to the emergency department within 4 hours of injury with a GCS of 9 to 15.

n=108
Age, years mean (SD): 39 (£15)

Gender (male): 70(65%)

GCS: mixed severity. Majority with mild TBI
GCS 13-15: 97
GCS 9-12: 11

Ethnicity: not reported

Setting: Emergency Departments (ED) of three Level | Trauma Centers; Shands at University of Florida in Gainesville,
Florida; Orlando Regional Medical Center in Orlando, Florida; and Washington University in St. Louis, Missouri.

Country: USA

Inclusion criteria: Eligibility for suspected mild TBI was determined by the treating physician based on the history of blunt
head trauma followed by either loss of consciousness, amnesia, or disorientation and presenting to the emergency
department within 4 hours of injury with a GCS of 9 to 15.

Exclusion criteria: Patients were excluded if: 1) they were less than 18 years old; 2) there was no history of trauma as their
primary event (e.g. syncope or seizure); 3) they had known dementia, chronic psychosis or active CNS pathology; or 4) were
pregnant.

Acute post-brain injury complications

Index test:
Serum GFAP-BDP
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Reference

Results

Papa, 2012 5
Blood samples were obtained after arrival to the ED and within 4 hours of the reported time of injury. There was only one
serum GFAP-BDP biomarker level analysed per patient in the 4-hour post-injury period.

The average time to serum collection for TBI patients was 2.6 hours (95%Cl 2.4-2.9)

Reference standard:
Head CT

Patients underwent standard CT scan of the head according to the judgment of the treating physician.
Radiologists were blinded to the study protocol but had the usual clinical information. Lab personnel running the samples

were blinded to the clinical data.
Outcome: intra cranial lesions on CT

CT scan of the head was performed in all TBI patients and traumatic intracranial lesions on CT scan were evident in 32
(30%): 24 (75%) of patients presented with a GCS 13-15 and 8 (25%) with GCS 9-12.

GFAP-BDP demonstrated a rapid appearance in serum post-injury with levels detectible within an hour of injury. Some of
the higher levels were seen starting at approximately 2 hours post-injury.

Serum GFAP-BDP (cut-off level of 0.035 ng/ml) -within 4h of injury

Sensitivity: 97% (95%CI| 82—100)

Specificity: 18% (95%CI 11-28)

negative predictive value: 94% (95%CI| 68—100)
positive predictive value: 31% (95%CI 22—41)
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Reference Papa, 2012 54

AUC: 0.79 (95%CI 0.69-0.89)

The area under the curve for discriminating between CT scan positive and CT scan negative intracranial lesions was 0.79
(95%Cl 0.69-0.89)

2x2 table
TP: 31
FP: 70
FN: 1

TN: 15

SN/SP calculated by NGC

Sensitivity: 0.97 [0.84, 1.00]

Specificity: 0.18 [0.10, 0.27]

Source of funding This study was supported in part by Department of Defense Award number DoD W81XWH-06-1-0517. The project was
supported in part by Award Number ROTNS057676 from the National Institute of Neurological Disorders and Stroke

Risk of bias (QUADAS 2 — risk of bias): none

i Tt Indirectness (QUADAS 2 — applicability): serious. Mixed severity mild and moderate

Comments Neurosurgical intervention was performed on 14 patients (13%), 6 (43%) presented with a GCS 13-15 and 8 (57%) with
GCS 9-12
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Reference
Study type
Study methodology

Number of patients

Patient characteristics

Target condition(s)

Papa, 2012 5°
Prospective cohort

Data source: This prospective controlled cohort study enrolled a convenience sample of adult patients with blunt head
trauma followed by either loss of consciousness, amnesia, or disorientation and presenting to the emergency department
within 4 hours of injury with a GCS of 9 to 15

n =96

Age, years, mean (SD):39 (£15)
Gender (male/female): 64/36
GCS: Mild and moderate TBI
n= 86 with GCS 13-15

n= 10 with GCS 9—-12

Ethnicity: not reported

Setting: Study sites included the Emergency Departments (ED) of three Level | Trauma Centers; Shands at University of
Florida in Gainesville, Florida; Orlando Regional Medical Center in Orlando, Florida; and Washington University in St. Louis,
Missouri.

Country: USA

Inclusion criteria: adult patients with blunt head trauma followed by either loss of consciousness, amnesia, or disorientation
and presenting to the emergency department within 4 hours of injury with a GCS of 9 to 15

Exclusion criteria: Patients were excluded if: 1) they were less than 18 years old; 2) there was no history of trauma as their
primary event (e.g. syncope or seizure); 3) they had known dementia, chronic psychosis or active CNS pathology; 4) were
pregnant, or 5) were incarcerated.

Acute post-brain injury complications
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Reference Papa, 2012 5°
Index test:

Index test(s) and Ubiquitin C-terminal hydrolase (UCH-L1)

reference standard

Blood samples were obtained shortly after arrival to the ED and within 4 hours of the reported time of injury.
The average time to serum collection for TBI patients was 2.7 hours (95%Cl 2.4-2.9)

Reference standard:
Head CT

Outcome: Intracranial lesions on CT
Results

Intracranial lesions on CT included any acute traumatic intracranial lesions visualized on CT scan.

CT scan of the head scan was performed in all TBI patients and traumatic intracranial lesions on CT scan were evident in 28
(29%): 23% of patients with GCS 13-15 and 80% of those with GCS 9-12.

UCH-L1 (cut-off level of 0.09 ng/ml) — within 4h of injury

TP: 28
FP: 61
FN: 0

TN: 16

Sensitivity:100% (95%CI 88—100)
Specificity: 21% (95%CI 13-32)
Negative predictive value: 100% (95%CIl 76—-100)
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Reference

Source of funding

Limitations

Comments

Papa, 2012 5°
Positive predictive value: 31% (95%CI 22—42)
AUC: 0.73 (95%CI 0.62—0.83)

The area under the curve for discriminating between CT scan positive and CT scan negative intracranial lesions was 0.73
(95%Cl 0.62—-0.83)

SN/SP calculated by NGC

Sensitivity: 1.00 [0.88, 1.00]
Specificity: 0.21 [0.12, 0.32]

This study was supported in part by Department of Defense Award number DoD W81 XWH-06-1-0517. The project was
supported in part by Award Number RO1NS057676 from the National Institute of Neurological Disorders and Stroke.

Risk of bias (QUADAS 2 — risk of bias): none
Indirectness (QUADAS 2 — applicability): serious. Mixed severity (mild and moderate)

Neurosurgical intervention was performed on 14 (14%) patients: 6 (43%) presented with GCS 13-15 and 8 (57%) with GCS
9-12. Neurosurgical intervention was defined as either death within 7 days secondary to head injury or the need for any of
the following procedures within 7 days: craniotomy, elevation of skull fracture, intracranial pressure monitoring, or intubation
for head injury
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Reference Posti, 2019 ©°

Study type Prospective cohort

Data source: Recruitment of patients with TBIs of all severities at Turku University Hospital, Finland, during November 2011
Study methodology to October 2013

Number of patients n =160
Age, years mean (SD): 47.2 (19.6) years

Patient characteristics
Gender: 117 males (73.1%) and 43 females (26.9%), with a mean age of
GCS: mixed severity
Isolated all severities: n = 94
Mild TBI: n =93
Isolated mild TBI: n =55
Ethnicity: not reported
Setting: ED

Country: Finland

Inclusion criteria: age >18 years, clinical diagnosis of TBI, and indications for acute head CT according to the National
Institute for Health and Care Excellence (NICE) criteria

Exclusion criteria: blast-induced or penetrating injury, chronic subdural hematoma, inability to live independently as a result
of pre-existing brain disease, TBI or suspected TBI not needing head CT, >2 weeks from the injury, not speaking the local
language, and no consent obtained.

Acute post-brain injury complications
Target condition(s)
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Reference Posti, 2019 ¢
Index test:
e Gilial fibrillary acidic protein (GFAP)
e Heart fatty-acid binding protein (H-FABP)
e Anti-inflammatory mediator interleukin 10 (IL-10)
e neurofilament light chain (NF-L)
e S100B

Index test(s) and
reference standard

Samples were obtained within 24 h of admission
Reference standard:
CT

t :CT iti
Results Outcome: CT positive

CT scans were classified according to the Marshall grading system. Diffuse injury/grade | (no visual pathology) was
considered CT-, whereas the other grades (lI-VI) were regarded as CT+.

Among all patients, a negative CT was found in 65 patients (40.6%) and a positive CT in 95 (59.4%).

Ability of the Individual Biomarkers in Discriminating CT-Negative and CT-Positive Patients with Isolated Mild TBI (All, n =
55; CT-Negative, n = 36; CT-Positive, n = 19)

GEAP
AUC: 0.749 (95% CI1 0.614-0.883)
Specificity (at 100% sensitivity): 19.4 (cut-off 66.6)
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Reference Posti, 2019 ©°
H-FABP
AUC: 0.699 (95% CI 0.559-0.839)
Specificity (at 100% sensitivity): 19.4 (cut-off 2520)

S100B

AUC: 0.689 (95% CI 0.833-0.544)
Specificity (at 100% sensitivity): 11.1 (cut-off 179)

NF-L
AUC: 0.662 (95% CI 0.512—-0.812)
Specificity (at 100% sensitivity): 5.6 (cut-off 4.18)

IL-10
AUC: 0.515 (95% CI 0.347-0.683)
Specificity (at 100% sensitivity): 2.8 (cut-off 0.14)

Ability of the Individual Biomarkers in Discriminating CT-Negative and CT-Positive Patients with Mild TBI (All, n = 93; CT-
Negative n = 56; CT-Positive n = 37)

GFAP
AUC: 0.720 (95% Cl 0.616-0.820)
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Reference Posti, 2019 ©°

Specificity (at 100% sensitivity): 16.1 (cut-off 66.62)

NE-L
AUC: 0.676 (95% CI 0.563-0.780)
Specificity (at 100% sensitivity):7.1 (cut-off 4.43)

H-FABP
AUC: 0.642 (95% CI 0.525-0.750)

Specificity (at 100% sensitivity): 1.8 (cut-off 1709.61)

S100B

AUC: 0.569 (95% CI 0.445-0.693)
Specificity (at 100% sensitivity): O (-)

IL-10
AUC: 0.583 (95% CI1 0.463—0.703)
Specificity (at 100% sensitivity): 5.4 (cut-off 0.14)

Source of funding Partially funded by the European Commission under the 7th Framework Programme (FP7-270259- TBlcare), Government’s
Special Financial Transfer tied to academic research in Health Sciences (Finland) (JPP), Emil Aaltonen Foundation ( JPP),
Finnish Brain Foundation ( JPP), Integra EANS Research Grant (IH), University of Turku Graduate School funding (MM),
NIHR Research Professorship and the NIHR Cambridge BRC (PJH), NIHR Research UK (through a Senior Investigator
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Reference

Limitations

Comments

Reference
Study type
Study methodology

Number of patients

Patient characteristics

Posti, 2019 ©°

Award and the Cambridge Biomedical Research Centre) (DKM), Academy of Medical Sciences/The Health Foundation
Clinician Scientist Fellowship (VFN); Wallenberg Academy Fellowship and grants from the Swedish and European Research
Councils (HZ), Torsten So"derberg Professorship in Medicine, award by the Royal Swedish Academy of Sciences, grants
from the Swedish Research Council (KB).

Risk of bias (QUADAS 2 — risk of bias): serious. Unclear whether the selection of patients could have introduced bias
Indirectness (QUADAS 2 — applicability): serious. Mixed severity

No information on treatment

Romner, 2000 1
Prospective cohort

Data source: hospital admitted patients with mild, moderate, and severe head injury during a 5-year period (January 1993 to
December 1997).

n=278

Age: 32 (range, 1-84) years

Gender: 175 (63%) men and 103 (37%)

GCS: mixed severity, majority with mild TBI

The head injuries were classified according to the HISS as either severe (GCS 3-8), moderate (GCS 9-13), or mild (GCS
14-15)

Mild: 254

Moderate: 16

Severe 8

Ethnicity: not reported
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Reference

Target condition(s)

Index test(s) and
reference standard

Results

Romner, 2000 ¢’
Setting: ED-three centers in Scandinavia

Country: Norway

Inclusion criteria: head injury with loss of conscious- ness (LOC), (2) blood sample for S-100 analysis collected within 24 h
after injury, and (3) CT scan performed within24 h after the injury. LOC was considered to have oc- curred when the patient
had amnesia for the trauma event and if accompanying persons reported LOC

Exclusion criteria: Patients with a history of neurological disease (e.g., multiple sclerosis, cerebral tumor, epilepsy, stroke,
serious head injury) were excluded.

Acute post-brain injury complications

Index test:
S100B

A serum sample for S-100 analysis was drawn immediately (mean 3.8 h after injury; range, 0.5-24.0 h) after admission to
the emergency room in the head-injured patients.

Reference standard:
CT scans of the brain and cranium

In a subgroup of 45 patients with mild head injury (GCS 14-15, LOC for , 20 min, absence of focal neurological deficits, and
no signs of acute intracranial abnormality revealed by a CT scan), MRI was also performed.

Outcome: Intra cranial findings on CT

head-injured patients were dichotomized into those with nondetectable serum levels (S-100 negative group) and those with
a serum level of at least 0.2 m g/L (S-100 positive group).

Forty (14%) of the 278 patients demonstrated a pathologic CT scan. Fifteen (5%) had isolated skull fracture without
intracranial pathology, and 25 (9%) showed intracranial lesions (main pathology: brain contusion n=13, subdural hematoma
n 5 6, epidural hematoma n =2, traumatic subarachnoid hemorrhage n=2, and brain edema n= 2. Among the 45 mildly
injured patients who underwent MRI, brain contusion was detected in five (11%).

S100 B (cut-off 0.2 u g/L) -mean 3.8 h after injury
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Reference

Source of funding

Limitations

Comments

Reference
Study type
Study methodology

Number of patients

Romner, 2000 ¢’
TP: 23

FP: 85

FN: 2

TN: 168

Sensitivity: 92%
Specificity: 66%
positive predictive value: 0.23
negative predictive value: 0.99

SN/SP calculated by NGC

Sensitivity: 0.92 [0.74, 0.99]

Specificity: 0.66 [0.60, 0.72]

The study was supported by The Laerdal Foundation for Acute Medicine (Grant number 1629) and The Skane County
Council's Research and Development Foundation.

Risk of bias (QUADAS 2 — risk of bias): very serious. Unclear whether the selection of patients could have introduced bias;
unclear whether the index test was interpreted without knowledge of the reference standard and vice versa

Indirectness (QUADAS 2 — applicability): serious. Mixed severity (mild, moderate and severe)

Patients with severe head injury (GCS < 9) were intubated and ventilated in the emergency room before the initial CT scan.
All patients were admitted for at least overnight observation

Thaler, 2015 62
Prospective cohort study

Data source: This prospective, observational study was conducted from May 2011 to October 2013 at 2 trauma centers in
Vienna, Austria

n=782
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Reference Thaler, 2015 62
Patient characteristics Age median (IQR): 83 (74-88) years

Patients with MHI who were receiving antiplatelet medication or who were older than 65 years were either admitted or
observed for at least 6 hours. All patients underwent CCT. The decision whether a patient had to be admitted and the point
in time at which CCT was performed depended on the clinical findings. W

GCS: mild TBI (13-15)

GCS 13: 48 (6.1%)
GCS 14: 147 (18.8%)
GCS15: 587 (75.1%)

Gender (male): 245 (31.3%)
Ethnicity: not reported
Setting: trauma centres
Country: Austria

Inclusion criteria: minor head injury (MHI) (GCS Score 13—15) in patients on medication with h platelet aggregation inhibitors
(PAI) who were older than 18 years, and MHI in patients age 65 years and older independent of PAIl intake

Exclusion criteria: Patients with MHI and severe trauma (open fractures, large open wounds, clinical signs of basal skull
fracture, polytrauma), focal neurological deficits, posttraumatic seizures, anticoagulant therapy (vitamin K antagonists, direct
oral anticoagulants), alcohol intoxication, and with a history of a coagulation disorder were excluded. Additional exclusion
criteria were blood sampling more than 3 hours after index event, unknown point in time of the trauma, and missing informed
consent.
Acute post-brain injury complications

Target condition(s)

Index test:

Index test(s) and Serum S100B

reference standard
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Reference

Results

Thaler, 2015 62

a venous blood sample was drawn within 3 hours after injury and the S100B level was determined. The result of S100B
analysis was not known to the attending physician. All clinical assessments were completed before the CCT scans were
performed

The median interval between event and blood drawing was 2:05 hours (IQR 1:30-2:30).
Reference standard:
Cranial CT (CCT)

The median interval between trauma and CCT was 15:40 hours (IQR 3:54— 21:30).

Patients were classified into 2 groups: CCT negative (patients with MHI who had no signs of trauma-related intracranial
bleeding) and CCT positive (patients with MHI who had at least 1 trauma-related intracranial haemorrhage: i.e., epidural,
subdural, subarachnoidal, or intracerebral bleeding). Each CCT scan was interpreted by a consultant radiologist who was
blinded to the S100B level. The CCT results were spot-checked (25%) by an independent, experienced radiologist who was
blinded to patient data.

Outcome: CCT positive (patients with MHI who had at least 1 trauma-related intracranial haemorrhage: i.e., epidural,
subdural, subarachnoidal, or intracerebral bleeding).

Of the 782 patients included, 732 (93.6%) proved to be CCT negative and 50 (6.4%) showed intracranial bleeding on CCT
scans. Six hundred thirty-one patients (80.7%) were being treated with PAls.

