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Implementation of a protocol for emergency department 
use of biomarkers when managing the diagnosis 
of mild traumatic brain injury
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Implantación de biomarcadores para adecuación del manejo diagnóstico 
del traumatismo craneoencefálico leve en urgencias hospitalarias
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BACKGROUND. Glial fibrillary acidic protein (GFAP) and ubiquitin carboxy-terminal hydrolase L1 (UCH-L1) can be useful biomarkers 
during emergency department (ED) evaluation of patients with traumatic brain injury (TBI), helping to reduce the use of cranial 
computed tomography (cCT) while also shortening ED stays.

MATERIAL AND METHODS. Retrospective observational study of a convenience sample of patients over the age of 18 years 
attended in a hospital ED within 12 hours of a mild TBI between December 2022 and February 2024. We studied cases in which 
GFAP and UCH-L1 analyses had been ordered. Patients with TBI who were attended in the same hospital between October 2021 
and October 2022, a period when we did not test for the biomarkers, served as a comparison group.

RESULTS. Of 321 tests performed in patients diagnosed with TBI during the study period, 214 were positive for the biomarkers. Of 
199 cCT scans ordered, 86.43% were normal. Scans were not ordered for 92 patients (28.67%) with TBI. The sensitivity and negative 
predictive value of the biomarker results were both 100%. Among patients with negative cCT findings, the mean (SD) stay in the ED 
was shorter for patients with negative biomarker results (3 h and 27 min [3 h and 32 min]) than for those with positive results (4 h 53 
min [10h 18 min]).

CONCLUSIONS. The TBI biomarkers GFAP and UCH-L1 used in combination are excellent for ruling out brain lesions in patients 
with mild injuries evaluated within 24 hours. A protocol for using these biomarkers improved the efficiency of ED care and reduced 
radiation exposure, while optimizing resource use.
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INTRODUCCIÓN. El uso de los biomarcadores GFAP y UCH-L1 pueden mejorar la asistencia en urgencias hospitalarias del paciente 
con un traumatismo craneoencefálico (TCE) leve, reduciendo la realización de tomografías computarizadas de cráneo (TCc) y de los 
tiempos de asistencia.

MATERIAL Y MÉTODO. Estudio observacional retrospectivo sobre una muestra de conveniencia de pacientes mayores de 18 años 
atendidos en un servicio de urgencias hospitalarias, en las primeras 12 horas tras un TCE leve, entre diciembre del 2022 y febrero 
de 2024, y a los que se les solicitó los biomarcadores GFAP y UCH-L1 (marcadores de TBI). Como grupo control se utilizaron los 
pacientes atendidos en el mismo servicio y con el mismo diagnóstico, entre octubre 2021 y octubre 2022, periodo sin determina-
ción de biomarcadores.

RESULTADOS. Se solicitaron 321 test de TBI, con resultado positivo en 214 pacientes. Se solicitó TCc a 199 de ellos, de los que el 
86,43% resultaron normales. Se dejaron de realizar 92 TCc (28,67% de la serie). La sensibilidad y el valor predictivo negativo de los 
TBI fue del 100%. Los pacientes con TBI y TCc negativos, tras el informe de radiología, presentaron una estancia en urgencias infe-
rior (3:27 ± 03:32 vs 4:53 ± 10:18).

CONCLUSIÓN. Los TBI GFAP y UCH-L1 son en combinación un excelente biomarcador para descartar lesiones intracraneales en 
pacientes con TCE leve en las primeras 12 horas post-TCE. La implantación protocolizada de los TBI, mejora la eficiencia de la aten-
ción, evitando la exposición a dosis de radiación y optimizando recursos.
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Introduction
Diagnosing brain injury in mild traumatic brain injury 

(TBI) —defined as a Glasgow Coma Scale (GCS) score of 
13 to 15 at 30 minutes post-injury— represents a challenge 
for emergency physicians due to the need to identify pa-
tients at greater risk of developing intracranial lesions re-
quiring medical or neurosurgical intervention.1-3

