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Abstract

Glial fibrillary acidic protein (GFAP) is cleared by the Food and Drug Administration (FDA) to determine need for head

computed tomography (CT) within 12 h after mild traumatic brain injury (TBI) (Glasgow Coma Score [GCS] 13–15);

S100 calcium-binding protein B (S100B) serves this function in Europe. This phase 1 biomarker cohort analysis of the

multi-center, observational Transforming Research and Clinical Knowledge in Traumatic Brain Injury (TRACK-TBI)

study compares GFAP’s diagnostic performance, measured on a rapid point-of-care platform, against protein S100B to

predict intracranial abnormalities on CT within 24 h post-injury across the spectrum of TBI (GCS 3–15). Head CT scan

performed in TBI subjects and blood was collected for all consenting subjects presenting to 18 United States level 1

trauma centers. Plasma was analyzed on a point-of-care device prototype assay for GFAP and serum was analyzed for

S100B. In 1359 patients with TBI (GCS 3–15), mean (standard deviation [SD]) age = 40.1 (17.0) years; 68% were male.

Plasma GFAP levels were significantly higher in CT+ TBI subjects (median = 1358 pg/mL, interquartile range [IQR]: 472–

3803) than in CT- TBI subjects (median = 116 pg/mL, IQR: 26–397) or orthopedic trauma controls (n = 122; medi-

an = 13 pg/mL, IQR: 7–20), p < 0.001. Serum S100B levels were likewise higher in CT+ TBI subjects (median = 0.17 lg/L,

IQR: 0.09–0.38) than in CT- TBI subjects (median = 0.10 lg/L, IQR: 0.06–0.18), p < 0.001. Receiver operating charac-

teristic curves were generated for prediction of intracranial injury on admission CT scan; area under the curve (AUC) for

GFAP was significantly higher than for S100B in the same cohort (GFAP AUC – 0.85, 95% confidence interval [CI] 0.83–

0.87; S100B AUC – 0.67, 95% CI 0.64-0.70; p < 0.001). GFAP, measured on a point-of-care platform prototype assay, has

high discriminative ability to predict intracranial abnormalities on CT scan in patients with TBI across the full injury

spectrum of GCS 3–15 through 24 h post-injury. GFAP substantially outperforms S100B.
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Introduction

According to the Centers for Disease Control (CDC),

*4,800,000 emergency department (ED) evaluations for

traumatic brain injury (TBI) occur annually in the United States,

and the number is increasing.1,2 The majority of patients (80–

90%) presenting to the ED have mild TBI (Glasgow Coma Scale

[GCS] score of 13–15), and in that group, <10% will have ab-

normalities on head computed tomography (CT) and <1% of

those patients will require neurosurgical intervention.3,4

Blood tests to inform clinical practice have undergone intense

study over the last two decades. Glial fibrillary acidic protein

(GFAP) is one of the strongest candidate TBI diagnostic biomarkers

in development. The clinical utility of GFAP as a TBI biomarker is

most frequently compared against S100 calcium-binding protein B

(S100B), as both are markers of glial injury and both are released

into the bloodstream in response to injury in several pathological

states, including TBI and other extracranial injuries.1,5-11 However,

S100B is also found outside of the central nervous system, raising

questions about its specificity as a TBI diagnostic biomarker, espe-

cially in patients with extracranial injuries.12

In 2007, an S100B blood test was added to the Scandinavian

guidelines for non-severe brain injuries to reduce the number of

CT scans and associated cost of evaluating mild TBI in the

ED.13,14 Serum enzyme-linked immunosorbent assay (ELISA)

measurement of GFAP in combination with ubiquitin C-terminal

hydrolase L1 (UCH-L1) was cleared by the Food and Drug Ad-

ministration (FDA) in 2018 for clinical use to identify mild TBI

patients, defined as having a GCS score of 13–15, likely to have

intracranial injuries on head CT in the acute phase (< 12 h) after

TBI.15 The S100B blood test to assess need for head CT is not

approved in the United States. One of the barriers to clinical

adoption of the current FDA-cleared GFAP biomarker is that it is

a core laboratory test that can take up to 6 h to return a result. In

addition, the narrow FDA indication of use does not include more

severely injured TBI patients (GCS 3–12) or those who are

evaluated >12 hours after injury.