Of the 631 patients on PAls, 526 (83.3%) were taking low-dose aspirin, 68 (10.8%) were on clopidogrel, and 37 (5.9%) were
taking both drugs. The respective number of intracranial haemorrhages was 32 (6.1%) in the aspirin group, 3 (4.4%) in the
clopidogrel group, and 2 (5.4%) in the group on both drugs. Patients treated with PAls had a lower rate of intracranial
bleeding (5.9%) than those without PAls (8.6%). This difference, however, is not statistically significant (p = 0.215)

S100B (Cut-off 0.105 pg/L)- within 3 h
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Reference Thaler, 2015 62

Sensitivity: 98.0% (Cl 89.5%-99.7%)
Specificity: 35.3% (Cl 31.9%—-38.8%)
NPV 99.6% (CI 97.9%—99.9%)

PPV 9.4% (Cl 7.2%-12.2%)

AUC
0.73 (Cl 0.67-0.79, p < 0.001)

Raw data:
TP: 49
FP: 474
FN: 1

TN: 258

SN/SP calculated by NGC:

Sensitivity: 0.98 [0.89, 1.00]

Specificity: 0.35 [0.32, 0.39]
Source of funding Not reported
Risk of bias (QUADAS 2 — risk of bias): none

i Tt Indirectness (QUADAS 2 — applicability): none
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Reference

Comments

Reference
Study type
Study methodology

Number of patients

Patient characteristics

Thaler, 2015 62

All patients were treated as they normally would have been, following the standard operating procedures of the institutions

Vedin, 2021 ©
Prospective cohort study

Data source: The study was conducted in Helsingborg General Hospital, Helsingborg, Sweden. The catchment area
included 350,000 people.

n = 243 (n=13 with intracranial haemorrhage)

Age, years: 60.8 years (+44.96 years)

GCS: mild TBI (GCS 13-15). All patients were awake when they arrived in the emergency room.
Gender: not reported

Ethnicity: not reported

Setting: hospital ED

Country: Sweden

Inclusion criteria:

Population 1: Population 1 was selected for the study on S100B serum and urine levels of patients with isolated head
trauma. patients who were 18 years or above and seeking emergency medical care due to isolated head trauma

population 2: Population 2 was selected for the study on the serum and the urine S100B temporal profiles of patients with
intracranial haemorrhage. patients who were 18 years or above and had CT-verified intracranial haemorrhage due to head
trauma.
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Reference

Target condition(s)

Index test(s) and
reference standard

Results

Vedin, 2021 &

Exclusion criteria: The patients who underwent neurosurgical intervention were excluded, because they were transferred to
another hospital. patients under 18 years were excluded, as well as those with multi-trauma, as it might lead to false positive
S100B levels due to extracerebral S100B (mainly from adipocytes and chondrocytes)

Acute post-brain injury complications

Index test:
Urine and Serum S 100B

Sampled < 6 hours or less from trauma.

Reference standard:
Head CT

Timing of CT not reported.

Outcome:
Intracranial haemorrhage on CT

The CT frequency was 151/243 (62.1%). Unconsciousness was confirmed in 58/243 (23.9%) cases, but in 38/243 (15.6%)
cases, it could not be ascertained. Amnesia was present in 71/243 (29.2%) cases. All patients were awake when they
arrived in the emergency room (13-15 on the Glasgow Coma Scale).

Of the 243 patients, 37 (15.2%) took warfarin or an oral anticoagulant, 24 (9.9%) took 75 mg of aspirin, 2 (0.8%) were
administered clopidogrel, 3 (1.2%) were given a combination of aspirin (75 mg once daily) and ticagrelor (90 mg twice daily),
and 1 (0.4%) had a serious bleeding disorder

The mean S100B concentrations were 0.151 (£0.225) ug/l in serum and 0.067 (£0.200) ug/l in urine.

The median S-S100B of the 230 patients without intracranial haemorrhage was 0.12 (0.07—-0.22 IQR) ug/l, and their median
U-S100B was 0.07 (0.05-0.09 IQR) pg/l (41.7% lower than the serum level). The median S-S100B of the 13 patients with
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Reference

Vedin, 2021 &
intracranial haemorrhage was 0.18 (0.12—-0.35 IQR) pg/l, and their median U-S100B was 0.08 (0.045-0.10 IQR) ug/l (66%
lower than the serum level).

13 patients with CT-verified intracranial haemorrhage were included in population 2.

Serum -S100B (cut-off 20.10 pg/L) - within 6h (population 2-with CT verified intracranial haemorrhage)

Sensitivity: 97.0% (95% CIl 89.5-99.2%)
Specificity: 14.5% (95% Cl 12.6-16.6%)

Back calculation of 2x2 done by NGC:

TP: 13
FP: 197
FN: 0
TN: 33

Urine -S100B (cut-off =0.09 ug/L)- within 6h (population 2-with CT verified intracranial haemorrhage)

Sensitivity: 89.1% (95% CI 85.5-91.9%)
specificity: 11.1% (95% Cl 6.2—19.2%)
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Reference Vedin, 2021 €3

Back calculation of 2x2 done by NGC:

TP: 12
FP: 204
FN: 1
TN: 26

Serum S100B

In population 1, the serum S100B in the samples drawn 6 h or less from trauma (12/201 patients with intracranial
haemorrhage) had the best cut-off at 0.1 ug/l (AUC=0.589, 95% CI 0.436-0.741, p=0.304).

In the combined populations 1 and 2, for the serum S100B samples drawn 6 h or less from trauma (23 samples from
patients with intracranial haemorrhage), the AUC was 0.628 (95% CI 0.523-0.734, p=0.044).

Urine S100B

In population 1, the best cut-off for urine S100B, sampled within 6 h from trauma (10/180 patients with intracranial
haemorrhage), was 0.09 ug/l (AUC=0.635, 95% CIl 0.454-0.816, p=0.151).

For the urine S100B samples drawn 6 h or less from trauma (21 samples from patients with intracranial haemorrhage), the
AUC was 0.502 (95% CI 0.371-0.633, p=0.977).

Source of funding The study was funded by the Gorthon Foundation, Helsingborg and Thelma Zoega Foundation for Medical Research,
Helsingborg.
Limitati Risk of bias (QUADAS 2 — risk of bias): very serious. Unclear whether the selection of patients could have introduced bias;
imitations

unclear whether the index test was interpreted without knowledge of the reference standard and vice versa
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Reference

Comments

Reference
Study type
Study methodology

Number of patients

Patient characteristics

Vedin, 2021 &
Indirectness (QUADAS 2 — applicability): none

Information on treatment

Welch, 2016
Prospective cohort study

Data source: Study included patients 18—80 years of age who were evaluated and treated at one of seven study site hospital

emergency departments (EDs) for a blunt closed head injury and potential mild to moderate TBI. The hospitals were
composed of Level 1 and 2 trauma centres, a non-trauma centre, and included both U.S. and European sites

n =251

Age, years: 45.6 (18.4) years

GCS: mild and moderate TBI

Of the 251 study patients, 225 (89.6%; 95% CI| 85.2%-93.1%) had an initial GCS of 15 of whom 24 (10.7%) had a positive
CT scan. Among patients with a GCS<15 (n=26) 12 (46.2%) had a positive CT scan.

Gender: 60.2% (95% Cl; 53.8%—-66.3%) were male

Ethnicity: not reported

Setting: ED

Country: US

Inclusion criteria: patients were those with an initial Glasgow Coma Scale (GCS) score of 9—-15 who underwent emergency
head CT scan for evaluation of the head injury as deemed necessary by the attending ED physician. The subject was 118
years of age and no more than 80 years of age. Acceleration or deceleration closed injury to the head that was either self-
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Reference Welch, 2016 5
reported or witnessed. Presented to an emergency department (ED) within 4 h of injury. An initial Glasgow Coma Scale
score of 9-15 in the ED performed by the Principal Investigator (Pl) or trained study personnel. ED workup included a head
computed tomography (CT) scan (based on standard practice and/or decision rules). Informed consent was obtained from
the subject or his or her legal representative; oral consent for the initial blood draw and/or deferred consent to 24 h was
allowed for patients who were unable to consent at initial evaluation or exception from the informed consent requirement by
use of “community consent” if approved by an Institutional Review Board. The Pl deemed the subject to be an appropriate
study candidate.

Included patients presented within 4 h of injury, completed the required CT scan as part of routine care, and had blood
drawn for analysis within 6 h of injury

Exclusion criteria: Participation in another clinical study that may affect the results of either study. Time of injury was not able
to be accurately determined. Head CT not done as part of clinical emergency care. Primary diagnosis of ischemic or
haemorrhagic infarct. Not available for 35-day follow-up visit. Venipuncture not feasible. Blood donation within 1 week of
screening. The subject was otherwise determined medically unsuitable for study participation.

Acute post-brain injury complications
Target condition(s)

Index test(s) and W
reference standard '
-  GFAP
- UCH-L1
- S100B

Within 6 hours of injury

Blood samples were collected at time of study enrolment and every 6 hours up to the time of discharge (either ED or
hospital) or up to 24 h (maximum of five samples during index visit). Patients who were seen at follow-up (Day 35 — 5 days)
had another sample obtained when feasible.

Reference standard:
Head CT
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Reference

Results

Welch, 2016

The neuroradiologists determined whether a CT scan was positive—defined as the presence of an acute trauma-related
intracranial lesion

Two of the neuroradiologists who had no access to any other clinical or laboratory data, except subject age and sex,

reviewed all of the study subjects’ CT scans.

Outcome: Intracranial lesion on CT

results of the head CT scan (positive/negative) among patients with the first blood sample drawn within 6 h of injury.

CT scan was positive—defined as the presence of an acute trauma-related intracranial lesion

After final diagnosis, adjudicated by a third independent radiologist, 36 patients (14.3%; 95% CI 10.3%—-19.3%) had a CT
scan that was positive for an acute intracranial lesion.

UCH-L1 (cut-off of 41 pg/mL) [6 hours -time from reported injury to blood sample obtained]

Sensitivity: 1.00 (0.90, 1.00)
specificity: 0.40 (0.33, 0.47)

GFAP (cut-off of 0 pg/mL) [6 hours -time from reported injury to blood sample obtained]

Sensitivity: 1.00 (0.90, 1.00)
Specificity: 0.00 (0.00, 0.02)
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Reference

Welch, 2016

Indicating that using the GFAP value associated with 100% sensitivity within 6 h of injury, the test could not reliably
determine which patients had negative head CTs.

S100B (30 pg/mL threshold) [6 hours -time from reported injury to blood sample obtained]

Sensitivity:1.00 (0.89, 1.00)
specificity: 0.02 (0.00, 0.04)

S100B (100 pa/mL threshold) [6 hours -time from reported injury to blood sample obtained]

Sensitivity: 0.91 (0.75, 0.98)
Specificity: 0.44 (0.37, 0.51)

GFAP & UCH-L1N (Threshold for positive test- 100 GFAP 40 UCH-L1) [6 hours -time from reported injury to blood sample
obtained]

Sensitivity: 1.00 (0.90, 1.00)

Specificity: 0.39 (0.33, 0.46)

GFAP & UCH-L1N (Threshold for positive test 100 GFAP 40 UCH-L1) [4 hours- time from reported injury to blood sample
obtained.]

Sensitivity: 1.00 (0.89, 1.00)

Specificity: 0.37 (0.30, 0.44)
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Reference

Source of funding

Limitations

Comments

Reference
Study type
Study methodology

Number of patients

Patient characteristics

Welch, 2016

The combined biomarker strategy (both GFAP and UCH-L1) resulted in the same sensitivity and specificity estimates as that
of UCH-L1 alone.

AUC

GFAP: 0.79 (95% CI 0.70-0.88)
UCH-L1: 0.80 (95% CI1 0.71-0.89)
S100B: 0.75 (95% CI 0.65-0.85)

No funding
Risk of bias (QUADAS 2 — risk of bias): serious. Unclear whether the selection of patients could have introduced bias
Indirectness (QUADAS 2 — applicability): serious. Mixed severity includes mild and moderate TBI

Assay results were not available to the treating clinician and were not used to guide treatment

Wolf, 2013 65
Prospective cohort study

Data source: prospective study of patients with suspected TBI who had been admitted to the Level | trauma center of the
Vienna General Hospital, Medical University of Vienna.

n =107

Age, mean (SD): 59 £ 23 years
Gender: 60 male and 47 females

GCS: GCS 13-15 (mild GCS)
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Reference

Target condition(s)

Index test(s) and
reference standard

Wolf, 2013

Ethnicity: not reported

Setting: academic, Level | trauma center
Country: Austria

Inclusion criteria: injury within 3 hours prior to admission to the emergency room, blunt head trauma, and a GCS score of 13-
15.

Exclusion criteria: penetrating head injury; severe TBI; unstable vital signs; acute focal neurological deficit; pregnancy;
significant extracerebral injury including, for example, fractures of the long bones, soft tissue injuries, and hematomas;
malignant melanoma; polytrauma; inherited coagulopathy; cancer; and multiple sclerosis. Patients for whom blood samples
were obtained more than 3 hours after injury were also excluded from the study

Acute post-brain injury complications

Index test:

Serum:

-S100B protein
-neuron-specific enolase (NSE)

Peripheral venous blood was obtained from each patient within 3 hours after the accident and prior to cranial CT.

Reference standard:
Cranial CT

An emergency cranial CT study was performed in all patients.

The timing was usually within 30 minutes after the first examination by a physician. Prior to the CT a venous blood sample
was drawn.
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Reference

Results

Wolf, 2013 6°

Radiological data were recorded, and the patients were assigned to 1 of the 2 following groups: CT negative, that is, patients
without any trauma-related radiological sign; and CT positive, that is, patients with epidural, subdural, subarachnoid, or
intracerebral hemorrhage, including contusions. Protocol did not include plain radiographs of the skull, because a negative
result does not exclude intracranial bleeding. Therefore, skull fractures, which are risk factors for the development of ICH,
were detected on CT scanning in both groups. No MRI was performed within the first 24 hours after injury.

Outcome:

CT positive (patients with epidural, subdural, subarachnoid, or intracerebral hemorrhage, including contusions)

25 (23.4%) had intracranial bleeding. Among these 25 patients, the bleeding was subarachnoid in 7, subdural in 6, and
intracerebral in 7. In 5 patients, a cerebral contusion was detected by CT.

Patients with intra-cranial bleeding had significantly higher S100B and NSE values and had nausea and vomiting more
often.

In patients with a subdural haemorrhage, the mean serum level of S100B and NSE was 0.28 and 8.46 ug/L, respectively.
The mean serum level of S100B in patients with ICH was 0.34 ug/L; the mean serum level of NSE was 22.51 ug/L. In
patients with a subarachnoid haemorrhage, the mean serum level of S100B was 0.98 pg/L and the mean serum level of
NSE was 18.14 ug/L. In 12 CT-positive patients, the mean alcohol serum level was 1.24 per thousand.

Seven patients from the CT-positive group were on anticoagulants at the time of injury. Eight patients required a
neurosurgical operation to evacuate the ICH; only 1 of these 8 patients was on anti- coagulation therapy prior to the accident

S 100B (a cutoff of 0.48 ug/L)- within 3 hrs

Sensitivity: 33% (no Cl reported)
Specificity: 91% (no Cl reported)
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Reference Wolf, 2013 65
Back calculation of 2x2 table by NGC:

TP: 10
FP:7

FN: 20
TN: 70

S 100B (cut-off 0.105 pg/L)- within 3 hrs

Sensitivity: 72% (no Cl reported)
Specificity: 37% (no Cl reported)
Back calculation of 2x2 table by NGC:

TP: 22
FP: 49
FN: 8

TN: 28

NSE (a cutoff limit of 14.7 pg/L)- within 3 hrs

Sensitivity: 56% (no Cl reported)
Specificity: 77% (no Cl reported)

Back calculation of 2x2 table by NGC:
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Reference Wolf, 2013
TP: 17
FP: 18
FN: 13
TN: 59

NSE (cutoff limit of 16.4 ug/L) - within 3 hrs

Sensitivity: 53% (no ClI reported)
Specificity: 15% (no Cl reported)

Back calculation of 2x2 table by NGC:

TP: 16
FP: 65
FN: 14
TN: 12

Source of funding No funding
Risk of bias (QUADAS 2 — risk of bias): very serious. Unclear whether the selection of patients could have introduced bias;

Limitations unclear whether the index test was interpreted without knowledge of the reference standard and vice versa
Indirectness (QUADAS 2 — applicability): none
Comments Information on treatment reported
127
128
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Reference Zongo, 2012 ¢
Study type Prospective cohort

Data source: Patients with minor head injury were consecutively included from December 2007 to February 2009 in a
Study methodology

prospective study

Number of patients n = 1560

Patient characteristics Age, years mean (range): 57 (32-82) years

Gender (male): 870 (55.8%)

GCS: mild TBI
GCS 13: 39 (2.5)
GCS 14: 335 (21.5)
GCS 15: 1186 (76.0)

Ethnicity: not reported
Setting: ED
Country: France

Inclusion criteria: Patients included were aged 15 years or older, presenting to the ED within 6 hours of isolated head
trauma, with a GCS of 13 to 15 as determined by the attending physician, and with one or more of the following risk factors:
loss of consciousness, posttraumatic amnesia, repeated vomiting, severe headache, dizziness, vertigo, alcohol intoxication,
anticoagulation, and age older than 65 years

Exclusion criteria: Patients were excluded on admission if a severe injury was suspected (Abbreviated Injury Score
obviously >2). Severe injury included open fracture, large open wounds, and intrathoracic or abdominal contusion.
Acute post-brain injury complications

Target condition(s)

I test:
Index test(s) and Index test:

reference standard
S100B
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Testing within 6 hours of head trauma

Reference standard:
CT head scan

CT scan was performed within 6 hours after the head trauma

Results Outcome: CT scan abnormality (CT positive)

CT scan—negative (minor head injury patients without any sign of trauma-relevant lesions) and CT scan—positive (minor
head injury patients with at least 1 trauma-relevant lesion).

CT scan result was positive for 111 (7%) participants, 12 of whom afterwards had a clinically important traumatic brain injury
: 3 required a neurosurgical intervention and 3 died from their head trauma.