Until now, cranial computed tomography (cCT) has 
been the standard diagnostic tool in clinical practice. How-
ever, its diagnostic performance in mild TBI is limited, ex-
posing patients to unnecessary radiation doses,4 increasing 
the length of emergency department (ED) stay and radiolo-
gy workload, and contributing to ED overcrowding and pa-
tient uncertainty.5

Several risk factors—based on medical history, trauma 
circumstances, and physical examination—require ruling 
out intracranial disease after mild TBI.6 Risk factors for in-
tracranial injury after mild TBI include a past medical histo-
ry of coagulopathy or oral anticoagulant therapy, epilepsy, 
neurosurgical procedures, chronic alcoholism, age > 65 
years, and antiplatelet use. Moreover, high-energy trauma 
mechanisms increase risk. Symptoms suggesting intracrani-
al injury include amnesia, persistent headache unrelieved 
by analgesics, > 2 episodes of vomiting, seizures, alcohol 
or drug intoxication, and GCS < 15 within 2 hours after 
trauma. All these constitute indications for emergency 
cCT.7,8

Currently, patients with risk factors should undergo 
cCT systematically; if the result is normal, they must remain 
under neurological observation for 6–24 hours.9 Patients 
without risk factors but with some clinical abnormalities 
due to trauma should remain in ED observation for 6–12 
hours.9

Currently, 2 highly sensitive and specific biomarkers for 
detecting brain injury have recently emerged: glial fibrillary 
acidic protein (GFAP) and ubiquitin carboxy-terminal hydro-
lase L1 (UCH-L1).10 The TBI test provides a semiquantita-
tive interpretation of these 2 biomarkers and is considered 
positive if GFAP $ 35 pg/mL and/or UCH-L1 $ 400 pg/
mL.

Using the additional kinetics of these 2 proteins, brain 
injury can be ruled out with 95.8% sensitivity and a 99.3% 
negative predictive value,¹¹ thus reducing the number of 
CT scans. Moreover, the combination offers excellent dis-
crimination between patients with and without brain injury, 
with an area under the curve (AUC) of 0.94 (0.92–0.96).12 
Determination of these biomarkers should be performed 
within 12 hours of trauma in adults aged ≥ 18 years with 
GCS 15 and symptoms and/or risk factors, as well as in 
patients with GCS 13 or 14. A negative result rules out in-
tracranial injury, allowing discharge if clinically appropri-
ate.11

The objective of this study was to evaluate the imple-
mentation of GFAP and UCH-L1 biomarkers in the ED as a 
severity stratification strategy for mild TBI,13 and determine 
whether their use improves patient care in terms of re-
duced ED times and cCT utilization.

Material and methods
We conducted an observational retrospective study 

was on a convenience sample of adults (> 18 years) pre-
senting to the ED of a teaching hospital within 12 hours 
after mild TBI (loss of consciousness < 30 minutes, GCS 
13–15) from December 2022 through February 2024, in 
whom TBI biomarkers were requested.

A clinical protocol for mild TBI management was de-
veloped. According to medical judgment, the TBI test was 
requested in patients meeting inclusion criteria and with-
out risk factors for intracranial injury. If the TBI test turned 
out positive, a cCT was requested; if negative, and clinical-
ly stable, the patient could be discharged.13

GFAP and UCH-L1 concentrations were measured in 
the ED laboratory using the Alinity i analyzer (available 
24/7). A TBI test was considered positive if GFAP $ 35 pg/
mL and/or UCH-L1 $ 400 pg/mL. In addition to the quali-
tative result, quantitative concentrations were reported: 
GFAP analytical range 3.2–42,000 pg/mL, UCH-L1 18.3–
25,000 pg/mL.12

The control group included patients with mild TBI 
treated at the same hospital from October 2021 through 
October 2022.

Collected variables included demographics (age, sex), 
time of admission, cause of injury, time of test request and 
result, TBI test results (positive/negative), biomarker con-
centrations, CT findings, time of cCT request and report, 
and discharge time. For the control group, demographics 
and ED stay were analyzed.