A handheld, point-of-care (POC) device that rapidly (< 15min)

measures TBI biomarkers on site would impact clinical practice

globally. The current report is a pre-specified interim analysis of the

prospective, multi-center, observational Transforming Research

and Clinical Knowledge in Traumatic Brain Injury (TRACK- TBI)

study. We evaluated a POC platform prototype assay (Abbott La-

boratories) to measure plasma GFAP to predict intracranial ab-

normalities on head CT following trauma, and compared it against

the European standard biomarker S100B. We sought to confirm and

further support our previous GFAP findings16 by expanding the

analysis to a much larger cohort, broadening the inclusion criteria

to the full severity spectrum of TBI (GCS 3–15) and out to 24 h

after injury, as well as comparing the diagnostic performance of

plasma GFAP to that of serum S100B.

Methods

Subjects and study design

Subjects with TBI (GCS 3–15) were identified and enrolled
prospectively in the TRACK-TBI study (TRACK-TBI; Clinical-
Trials.gov: NCT02119182) as previously described.16,17 Subjects
presenting to one of 18 participating level I United States trauma
centers were enrolled from February 26, 2014 to July 27, 2018. The
TRACK-TBI Phase 1 Biomarker Cohort (n = 1497) evaluated in
this study was a pre-specified interim analysis that included the first
half of the enrolled TBI subjects and controls (see subsequent text
and Fig. 1). The study was approved by the institutional review
board of each enrolling site. Written informed consent was ob-
tained from subjects or their legal authorized representatives
(LAR). Eligibility criteria included presentation within 24 h of in-
jury 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.18 Subjects were eligible for inclusion as orthopedic trauma
controls if they presented with isolated trauma to their limbs, pelvis,
and/or ribs, and had an Abbreviated Injury Score (AIS) <4 for those
body regions. Orthopedic trauma controls subjects were identified
and enrolled using the same process as that for patients with TBI,
except for the head CT requirement. Subjects were ineligible for
enrollment as orthopedic trauma controls if they had loss of con-
sciousness (LOC), disturbance of consciousness, post-traumatic
amnesia (PTA)/retrograde amnesia, or other clinical findings sug-
gestive of a brain injury.

FIG. 1. Consolidated Standards of Reporting Trials (CONSORT) diagram of subjects from the prospective Transforming Research
and Clinical Knowledge in Traumatic Brain Injury (TRACK-TBI) study included in current analysis.
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Clinical data collection

Demographic and clinical data, including GCS, source of trau-
ma, LOC, and TBI diagnostic criteria were obtained at the time
of initial evaluation by a treating physician and further confirmed
by study staff through structured medical record review and subject
or LAR interview when consent was obtained and blood samples
collected.

Sample collection and biomarker analysis

Blood samples were collected from subjects who consented
to genetic and proteomic analysis within a 24 h window from time
of injury. All samples were dated and time stamped to confirm
collection within the protocol’s window. The TBI-Common Data
Elements (CDE) Biospecimens and Biomarkers Working Group
Guidelines for plasma preparation were followed (www.common
dataelements.ninds.nih.gov/TBI.aspx). For detailed methods see
TRACK-TBI Biorepository Manual of Procedures (https://tracktbi
.ucsf.edu/sites/tracktbi.ucsf.edu/files/V4%20TRACK-TBI%20
Biospecimens%20SOP%205%20MAY%202016.pdf). Samples
were centrifuged and aliquots stored at -80�C for future batch
processing. Sample storage occurred within 2 h of blood draw.
Samples were batch-shipped as temperature-controlled express
freight to the TRACK-TBI Biospecimen Repository at the Uni-
versity of Pittsburgh. All samples were stored in a de-identified
manner, with a unique study number specific to site and subject.
A central database was maintained by the coordinating center

(University of California at San Francisco [UCSF]) with each
site entering site-specific data for final statistical reporting.

Sample analyses for GFAP and S100B were conducted in a
blinded fashion. Ethylenediaminetetraacetic acid (EDTA) plasma
was thawed in batches at room temperature and centrifuged at
10,000 rcf for 10 min at 4�C prior to testing. GFAP concentrations
were determined using prototype immunoassays on the i-STAT
point-of-care platform (Abbott Laboratories, Abbott Park, IL). The
i-STAT GFAP test uses the sandwich ELISA method with elec-
trochemical detection of the resulting enzyme signal, which was
optimized for plasma. The test time for each assay is <15 min. All
samples were tested neat, without dilution, in duplicate. Samples
reading greater than the calibration range were reported as greater
than the reportable range and were not diluted.