Patients with positive CT scan results had higher median S100-B levels than those with negative CT scan results: median
value 0.46 pg/L (0.27 to 0.72) versus 0.22 ug/L (0.14 to 0.36)

S100B (cut-off Value, 0.10 pg/L)- within 6 h

Sensitivity: 99.1(95% CI 95.0-100)

Specificity: 12.2 (95% Cl 10.6-14.0)

Negative predictive value: 99.4 (95% CI 96.9-100)
Positive predictive value: 8 (95% Cl 6.6-9.5)

Back calculation of 2x2 table by NGC:
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Reference Zongo, 2012 ¢
TP: 110
FP: 1239
FN: 1
TN: 210

S100B (cut-off Value, 0.12 pg/L) -within 6 h

Sensitivity :99.1(95% CI1 95.0-100)

Specificity: 19.7 (95% CI 17.7-21.9)

Negative predictive value: 99.7 (95% CI 98.1-100)
Positive predictive value: 8.6 (95% CIl 7.1-10.3)

Back calculation of 2x2 table by NGC:

TP: 110
FP: 1164
FN: 1
TN: 285

S100B (cut-off Value, 0.14 pg/L)-within 6 h

Sensitivity :97.3 (95% Cl 92.3-99.4)
Specificity: 26.8 (95% CI 24.5-29.1)
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Reference

Source of funding

Limitations

Comments

Zongo, 2012 ¢
Negative predictive value: 99.2 (95% CI 97.8-99.8)
Positive predictive value: 9.2 (95% CI 7.6-11.0)

Back calculation of 2x2 table by NGC:

TP: 108
FP: 1061
FN: 3

TN: 388

AUC: 0.76; 95% CI 0.72 to 0.80

S100-B test to be a significant discriminator of CT scan abnormality (area under the curve value 0.76; 95% CI1 0.72 to 0.80).

This study was funded by INSERM, the Reunica Group, and the teaching hospital of Bordeaux (PHRC 2007).
Risk of bias (QUADAS 2 — risk of bias): none
Indirectness (QUADAS 2 — applicability): none

At 0.10 and 0.12 ug/L, only 1 patient with plasma S100-B below the cut-off value had a positive CT scan result: a 28-year-
old man with a cerebral contusion that proved to be a petechia and with a blood alcohol concentration of 3.0 g/L at
admission. The patient required no further neurosurgery or intensive care. He stayed in the hospital for 30 hours for
surveillance. The delay between trauma and blood drawing was 120 minutes. Between 0.12 and 0.14 ug/L, 2 patients had a
positive CT scan result: a cerebral petechia and a chronic subdural haemorrhage with recent bleeding. No neurosurgical
care was required, and there was no further neurologic deterioration. The delay between trauma and blood drawing was 152
minutes and 255 minutes for these 2 patients
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Biomarkers in children

Reference
Study type
Study methodology

Number of patients

Patient characteristics

Babcock, 2012 2
Secondary analysis of prospective cohort study

Data source: consecutive patients of all ages who consented to participate in a NIH funded registry study of patients with
mild TBI between January 2003 and September 2004.

n = 679 (children in TBI registry)

n = 360 (underwent cranial CT)

n = 155 (serum S100B measurement)

n = 109 (eligible patients with cranial CT and serum S100B measurement)

Age, mean (SD): Normal CT 14.7 (3.9); Abnormal CT 14.2 (4.2)
Gender, male (%) Normal CT 52 (57.8); Abnormal CT 10 (52.6)

Among the children with both CT and serum S100B, a majority (86.2%) of children had mild TBI; 83 had a GCS score of 15,
eight had a GCS score of 14 and three had a GCS score of 13

Ethnicity: Not reported
Setting: Paediatric emergency department at a university medical centre.
Country: USA

Inclusion criteria: Patients aged 0-18 years were eligible for inclusion in the primary study if they met a modified case
definition of TBI developed by the American Congress of Rehabilitation Medicine (blow to the head or
acceleration/deceleration movement of the head resulting in one or more of the following: LOC <30 minutes, amnesia <24
hours or any alteration in mental state at the time of the injury.
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Reference Babcock, 2012 2

Exclusion criteria: Patients presenting to the ED >6 hours after injury or with pre-existing medical or psychiatric conditions
known to be associated with elevated S100B level in the absence of TBI (specifically, Alzheimer’s disease, Down’s
syndrome and schizophrenia). Additionally, those who had run >10 miles in the past 12 hours were excluded.

Acute post-injury complications
Target condition(s)

Index Test

Index test(s) and S100B

reference standard

S 100B level > 0.006ug L
S 100B level of 0.1 ug L'

Within 6 hours of injury

Reference Standard
CT scan

Results Outcome: Abnormal cranial CT

An abnormal cranial CT was defined by the presence of any intracranial injury, including subdural haematomas, epidural
haemato-mas and cerebral contusions, as well as the presence of skull fractures.

N=19 with abnormal CT

N=90 with normal cranial CT

For all patients:
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Reference Babcock, 2012 2
S 100B level cut-off > 0.006ug L'~ within 6 hours

Sensitivity: 90% (no Cl reported)
Specificity: 31% (no Cl reported)
Positive predictive value: 22% (no Cl reported)

Negative predictive value: 93% (no Cl reported)

Back calculation of 2x2 table by NGC:

TP: 17
FP: 62
FN: 2

TN: 28

S 100B level of 0.1 ug L', - within 6 hours

Sensitivity: 47% (no Cl reported)
Specificity: 89% (no Cl reported)

Back calculation of 2x2 table by NGC

TP: 9
FP: 10
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Reference

Source of funding

Limitations

Babcock, 2012 2
FN: 10
TN: 80

Using the cut-off of 0.006 ug L' derived from the data, a positive S 1 00B value (>0.006 jig L") failed to predict an abnormal
CT in two children. Both of these children had a serum SIO0B level of 0. One of these children was a 9-year-old male with a
GCS of 15 who had LOC, nausea/vomiting and a headache; and the second child was a 17-year-old female who was
intubated in the field and was pronounced dead shortly after presentation. If a SIO0B level of >0.006 ug L' was used as the
sole criterion to order a cranial CT, 28% (30/109) of children in this cohort would not have undergone CT imaging.

For GCS 15 (n=83):

S 100B levels >0.006 ug L'

Sensitivity: 85.7% (no Cl reported)
Specificity: 34.2% (no Cl reported)

Area under the curve: 0.53 (95% CI = 0.36, 0.71).

Part funded by Career Development K23 Award from the NOH/National Institute of Neurological Disorders and Stroke
(NIH/NINDS K23 NS41952-02) and a research grant from the Ronald McDonald Charities of Rochester. S100B analysis
was funded through a grant by the New York State Department of Health (NYS DOH C806001). Analysis was part funded by
KL2 Mentored Career Development Program in clinical and Translational Research from the University of Cincinnati Center
for Clinical and Translational Science and Training, as well as the Division of Emergency Medicine at Cincinnati Children’s
Hospital Medical Center.

Risk of bias (QUADAS 2 — risk of bias): very serious. Unclear whether the selection of patients could have introduced bias;
unclear whether the index test was interpreted without knowledge of the reference standard and vice versa

Indirectness (QUADAS 2 — applicability): none
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Reference

Comments

Reference
Study type
Study methodology

Number of patients

Patient characteristics

Target condition(s)

Babcock, 2012 2

Bandyopadhyay, 2005 3
Retrospective analysis of a prospectively enrolled cohort study

Data source: The study cohort was obtained from an academic children’s hospital emergency department (ED) head trauma
study database with enrolment between December 1997 and November 2000.

n = 86

Age, mean (SD): 8.2(6 5.5) years (range 11 months to 18 years).

Gender: Approximately two thirds were male and white.

GCS: Among 86 enrolled subjects, ten had Glasgow Coma Scale (GCS) scores <13 (moderate and severe cTBI).
Ethnicity: not reported

Setting: ED

Country: USA

Inclusion criteria: Subjects between 0 and 18 years of age, evaluated within 24 hours of sustaining closed traumatic brain
injury (TBI), and requiring a cranial computed tomography (CT) scan in accordance with the written ED protocol were
enrolled.

Exclusion criteria: Patients excluded if they had penetrating TBIs, intentional head trauma, multisystem injuries, pelvic or
lower extremity fractures, spinal cord injuries, or bleeding disorders. Patients who sustained injury more than 24 hours prior
to presentation or with a history of cerebral palsy, mental retardation, developmental delay, or ventricular shunts

Acute post-brain injury complications
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Reference

Index test(s) and
reference standard

Results

Source of funding

Limitations

Bandyopadhyay, 2005 3
Index test:
Serum Neuron-specific Enolase (NSE)

Blood for serum NSE assay was drawn at the time of ED evaluation.

The mean time interval from the time of reported injury and the time blood was drawn for NSE measurement was 3.8 hours
(range 0.4 to 14.8).

Reference standard:
CT

Timing of CT not reported

Outcome:

abnormal CT scan

An abnormal CT scan was defined as a CT scan with cerebral contusions, cerebral oedema, or parenchymal,
subarachnoidal, subdural, or epidural bleeding. Presence of skull fracture alone was not sufficient to classify a CT as
abnormal.

Results:

NSE level cut-off value of 21.2 ng/mL was a relatively poor predictor of abnormal CT scan, with a c statistic of 0.66. (no
other diagnostic accuracy measures reported for this outcome)

Not reported

Risk of bias (QUADAS 2 — risk of bias): serious. Unclear whether the selection of patients could have introduced bias

Indirectness (QUADAS 2 — applicability): serious. Mixed severity TBI included however majority of patients had mild TBI

372

NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications DRAFT [September 2022]



DRAFT FOR CONSULTATION
Brain injury biomarkers for predicting acute brain injury complications

Reference Bandyopadhyay, 2005 3

Comments No information on treatment reported.
137
138

Reference Bouvier, 2012 "'

Study type Prospective cohort

Data source: Children younger than 16 years presenting at a paediatric emergency department within 3 h after TBI were
enrolled prospectively for blood sampling to determine serum S100B concentrations. This prospective study was carried out
from April 2010 to April 2011 in the Department of Paediatric Emergency of Clermont—Ferrand Hospital

n = 446

Study methodology

Number of patients
Patient characteristics Age, median (IQR): 5.2 (2.1-9.0)

Gender, male: female ratio: 1.68
Severity: 3 severity groups according to the Masters classification
Masters 1: 183 (41%)

Masters 2: 241 (54%)
Masters 3: 22 (5%)

Ethnicity: Not reported
Setting: Paediatric emergency department
Country: France

Inclusion criteria: All children (age 0 —16 years, admission within 3 h) with closed head trauma were eligible for enrolment
and were ranked in 3 severity groups according to the Masters classification. Masters group 3 (severe TBI), which formed a
positive control group, was composed of children with a Glasgow Coma Scale (GCS) <13 or loss of consciousness or
progressive decrease in consciousness. Masters group 2 (mild TBI) comprised children with a GCS score of 13—15 on
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Reference

Target condition(s)

Index test(s) and
reference standard

Results

Bouvier, 2012 "

admission and 1 or more of 12 clinical risk factors: brief loss of consciousness, posttraumatic amnesia, nausea, vomiting,
severe or progressive headache, dizziness, vertigo, intoxication, anticoagulation, skull fracture, seizure, age <2 years.
Masters group 1 (minimal TBI) was made up of children with a GCS score of 15 without symptoms or with only headache or
bruising.

Exclusion criteria: Pregnant women, children whose TBI occurred >3 h before presentation, and multiply injured patients
were excluded.

Acute post-injury complications

Index Test
S100B

Recently established reference intervals were used: the upper serum S100B reference limits (95th percentile) were derived
for 3 age groups: 0.35 ug/L for age 0 —9 months, 0.23 ug/L for age 10 —24 months, and 0.18 ug/L for age >24 months.
Patients exhibiting serum concentrations below the specific age-range cut-off were counted as S100B negative (S100B),
and those with concentrations above as S100B positive (S100B).

The median interval between trauma and blood sampling was 2 h 05 min (range 1 h 30 min to 2 h 45 min or 25%—75%).
Reference standard
CT scan

To determine whether a patient had a trauma-relevant intracerebral lesion, the radiological parameters were recorded, and
the patients divided into 2 groups: CCT-negative (CCT) mild TBI patients with no signs of trauma relevant intracerebral
lesions and CCT-positive (CCT) mild TBI patients with at least 1 pathophysiological trauma-relevant intracerebral lesion

Outcome: Intracerebral lesion on CT

CCT-: mTBI patients with no signs of trauma-relevant intracerebral lesions. CCT+: mTBI patients with at least 1
pathophysiological trauma-relevant intracerebral lesion
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Reference Bouvier, 2012 "

The median concentrations of S100B were 0.21 (interquartile range 0.15-0.29), 0.31 (range 0.18 —0.47), and 0.44 ug/L
(range 0.30 —0.66) in Masters groups 1, 2, and 3, respectively. The difference across these 3 groups was statistically
significant (P <0.05)

S100B [serum concentrations below the cut-off 0.35 ug/L for age 0 —9 months; 0.23 ug/L for age 10 —24 months; 0.18 u g/L
for age >24 months were counted as S100B-, and those above as S100B+)- median 2 hours.

TP: 23
FP: 28
FN:0

TN: 14

Sensitivity: 100% (CI 85.2-100)

Specificity: 33% (CI 20-50)

AUC: 0.72 (CI 85.2-100)

Positive predictive value: 45% (31%—60%)
Negative predictive value: 100% (77%—100%)

SN/SP calculated by NGC

Sensitivity: 1.00 [0.85, 1.00]
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Reference

Source of funding

Limitations

Comments

Reference
Study type
Study methodology

Number of patients

Patient characteristics

Bouvier, 2012 1
Specificity: 0.33 [0.20, 0.50]

None
Risk of bias (QUADAS 2 — risk of bias): serious. unclear whether the index test was interpreted without knowledge of the
reference standard and vice versa

Indirectness (QUADAS 2 — applicability): serious. includes a population with mixed TBI severity

Castellani, 2009 '3
Prospective cohort

All patients <18 years presenting to hospital with mild TBI between December 2004 and April 2008 had venous blood
samples taken within 6h of trauma for the determination of S100B. MTBI was defined as follows: GCS of 13-15 at admission
in combination with associated clinical symptoms (vomiting, loss of consciousness - and in patients >4 years persisting
headache, retrograde amnesia and vertigo).

n =928

n = 109 (included in study)

Age, mean (SD): 9.5 (4.7)

Gender, male, n (%): 73 (67)

On admission, a GCS of 15 was recorded in 86 (78.9%), of 14 in 13 (11.9%) and of 13 in 10 (9.2%) patients.
Ethnicity: Not reported

Setting: Hospital emergency department
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Reference

Target condition(s)

Index test(s) and
reference standard

Results

Castellani, 2009 "3
Country: Austria

Inclusion criteria: Patients <18 years with a GCS 13-15 (in combination with vomiting, loss of consciousness, persisting
headache, retrograde amnesia, and vertigo) with serum S100B measured within 6 hours of blunt head trauma who went on
to require a CT scan during their inpatient episode.

Exclusion criteria: None specified
Acute post-injury complications

Index Test
S100B

According to an analysis in healthy children recently conducted by the authors, the upper reference of serum S-100B was
set to 0.16 pg/L.

All patients with MTBI and clinical symptoms who had their serum S-100B measured within 6 h after trauma and
subsequently went on to require a CT during their in-patient episode were selected from the database for this study

Reference Standard
CT scan

Outcome: pathological CT

CT was classified as pathological in the presence of a skull fracture or intra cranial hemorrhage (ICH).

Thirty-six patients (30.3%) showed abnormalities on their CCT: 22 (20.2%) had skull fractures without ICH, 12 (11.9%) had
skull fractures in combination with ICH and two (1.8%) had isolated ICH without fracture. ICH was limited to single locations
in 11 patients: four patients epidural, four subarachnoid and two subdural hemorrhages and one patient with shear
bleedings. Three patients showed hemorrhages in multiple locations: one epi- and subdural, one subdural and shear
bleeding and one sub-arachnoidal and shear bleeding.

377

NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications DRAFT [September 2022]



DRAFT FOR CONSULTATION
Brain injury biomarkers for predicting acute brain injury complications

Reference Castellani, 2009 '3

S100B (cut-off 0.16ug/L)-within 6 h

TP =36
FP = 42
FN=0
TN = 31

Sensitivity 100% (CI 92-100)
Specificity 42% (Cl 38-43)

AUC 0.68 (CI 0.58-0.78)

SN/SP calculated by NGC

Sensitivity: 1.00 [0.90, 1.00]

Specificity: 0.42 [0.31, 0.55]
Source of funding None
Risk of bias (QUADAS 2 — risk of bias): very serious. Unclear whether the selection of patients could have introduced bias;

Limitations unclear whether the index test was interpreted without knowledge of the reference standard and vice versa
Indirectness (QUADAS 2 — applicability): None
Comments After clinical examination and S100B sampling, all patients were admitted for inpatient observation.
140
141
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Reference Fridriksson, 2000 2°
Study type prospective pilot study

Dat DA i ilot stud ducted of patients 0 to 18 f ting t hildren’s hospital
S e it ata source: A prospective pilot study was conducted of patients 0 to 18 years of age presenting to a children’s hospita

emergency department (ED) between December1997 and October 1998 were consecutively enrolled. Children presenting
within 24 hours of injury who required head computed tomography (CT) were eligible.

Number of patients n =250

Age, mean (SD): aged 2 months to 16 years
Presence of intracranial lesion (n=22): 9.16 (5.7) years
No intra cranial lesion (n=27): 7.66 (5.3) years

Patient characteristics

Gender:
Presence of intracranial lesion (n=22): males 12; females 10
No intra cranial lesion (n=27): males 15; females 12

Mixed severity population

GCS mean (SD):

Presence of intracranial lesion: 11.96 (4.2)
No intracranial lesion: 13.96 (2.6)

GCS>12
Presence of intracranial lesion: 14/22
No intracranial lesion: 25/27

Ethnicity:
Presence of intracranial lesion: White- 14; African American-5; Hispanic-1; Other- 2
No intracranial lesion: White- 15; African American: 10; Hispanic — 1; Other- 1

Setting: ED of an academic tertiary care children’s hospital

Country: USA
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Reference

Target condition(s)

Index test(s) and
reference standard

Results

Fridriksson, 2000 2°
Inclusion criteria: All patients presenting with blunt head trauma within 24 hours of injury and requiring head CT evaluation
in accordance with the written ED practice guidelines were eligible for enrolment

Exclusion criteria: Patients with penetrating head trauma, injury sustained more than 24 hours prior to presentation, or
bleeding disorders were not eligible for enrolment in the study
Acute post-brain injury complications

Index test:
serum neuron-specific enolase (NSE)

Serum NSE levels were determined using standard radio-immunoassay technique (SpecialtylL aboratories, Santa
Monica, CA). The NSE reference range provided by Specialty Laboratories was undetectable (<10 ng/mL),
indeterminate (10-15 ng/mL), and abnormal(>15 ng/mL). For the purpose of the study, NSE levels of >15 ng/mL were
considered abnormal.