Quantitative variables were expressed as mean ± 
standard deviation (SD) and compared using the Student’s 
t test. Qualitative variables were expressed as absolute 
numbers and percentages and compared using χ2 or Fish-
er’s exact test, as appropriate. A P-value < .05 or a 95% 
confidence interval (CI) for the odds ratio excluding 1 was 
considered statistically significant. Statistical analyses were 
performed using SPSS v21 (IBM, Rochester, Minnesota).

Results
A total of 321 TBI tests were performed (54.83%, men; 

mean age, 57.74 ± 21.2 years) (Table 1). The most frequent 
cause of mild TBI was accidental fall (52.02%), followed by 
syncope (14.64%). TBI biomarkers were positive in 66.7% 
of patients. Higher TBI concentrations correlated with the 
need for surgical intervention, although this association 
was not statistically significant.

Among 107 TBI-negative patients, cCT was performed 
at the physician’s discretion in 15 (14%), all of which were 
normal. Only 1 TBI-negative patient returned with head-
ache; repeat CT showed no acute lesion.

Among the 214 TBI-positive patients, cCT was not re-
quested in 15 (7%) as deemed unnecessary by the attend-
ing physician. Of the 199 who underwent cCT, 172 
(86.43%) turned oyt normal, and 27 (13.56%) showed hem-
orrhagic lesions. Notably, 3 of these (11.11%) had no sug-
gestive clinical or neurological findings and were younger 
(29.6 ± 7.2 years) than the series average.
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Overall, a total of 92 cCT (28.67%) were avoided, with 
a mean patient age of 43.39 ± 16.02 years, corresponding 
to a cost savings of €12,328 (unit cCT cost, €134).

The mean length of ED stay in the control group was 
8 h 42 min (SD, 16:25) vs 9 h 51 min (SD, 14:41) in the 
study group (P < .01). The mean stay for TBI-negative pa-
tients was 5 h 9 min (SD, 14:41) (P < .01), and for TBI-posi-
tive patients, 12 h 10 min (P < .01). There was no age dif-
ference between study and control groups, though 
TBI-positive patients were significantly older than TBI-neg-
ative ones (64.26 ± 20.38 vs 44.71 ± 16.28; P < .01) (Table 
1).

The sensitivity and negative predictive value of the TBI 
test were 100% (Table 2).

The mean age of patients with a positive ABI and nor-
mal CT was higher than that of patients with a positive ABI 
and abnormal CT (65.75 ± 19.17 vs 61.88 ± 24.49; P < .01). 
Patients who underwent ABI testing and had a negative 
cCT, once the result was reported, had shorter lengths of 
ED stay (CT– and ABI+ 4:53 ± 10:18; CT– and ABI– 
3:27 ± 03:32) (Table 3).

Discussion
Implementation of GFAP and UCH-L1 biomarkers has 

improved the efficacy of mild TBI management in our ED, 
reducing cCT use by 33.3% overall and by 86% among 
TBI-negative patients. Beyond the economic benefit, this 
approach rationalizes radiology use, enhances resource ef-
ficiency, and increases CT availability.

The use of ABI testing also reduced the length of the 
ED stay by 3 hours and 33 minutes, although compared 
with the previous period (control group), we observed an 
overall increase in the total duration of stay for the entire 
series. Although this was not an objective of the present 
study, the factors that have contributed to the increased 
number of emergency visits and the consequent over-
crowding of these services (greater number of visits, older 

age, patient frailty, and multimorbidity) likely influenced 
our results as well.14

None of the patients with a negative ABI showed sub-
sequent evidence of intracranial injury secondary to trau-
ma, demonstrating, as in former studies,11,13,15 the test’s 
ability to rule out brain injury. However, cCTs continue to 
be performed in patients with negative ABIs, which ulti-
mately show no intracranial damage. Although the test has 
a high sensitivity, it is important to emphasize that the 
treating clinician’s decision should always prevail over ana-
lytical criteria. In fact, 15 cCTs were performed based on 
clinical judgment, despite the theoretical absence of indi-
cation according to the analytical result.