The GFAP assay utilizes a monoclonal antibody for capture
and a monoclonal antibody/alkaline phosphatase conjugate for
detection of GFAP and GFAP breakdown products (BDPs). The
GFAP calibrators range from 0 to 50,000 pg/mL. The limit of
detection (LoD) and limit of quantitation (LoQ) were determined
using Clinical and Laboratory Standards Institute (CLSI) proto-
col EP17-A2i, are <15 pg/mL and <25 pg/mL, respectively.
Within-laboratory precision of 2.8–14.2% coefficient of varia-
tion (CV) was demonstrated over a concentration range of
15,000–40 pg/mL. Evaluation of assay linearity demonstrates
<10% deviation from linearity from 50,000 to <25 pg/mL, as
defined by CLSI protocol EP6-A.19 In the analysis, when values
were below the LoD, original values were used. Values
>50,000 pg/mL were imputed as 50,000 pg/mL in the analysis.

Table 1. TRACK-TBI Phase 1 Biomarker Cohort Demographics and Biomarker Analysis

Demographics

TBI

Orthopedic controls (n = 122)CT- (n = 810) CT+ (n = 549)

Age (years)
Mean (SD)

37.7 (15.9) 43.7 (17.9) 39.2 (15.0)

Range 17-88 17-90 17-75
Sex
F 294 (36.3%) 141 (25.7%) 43 (35.3%)
M 516 (63.7%) 408 (74.3%) 79 (64.7%)
Cause of injury
RTA 533 (65.8%) 282 (51.7%) 37 (36.3%)
IF 166 (20.5%) 170 (31.1%) 39 (38.2%)
V/A 42 (5.2%) 55 (10.1%) 1 (1.0%)
O 69 (8.5%) 39 (7.1%) 25 (24.5%)
Injury severity
GCS 13-15 779 (98%) 358 (74%) 122 (100%)
GCS 9-12 8 (1%) 40 (8%) -
GCS 3-8 8 (1%) 85 (18%) -
Prior TBI
Yes 276 (34.1%) 118 (21.5%) 31 (25.4%)
No 534 (65.9%) 430 (78.5%) 91 (74.6%)
Time to blood draw (h)a

Mean (SD) 13.1 (6.8) 16.1 (5.8) 13.3 (7.3)

Biomarkers CT- CT+ Orthopedic controls

GFAP (pg/mL)
Median (IQR)

116 (26-397) 1358 (472-3803) 13 (7-20) p < 0.001

S100B (lg/L)
Median (IQR)

0.10 (0.06-0.18) 0.17 (0.09-0.38) 0.08 (0.06-0.13) p < 0.001

aBecause of missing data, n = 796 for CT- group; n = 540 for CT+ group.
CT, computed tomography; GCS, Glasgow Coma Score; GFAP, glial fibrillary acidic protein; IF, incidental fall; IQR, interquartile range; O, other;

RTA, road traffic accident; S100B, S100 calcium-binding protein B; SD, standard deviation; TRACK-TBI, Transforming Research and Clinical
Knowledge in Traumatic Brain Injury; V/A, violence/assault.
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Sample analysis for S100B was conducted by a single laboratory
(University College of Dublin), in blinded fashion using an electro-
chemiluminescence immunoassay (Elecsys� S100B; Roche Diag-
nostics, Penzberg, Germany) on an automated Cobas� system from
Roche. Serum samples were thawed in batches at room temperature
and centrifuged at 10,000 rcf for 10 min at 4�C prior to testing in
duplicate. This assay is the trademarked assay used clinically in
Europe for S100B (LoD: <0.005 ug/L; LoQ: not available per pack-
age insert; CV: intermediate precision of 20%), which was optimized
for serum. The full package insert is available publicly at https://
diagnostics.roche.com/no/en/products/params/elecsys-s100.html.