The mean time from injury to obtaining blood samples for NSE was 256 (310) minutes in the PICL group and 242
(147) in the NICL group (p = 0.82).

Reference standard:
Head CT

Outcome: Presence of intracranial lesion (ICL)

Head CT was reported as positive for ICL when cerebral oedema, parenchymal bleeding, cerebral contusion, or sub
arachnoidal, subdural, or epidural bleeding was identified. Enrolled patients were assigned to one of two groups based on
the presence or absence of ICL on head CT. The PICL (presence of ICL) group consisted of patients with evidence of ICL.
The NICL (no ICL) group consisted of patients with no evidence of ICL or isolated skull fracture only.

Results:
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Reference

Fridriksson, 2000 25

Intra-cranial abnormalities were identified on head CT in 22 patients (45%)

One patient in the NICL group required surgery for elevation of a minor depressed skull fracture. In the PICL group, five
patients (23%) underwent craniotomy: two for evacuation of an intra cranial hematoma, two for elevation of a de-pressed
skull fracture, and one for insertion of a ventriculostomy catheter.

Overall NSE levels ranged from4.3 to >100 ng/mL for all patients, and 63% of the patients had levels =15 ng/MlI.

Of the 39 patients with GCS of >12, 22 (56%) had NSE levels > 15 ng/mL. Of ten patients with GCS < 12, eight (80%) had
levels > 15 ng/mL. The mean level in patients with GCS of >12 was 18.4ng/mL, compared with 36.6 ng/mL inpatients
with GCS < 12 (p = 0.003;95% CI =25.8 t0226.7). Mean NSE level was 26.7621.4 ng/mL in the PICL group and 17.867.8
ng/mL in the NICL group (p = 0.48; Cl = 0.10to 17.9).

17 patients (77%) in the PICL group had NSE levels > 15.3 ng/mL compared with 14 (52%) in the NICL group (p = 0.034).

Twenty-one of the 22 patients in the PICL group and 14 of the 27 patients in the NICL group were admitted to the hospital.
The mean hospital stay was 7.4 days (range 1-48) for the PICL group and 2.1 days (range 1-6) for the NICL group (p
=0.89).

None of the patients in the study group died.

NSE (at a level of NSE 215.3 ng/mL)- mean 4h
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Reference Fridriksson, 2000 25
TP: 17
FP: 13
FN: 5
TN: 14

Sensitivity: 77% (no Cl reported)
Specificity: 52% (no Cl reported)

negative predictive value: 74% (no Cl reported)

SN/SP calculated by NGC:

Sensitivity: 0.77 [0.55, 0.92]
Specificity: 0.52 [0.32, 0.71]

Source of funding Not reported
L Risk of bias (QUADAS 2 — risk of bias): serious. None
Limitations . S . : .
Indirectness (QUADAS 2 — applicability): serious. Mixed severity TBI
Comments Information on treatment reported.
142
143
144
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Reference
Study type
Study methodology

Number of patients

Patient characteristics

Kelmendi, 2018 32
single-centre prospective cohort study

Data source: study that was carried out from December 2016 to December 2017. The study was conducted in the
emergency department and the neurosurgery clinic. The study site is a tertiary neurosurgical centre

n =80
Age, mean (SD): 9.1 (3.8) years

Gender: Forty-six patients were male (57.5%), and 34 patients were female (42.5%).

GCS:

Patients were diagnosed with mild TBI if they presented with a GCS score of 13—-15, loss of consciousness (LOC) lasting <
30 mins and posttraumatic amnesia (PTA) lasting < 1 hour

GCS 15: 25 (31.3%)
GCS 14: 26 (32.5%)
GCS 13: 27 (33.8%)

Ethnicity: not reported

Setting: emergency department and the neurosurgery clinic

Country: Kosovo

Inclusion criteria: Children with head trauma alone who were between 2 and 16 years of age were included in the study

Exclusion criteria: Children who were admitted to the hospital more than three hours after trauma, children with a history of
syncope or seizure before the head trauma, children with Down syndrome (S100B is overexpressed in such patients),
children who had previously undergone a neurosurgical procedure, children with multiple injuries (involving the chest,
abdomen, extremities, or pelvis), children with renal or liver disease, children with a history of a severe neurologic or
psychiatric disorder, children suffering from cancer, and children who either had a history of an inherited coagulopathy or
had received anticoagulant therapy were excluded from the study.

383

NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications DRAFT [September 2022]



DRAFT FOR CONSULTATION
Brain injury biomarkers for predicting acute brain injury complications

Reference

Target condition(s)

Index test(s) and
reference standard

Results

Kelmendi, 2018 33

Serum S100B protein has a short half-life; thus, patients whose blood samples were drawn more than 3 hours after head
trauma were excluded from the analysis
Acute post-brain injury complications

Index test:
S100B

At 3 hours of injury

Blood samples were obtained from each patient via a cubital vein at 3 hours after head injury. The blood samples were
processed to separate the serum from the plasma, and then the serum was deep-frozen at =200 C (-4o F) until analysed
with an electrochemiluminescence immunoassay kit (Elecsys S100; Roche Diagnostics, Mannheim, Germany).

Reference standard:

Head CT
The CT was usually performed within 30 minutes after the patient was first examined by an emergency physician.

A venous blood sample was drawn prior to every CT. The CT examination involved the acquisition of parenchymal and bone
window images. All head CTs were reviewed for signs of TBI by a radiologist blinded to the patients’ clinical signs and
S100B levels

Outcome:

Trauma related cerebral lesions on CT

Patients found to have any signs of trauma-related cerebral lesions (skull-cap fracture, skull-base fracture, or both; epidural
haematoma; subdural haematoma; traumatic subarachnoid bleeding; cerebral haematoma; brain contusion; or
pneumocephalus) were considered to have a positive head CT. The patients were divided into the following two groups: (a)
a negative CT group (CT-), which included patients without any signs of cranial injury on CT; and (b) a positive CT group
(CT+), which included patients with at least one trauma-related lesion on CT
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Reference Kelmendi, 2018 33

The patients were classified according to the number of injuries rather than the size of the injury. Many of the patients had
multiple injuries, but these injuries affected only a small volume of brain tissue (always considering that one injury can
damage a large area of brain tissue). plain radiographs of the skull and MRI were not performed.

Results:

The mean S100B level was 0.398 uyg L—1 (SD £ 0.298 pg L-1), and the 95% CI ranged from 0.332 to 0.465 ug L-1.

A total of 53 patients (66.3%) had cranial lesions.

Patients with cranial injury, as demonstrated by CT, had higher S100B protein levels than those without cranial injury (p <
0.0001). The mean serum S100B protein level in patients without cranial injury (head CT-) was 0.145 g L-1 (95% CI 0.138—
0.152 pg L—1), while the mean serum S100B protein level in patients with cranial injury (head CT+) was 0.527 ug L-1 (95%
Cl1 0.447-0.607 ug L-1).

S 100 B:

AUC: = 0.893, 95% CI 0.786-0.987

S100B levels differed significantly between the patients with and without cranial injury at 3 hours after TBI (AUC = 0.893,
95% CI 0.786—0.987, p = 0.0001).
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Reference Kelmendi, 2018 33
Source of funding Not reported
L Risk of bias (QUADAS 2 — risk of bias): none
Limitations . L
Indirectness (QUADAS 2 — applicability): none
Comments The study reports that S100B levels had no effect on clinical decisions or patient management in the study.
146
147
Reference Manzano, 2016 42
Study type Prospective multicentre cohort study
Dat : The stud ducted in th diatri d t ts of three tertiary hospitals in Switzerland
S e it ata source e study was conducted in the paediatric emergency departments of three tertiary hospitals in Switzerlan

on a consecutive sample of patients between January 2009 and December 2011

Number of patients N=73

Without intracranial injury (ICI) (n=53); With ICI (n=20)
Age mean (SD) months:

Without ICI: 94.0 (56.5)

With ICI: 78.1 (44.4)

Patient characteristics

Gender (male):
Without ICI: 35 (66.0)
With ICI: 16 (80.0)

GCS <15: mild TBI
Without ICI: 19 (35.8)
With ICI: 8 (40.0)
Ethnicity: not reported

Setting: ED
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Reference

Target condition(s)

Index test(s) and
reference standard

Results

Manzano, 2016 42
Country: Switzerland

Inclusion criteria: children aged <16 years with a mild TBI (GCS=13) for whom a head CT was requested by the attending
physician.

Exclusion criteria: e children who arrived at the hospital more than 6 h after the trauma, children with Down syndrome (since
in these patients S100B is overexpressed) or patients with a history of convulsion in the past 7 days.

Acute post-brain injury complications

Index test:

S100B

Venous blood was obtained within 6 h of the trauma in all children for S100B measurement before a head CT was
performed.

As the S100B value was not available during the acute care period, the patient's management was not altered.

Reference standard:
Cranial CT

Outcome:

Primary outcome was evaluation of the diagnostic value of S100B in detecting intracranial injuries in children aged <16
years with mild head trauma.

Of the 73 included children, 20 (27.4%) had an ICI detected on CT. The lesion was an epidural haematoma in nine children,
a subarachnoid haemorrhage in four, an epidural haematoma and subarachnoid haemorrhage in three. The remaining four
children had respectively a subdural haematoma, an epidural and subdural haematoma, a subdural haematoma and
subarachnoid haemorrhage and haemorrhagic parenchymal contusion.
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Reference Manzano, 2016 42

No surgical intervention was required.

S100B (Cut-off value 0.14 ug/L) - All children <16 years — within 6h

Sensitivity: 95.0% (95% CI 77% to 100%)
Specificity: 34.0% (95% CIl 27% to 36%)
Back calculation of 2x2 table done by NGC:

TP: 19
FP: 35
FN: 1

TN: 18

AUC: 0.73 (95% CI 0.60-0.86)

Source of funding Roche Switzerland supplied the S100 reagents without charge
Risk of bias (QUADAS 2 - risk of bias): none

i Tt Indirectness (QUADAS 2 — applicability): none
Comments Information on treatment reported
148
149
Reference Mozafari, 2019 46
Study type cross-sectional study
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Reference Mozafari, 2019 46

Data source: parents/ guardians were approached for informed consent for children and adolescent with head injuries
referred to the Emergency Department of the Ahvaz Golestan Hospital, Iran during April to September 2017.

n =40

Study methodology

Number of patients

Age: Median age in years (range)

Group A (positive CT) (n=20): 9 (2-18) years
Group B (negative CT) (n=20): 6.6 (0.5 - 18) years

Patient characteristics

Gender:

Group A (positive CT) (n=20): females -4 (20%)
Group B (negative CT) (n=20): females — 8 (40%)
GCS%:

GCS 14

Group A (positive CT) (n=20): 4 (20%)

Group B (negative CT) (n=20): 13 (65%)

GCS 15

Group A (positive CT) (n=20): 16 (80%)

Group B (negative CT) (n=20): 7 (35%)
Ethnicity: not reported

Setting:

Country: Iran

Inclusion criteria: presence for an indication of a brain CT scan, aged 6 months to 18 years and a Glasgow coma score of 14
or 15. Injuries included those from traffic and home or sport events, and referrals less than 6 hours of the incident. Inclusion
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Reference

Target condition(s)

Index test(s) and
reference standard

Results

Mozafari, 2019 46
criteria were no previous history of alcohol or drug abuse, the absence of a history of previous neurological disease such as
seizure or epilepsy, the absence of severe traffic injury and multiple trauma from motor vehicles, and absence of melanoma

Exclusion criteria: if patients had any of the following conditions: injuries except the brain mild trauma damage such as organ
damage, previous illnesses such as diabetes, heart disease, asthma, pregnancy or recent febrile iliness.

Acute post-brain injury complications

Index test:
Urine and serum S 100B

The blood and urine samples were immediately transferred to the central laboratory of Golestan Hospital. Blood samples
were centrifuged at room temperature for 10 minutes at 2200 g and the separated serum was stored at -70 ° C until
analysis. Urine samples were centrifuged at room temperature for 10 minutes at 900 g and the supernatant was stored at -
70° C until analysis.

The S100B in both serum and urine samples were determined using S100B ELISA kits (Shanghai Crystal Day Biotech Co.,
Ltd). The concentration of S100B in serum and urine of each sample was recorded independently without knowledge of the
brain CT scan results.

Reference standard:
Brain CT

The primary brain CT scans of all patients was interpreted using a 64 slice CTs can device and independently interpreted by
a consultant neurologist who was not aware of the results of the corresponding S100B results. Patients were assigned to
either Group A or Group B according to their CT scan results.

Not reported timing of CT.

Outcome: positive pathologic findings associated with isolated head trauma on CT (not defined positive pathological
findings)
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Reference Mozafari, 2019 46

20 who had positive pathologic findings associated with isolated head trauma (Group A) and those who lacked these
findings in brain CT scans (Group B).

In Group A the mean (£1SD) serum level of S100B was 561+283 ng/L, whereas in Group B it was 79.8+22.8 ng/L (p
<0.001). In group A, the mean urinary level of S100B was 134+63.5 ng/ L, whereas in group B it was 2519 ng/L (p <0.001)

Results:
Serum and urine S 100B
Serum S 100 B (cut-off of 172.15 ng/L )- within 6 hours

Sensitivity: 95% (no Cl reported)
Specificity: 100% (no ClI reported)

Back calculation of 2x2 table by NGC:

TP: 19

FP: 0

FN: 1

TN: 20

Urinary S100B (cut-off levels of 67.75 ng/L)- within 6 hours

Sensitivity: 90% (no Cl reported)
Specificity: 95% (no Cl reported)

Back calculation of 2x2 table by NGC:

TP: 18
FP: 1
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Reference Mozafari, 2019 46
FN: 2
TN: 19
Urinary S100B cut-off levels of 56.4 ng/L )- within 6 hours

Sensitivity: 95% (no Cl reported)
Specificity: 90% (no Cl reported)

Back calculation of 2x2 table by NGC:

TP: 19
FP: 2
FN: 1
TN: 18

The area under the ROC curve of 0.998 (P <0.0001) indicated a high predictive value of serum S100B in the differentiation
between positive and negative patients.

The area under the ROC curve with a value of 0. 985 (P <0.0001) indicated a high accuracy of the urine S100B level in
differentiating between positive and negative patients.

Source of funding support of the deputy of research affairs of the Ahvaz Jundishapur University of Medical Sciences as part of Kourosh
Mohammadi's thesis under the research code: U-94138.

Risk of bias (QUADAS 2 — risk of bias): serious. Unclear whether the selection of patients could have introduced bias

Limitations . L
Indirectness (QUADAS 2 — applicability): none

Comments No information on treatment reported.
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Reference
Study type
Study methodology
Number of patients

Patient characteristics

Mozafari, 2020 #
Prospective cohort study

Data source: conducted on all children with head traumas presenting to the ED of Golestan Hospital in Ahvaz in 2016.
n =62

Age, mean (SD):
CT positive: 8.57 (5.16) years
CT negative: 8.32 (4.72) years

Gender:
CT positive: 22 (71%)
CT negative: 24 (77.4%)

GCS:
Positive CT scan group: the frequency of a GCS score of 14 was 17 (54.8%) and that of a GCS score of 15 was 14 (45.2%),
Negative CT scan group: frequency of a GCS score of 14 was 6 (19.4%) and that of a GCS score of 15 was 25 (80.6%)

Ethnicity: not reported
Setting: ED
Country: Iran

Inclusion criteria: After the initial examinations and stabilisation of the patients with TBIs by a senior emergency medicine
resident, CT scans of the brain were performed according to the latest guidelines in case the indications appeared, including
an age of 6 months to 18 years, a GCS score of 14 and 15, the mechanism of damage being of the type of traffic accidents
and domestic or sport injuries, the incident occurring within the previous 6 hrs, the parents giving consent for the
participation of their children in the study, lack of pregnancy, no history of alcohol or drug abuse, no history of neurological
diseases such as seizure and epilepsy and the absence of severe road traffic injuries such as overturned vehicle or being
thrown out of the car
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Reference

Target condition(s)

Index test(s) and
reference standard

Results

Mozafari, 2020 47

Exclusion criteria: a history or clinical evidence for stroke, cerebral haemorrhage, head trauma and infection of central
nervous system within the previous 3 months, a history of brain tumours, having injuries other than mild brain trauma such
as limb fractures, having a history of major diseases such as diabetes, heart problems and asthma, a BMI below the fifth
percentile or above the 95th percentile, severe traffic injuries such as overturned vehicle or being thrown out of the car

Acute post-brain injury complications

Index test:
neuron-specific enolase (NSE)

a venous blood sample was immediately taken by the ward nurse from all the eligible patients within 6 hrs of the incident
after obtaining their information, performing initial examinations and their initial stabilisation.

The patients were then referred to an imaging unit for cranial CT scan.
Reference standard:

Cranial CT

Done after biomarker test

The initial CT scans of the brain of all the patients were performed by a CT scan machine, the results interpreted by an
emergency medicine specialist, and the films subsequently interpreted independently by one neuroradiologist, who was
unaware of the results of enolase levels

Outcome:

Positive-for-trauma pathological findings on CT scan

Serum levels of enolase were found to be 9.74+2.7 ug/ L in the positive CT scan group and 4.23+1.33 pg/L in the negative
group, suggesting a statistically significant difference (P<0.0001).
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Reference Mozafari, 2020 4’
Results:

The area under the ROC curve for serum levels of enolase was found to be 0.992 ( P<0.007) in diagnosing brain lesions
caused by mild head traumas.