Although the positive predictive value of the ABI is 
low, our study demonstrates the ability of a positive ABI to 
detect intracranial disease in patients with mild TBI without 
clinical or neurological findings suggestive of possible in-
tracranial damage (13.56%). This prevented such patients 
from being discharged without undergoing a cCT. None-
theless, the small number of cases with abnormal cCT find-
ings limits further analysis in this regard.

The main limitation of this study was case selection, as 
it involved a convenience and physician-dependent sam-
ple, introducing selection bias. The control group was also 

Table 1. Demographic data and emergency department length of stay
Cases
n (%)

cCT performed
n (%)

Age
Mean (SD)

Male sex
N (%)

Length of stay
Mean (SD)

P
(Length of stay)

Study group
Total 321 214 (66.67) 57.74 ± 21.2 176 (54.82) 09:51 ± 14:41 P < .01
TBI+ 214 (66.7) 199 (93) 64.26 ± 20.38 116 (54.2) 12:10 ± 17:22 P < .01
TBI– 107 (33.3) 15 (14) 44.71 ± 16.28 60 (56.07) 05:09 ± 03:46 P < .01

Control group 1.618 1.614 (99.75) 51.63 ± 30.81 866 (53.52) 08:42 ± 16:25 P < .01
TBI: Traumatic Brain Injury Test; cCT: cranial computed tomography; SD: standard deviation.

Table 2. Sensitivity and specificity of Traumatic Brain Injury (TBI) Test biomarkers

Cases
n (%)

Age
Mean (SD)

TBI result
n (%)

Age
Mean (SD)

Hours from CT report 
to discharge
Media (DE)

P
(Time to discharge 

since CT report)
Results of the cCT

Total 214 (100) 64.26 ± 20.06 321 (100) 64.26 ± 20.06 06:55 ± 17:12 P < .01

cCT+ 27 (12.6) 61.88 ± 24.49
+ 27 (100) 61.88 ± 24.49 21:26 ± 38:04 P < .01

– – – –

cCT– 187 (87.38) 64.68 ± 19.23 + 172 (91.98) 65.75 ± 19.17 04:53 ± 10:18 P < .01
– 15 (8.02) 52.8 ± 16.05 03:27 ± 03:32 P < .01

cCT: cranial computed tomography.

Table 3. Demographic characteristics and length of the emergency 
department stay of patients who underwent cranial computed 
tomography
Lesion present on the cCT Yes No Total
TBI biomarkers

TBI+ 27 172 199
TBI– 0 15 15
Total 27 187 204
S Sp VPP VPN
100% 8.02% 13.57% 100%

Sp: specificity; S: sensitivity; TBI: Traumatic Brain Injury Test; cCT: cranial 
computed tomography; NPV: negative predictive value; PPV: positive predictive 
value.
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not adjusted for sociodemographic factors, mechanism of 
injury, and other variables.

Further studies are needed to assess the prognostic 
value of biomarker levels, as we observed that higher con-
centrations of the TBI proteins GFAP and UCH-L1 in pa-
tients with positive ABI results tended to correlate with a 
greater presence of intracranial lesions and secondary 
complications. Cutoff values for individuals younger than 
18 years have not yet been established and may be lower. 
In this age group, their use as markers to rule out intracra-
nial injury and thereby avoid unnecessary radiation appears 

particularly relevant. Studies are therefore needed to evalu-
ate their possible implementation in pediatric and adoles-
cent patients aged 15 to 18 years.13

Our study demonstrates that the use of biomarkers re-
duces post-evaluation observation time in patients with 
negative ABI results after their initial emergency depart-
ment assessment, leading to resource savings, decreased 
space occupancy, improved patient comfort, and reduced 
uncertainty for both patients and their families.5 Therefore, 
this reduction of the length of the ED stay enables optimi-
zation of the acute care process at hospital level.
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