CT scan evaluation

As noted, eligible subjects had undergone a non-contrast head
CT upon arrival in the ED as a part of their trauma evaluation in
the clinical setting, and not specifically for research purposes. In the
United States, the vast majority of clinical institutions follow the

guidance set forth by the 2008 ACEP/CDC guidelines for neuroi-
maging and decision making in TBI.18 These CT scans were de-
identified and uploaded to a central imaging database and then were
graded based on recommendations of the neuroimaging working
group of the TBI-CDE.20,21 Each reviewer was blinded to the
identity and clinical information associated with a given CT scan.
Head CT scans were classified as positive or negative based on the
presence or absence of traumatic intracranial abnormalities (e.g.,
subarachnoid hemorrhage, subdural hematoma, contusion).

Statistical analysis

Demographics, clinical characteristics, and biomarker data were
summarized and compared between TBI patients and orthopedic
trauma controls, as well as among TBI patients with positive versus
negative CT scans. Wilcoxon rank sum test was used for comparing
continuous variables; Fisher’s exact test was used for comparing
categorical variables. The receiver operating characteristic (ROC)

FIG. 2. Plasma glial fibrillary acidic protein (GFAP) and serum S100 calcium-binding protein B (S100B) levels by head computed
tomography (CT) result across full spectrum of traumatic brain injury (TBI) (Glasgow Coma Score [GCS] 3–15). Violin plots of GFAP
(A) and S100B (B) levels in TBI subjects (all GCS 3–15) with negative and positive head CT scans for intracranial injuries. Patients
negative for intracranial injury on CT (CT-, n = 810) had a mean plasma GFAP 363.8 pg/mL (standard deviation [SD] 706.3 pg/mL),
whereas subjects positive for any intracranial lesion type (CT+, n = 549) had a mean plasma GFAP level 3970.1 pg/mL
(SD 7819.6 pg/mL). Mean S100B levels were 0.181 ug/L (SD 0.778 ug/L) in the negative CT group (n = 753) and 0.405 ug/L (SD 1.236
ug/L) in the positive head CT group (n = 534). (C) Box plots of GFAP levels in plasma indicating higher levels of GFAP with
progressively more severe intracranial injury spectra on head CT. Red dots indicate mean values. SAH, subarachnoid hemorrhage; SDH,
subdural hematoma. Color image is available online.
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analysis was performed to determine whether GFAP can be used as
a diagnostic tool for predicting head CT scan abnormality. The area
under the ROC curve (AUC) was calculated with 95% confidence
intervals (CI) and was compared with the AUC of S100B from the
same patient sample via the bootstrap. The K-fold cross-validation
method was used to select the optimal GFAP cutoff points for
predicting CT abnormality based on the criteria of adjusted nega-
tive predictive value (NPV) reaching levels of 0.9, 0.92, 0.95,
and 0.98. The prevalence rate for the adjusted NPV was estimated
from the sample; 1000 bootstraps were conducted to determine the
overall optimal cutoff using the median from each run. Then, the
optimal cutoff points were applied to the full data to calculate
the corresponding sensitivity, specificity, NPV, and positive pre-
dictive value (PPV). P values <0.05 were considered statistically
significant. Statistical analysis was conducted in R, version 3.5.1
(R Core Team, 2013) by central study statisticians.

Results

A total of 1359 subjects with a head CT scan and blood samples

drawn within the study protocol were eligible for inclusion in the

current analysis. The Consolidated Standards of Reporting Trials

(CONSORT) diagram for the study is presented in Figure 1. Plasma

GFAP was measured in duplicate for all subjects. Serum S100B was

analyzed in 1287 subjects. Orthopedic trauma control subjects had

plasma GFAP and serum S100B analyzed (n = 122). The age of the

GFAP cohort (mean – standard deviation [SD]), was 40.1 – 17.0

years, and 924/1359 (68.0%) were male. Injuries sustained included

815 (60.1%) road traffic accidents, 336 (24.8%) incidental falls, 97

(7.2%) episodes of violence or assault, and 108 (7.9%) classified as

‘‘other’’ injuries. Ninety-three (7.3%) subjects presented with severe

TBI (GCS 3–8) on admission, 48 (3.8%) presented with moderate

TBI (GCS 9–12), and 1137 (88.9%) presented with mild TBI (GCS

13-15) (Table 1). Loss of consciousness, post-traumatic amnesia,

alteration of consciousness, and other demographic and clinical

characteristics are presented in Supplementary Table S1.