N=31 CT positive
NSE (cut-off points 5.74 ug/L)-within 6h

Sensitivity: 100% (no Cl reported)
Specificity: 87.1% (no Cl reported)
Back calculation of 2x2 table by NGC:

TP: 31
FP:4
FN:0
TN: 27

NSE (cut-off points of 6.97 ug/L) - within 6h

Sensitivity: 93.55% (no Cl reported)
Specificity: 100% (no Cl reported)

Back calculation of 2x2 table by NGC:

TP: 29
FP:0
FN: 2
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Reference

Source of funding

Limitations

Comments

Reference
Study type
Study methodology

Number of patients

Patient characteristics

Mozafari, 2020 47
TN: 31

support of the deputy of research affairs of the Ahvaz Jundishapur University of Medical Sciences as part of Bita Fatehifar’s
thesis under the research code GP95230.
Risk of bias (QUADAS 2 — risk of bias): serious. Unclear whether the selection of patients could have introduced bias

Indirectness (QUADAS 2 — applicability): none

No information on treatment reported.

Papa, 2015 %8
Prospective cohort study
Data source: convenience sample of children and young people presenting to Level 1 trauma centres with blunt head trauma.

An additional control cohort of trauma patients without blunt head trauma was also recruited from these centres to examine
biomarker levels in patients who were exposed to traumatic forces without direct blunt head trauma.

n = 197 head trauma patients

Age (years), mean (SD): 11.51 (7)

Gender (male to female ratio): 131 M: 66 F

GCS score in ED, n (%). Mixed severity TBI (majority with mild TBI)
GCS 9-12 = 3 (1.5%)
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Reference Papa, 2015 8
GCS 13 =1 (0.5%)
GCS 14 = 13 (6.5%)
GCS 15 =180 (91.5%)

Ethnicity:
Ethnicity (n):
Asian= 3
Black = 53
Hispanic = 42
White = 96
Other =3

Setting: EDs of three level 1 trauma centres (2 paediatric and 1 adult)

Country: USA

Inclusion criteria: children and young people (birth—21 years of age) with blunt head trauma presenting to the ED within 6 h of
injury with a GCS score of 9-15. The control cohort included trauma patients without blunt head trauma and with a GCS of 15
presenting to the ED within 6 h of injury.
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Reference Papa, 2015 8

Exclusion criteria: syncope or seizure preceding head trauma, known chronic psychosis, neurological disorder, or active CNS
pathology; pregnancy; incarceration; spinal cord injury; or hemodynamic instability.

Target condition(s) Acute post brain injury complications
Index test(s) and Index test(s)

reference standard
Glial fibrillary acidic protein (GFAP)

Cut-off level of 0.15 ng/mL derived from the ROC curves for detecting intracranial lesions on CT scan to maximize the sensitivity
and to correctly classify all traumatic intracranial lesions

GFAP > 0.15 ng/mL = positive
GFAP = 0.15 ng/mL= negative

Blood samples were obtained in all patients within six hours of injury and measured by ELISA for GFAP (ng/ml)

Reference standard:

CT scan

Time between measurement of index test and reference standard: unclear

CT within and serum were within 6 hours of injury
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Reference Papa, 2015 8

Mean time from injury to serum sample collection at 3.5 hours (95% CI = 3.3 to 3.7 hours). The mean time to serum collection
for head trauma patients was 3.3 hours (95% CI = 3.1 to 3.5 hours) and for non—head-injured trauma controls it was 4.1 hours
(95% CI = 3.7 to 4.5 hours).

Results Outcome: presence of intracranial lesions on initial CT scan

Only children who had actual CTs performed (at the discretion of the treating physician) were included in this analysis; no
surrogate measures were used. CT scans of the head were performed in 152 patients, and traumatic intracranial lesions on CT
scan were evident in 18 (11%), all of whom had GCS scores of 13 to 15.

GFAP (cut-off 0.15 ng/mL) within 6h of injury: Isolated skull fractures excluded from intracranial lesions

TP = 17
FP =71
TN =63
FN =1
CT+=18

Sensitivity (%) = 94 (95%CI 71-100)
Specificity (%) = 47 (95%CI 38-56)
PPV (%) = 19 (95%Cl 12-29)

NPV (%) = 98 (95%CI 90-100)
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Reference

Source of funding

Limitations

Papa, 2015 8

GFAP (cut-off 0.15 ng/mL) within 6h of injury: Isolated skull fractures included with intracranial lesions

TP =20
FP =68
TN =63
FN =1

Sensitivity (%) = 95 (95%CI 74-100)
Specificity (%) = 48 (95%CI 39-56)
PPV (%) = 22 (95%CI 16-33)

NPV (%) = 98 (95%CI 90-100)

Performance of serum GFAP in detecting intracranial lesions on CT, AUC by age group
Birth—5 years 0.83 (95%CI 0.56—1.00)

5.1-10 years 0.87 (95%Cl 0.70—1.00)

10.1-15 years 0.78 (95%Cl 0.60-0.95)

15.1-21 years 0.91 (95%CI 0.83-0.99)

This study was supported in part by Award Number RO1NS057676 from the National Institute of Neurological Disorders and
Stroke. The content is solely the responsibility of the authors and does not necessarily represent the official views of the
National Institute of Neurological Disorders And Stroke or the National Institutes of Health.

Risk of bias (QUADAS 2 — risk of bias): very serious. Unclear whether the selection of patients could have introduced bias. Not
all participants had the reference standard.
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Reference

Comments

Reference
Study type
Study methodology

Number of patients

Patient characteristics

Papa, 2015 %8
Indirectness (QUADAS 2 — applicability): serious. Mixed population (birth-21 years)

After assessment and treatment in the ED, patients were either discharged home or admitted to hospital based on severity of
their injuries and patient management was not altered by the study

Papa, 2017 %7
Prospective cohort study

The aim of the study was to assess whether Ubiquitin C-terminal hydrolase (UCH-L1) was significantly elevated in serum of
children and young people with mild and moderate traumatic brain injury (TBI) compared to other trauma patients without mild
and moderate TBI. It also investigated the relationship between UCH-L1 levels and traumatic intracranial lesions on CT scan.

Data source: convenience sample of children and young people presenting to Level 1 trauma centres with blunt head trauma.

n = 196 head trauma patients

Patients with head trauma with and without TBI symptoms (n=196):
Age in years, mean (SD): 11.51 (7)

Gender (male to female ratio): 130 M: 18 F

GCS score in ED, n (%): mixed severity TBI

GCS 9-12 = 3 (1.5%)

GCS 13 =1 (0.5%)

GCS 14 = 13 (6.5%)

GCS 15 =179 (91.5%)
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Reference Papa, 2017 %
Ethnicity (n):
Asian= 3
Black = 53
Hispanic = 42
White = 95
Other =3
Setting: EDs of three level 1 trauma centres (2 paediatric and 1 adult)
Country: USA

Inclusion criteria: children and young people (birth—21 years of age) with blunt head trauma presenting to the ED within 6 h of
injury with a GCS score of 9—-15. The control cohort included trauma patients without blunt head trauma and with a GCS of 15
presenting to the ED within 6 h of injury.

Exclusion criteria: syncope or seizure preceding head trauma, known chronic psychosis, neurological disorder, or active CNS
pathology; pregnancy; incarceration; spinal cord injury; or hemodynamic instability.

Target condition(s) Acute post brain injury complications
Index test(s) and Index test(s)

reference standard
Ubiquitin C-terminal hydrolase (UCH-L1)

Blood samples were obtained in all patients within 6 h of injury
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Reference

Results

Papa, 2017 %7
Reference standard

CT scan

Time between measurement of index test and reference standard: Unclear

Both the head trauma and trauma controls had serum samples drawn within 6 h of injury with the average time from injury to
serum sample collection at 3.5 h (95% CI, 3.3-3.7). The average time to serum collection for head trauma patients was 3.3
hours (95% CI, 3.1-3.5) and for non-head-injured trauma controls was 4.1 hours (95% CI, 3.7—4.5).

Outcome: presence of intracranial lesions on initial CT scan

Ubiquitin C-terminal hydrolase (UCH-L1)

Cut -off 20.18 ng/mL = positive. <0.18 ng/mL= negative (was derived from the ROC curves for detecting intracranial lesions on
CT scan to maximize the sensitivity and to correctly classify all traumatic intracranial lesions).

Only children who had actual CTs performed (at the discretion of the treating physician) were included in this analysis; no
surrogate measures were used. Intracranial CT scan of the head was performed in 151 patients and traumatic intracranial
lesions on CT scan were evident in 17 (11%), all of whom had a GCS 13-15.

Classification performance of serum UCH-L1 in detecting Intracranial lesions on CT (Cut -off 20.18 ng/mL)- within 6h of injury

TP =17
FP =71
TN = 64
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Reference Papa, 2017 %

FN=0

CT+=17

Sensitivity = 100 (95%CI 77-100)
Specificity= 47 (95%CI| 39-56)
PPV (%) = 19 (95%Cl 12-29)

NPV (%) = 100 (95%CI 93-100)

Calculated by NGC

Sensitivity: 1.00 [0.80, 1.00]
Specificity: 0.47 [0.39, 0.56]

Performance of serum UCH-L1 in detecting intracranial lesions on CT AUC by age group

Birth—5 years 0.79 (0.59-1.00)
5.1-10 years 1.00 (1.00—-1.00)
10.1-15 years 0.59 (0.34-0.85)
15.1-21 years 0.95 (0.85-1.00)
Source of funding Supported in part by an award from the National Institute of Neurological Disorders and Stroke (NINDS).

Limitations Risk of bias (QUADAS 2 - risk of bias): very serious. Unclear whether the selection of patients could have introduced bias; not
all participants had the reference standard.
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Reference Papa, 2017 %
Indirectness (QUADAS 2 — applicability): serious. Mixed population (birth-21 years)

Comments After assessment and treatment in the ED, patients were either discharged home or admitted to the hospital based on severity
of their injuries and patient management was not altered by the study

156
157

Reference Papa, 2016 5¢

Study type Prospective cohort study

Data source: study enrolled a convenience sample of children and youth with head trauma (Glasgow Coma Scale [GSC]
score of 9 to 15) presenting to the emergency department (ED) within 6 h of trauma.

n =155

Study methodology

Number of patients
Age, mean (SD): 13 (7) years
range from six months to 21 years.

Patient characteristics
Gender (male): 100 (65%)
GCS: mixed severity but 99% with GCS 13-15
GCS 9-12: 2 (1%)
GCS 13: 2 (1%)
GCS 14: 6 (4%)
GCS 15: 146 (94%)
Ethnicity: not reported
Setting: ED

Country: USA
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Reference

Target condition(s)

Index test(s) and
reference standard

Results

Papa, 2016 5¢

Inclusion criteria: history of blunt head trauma presenting to the ED within 6 h of injury with an initial GCS score of 9 to 15.
Head trauma patients were further categorised into children with TBI symptoms (loss of consciousness, amnesia,
disorientation, or change in behaviour) and children without TBI symptoms.

Exclusion criteria: if patients had: 1) had syncope or seizure prior to their head trauma; 2) had known chronic psychosis,
neurological disorder, or active central nervous system pathology; 3) were pregnant; 4) were incarcerated; 5) had spinal
cord injury; or 6) had hemodynamic instability

Acute post-brain injury complications

Index test:
Glial fibrillary acidic protein (GFAP)
S100B

Blood samples were obtained within 6 h of the reported time of injury. A single vial of approximately 5 mL of blood was
collected and placed in a serum separator tube and allowed to clot at room temperature before being centrifuged. The
serum was placed in barcoded aliquot containers and stored in a freezer at - 70C until it was transported to a central
laboratory where samples were analysed in batches using sandwich enzyme-linked immunosorbent assays (ELISA) for
GFAP and S100b.

Reference standard:
Head CT

Trauma patients underwent standard CT scan of the head according to the judgment of the treating physician. CT
examinations were interpreted by board-certified radiologists who recorded location, extent, and type of brain injury.

Radiologists were blinded to the study protocol but had the usual clinical information. Lab personnel running the samples
were blinded to the clinical data.

Outcome:

presence of intracranial lesions on initial CT scan.

406

NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications DRAFT [September 2022]



DRAFT FOR CONSULTATION
Brain injury biomarkers for predicting acute brain injury complications

Reference Papa, 2016 5¢

Intracranial lesions on CT included any acute traumatic intracranial lesions visualised on CT scan such haemorrhages
(epidural, subdural, subarachnoid, ventricular, and parenchymal), contusions, oedema, and pneumocephalus but excluded
facial fractures and isolated skull fractures without intracranial lesions.

Of the 114 subjects with head trauma, 112 (98%) had a GCS score of 13-15 and two had a GCS score of 9-12.

CT scan of the head was performed in 92 patients and traumatic intracranial lesions on CT scan were evident in eight (9%),
all of whom had a GCS score of 13-15: one had a GCS score of 13, two had a GCS score of 14, and five had a GCS score
of 15.

Cut-off points for GFAP and S100b were derived from the ROC curves for detecting intracranial lesions on CT scan to
maximise the sensitivity and correctly classify all CT positive lesion

Results:

GFAP
AUC: 0.85 (95% CI 0.72-0.98

GFAP cut-off level of 0.15 ng/mL- within 6h

TP: 8
FP: 54
FN:0
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Reference Papa, 2016 5¢
TN: 30

Sensitivity:100% (95% CI 60-100)
Specificity: 36% (95% Cl 26-47)

SN/SP calculated by NGC:

Sensitivity: 1.00 [0.63, 1.00]
Specificity: 0.36 [0.26, 0.47]

S100B:

AUC:_0.67 (95% CI 0.50-0.85)

S100b cut-off level of 0.020 ng/mL- within 6h

TP: 8
FP: 62
FN:0
TN: 22
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Reference

Source of funding

Limitations

Comments

Reference
Study type
Study methodology
Number of patients

Patient characteristics

Papa, 2016 5¢
Sensitivity: 100% (95% CI 60-100)
Specificity: 26% (95% CI 5-22)

SN/SP calculated by NGC:

Sensitivity: 1.00 [0.63, 1.00]
Specificity: 0.26 [0.17, 0.37]

No funding
Risk of bias (QUADAS 2 — risk of bias): none

Indirectness (QUADAS 2 — applicability): serious. Mixed population of adults and children (six months to 21 years).

After assessment and treatment in the ED, patients were either discharged home or admitted to hospital based on severity
of their injuries, and patient management was not altered by the study. No further details on treatment.

Yeung, 2020 %6
Prospective cohort study

Data source: A convenience sample of pediatric patients with TBI was recruited prospectively
n=24

children < 18 years
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Reference Yeung, 2020 6
Age, median IQR: age of 5 years (3.5, 1—8.8 years)

Gender: 67% males

GCS: Mixed severity (mild, moderate and severe). Majority with mild TBI
mild TBI with GCS of 13 to 15: 15 (62.5%)

moderate TBI with GCS of 9 to 12: 4 (16.7%)

severe TBI with GCS of 8 or less: 5 (20.8%)

Ethnicity: not reported

Setting: tertiary care hospital

Country: USA

Inclusion criteria: Children 0 to 18 years with an isolated, acute (<24 hours) TBI who presented to a paediatric trauma
referral centre were eligible for participation if they required inpatient hospitalisation following ED management.

Exclusion criteria: multisystem trauma, presence of preexisting neurological conditions such as cerebral palsy, chronic
seizure disorder, ventriculo-peritoneal shunts, history suggestive of head trauma due to chronic abuse, incarcerated
patients, and refusal to participate.

Acute post-brain injury complications
Target condition(s)

| test:
Index test(s) and % K
reference standard IRl PIOrE Ik
e GFAP
e S100B
e NSE

Study reports variable timing of sample collection.

410
NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications DRAFT [September 2022]



DRAFT FOR CONSULTATION
Brain injury biomarkers for predicting acute brain injury complications

Reference

Results

Yeung, 2020 ¢
Timing of index test not reported

Reference standard:

Head CT
Outcome:

Significant brain injury on CT scan

Significant brain injury on CT scan was defined as evidence of intracranial haemorrhage or contusion, cerebral oedema,
traumatic infarction, diffuse axonal injury, shearing injury, sigmoid sinus thrombosis, midline shift of intracranial contents or
signs of brain herniation, diastasis of the skull pneumocephalus, and skull fracture depressed by at least the width of the
table of the skull.

Of the 24 TBI patients, 100% underwent a head CT scan; 14 (58.3%) were diagnosed to have SBI on CT scan.

All patients with SBI were admitted to the paediatric intensive care unit; 1 patient (7.1%) subsequently expired. Among the
SBI patients, 7 (50%) had mild TBI with GCS of 13 to 15, 3 (21.4%) had moderate TBI with GCS of 9 to 12, and 4 (28.6%)
had severe TBI with GCS of 8 or less.

S100B in predicting SBI detected by CT scan

AUC: 0.675 (no Cl reported)

No sensitivity/specificity/AUC data reported for GFAP and NSE.
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Reference
Source of funding

Limitations

Comments

Yeung, 2020 ¢

Not reported

Risk of bias (QUADAS 2 — risk of bias): serious. Unclear whether the index test was interpreted without knowledge of the
reference standard and vice versa

Indirectness (QUADAS 2 — applicability): serious. Mixed severity TBI included however majority of patients had mild TBI

Six TBI patients (25%) required neurosurgical intervention, with 2 (8.3%) requiring external ventricular drain placement, 1
(4.2%) requiring craniectomy, and 3 (12.5%) requiring both interventions. All 6 patients requiring neurosurgical intervention
had SBI on CT scan.

161 Biomarkers in studies where age was not reported

Reference
Study type
Study methodology

Number of patients

Patient characteristics

Biberthaler, 2001 °
Prospective cohort

Data source: prospective study carried out at a single level 1 urban surgical emergency department (ED) between October
and December 1998. Patients presenting to the ED with a history of minor head trauma (MHT) were recruited. A positive
control group of patients with severe head trauma (GCS <8) and a negative control group of healthy volunteers (n = 20)
were also recruited.

n=>52

Age, mean (SD): not reported

Gender (male): 73%

GCS: no breakdown but GCS 13-15 for inclusion in the study
Ethnicity: not reported

Setting: single ED

Country: Germany

Inclusion criteria: presented to ED with a history of isolated MHT; GCS 13-15 at admission; at least one of the following
symptoms: amnesia, loss of consciousness (LOC), nausea, vomiting, vertigo, or severe headache

412

NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications DRAFT [September 2022]



DRAFT FOR CONSULTATION
Brain injury biomarkers for predicting acute brain injury complications

Reference Biberthaler, 2001 °

Exclusion criteria: focal neurologic deficits

Acute post-brain injury complications
Target condition(s)

Index test:
Index test(s) and ncextest

reference standard
Serum S100B at admission (cut-off 0.1 pg/ml)

The interval between trauma and admission was 73.46 ( 47) minutes; and the interval between trauma and blood sampling
was 116 (18.8) minutes.

Reference standard:
Spiral cranial CT scan within 6 hours post injury.

Follow up: no mention of follow up

Results Outcome: pathologic findings (intracerebral haemorrhage, skull fracture, or diffuse brain swelling) on CT scan

Pathologic findings on CT scan — Serum S100B at admission (cut-off 0.1 ug /ml)

TP: 15
FP: 22
TN: 15
FN: 0

Sensitivity%: 100
Specificity%: 40.5
PPV%: 40.5
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Reference Biberthaler, 2001 °
NPV%: 100

SN/SP calculated by NGC:

Sensitivity: 1.00 [0.78, 1.00]

Specificity: 0.41 [0.25, 0.58]

Source of funding Supported by the Deutsche Forschungs-Gemeinschaft, Sonderforschungsbereich 469 of the Ludwig-Maximilians University
Munich
Risk of bias (QUADAS 2 — risk of bias): serious. Unclear whether index test results were interpreted without knowledge of

Limitations the reference standard and vice versa
Indirectness (QUADAS 2 — applicability): serious. Age not reported
Comments -
162
163
164
Reference Poli-de-Figueiredo, 2006 %°
Study type Prospective cohort study (pilot study)
Study methodology This was a pilot study investigating the hypothesis that S100B may be a rapid and useful screening tool for the management of

minor head injury (MHI) patients and thus reducing any unnecessary and costly CCT scans.

Data source: consecutive patients presenting with MHI to a large emergency centre in Joao XXIII Hospital between September
and October 2003. A negative control group of healthy volunteers was also studied to compare the levels of S100B in these
patients to those in patients with head injury.
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Reference Poli-de-Figueiredo, 2006 >°

Number of patients n =50

Patient characteristics Age, median (IQR): Not reported

Gender (male to female ratio): 28 M: 22 F

Ethnicity: not reported

Setting: ED

Country: Brazil

GSC: n=37 GCS 15, n= 11 GCS 14, n=2 GCS 13

Inclusion criteria: patients who had sustained isolated minor head injury (GCS 13 -15) and presented at least one of the
following symptoms: amnesia, loss of consciousness, nausea, vomiting, vertigo, or severe headache on admission.

Exclusion criteria: patients with focal neurological deficits
Target condition(s) Acute post brain injury complications
Index test(s) and Index test(s)

reference standard
S100B levels
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Reference

Results

Poli-de-Figueiredo, 2006 >°

A cut-off point at a concentration of 0.1 ug/L of S100B was used. This was based on the highest level measured in healthy
volunteers without any sign of intracranial injury.

Therefore, patients presenting a S100B level below 0.1 ug/L were defined as “negative,” and those with concentration above 0.1
pg/L were defined as “positive.”

Venous blood samples were drawn on admission and processed to serum (median 82 minutes, (25%-75% quartiles: 60-110
min).

Reference standard

Cranial computed tomography (CCT) was performed within 6 hours of emergency room admission, and radiological findings
were defined as pathological (CCT+) if intracranial haemorrhage, skull fracture, and/or diffuse brain swelling (oedema) were
detected.

Time between measurement of index test and reference standard: Unclear

Outcome: signs of intracranial injury at the initial CCT scan

The median time interval from trauma to blood sampling for the S100B assay was 82 minutes (25%-75% quartiles: 60-110 min)

6 patients had trauma-relevant intracranial lesions according to the radiological criteria and were thereby counted as CCT+.

S100B cut-off 0.1 pg/L
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Reference Poli-de-Figueiredo, 2006 >°
TP=6
FP =35
TN=9
FN=0

CT+=6

Sensitivity= 100% (95%CI not reported)
Specificity= 20% (95%CI not reported)
PPV= 100% (95%CI not reported)
NPV= 100% (95%CI not reported)
AUC (95%Cl)= 0.82% (0.69-0.96)

Calculated by NGC

Sensitivity: 1.00 [0.54, 1.00]
Specificity: 0.20 [0.10, 0.35]

Source of funding The study was supported by a grant from the program “CAPES-BAVARIA” which is a project of the Bavarian ministry of science,
research and art (Staatsministerium fir Wissenschaft, Forschung und Kunst) and the “Coordenacao de Aperfeicoamento de
Pessoal de Nivel Superior (CAPES)” administration in Brazil, to increase scientific exchange between both countries.

The test systems were provided by ROCHE Diagnostics, Mannheim, Germany.

Limitations Risk of bias (QUADAS 2 — risk of bias): serious. Unclear whether the selection of patients could have introduced bias
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Reference Poli-de-Figueiredo, 2006 >°
Indirectness (QUADAS 2 — applicability): serious. Age not reported

Comments No information on treatment
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Appendix E — Forest plots

Coupled sensitivity and specificity forest plots

Biomarkers in adults

S$100 B within 3 hours after injury

Figure 3: serum S 100 B (cut-offs 0.10 and 0.105 pg/L) (within 3 hours)- Adults
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Figure 4: serum S100B ( cut-off 0.15, ug/L)-within 3 hours after injury- Adults

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% Cl)

Biberthaler, 2002 24 43 0 37  100[0.86,1.00]  0.46[0.35,0.58] —a —

Laribi, 2014 26 219 1174 096[081,100]  044[039,049) , , , , ~—® . &
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Figure 5: Serum S100B (optimal cut off 0.115 ug/L)- at 3 hours after injury- Adults

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% Cl)
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Figure 6: Serum S100B measured immediately after admission (cut-off 20.2 pg/L)
mean 3 hours after injury- Adults
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Figure 7: Serum S100B (cut-off 0.12 pg/L)-within 2 hours post injury after injury-
Adults

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% Cl)  Specificity (95% Cl)
Biberthaler, 2002 24 43 0 37 1.00[0.86, 1.00] 046[0.35,0.58] 4 | I_.'I I _I._I -
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Figure 8: serum S 100B (a cut-off of 0.48 ug/L)- within 3 hrs after injury- Adults

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl) Sensitivity (95% CI)  Specificity (95% Cl)
Wolf, 2013 10 7 20 70 0.33[0.17,0.53] 0.91[0.82, 0.96], I_.I_I bt I_'I
0020406081 0020406081

Figure 9: Serum S100B post injury (cut-off 0.38 pg/L)- within 3 hours after injury-

Adults
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% Cl)
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Figure 10: Serum S100B (cut-off 2.31 pg/L)-within 3 hours after injury -Adults

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% Cl)
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Figure 11:

serum S 100 B (cut-offs 0.10 and 0.105 ug/L) (> 3 hours -6 hours after

injury) -Adults
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Figure 12:

Study
Bazarian 2013

Figure 13:

Study
Bazarian 2013
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Figure 14: Serum S100B (cut-off >2.391 ug/L)- within 6 hours after injury- Adults

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% Cl) Sensitivity (95% CI)  Specificity (95% Cl)
Bazarian2013 2 7 48 730 0.04 [0.00, 0.14] 0.99[0.98, 100]'_ o !
0020406081 0020406081

Figure 15: Serum S100B (cut-off >0.097 ug/L)-within 6 hours after injury -Adults

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% CI)
Bazarian 2013 45 501 5 236 0.90[0.78, 0.97] 0.32[0.29,0.36] . | ._". — '. y
0020406081 0020406081

Figure 16:  Serum S100B (cut-off >0.521 ug/L)-within 6 hours after injury- Adults

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% Cl)
Bazarian2013 12 74 33 663  0.24[0.13,038]  090[088,092, %=, . . LS
0 0204 06081 0020406081

Figure 17:  serum S$100 B (cut-off 0.130 ug/L) at 6 hours after injury- Adults

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% Cl)
Egea-Guerrero, 2012 15 86 0 42 1.00[0.78, 1.00] 033[0.25,042] | | _F "‘ ]
002040608 1 0020406081
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Figure 18:  serum S$100 B (cut-off 0.2 p g/L) -mean 3.8 hours after injury (reference
standard CT and MRI) -Adults

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% Cl) Sensitivity (95% CI)  Specificity (95% Cl)
Romner,2000 23 85 2 168 0.9210.74, 0.99] 0.66[060,0.72] | | I_._I — :"’: |
00204060810020406081

Figure 19: Serum S100B (optimal cut off 0.21 pug/L)- at 6 hours after injury- Adults

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% CI)
Asadollahi, 2016 78 126 1 31 099[093,100]  020(044,027, . . . # ¥ . .
0020406081 002040608 1

Figure 20:  serum S100 B (cut-off 0.230 ug/L) at 6 hours after injury -Adults

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% Cl)  Specificity (35% CI)
Egea-Guerrero, 2012 14 62 1 66 0.9310.68, 1.00] 052[0.43,0.60] ) 4 + .II : I_._I —
0020406081 002040608 1

Figure 21:  serum $100 B (cut-off 0.254 ug/L) at 6 hours after injury- Adults

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% Cl)
Egea-Guerrero, 2012 13 55 2 73 0.87[0.60, 0.98] 0.57[0.48,0.66] |, ﬁ'—H : =‘!I‘ —
002040608 1002040608 1
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Figure 22:  serum S100B (cut-off 0.15, ug/L)- 6 hours after injury (second sampling
3 hrs after 1st sampling) -Adults

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% CI) ~Specificity (95% CI)
Larbi, 2014 22 143 4 243 085[065,096]  063[058,068) , ,  — & . o ®
002040608 1002040608 1

204
Figure 23:  serum S$100B- optimal cut-off value of 0.47 ug/L-within 4 hours after
injury -Adults [mixed children and adults(mean age 24 years)]
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% Cl)  Specificity (95% CI)
Cevik2019 23 9 1 15 0.96 [0.79, 1.00] 0.63 [0.41,0.81]: o I_.E — I_.'._I |
0020406081 0020406081
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Figure 24: serum S$100B (cut-off 0.42 ug/)-within 6 hours after injury- Adults
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% Cl)
0020406081 0020406081
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Figure 25:  serum S100B (cut-off 0.32 ug/L)-within 6 hours after injury- Adults

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% Cl)
Kotlyar,2011 20 246 2 78 0.9110.71, 0.99] 024[0.20,029] )y | _._I || Ii P
002040608 10020406081
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Figure 26: serum S100B (cut-off 0. 24 ug/L)- within 6 hours after injury -Adults

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% Cl)
002040608 10020406081

Figure 27:  serum S100B (cut-off Value, 0.12 ug/L) -within 6 hours after injury -

Adults
Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% Cl)
Zongo 2012 110 1164 1 285 0.9910.95, 1.00] 020[0.18,022] | . | L . B

0020406081 002040608 1

Figure 28:  serum S100B (cut-off Value, 0.14 ug/L)-within 6 hours after injury -

Adults
Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% Cl)  Specificity (95% Cl)
Zongo 2012 108 1061 3 388 0.97[0.92, 0.99] 027[0.25,029] | 4 o+ | + 8

0 020406081 002040608 1

Figure 29: serum S$100B (Cut-off 0.105 ug/L)- within 6 hours after injury (reference
standard CCT or MRI) -Adults

Stuly TP FP FN TN Sensitivity (95% CI) Specificity (95% Cl) Sensitivity (95% CI)  Specificity (95% CI)
Oh,2007 45 26 0 30  100(092100] 054040067, , . F &

0020406081 0020406081

Figure 30:  serum S$100 B- 0 to 8-hours after injury (cut-off value NR) -Adults
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Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% CI)
00204060810020406081

Figure 31:  serum S$100B (Cut-off 20.10 ug/L) (within 12 hours after injury) -Adults

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% Cl)
0020406081 0020406081

208 >12 hours after injury

Figure 32: $100 B -12- to 32-hour- after injury (cut-off value NR) -Adults

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% CI)
Mahan, 2019 26 29 10 39 0.72[0.55, 0.86] 0.57[045,0.69], 4 | = .I | —— !I -
0020406081 0020406081
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Figure 33:  serum S$100B (cut-off value of 0.1 ug/L)- not time specified [reference
standard CT and MRI] -Adults

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) ~ Specificity (95% CI)
Linsenmaier, 2016 5 27 0 9  100(048,100]  025(0.12,042 ,_  ———# —#&— .
0020406081 002040608 1

Urine -S100B
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210
Figure 34: Urine -S100B (cut-off 20.09 ug/L)- within 6 hours after injury -Adults
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% CI)
Vedin, 2021 12 204 1 26  092[064,100]  0.11[0.08,016), , , ,— & ® , , .
0020406081 0020406081
211 GFAP
Figure 35: (GFAP) - cut-off GFAP 0.23 pg/L -within 4 hours after injury -mixed
adults and children (mean 24 yrs)
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% Cl)  Specificity (95% CI)
Cevik2019 18 9 6 15 0.7510.53, 0.90] 0.63 [0.41,0.81]: - I_.I_ | — I_.'._I |
0020406081 002040608 1
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Figure 36:  Serum GFAP (cut-off 1.35 ug/L)- within 6 hours after injury- Adults
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% Cl) Sensitivity (95% CI)  Specificity (95% Cl)
Forouzan, 2021 4 94 4 74  050[0.16,0.84]  044[036,052, & — ,, ., ‘&, ., |
002040608 10020406081
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214
Figure 37: Plasma GFAP (cut-off 0.022 ug/ml) -within 6 hours after injury- Adults
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI)  Sensitivity (35% Cl)  Specificity (95% CI)
Li,2022 115 158 4 162  067(0920089  o0s0(od4s5068) . . . & A &
0020406081 0020406081
215
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Figure 38:  serum GFAP (cut-off 0.022 ug/ml) -within 6 hours after injury- Adults

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl)  Sensitivity (95% Cl}  Specificity (95% CI)

Li, 2022 581 81 4 85 0.93[0.82, 0.98] 051043089 L =_.'= — I_._I —
0020406081 0020406081
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217
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Figure 39:  serum GFAP -0- to 8 hours after injury (cut-off value NR)- Adults
Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% CI)
Mahan, 2019 32 26 4 42 089[074,097]  062[049,073)_, , , —*®, , , W, |
002040608 1002040608 1
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Figure 40:  serum GFAP cut-off 0.013 pg/L (within 24 hours after injury)- Adults-
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% Cl) Sensitivity (95% CI)  Specificity (95% Cl)
Okonkwo, 2020 546 683 3 127 099[0.98,100]  o16f013018 , , , . . ® ®& , ., , |
0020406081 0020406081
Figure 41:  serum GFAP cut-off 0.038 pg/ (within 24 hours after injury)- Adults
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% CI)
Okonkwo, 2020 529 565 20 245 ~ 0.96[0.94,098) 030027034, , , ., . &,  ® ., . |
0020406081 0020406081
221
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Figure 42:  serum GFAP cut-off 0.113 pg/L (within 24 hours after injury)- Adults

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% Cl) Sensitivity (95% CI)  Specificity (95% Cl)
Okonkwo, 2020 495 407 54 403 0.90[0.87, 0.93] 0.50[046,053] | | .I — I'I -
0020406081 0020406081

Figure 43: serum GFAP cut-off 0.190 ug/L (within 24 hours after injury)- Adults

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% Cl) Sensitivity (95% CI)  Specificity (95% Cl)
Okonkwo, 2020 464 329 85 481 0.85[0.81, 0.87] 0.59[0.56,063] 4 4 | :' | ——p f -
00204060810020406081

Figure 44: serum GFAP [cut-off 0.43 ug/L] (within 24 hours after injury) - middle
age (40-59)- Adults

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% CI)
Gardner, 2018 18 9 2 31  090[068,099  078[062,089), , , , — &, . ., &
0020406081 002040608 1

Figure 45: serum GFAP [cut-off point 0.43 ug/L) (within 24 hours after injury)
young (<40 yr)- Adults

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% CI)
Gardner, 2018 15 10 3 51 0.8310.59, 0.96] 0.84[072,092]__, | ﬁl_ll o _I._I
002040608 10020406081
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Figure 46: serum GFAP [cut-off 0.43 ug/L] (within 24 hours after injury) older age
(>60)- Adults
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% CI)
Gardner,2018 12 4 6 8  067[041,087] 067035090, , —®#— ., , — @& —
0020406081 0020406081
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Figure 47: serum GFAP (12- to 32-hours after injury) (cut-off value NR)- Adults
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% CI)
0020406081 002040608 1
GFAP-BDP
227
228
Figure 48: Serum GFAP-BDP (cut-off level of 0.035 pg/L) -within 4 hours after
injury- Adults
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% Cl)  Specificity (95% CI)
002040608 10020406081
229
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Figure 49: serum GFAP-BDP at a 0.68 ug/L - within 24 hours after injury- Adults

Study TP FP FN TN Sensitivity (35% CI) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% CI)
0020406081 0020406081

Figure 50:  serum GFAP-BDP (a cut-off of 0.6 pg/L)- within 24 hours after injury-

Adults
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% Cl) Sensitivity (95% CI)  Specificity (95% CI)
McMahon, 2015 74 12 36 93 0.67[0.58, 0.76] 0.89[0.81,0.94__, .,

002040608 1002040608 1

Figure 51: serum GFAP-BDP level (a cut-off of 1.66 ug/L) - within 24 hours after
injury- Adults

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% Cl)

McMahon, 2015 50 1 60 104  045[0.36,055  099[095100 , - . . . . . . #
002040608 1 002040608 1

NSE

Figure 52:  serum NSE (a cut-off limit of 14.7 pg/L)- within 3 hours after injury-
Adults
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Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl) Sensitivity (95% CI)  Specificity (95% Cl)
Wolf, 2013 17 18 13 59 0.5710.37,0.75] 0.7710.66, 0.86]__, _!_I T —— I_q._ |
0020406081 0020406081