Plasma GFAP levels (Table 1) were significantly higher in TBI

subjects (median = 336 pg/mL, interquartile range [IQR]: 69–1196)

than in orthopedic trauma control subjects (median = 13 pg/mL,

IQR: 7–20), p < 0.001. Serum S100B levels (Table 1) were likewise

higher in TBI subjects (median = 0.12 lg/L, IQR = 0.07-0.24) than

in orthopedic trauma controls (median = 0.08 lg/L, IQR = 0.06–

0.13), p < 0.001. In TBI patients, median GFAP level was

245 pg/mL (n = 1137, IQR = 48–733) for GCS 13–15, 2730 pg/mL

(n = 48, IQR = 1624–4940) for GCS 9–12, and 4326 pg/mL (n = 93,

IQR = 1355–9171) for GCS 3–8. For S100B, these values were 0.11

ug/L (n = 1067, IQR = 0.07–0.18), 0.38 lg/L (n = 47, IQR = 0.19–

0.62), and 0.39 lg/L (n = 92, IQR = 0.19–0.74), respectively.

We compared the diagnostic performance of GFAP versus

S100B in predicting traumatic intracranial abnormality on head

CT. In the GFAP cohort, 810 (59.6%) subjects had a negative head

FIG. 3. Receiver operating-characteristic curve comparing performance of plasma glial fibrillary acidic protein (GFAP) and serum
S100 calcium-binding protein B (S100B) as biomarkers for predicting intracranial injury on head CT scan within 24 h of injury across
the full spectrum of traumatic brain injury (TBI) (Glasgow Coma Score [GCS] 3–15). The area under the curve (AUC) demonstrates that
GFAP significantly outperforms S100B. GFAP measurements were performed on a point-of-care platform prototype assay capable of
returning results within 15 min. Color image is available online.
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CT, whereas 549 (40.4%) subjects had a positive CT scan. The

mean time from injury to blood draw was 13.1 h (SD = 6.8) in

subjects with a negative head CT, and 16.1 h (SD = 5.8) in subjects

with a positive head CT. Plasma GFAP levels (Table 1, Fig. 2a)

were significantly higher in subjects with a positive head CT

(median = 1358 pg/mL, IQR: 472–3803) than in those with a neg-

ative head CT (median = 116 pg/mL IQR: 26–397), and orthopedic

trauma control subjects (median = 13pg/mL, IQR: 7–20), p < 0.001.

Serum S100B levels (Table 1, Fig. 2b) were higher in subjects with

a positive head CT (median = 0.17 lg/L, IQR = 0.09–0.38) than in

those with a negative head CT (median = 0.10 lg/L, IQR = 0.06–0.18)

and orthopedic trauma controls (median = 0.08 lg/L, IQR = 0.06–

0.13), p < 0.001. Plasma GFAP measurements differed depending on

the lesion type demonstrated on admission CT (subarachnoid hem-

orrhage [SAH], subdural hematoma [SDH], contusion), and were

found to increase as the number of distinct traumatic intracranial

lesions were identified (Fig. 2c). On subgroup analyses, CT+ patients

within age (17–30, 31–40, 41–50, and 51–90 years), sex (male,

female), and cause of injury (road traffic accident, incidental fall,

violence/assault, other) cohorts had consistently statistically signifi-

cantly higher GFAP and S100B values than CT- patients, with con-

sistent AUCs across subgroups (data not shown).

ROC curves comparing GFAP and S100B for prediction of

traumatic intracranial abnormality on head CT scan are presented

in Figure 3. The AUC for GFAP was significantly higher than for

S100B in the same participant cohort (GFAP AUC, 0.85 95% CI

0.83–0.87; S100B AUC, 0.67, 95% CI 0.64–0.70), p < 0.001. By

time of venipuncture, AUCs for GFAP values were 0.93 (CI 0.88–

0.98) for 0–6 h post-injury, 0.81 (CI 0.76–0.87) for 7–12 h postinjury,

0.84 (CI 0.80–0.88) for 13–18 h post-injury, and 0.845 (CI 0.82–0.88)

for 19–24 h post-injury (Table 2). For S100B, the AUCs were 0.77

(0–6 h post-injury), 0.67 (7–12 h post-injury), 0.71 (13–18 h post-

injury), and 0.68 (19–24 h post-injury) (Table 2) (see Supplementary

Table S2 for additional details).