Figure 53:  serum NSE (cut-off limit of 16.4 ug/L) - within 3 hours after injury -Adults

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl) Sensitivity (95% CI)  Specificity (95% Cl)
Wolf, 2013 16 65 14 12 0.53[0.34,0.72] 0.160.08, 0.26],__, _._I II H_.I_ e
0020406081 0020406081

UCH-L1

Figure 54:  serum UCH-L1 (cut-off level of 0.09 ug/L) — within 4 hours of injury after
injury- Adults

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) ~ Specificity (95% Cl)
Papa2012(b) 28 61 0 16  100[0.88,1.00]  021[012,032__ , . —F P .
0 02040608 1002040608 1

Figure 55: Plasma UCH-L1 ( cut-off 0.327 pug/ml)- within 6 hours after injury- Adults

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI)  Sensitivity (95% Cl)  Specificity (95% Cl)
Li,2022 113 266 & 57 085089088 o0is@0i4027 . . . & ®
0020406081 0020406081

<Insert Note here>
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Figure 56:  serum UCH-L1 ( cut-off 0.327 pg/ml)- within 6 hours after injury- Adults

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI)  Sensitivity (95%Cl)  Specificity (95% CI)

Li, 2022 50 121 6 44 0.89[0.78, 0.96] 0270, 038 L T.‘= | =‘.‘= P
0020406081 00204062081

Figure 57:  serum UCH-L1 -0- to 8 hours after injury (cut-off value NR)- Adults

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% Cl)
Mahan,2019 19 34 17 34  053[0.35070]  050(038,062), |, +®— ., &
0020406081 002040608 1

Figure 58:  serum UCH-L1 -12- to 32hours- after injury (cut-off value NR) -Adults

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% CI)
00204060810020406081

Combined serum UCH-L1 and GFAP

Figure 59: combined Plasma GFAP (cut-off 0.022 pg/ml) and UCH-L1 (cut-off 0.327
Hg/ml) -within 6 hours after injury -Adults

Study TP FP FEN TN Sensitivity (95% Cl) Specificity (95% CI)  Sensitivity (95% Cl)  Specificity (95% Cl)
Li,2022 119 287 0 35  1.00(0.97,1.00] 011 [00%,018 . . ., W ®

00? 0406081 00720406081
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Figure 60: combined Plasma GFAP (cut-off 0.022 pg/ml) and UCH-L1 (cut-off 0.327
Hg/ml) -within 6 hours after injury -Adults

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI}  Sensitivity (95% CI) Specificity (95% CI)

Li, 2022 &6 137 0 29 1.00[0.94,1.00] Qiroiz 024 . L L _.!I '!I' o
0020406081 0020408081

<Insert Note here>

Figure 61: Combined serum UCH-L1 and GFAP measured within 12 h after injury
(cut-off 0.327 pg/L for UCH-L1 and 0.022 for GFAP ug/L)) -Adults

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% Cl)
Bazarian2018 110 1144 3 663 0.9710.92, 0.99] 037[0.34,039 | o+ | 4, 8

0 020406081 002040608 1

serum small neuronal protein neurogranin (NRGN)

Figure 62:  serum small neuronal protein neurogranin (NRGN)- cut-off 1.87 pg/L -
within 4h after injury -mixed adults and children (mean 24 yrs)-

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% CI)
Cevk2019 20 10 4 14  083[063,095  058[037,078), , , — @  —#—
0 02040608 1002040608 1

serum pNFL-H
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Figure 63:  serum pNFL-H (1.071 pg/L) — (18-24 hours after injury)- Adults

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% Cl)
Gatson,2014 16 5 2 11 0.89[065099  069[041,089], , ,  — & — W
0020406081 002040608 1
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236 Biomarkers in children
237

238 serum S100B

Figure 64: serum S$100B cut-off (0.35 ug/L for age 0 -9 months; 0.23 ug/L for age 10
—24 months; 0.18 p g/L for age >24 months)- median 2 hours after injury-

children
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% Cl) Sensitivity (95% CI)  Specificity (95% CI)
Bouvier,2012 23 28 0 14 1.00[0.85, 1.00] 0.33[0.20,0.50 4 | =—|F= —'—, T

0 02040608 1002040608 1

239
Figure 65: S$100B (Cut-off value 0.14 pg/L) - All children <16 years — within 6 hours
after injury -children
Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl) Sensitivity (95% CI)  Specificity (95% Cl)
Manzano,2016 19 35 1 18 0.95[0.75, 1.00] 0.34 [0.22,0.48]: - I_'I | I_.I_ -
0020406081 0020406081
240
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Figure 66:  S100B (cut-off 0.16ug/L)-within 6 hours after injury -children

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% Cl) Sensitivity (95% Cl)  Specificity (95% CI)
Castellani, 2009 36 42 0 31 1.00{0.90, 1.00] 042[0.31,055] 4 | . -

002040608 1002040608 1

Figure 67: serum S 100B level of 0.1 ug/L- within 6 hours after injury- children

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% Cl) Sensitivity (95% CI)  Specificity (95% CI)
Babock2012 9 10 10 80 0.47[0.24,0.71] 0.89[0.81,0.95], I_I.I_I | I_.-I
0020406081 002040608 1

Figure 68:  S100b cut-off level of 0.020 pg/L - within 6 hours after injury -children
[mixed children and youth (mean 13 years)]

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% CI)
0020406081 002040608 1

241
Figure 69: Serum S 100 B (cut-off of 172.15 ug/L)- within 6 hours after injury -
children
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% Cl)
Mozafari, 2019 19 0 1 20  095(075,100]  100(083,100} , , , ™% ., , , ,—H
0020406081 0020406081
242
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Figure 70:  serum S 100B level cut-off > 0.006ug/L- within 6 hours after injury-

children
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% Cl) Sensitivity (95% CI)  Specificity (95% CI)
Babock 2012 17 62 2 28 0.89[0.67, 0.99] 031[022,042__ | =, *

0020406081 002040608 1

Urinary S100B

Figure 71: Urinary S100B (cut-off levels of 56.4 ng/L)- within 6 hours after injury-

children
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% CI)
Mozafari, 2019 19 2 1 18 0.951[0.75, 1.00] 0.90[0.68,099 4 | & —

00204060810 02040608 1

Figure 72: Urinary S100B (cut-off levels of 67.75 ng/L)- within 6 hours after injury-

children
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% Cl)  Specificity (95% CI)
Mozafari, 2019 18 1 2 19 0.90[0.68, 0.99] 0.95 [0.75,1.001, e — Ly, TR

00204060810 02040608 1
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Figure 73: GFAP (cut-off 0.15 pg/L) within 6 hours after injury: Isolated skull
fracture+ICL- children [mixed children and youth (median age 12)]

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% CI)
Papa2015 20 68 1 63 0.9510.76, 1.00] 048[0.39,0.57]— 4 | I_'H I I_._I -
0020406081 002040608 1

246
Figure 74: GFAP cut-off level of 0.15 pg/L - within 6 hours after injury - children
[mixed children and youth (mean 13 years)
Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl) Sensitivity (95% CI)  Specificity (95% Cl)
Papa2016 8 54 0 30 1.00 [0.63, 1.00] 036[0.26,047,  , ,——H ,® , .
002040608 10020406081
247
Figure 75: GFAP (cut-off 0.15 ug/L) within 6 hours after injury: ICL only (no skull
fracture) -children [mixed children and youth (median age 12)
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% Cl)
Papa2015 17 71 1 63  094[073,100]  047[038,056)_ , , , ——*® . & ,
0020406081002040608 1
248  UCH-L1
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Figure 76:  -UCH-L1 (Cut -off 20.18 pg/L)- within 6 hours after injury- children and
youth (mean age 12)

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% CI)
0020406081 0020406081

NSE

Figure 77: NSE (at a level of NSE 215.3 pg/L)- mean 4 hours after injury- children

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% Cl)
Fridriksson, 2000 17 13 5 14 0.7710.55, 0.92] 0.52[0.32, 0.7 4 4 ﬂ_== : I_.I_I |
0020406081 0020406081

Figure 78: NSE (cut-off points 5.74 ug/L)-within 6 hours after injury -children

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% CI)
Mozafari2020 31 4 0 27 1.00[0.89, 1.00] 087[0.70,096] 4 . | _.FI oy _I._I
002040608 1002040608 1

Figure 79: NSE (cut-off points of 6.97 ug/L) - within 6 hours after injury -children

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl) Sensitivity (95% Cl)  Specificity (95% Cl)
Mozafari2020 29 0 2 31 0.9410.79, 0.99] 1.00(0.89, 1.00} 4 I_.-I — _IF
0020406081002040608 1
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Biomarkers in studies where age was not reported

Figure 80:  Serum100B (cut-off 0.1 pg/L) (median 82 minutes after injury) -age NR

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% Cl)  Specificity (95% CI)
Poli-de-Figueiredo2006 6 35 0 9 1.00[0.54, 1.00] 0.20{0.10,0.35] | 4 #.’I _.F_I —
002040608 10020406081

Figure 81:  Serum S100B at admission (cut-off 0.1 pg/L) [within 3 hours after injury]-

Age NR
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% Cl) Sensitivity (95% CI)  Specificity (95% CI)
Biberthaler, 2001 15 22 0 15 1.00[0.78, 1.00] 041[0.25,0.58] 4 | =_F= =_F_= I

0 02040608 10020406081
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ROC curves

Figure 82:
Mg/L (<3 hours after injury)

Meta-analysis of S100 B 0.10 ug/L and 0.105
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Figure 83:
Mg/L (>3 to 6 hours after injury)
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20 Appendix F — Economic evidence study selection
Records identified through database Additional records identified through other sources:
searching (after de-duplication), CG176, n=3
n=1658 Clinical review, n=4
< |
\ 4
Records screened in 1%t sift, n=1665
N Records excluded* in 18t sift, n=1620
\ 4
Full-text papers assessed for eligibility
in 2M sift, n=45
Papers excluded* in 2" sift, n=29
\ 4 -
~
Full-text papers assessed for
applicability and quality of
methodology, n=16
\, J
\ 4 A 4 \ 4
ﬁapers included, n=9 \ ﬁapers selectively excluded} ﬁ?apers excluded, n=3 \
(6 studies) n=4
e 1.1 Tranexamic: n=3 (2 ¢ 1.1 Tranexamic: n=0 ¢ 1.1 Tranexamic: n=0
studies) e 1.2 Bypass: n=0 e 1.2 Bypass: n=1
* 1.2 Bypass: n=1 ¢ 1.3 Direct imaging: n=0 ¢ 1.3 Direct imaging: n=0
* 1.3 Direct imaging: n=0 e 2.1a Prediction rules: n=4 e 2.1a Prediction rules:
e 2.1a Head CT rules: n=4 e 2.1b Head CT rules in n=1
(2 studies) subgroups: n=0 e 2.1b Head CT rules in
e 2.1b Head CT rules in e 2.2 MRI & biomarkers for subgroups: n=0
subgroups: n=1 PCS=0 e 2.2 MRI & biomarkers for
e 2.2 MRI & biomarkers for e 2.3 Biomarkers for PCS=0
PCS=0 complications n=0 e 2.3 Biomarkers for
¢ 2.3 Biomarkers for e 2.4 C-spine: n=0 complications n=1
CanmplEE o = « 3.1-3.3 Admission n=0 * 2.4 C-spine: n=0
e 2.4 C-spine: n=0 « 3.4-3.5 hypopituitarism=0 e 3.1-3.3 Admission n=0
¢ 3.1-3.3 Admission n=0 « 3.6 Isolated skull e 3.4-3.5 hypopituitarism=0
e 3.4-3.5 hypopituitarism=0 fracture=0 « 3.6 Isolated skull
e 3.6 Isolated skull fracture=0
fracture=0 K /
* Non-relevant population, intervention, comparison, design or setting; non-English language
21
22
23
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Appendix G- Economic evidence tables

None.

Appendix H — Health economic model

None.
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Appendix | — Excluded studies

Clinical studies

Table 7: Studies excluded from the clinical review (diagnostic accuracy)

Study

Abbasi, M., Sajjadi, M., Fathi, M. et al. (2014)
Serum S100B Protein as an Outcome Prediction
Tool in Emergency Department Patients with
Traumatic Brain Injury. Turkish Journal of
Emergency Medicine 14(4): 147-52

Agoston, D. V.; Shutes-David, A.; Peskind, E. R.
(2017) Biofluid biomarkers of traumatic brain
injury. Brain Injury 31(9): 1195-1203

Akhtar, J. I., Spear, R. M., Senac, M. O. et al.
(2003) Detection of traumatic brain injury with
magnetic resonance imaging and S-100B
protein in children, despite normal computed
tomography of the brain. Pediatric Critical Care
Medicine 4(3): 322-6

Al-Adli, N., Akbik, O. S., Rail, B. et al. (2021)
The Clinical Use of Serum Biomarkers in
Traumatic Brain Injury: A Systematic Review
Stratified by Injury Severity. World Neurosurgery
23: 23

Alatas, O. D., Gurger, M., Atescelik, M. et al.
(2015) Neuron-Specific Enolase, S100 Calcium-
Binding Protein B, and Heat Shock Protein 70
Levels in Patients With Intracranial Hemorrhage.
Medicine 94(45): e2007

Alexiou, G. A,, Lianos, G. D., Sotiropoulos, A. et
al. (2019) Novel biomarkers may aid the
decision for CT scan in emergency settings in
mild head trauma. Biomarkers in Medicine
13(13): 1055-1057

Allouchery, G., Moustafa, F., Roubin, J. et al.
(2018) Clinical validation of S100B in the
management of a mild traumatic brain injury:
issues from an interventional cohort of 1449
adult patients. Clinical Chemistry & Laboratory
Medicine 56(11): 1897-1904

Amoo, M., Henry, J., O'Halloran, P. J. et al.
(2022) S100B, GFAP, UCH-L1 and NSE as

Code [Reason]

- No diagnostic accuracy measures reported

- Review article but not a systematic review

- No diagnostic accuracy measures reported

- Systematic review - screened for relevant
references

- Population not relevant to this review protocol

- Editorial

- Unclear reference standard

not all participants received CT scan (those with
S100B- results)

- Systematic review - screened for relevant
references
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predictors of abnormalities on CT imaging
following mild traumatic brain injury: a
systematic review and meta-analysis of
diagnostic test accuracy. Neurosurgical Review
45(2): 1171-1193

Anderson, R. E., Hansson, L. O., Nilsson, O. et
al. (2001) High serum S100B levels for trauma
patients without head injuries. Neurosurgery
48(6): 1255-8; discussion 1258

Anderson, T. N., Hwang, J., Munar, M. et al.
(2020) Blood-based biomarkers for prediction of
intracranial hemorrhage and outcome in patients
with moderate or severe traumatic brain injury.
The Journal of Trauma and Acute Care Surgery
89(1): 80-86

Asken, B. M., Bauer, R. M., DeKosky, S. T. et al.
(2018) Concussion BASICS Ill: Serum
biomarker changes following sport-related
concussion. Neurology 91(23): e2133-e2143

Avci, A., Yilmaz, H. L., Satar, S. et al. (2013)
The correlation between S-100B protein levels
and prognosis in children with head trauma.
Turkiye Klinikleri Journal of Medical Sciences
33(1): 149-158

Bak, Hyeun Uk, Sung, Won Young, Lee, Jang
Young et al. (2008) The Usefulness of Serum S-
100 beta Levels as a Screening Test for
Pediatric Minor Head Trauma. Journal of The
Korean Society of Emergency Medicine 19(2):
185-191

Ballesteros, M. A., Rubio-Lopez, M. |., San
Martin, M. et al. (2018) Serum levels of S100B
from jugular bulb as a biomarker of poor
prognosis in patients with severe acute brain
injury. Journal of the Neurological Sciences 385:
109-114

Bazarian, J. J., Zemlan, F. P., Mookerjee, S. et
al. (2006) Serum S-100B and cleaved-tau are
poor predictors of long-term outcome after mild
traumatic brain injury. Brain Injury 20(7): 759-65

Bechtel, K., Frasure, S., Marshall, C. et al.
(2009) Relationship of serum S100B levels and
intracranial injury in children with closed head
trauma. Pediatrics 124(4): e697-704

Code [Reason]

- Population not relevant to this review protocol

- Severe or moderate TBI. Not relevant to post-
injury complications

- Not relevant to post-injury complications

- Study not reported in English

- Study not reported in English

- Population not relevant to this review protocol

- No appropriate reference standard

- Data not reported in an extractable format or a
format that can be analysed
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Study Code [Reason]

Berger, R. P., Adelson, P. D., Pierce, M. C. etal. - Study design not relevant to this review
(2005) Serum neuron-specific enolase, S100B, protocol

and myelin basic protein concentrations after

inflicted and noninflicted traumatic brain injury in ~ case control study

children. Journal of Neurosurgery 103(1suppl):

61-8
Berger, R. P., Beers, S. R., Richichi, R. et al. - Comparator in study does not match that
(2007) Serum biomarker concentrations and specified in this review protocol

outcome after pediatric traumatic brain injury.
Journal of Neurotrauma 24(12): 1793-801

Berger, R. P. and Kochanek, P. M. (2006) - Comparator in study does not match that
Urinary S100B concentrations are increased specified in this review protocol

after brain injury in children: A preliminary study.

Pediatric Critical Care Medicine 7(6): 557-61

Berger, R. P., Pierce, M. C., Wisniewski, S. R. et - No diagnostic accuracy measures reported
al. (2002) Serum S100B concentrations are

increased after closed head injury in children: a

preliminary study. Journal of Neurotrauma

19(11): 1405-9

Berger, R. P, Ta'asan, S., Rand, A. et al. (2009) - Study design not relevant to this review
Multiplex assessment of serum biomarker protocol

concentrations in well-appearing children with

inflicted traumatic brain injury. Pediatric

Research 65(1): 97-102

Bernard, F., Al-Tamimi, Y. Z., Chatfield, D. et al. - No relevant diagnostic factor
(2008) Serum albumin level as a predictor of

outcome in traumatic brain injury: potential for

treatment. Journal of Trauma-Injury Infection &

Critical Care 64(4): 872-5

Bhomia, M., Balakathiresan, N. S., Wang, K. K. - No relevant diagnostic factor
et al. (2016) A Panel of Serum MiRNA

Biomarkers for the Diagnosis of Severe to Mild

Traumatic Brain Injury in Humans. Scientific

Reports 6: 28148

Blais Lecuyer, J., Mercier, E., Tardif, P. A. etal. - Reference standard not measured in all
(2021) S100B protein level for the detection of participants

clinically significant intracranial haemorrhage in

patients with mild traumatic brain injury: a

subanalysis of a prospective cohort study.