Cutoff levels of plasma GFAP for predicting traumatic intra-

cranial abnormality on head CT in subjects with GCS 13–15 were

selected based on the criteria of adjusted NPV reaching levels of

0.98, 0.95, 0.92, and 0.90, and their respective sensitivity, speci-

ficity, PPV, and NPV (Table 3).

Discussion

In this phase 1 biomarker cohort analysis of the prospective

TRACK-TBI study, GFAP plasma measurement on a POC plat-

form prototype assay was an excellent predictor of traumatic in-

tracranial abnormalities on head CT scan when measured within

24 h of trauma. The POC assay produced a diagnostic performance

comparable to commonly used blood tests in clinical practice for

other disorders.22,23 GFAP substantially outperformed S100B as a

TBI diagnostic biomarker of positive head CT scans. The current

findings reaffirm the results of the Prospective Clinical Evaluation

of Biomarkers of Traumatic Brain Injury (ALERT-TBI) trial for

patients who present with a GCS of 13–15,15 and support the in-

troduction of a rapid, POC blood-based biomarker for clinical use

in this population. They also suggest potential expansion of the

current FDA test indication to include patients who present with a

GCS <13, and to increase the FDA-indicated time of testing up to

24 h after injury.

With respect to predicting traumatic intracranial abnormalities

on head CT scan, we observed a ‘‘dose response’’: the mean level of

plasma GFAP increased with increasing numbers of distinct lesions

identified on head CT. Plasma GFAP levels were also associated

with the severity of the presenting GCS, with subjects in the severe

to moderate range (GCS 3–12) having more than 10-fold higher

GFAP levels than those with GCS 13–15. Although the recent FDA

clearance for GFAP was for patients with GCS 13–15, our current

results and prior studies indicate a role for identification of intra-

cranial abnormalities on head CT in patients with an initial GCS

<13.16 Although it might be argued that GCS alone is sufficient for

diagnosis and triage of these patients, there are many confounders

of GCS, such as alcohol and drugs, where rapidly measured GFAP

levels might facilitate earlier triage for a CT scan or reduce the

number of CT scans performed in this population.16

The AUC of GFAP for predicting lesion on CT scan was 0.853,

falling into the ‘‘very good’’ performance category, as compared

with the AUC of S100B (0.67, which equals poor performance) in

the same cohort. Further, GFAP performed well in a more ‘‘real-

world’’ cohort of TBI patients in the ED; namely, those further

from 6 h from time of injury, as well as patients who have con-

comitant extracranial injuries. We found that GFAP AUCs con-

tinued to perform up to 24 h after injury, indicating that this POC

platform prototype assay has utility for patients who present late for

medical care, or for those who may have difficulty seeking im-

mediate care, such as military personnel in combat situations. Our

results also help to resolve the concern regarding the specificity of

GFAP for TBI, especially in patients with extracranial injuries.24

We found that orthopedic trauma controls without TBI had sig-

nificantly lower levels of GFAP, with median values that clearly

distinguish them from subjects meeting clinical criteria for TBI,

regardless of CT abnormalities. Although still able to discriminate

between TBI subjects with CT abnormalities and orthopedic

Table 2. AUCs (with 95% CI) of CT+ versus

CT- by Sampling Time Intervals

GFAP S100B

0-6 h post-injury 0.93 (0.880-0.977) 0.77 (0.681-0.859)
7-12 h post-injury 0.81 (0.761-0.865) 0.67 (0.601-0.743)
13-18 h post-injury 0.84 (0.800-0.881) 0.71 (0.652-0.760)
19-24 h post-injury 0.85 (0.815-0.882) 0.68 (0.634-0.730)

AUC, area under the curve; CT, computed tomography; GFAP, glial
fibrillary acidic protein; S100B, S100 calcium-binding protein B.