Emergency Medicine Journal 38(4): 285-289

Bogoslovsky T, Wilson D, Chen Y et al. - Study design not relevant to this review
Increases of Plasma Levels of Glial Fibrillary protocol
Acidic Protein, Tau, and Amyloid 8 up to 90
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Days after Traumatic Brain Injury. Journal of
neurotrauma 34(1): 66-73

Bogoslovsky, T., Wilson, D., Chen, Y. et al.
(2017) Increases of Plasma Levels of Glial
Fibrillary Acidic Protein, Tau, and Amyloid beta
up to 90 Days after Traumatic Brain Injury.
Journal of Neurotrauma 34(1): 66-73

Bohmer, A. E., Oses, J. P., Schmidt, A. P. et al.
(2011) Neuron-specific enolase, S100B, and
glial fibrillary acidic protein levels as outcome
predictors in patients with severe traumatic brain
injury. Neurosurgery 68(6): 1624-30; discussion
1630

Bouvier D, Oddoze C, Ben Haim D et al. (2009)
[Interest of S100B protein blood level
determination for the management of patients
with minor head trauma]. Annales de biologie
clinique 67(4): 425-431

Bouvier, D., Giguere, Y., Pereira, B. et al. (2020)
Cord blood S100B: reference ranges and
interest for early identification of newborns with
brain injury. Clinical Chemistry & Laboratory
Medicine 58(2): 285-293

Bouvier, D., Oris, C., Brailova, M. et al. (2020)
Interest of blood biomarkers to predict lesions in
medical imaging in the context of mild traumatic
brain injury. Clinical Biochemistry 85: 5-11

Bulut, M., Koksal, O., Dogan, S. et al. (2006)
Tau protein as a serum marker of brain damage
in mild traumatic brain injury: preliminary results.
Advances in Therapy 23(1): 12-22

Buonora JE, Yarnell AM, Lazarus RC et al.
(2015) Multivariate analysis of traumatic brain
injury: development of an assessment score.
Frontiers in neurology 6: 68

Calcagnile O, Holmén A, Chew M et al. (2013)
S100B levels are affected by older age but not
by alcohol intoxication following mild traumatic
brain injury. Scandinavian journal of trauma,
resuscitation and emergency medicine 21: 52

Calcagnile, O.; Anell, A.; Unden, J. (2016) The
addition of S100B to guidelines for management

Code [Reason]

- Study design not relevant to this review
protocol

- Severe or moderate TBI. Not relevant to post-
injury complications

- Study not reported in English

Article in French

- Population not relevant to this review protocol

- Review article but not a systematic review

- No relevant diagnostic factor

- Not relevant to post-injury complications

- Reference standard not measured in all
participants

- Reference standard not measured in all
participants
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Study

of mild head injury is potentially cost saving.
BMC Neurology 16(1)

Calcagnile, O.; Unden, L.; Unden, J. (2012)
Clinical validation of S100B use in management
of mild head injury. BMC Emergency Medicine
12: 13

Carabias, C. S., Castano-Leon, A. M., Blanca
Navarro, B. et al. (2020) Serum Amyloid A1 as a
Potential Intracranial and Extracranial Clinical
Severity Biomarker in Traumatic Brain Injury.
Journal of Intensive Care Medicine 35(11):
1180-1195

Carabias, C. S., Gomez, P. A., Panero, I. et al.
(2020) Chitinase-3-Like Protein 1, Serum
Amyloid A1, C-Reactive Protein, and
Procalcitonin Are Promising Biomarkers for
Intracranial Severity Assessment of Traumatic
Brain Injury: Relationship with Glasgow Coma
Scale and Computed Tomography Volumetry.
World Neurosurgery 134: e120-e143

Cervellin, G., Benatti, M., Carbucicchio, A., Aloe,
R., and Lippi G (2014) Protein S100B and
neuron-specific enolase (NSE) for the initial
evaluation of mild head trauma in adults: Ready
for prime time? . Biochim. Clin. 38: 227-233

Chen, D., Bao, L., Lu, S. Q. et al. (2014) Serum
albumin and prealbumin predict the poor
outcome of traumatic brain injury. PLoS ONE
[Electronic Resource] 9(3): e93167

Chen, S., Chen, X. C., Lou, X. H. et al. (2019)
Determination of serum neutrophil gelatinase-
associated lipocalin as a prognostic biomarker
of acute spontaneous intracerebral hemorrhage.
Clinica Chimica Acta 492: 72-77

Cheng, F., Yuan, Q., Yang, J. et al. (2014) The
prognostic value of serum neuron-specific
enolase in traumatic brain injury: systematic
review and meta-analysis. PLoS ONE
[Electronic Resource] 9(9): e106680

Clarke, G. J. B., Skandsen, T., Zetterberg, H. et
al. (2021) One-Year Prospective Study of
Plasma Biomarkers From CNS in Patients With
Mild Traumatic Brain Injury. Frontiers in
neurology [electronic resource]. 12: 643743

Code [Reason]

- Reference standard not measured in all

participants

- Comparator in study does not match that
specified in this review protocol

- Data not reported in an extractable format or a
format that can be analysed

- Full text paper not available

- No relevant diagnostic factor

- No relevant diagnostic factor

- Systematic review - screened for relevant
references

- Not relevant to post-injury complications
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Cnossen, M. C., Winkler, E. A., Yue, J. K. et al.
(2017) Development of a Prediction Model for
Post-Concussive Symptoms following Mild
Traumatic Brain Injury: A TRACK-TBI Pilot
Study. Journal of Neurotrauma 34(16): 2396-
2409

Cui, X., Zhou, B., Wu, J. et al. (2021) Changes
in amplitude-integrated electroencephalography,
neuron-specific enolase, and S100B in
neonates with brain injury induced by neonatal
hyperbilirubinemia and their significance. Brain
Injury 35(8): 943-948

Czeiter, E., Mondello, S., Kovacs, N. et al.
(2012) Brain injury biomarkers may improve the
predictive power of the IMPACT outcome
calculator. Journal of Neurotrauma 29(9): 1770-
8

da Rocha, A. B., Schneider, R. F., de Freitas, G.
R. et al. (2006) Role of serum S100B as a
predictive marker of fatal outcome following
isolated severe head injury or multitrauma in
males. Clinical Chemistry & Laboratory Medicine
44(10): 1234-42

da Rocha, A. B., Zanoni, C., de Freitas, G. R. et
al. (2005) Serum Hsp70 as an early predictor of
fatal outcome after severe traumatic brain injury
in males. Journal of Neurotrauma 22(9): 966-77

Daoud, H., Alharfi, I., Alhelali, I. et al. (2014)
Brain injury biomarkers as outcome predictors in
pediatric severe traumatic brain injury.
Neurocritical Care 20(3): 427-35

Davis, T. S., Nathan, J. E., Tinoco Martinez, A.
S. et al. (2020) ----- Comparison of T1-Post and
FLAIR-Post MRI for identification of traumatic
meningeal enhancement in traumatic brain
injury patients. PLoS ONE [Electronic Resource]
15(7): 0234881

De Kruijk, J. R., Leffers, P., Menheere, P. P. et
al. (2002) Prediction of post-traumatic
complaints after mild traumatic brain injury: early
symptoms and biochemical markers. Journal of
Neurology, Neurosurgery & Psychiatry 73(6):
727-32

Code [Reason]

- Not relevant to post-injury complications

- Population not relevant to this review protocol

- Severe or moderate TBI. Not relevant to post-
injury complications

- No appropriate reference standard

- Severe or moderate TBI. Not relevant to post-

injury complications

- No appropriate reference standard

- No relevant diagnostic factor

- No relevant diagnostic factor
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de Kruijk, J. R., Leffers, P., Menheere, P. P. et
al. (2001) S-100B and neuron-specific enolase
in serum of mild traumatic brain injury patients.
A comparison with health controls. Acta
Neurologica Scandinavica 103(3): 175-9

De Kruijk, J. R.; Twijnstra, A.; Leffers, P. (2001)
Diagnostic criteria and differential diagnosis of
mild traumatic brain injury. Brain Injury 15(2):
99-106

DeFazio, M. V., Rammo, R. A., Robles, J. R. et
al. (2014) The potential utility of blood-derived
biochemical markers as indicators of early
clinical trends following severe traumatic brain
injury. World Neurosurgery 81(1): 151-8

Dey, S., Gangadharan, J., Deepika, A. et al.
(2017) Correlation of ubiquitin C terminal
hydrolase and S100beta with cognitive deficits
in young adults with mild traumatic brain injury.
Neurology India 65(4): 761-766

Di Battista, A. P., Buonora, J. E., Rhind, S. G. et
al. (2015) Blood Biomarkers in Moderate-To-
Severe Traumatic Brain Injury: Potential Utility of
a Multi-Marker Approach in Characterizing
Outcome. Frontiers in neurology [electronic
resource]. 6: 110

Di Pietro V, Porto E, Ragusa M et al. (2018)
Salivary MicroRNAs: Diagnostic Markers of Mild
Traumatic Brain Injury in Contact-Sport.
Frontiers in molecular neuroscience 11: 290

Di Pietro, V., Porto, E., Ragusa, M. et al. (2018)
Salivary MicroRNAs: Diagnostic Markers of Mild
Traumatic Brain Injury in Contact-Sport.
Frontiers in Molecular Neuroscience 11: 290

Di Pietro, V., Ragusa, M., Davies, D. et al.
(2017) MicroRNAs as Novel Biomarkers for the
Diagnosis and Prognosis of Mild and Severe
Traumatic Brain Injury. Journal of Neurotrauma
34(11): 1948-1956

Duda, I.; Wiorek, A.; Krzych, L. J. (2020)
Biomarkers Facilitate the Assessment of
Prognosis in Critically lll Patients with Primary
Brain Injury: A Cohort Study. International

Code [Reason]

- Not relevant to post-injury complications

- Review article but not a systematic review

- Severe or moderate TBI. Not relevant to post-
injury complications

- Comparator in study does not match that
specified in this review protocol

- Severe or moderate TBI. Not relevant to post-
injury complications

- Not relevant to post-injury complications

- Not relevant to post-injury complications

- Comparator in study does not match that
specified in this review protocol

- Population not relevant to this review protocol
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Journal of Environmental Research & Public
Health [Electronic Resource] 17(12): 21

Eagle, S. R., Womble, M. N, Elbin, R. J. et al.
(2020) Concussion Symptom Cutoffs for
Identification and Prognosis of Sports-Related
Concussion: Role of Time Since Injury.
American Journal of Sports Medicine 48(10):
2544-2551

Efstathiou, N., Slavakis, A., Drossou, V. et al.
(2021) Can we delineate brain injury in full-term
neonates using serum biomarkers?. Brain Injury
35(7): 821-830

Efstathiou, N., Soubasi, V., Koliakos, G. et al.
(2015) Mobilization of circulating progenitor cells
following brain injury in premature neonates
could be indicative of an endogenous repair
process. A pilot study. Hippokratia 19(2): 141-7

Egea-Guerrero, J. J., Murillo-Cabezas, F.,
Gordillo-Escobar, E. et al. (2013) S100B protein
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Health Economic studies

Published health economic studies that met the inclusion criteria (relevant population,
comparators, economic study design, published 2006 or later and not from non-OECD
country or USA) but that were excluded following appraisal of applicability and
methodological quality are listed below. See the health economic protocol for more details.

Table 9: Studies excluded from the health economic review

Calcagnile 20162 Excluded as rated very serious limitations due to the no biomarkers
arm being hypothetical.
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22 Appendix J — Research recommendations — full details

k41 Research recommendation

24  What is the diagnostic accuracy of brain injury biomarkers for predicting acute post-brain
25  injury complications after a brain injury?

J.261 Why this is important

27  Acute post-brain injury complications here refer to the presence of an abnormality on CT/MRI
28 head. The use of MRI head is not routine in NHS emergency departments. However, the

29 use of CT head is routine in emergency departments all over the world in the management of
30 head injury patients. In the context of mild TBI, around 85% of CT scans performed will be
31 normal. Despite the use of decision rules to rationalise the use of CT scans after head injury,
32  several studies indicate that they are "over-used" outside of these recommendations. As a
33  result in children and in adults, many thousand CT scans are performed annually, after mild
34  TBI, which do not demonstrate any abnormality. In hospital this has a negative impact on

35 emergency and radiology department workflow, results in longer waits for patients while

36  scans are carried out and reported, longer wait times for other types of CT scanning and

37  prevention of patients exiting emergency departments. Pre hospital the JRCALC head injury
38 management reflects CT decision rules with regards to the destination of patients. In

39 paediatric populations in particular, there are concerns about exposure to radiation with CT
40 scanning as well as the need for sedation in order to perform a CT head in younger children.
41  Because of the large number of scans performed in this context nationwide, biomarkers

42  which can distinguish lower risk patients who can, therefore, not undergo a scan and instead
43  can be discharged under the supervision of a responsible adult has the potentially to

44  dramatically reduce costs and pressure on emergency departments and improve patient

45  experience.

J.4@2 Rationale for research recommendation

Importance to ‘patients’ or the population If accurate test using biomarkers could be
established this would reduce the number of
people undergoing scanning. This is important
to reduce exposure to radiation.

Relevance to NICE guidance Evidence would support recommendations on
the use of biomarkers in the NHS for detecting
post injury complications.

Relevance to the NHS Acute post-brain injury complications" here
refers to the presence of an abnormality on
CT/MRI head.

-The use of MRI head is not routine in NHS
emergency departments

-The use of CT head is routine in emergency
departments all over the world in the
management of head injury patients

-In the context of mild TBI, around 85% of CT
scans performed will be normal.

-Despite the use of decision rules to rationalise
the use of CT scans after head injury, several
studies indicate that they are "over-used"
outside of these recommendations

-As a result in children and in adults, many
thousand CT scans are performed annually,
after mild TBI, which do not demonstrate any
abnormality
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-In hospital this has a negative impact on
emergency and radiology department workflow,
results in longer waits for patients while scans
are carried out and reported, longer wait times
for other types of CT scanning and prevention of
patients exiting emergency departments

-Pre hospital the JRCALC head injury
management reflects CT decision rules with
regards to the destination of patients

-In paediatric populations in particular, there are
concerns about exposure to radiation with CT
scanning as well as the need for sedation in
order to perform a CT head in younger children
-Because of the large number of scans
performed in this context nationwide, biomarkers
which can distinguish lower risk patients who
can, therefore, not undergo a scan and instead
can be discharged under the supervision of a
responsible adult has the potentially to
dramatically reduce costs and pressure on
emergency departments and improve patient

experience.
National priorities None identified
Current evidence base There were high sensitivity values for some

biomarkers at certain thresholds, however the
specificity values were not high enough across
the evidence and felt this was equally important
given the consequences of unnecessary
radiation particularly in children.

Many biomarkers were tested in small samples
leading to imprecise estimates. Alternatively,
such estimates were from large but single
studies. The committee noted that accuracy
differed quite widely between different studies
looking at the same biomarker test.

The evidence included in the review was
heterogenous with different biomarkers with
variable thresholds and time-points. Most people
with head injury present to the hospital within 3
hours and the manufacturers recommend this
time frame for optimal test results. Many studies
assessed biomarkers beyond this time point.
The population in the included studies was mild
TBI (GCS 13-15) but they also included medium
risk (medium risk includes mild and moderate
TBI) and high-risk CDR patients along with very
low risk patients who are currently ineligible for
CT in NHS practice. Most studies included
people with mild injury with extracranial injuries.

Equality considerations This research is of particular relevance to:
-Children

-Victims of domestic abuse who may receive repeated
head injury

493
NICE Head Injury (update): evidence reviews for Biomarkers for brain injury complications DRAFT [Se



DRAFT FOR CONSULTATION
Brain injury biomarkers for predicting acute brain injury complications

-Older adults who may fall frequently

-Adults with cognitive impairment and learning
difficulties who may be scanned more readily due to
difficulties assessing change from baseline

47

J.48 Modified PICO table

Population Inclusion: Infants, children and adult with
suspected traumatic brain injury (TBI)

Strata:

. Adults (aged 216 years)

. Children (aged 21 to <16 years)
. Infants (aged <1 year)

Mixed population studies will be included but
downgraded for indirectness. Cut-off of 60% will
be used for all age groups

Exclusion: Adults, and children (including infants
under 1 year) with superficial injuries to the eye
or face without suspected or confirmed head or

brain injury.
Target condition Acute post-brain injury complications
Index tests . Biomarkers

o} Blood biomarkers

- $100 calcium binding protein B (S100B)
-Ubiquitin C-terminal Hydrolase-L1 (UCHL1)
-Neuron Specific Enolase (NSE)
-Brain-derived neurotrophic factor (BDNF)
-Neurofilament light (NFL)

- Neurofilament Heavy (NF-H)

- all-Spectrin breakdown products (SBDP)
- Myelin basic protein (MBP)

- glial fibrillary acidic protein (GFAP)

(o} Salivary biomarkers

-salivary microRNAs (miRNAs)
-Extracellular vesicles (EVs)

-S100B

Reference standard Intra cranial injury and/or complex skull fracture
on CT/MRI

Outcome . diagnostic accuracy of biomarkers for

predicting acute post-brain injury complications
Diagnostic accuracy to be reported by test
sensitivity/specificity

Study design Cross-sectional studies
Cohort studies (prospective and retrospective)
Systematic reviews and meta-analyses of the
above

Timeframe Medium term — required for when the guidance
is updated
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Additional information None
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