Table 3. Performance of Plasma GFAP Cutoff Ranges for GCS 13-15 within 24 h of Injury
a

GFAP cutoff (pg/mL) Sensitivity Specificity Positive predictive value Negative predictive value

13.1 0.994 (0.986, 1) 0.157 (0.131, 0.182) 0.351 (0.344, 0.359) 0.985 (0.961, 1)
37.8 0.964 (0.944, 0.980) 0.303 (0.271, 0.340) 0.389 (0.377, 0.402) 0.949 (0.921, 0.973)
113.3 0.902 (0.869, 0.933) 0.498 (0.466, 0.530) 0.452 (0.435, 0.470) 0.917 (0.891, 0.941)
190.1 0.846 (0.810, 0.883) 0.594 (0.561, 0.630) 0.490 (0.466, 0.515) 0.894 (0.872, 0.917)

aOptimal cutoffs were selected based on the criteria of adjusted negative predictive value above a range of levels (0.90, 0.92, 0.95, 0.98) using the
K-fold cross-validation method.

GFAP, glial fibrillary acidic protein.
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controls (median 0.17 lg/L vs. 0.08 lg/L), the difference between

TBI subjects without CT abnormalities and the controls was less

distinct (0.10 lg/L vs 0.08 lg/L).

Using a predetermined GFAP cutoff value of 22 pg/mL, the

GFAP POC platform prototype assay had a sensitivity of 0.987 (95%

CI: 0.962–1) and an NPV of 0.988 (95% CI: 0.959–1), supporting a

potential clinical role for the test to rule out the need for a CT scan in

patients with a history of TBI presenting to an emergency room.

Although our finding compares favorably with the results of the

ALERT-TBI trial, the current GFAP prototype POC assay will re-

quire development of new cutoff values specific to this device.

Our results validate a POC platform prototype GFAP assay that

delivers results in minutes (< 15 min) versus hours for the current

FDA-cleared assay. With further clinical validation and FDA

clearance of its use, this POC assay could be implemented for rapid

assessment of GFAP in a variety of acute care settings such as the

ED or a forward-deployed military setting, or in areas where core

laboratory resources and CT scanning are sparsely available, such

as low- and middle-income countries. Such a test has the potential

to decrease unnecessary CT scans by ‡20%, saving nearly $100

million in medical expenses annually.17,18,25,26

Limitations

We recognize several limitations to this study. Subjects with a

negative head CT may still meet the clinical criteria for TBI and

therefore have elevated GFAP as compared with orthopedic

trauma controls (median 116 pg/mL vs. 13 pg/mL). We have

found that >25% of our subjects with a negative head CT have

abnormalities on 3T magnetic resonance imaging (MRI) con-

sistent with TBI,27 and that those with a positive MRI have in-

creased GFAP levels compared with controls.28 This suggests

that in addition to helping triage which patients need a head CT,

this test could provide a rapid means to screen patients as an aid-

in-diagnosis for TBI. Another limitation is that the majority of

subjects in this study presented with mild TBI (GCS 13–15).

Although this serves to confirm the findings from the ALERT-

TBI trial, it also suggests that patients with GCS <13 could

benefit from earlier diagnosis of significant TBI, prior to the CT

scan. This analysis was also limited to the adult TBI population.

Further studies in the pediatric population are needed, given the

morbidity and mortality of TBI in this population.1 We did not

measure serial blood draws within the first 24 h to trend GFAP or

S100B, which was beyond the scope of the current study and

remains a topic for future projects focused on precision diag-

nostics. Although we have shown that GFAP is elevated even in

CT-/MRI+ TBI compared with orthopedic controls without

TBI,28 further validation of GFAP in the TBI with polytrauma

population, as well as in the field prior to arrival to ED, is needed

to augment the diagnostic indications of use for GFAP. This

analysis is focused on glial markers of injury (GFAP and S100B);

TBI also affects gray matter, and comparisons of neuronal

markers of injury (e.g., UCHL-1, neuron specific enolase [NSE])

are the subject of a separate analysis. An additional limitation is

that samples were collected, frozen, and batched for analysis on

the POC platform. This may affect results, including identifying

cutoff values and ranges that will change when the assay is run at

the POC. A prospective study with real-time biomarker analysis

on the POC platform is in the planning stages. Future analyses

may also focus on the predictive ability of blood-based bio-

markers such as GFAP and S100B for patients more likely to

receive operative intervention.

Conclusion

GFAP, measured on a POC platform prototype assay, is a sen-

sitive blood-based biomarker with high discriminative ability to

predict intracranial injuries on CT scan in patients with TBI. GFAP

substantially outperforms S100B. Our results support expansion of

the current indication for GFAP to include more severely injured

patients and a window of testing up to 24 h following trauma.
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