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ABSTRACT

Introduction: Traumatic brain injury (TBI) is one of the most common conditions in the emergency department (ED), representing
a public health issue with substantial economic impact. The risk of severe acute intracranial injury increases the need for cranial
computed tomography (CT). Serum biomarkers of acute brain injury, such as glial fibrillary acidic protein (GFAP) and ubiquitin
carboxyl-terminal hydrolase-LT (UCH-L1), have emerged as potential alternatives.

Methods: This was a screening study conducted in the ED in 2024. Adult patients admitted with mild TBI within 12 hours of injury,
and meeting the criteria for cranial CT were included. For each participant, UCH-L1 and GFAP levels were assessed. The cranial CT
scan was considered positive in the presence of brain injury. Sensitivity, specificity, positive predictive value (PPV), and negative
predictive value (NPV) were estimated for the presence of both biomarkers combined and separately for UCH-L1and GFAP.
Results: A total of 315 patients were enrolled, and 13 were excluded for not meeting the inclusion criteria. Acute traumatic intracranial
lesions were diagnosed in 14 patients (4.6%). The use of UCH-L1 alone yielded a sensitivity of 50% and a NPV of 96%. GFAP
demonstrated a sensitivity of 100% and a NPV of 100%. When considering the positivity of both biomarkers, sensitivity and NPV
remained at 100%, with a potential reduction in cranial CT scans of 23.2%.

Conclusion: The findings of this study suggest that these serum biomarkers may be used to reliably rule out brain injury in patients
with mild TBI, providing a strong level of confidence.

Keywords: Biomarkers; Brain Injuries, Traumatic/diagnosis; Brain Injuries, Traumatic/diagnostic imaging; Craniocerebral Trauma/
diagnosis; Craniocerebral Trauma/diagnostic imaging

RESUMO

Introdugdo: O traumatismo cranioencefalico (TCE) é uma das condi¢des mais comuns no servico de urgéncia (SU), representando um
problema de salide publica com impacto econdmico substancial. O risco de lesdo intracraniana aguda grave aumenta a necessidade
de tomografia computorizada (TC) craniana. Os biomarcadores séricos de leséo cerebral aguda, como a proteina écida fibrilar glial
(GFAP) e a hidrolase-L1 do terminal carboxilo da ubiquitina (UCH-L1), emergiram como potenciais alternativas.

Métodos: Este foi um estudo de rastreio conduzido no SU em 2024. Foram incluidos doentes adultos admitidos com TCE ligeiro nas
12 horas seguintes & lesdo e que cumpriam os critérios para TC craniana. Para cada participante, foram avaliados os niveis de UCH-L1

e GFAP. A TC craniana foi considerada positiva na presenca de leséo cerebral. Foram estimadas a sensibilidade, especificidade, valor
preditivo positivo (VPP) e valor preditivo negativo (VPN) para a presenca de ambos os biomarcadores em conjunto e separadamente
para UCH-L1e GFAP.

Resultados: Foram incluidos 315 doentes no total, 13 foram excluidos por ndo cumprirem os critérios de inclusdo. Lesdes intracranianas
traumaticas agudas foram diagnosticadas em 14 doentes (4,6%). A utilizagdo isolada de UCH-L1 resultou numa sensibilidade de 50%
e num VPN de 96%. A GFAP demonstrou uma sensibilidade de 100% e um VPN de 100%. Ao considerar a positividade de ambos
os biomarcadores, a sensibilidade e o VPN mantiveram-se em 100%, com uma potencial redugdo de 23,2% nas TC cranianas.

Palavras-chave: Biomarcadores; Lesdes Encefalicas Traumaticas/diagnéstico; Lesdes Encefélicas Trauméticas/diagnéstico por imagem;

Traumatismos Craniocerebrais/diagnéstico; Traumatismos Craniocerebrais/diagnéstico por imagem

TBI results from an external mechanical force applied to

INTRODUCTION

Traumatic brain injury (TBI) represents one of the most the head and encompasses a broad spectrum of functional

prevalent conditions in the Emergency Department (ED),
with an estimated incidence of up to 849 cases per 100 000
inhabitants in Europe and over 5 million hospital admissions
annually in the United States of America. It constitutes a major
public health concern with substantial economic implications,
remaining the leading cause of mortality and morbidity among

young adults."?

PORTUGUESE JOURNAL OF SURGERY Vol.58 | N°2 April/June

(i ORIGINAL ARTICLE

impairments, both short and long-term, potentially affecting
cognition, sensory processing, language, and emotional
regulation.® In 1993, TBI was classified according to severity
as mild, moderate, or severe. Mild TBI is defined by a
Glasgow Coma Scale (GCS) score between 13 and 15, loss
of consciousness lasting less than 30 minutes, and retrograde

amnesia not exceeding 24 hours.*



The main concern in cases of mild TBI (mTBI) is the potential of
clinically significant acute intracranial injury, which may occur
in up to 7% of patients and is associated with a mortality rate
of approximately 0.9%.5 Such injuries are often not readily
detectable through physical examination, particularly in
elderly patients with pre-existing neurological conditions or in
those under the influence of alcohol or illicit substances. As a
result, there has been a growing reliance on cranial computed
tomography (CT), contributing to ED overcrowding, increased
radiation exposure, and rising healthcare expenditures,
frequently without a corresponding clinical benefit.®’

Serum biomarkers of acute brain injury - glial fibrillary acidic
protein (GFAP) and ubiquitin carboxy-terminal hydrolase L1
(UCH-L1) - have emerged as promising tools in addressing
these challenges. In the context of acute TBI, disruption
of the blood-brain barrier and gliovascular unit leads to
oxidative stress and vascular injury, resulting in the release
and subsequent detection of these brain-specific proteins
in the peripheral blood.? Both GFAP and UCH-L1 become
quantifiable within the first hour post-injury in the presence
of brain damage, with peak serum concentrations observed at
approximately 20 and 8 hours, respectively.”

A multicenter study conducted by Bazarian et al in 2018
reported a sensitivity of 95.3%, specificity of 40.4%, and
a negative predictive value (NPV) of 99.3% for these
biomarkers in detecting acute intracranial lesions in patients
with mTBI, supporting their clinical utility in safely ruling
out significant injury.’”® GFAP and UCH-L1 have since been
incorporated into clinical decision-making algorithms for
TBI in several European countries, marking a paradigm shift
in the initial assessment of these patients in the emergency
setting.6"

METHODS

The aim of this study was to assess the utility of serum
biomarkers in cases of mTBI, with a particular focus on their
sensitivity and NPV for the identification of intracranial lesions
in patients presenting to the ED of the Unidade Local de
Salde do Témega e Sousa (ULSTS). The study also aims
to validate the applicability of these biomarkers within the
Portuguese population.

This was a screening study conducted between May 27,
2024, and August 13, 2024, in line with the principles of the
2024 Declaration of Helsinki. Approval was granted by the
institutional ethics committee under the reference code SEFI.
Cl.013.00.

ORIGINAL ARTICLE (E Vol. 58 | N°2 April/June

Patients were enrolled if they presented to the ED with
mTBI sustained within the past 12 hours, if they were aged
18 years or older and if they met the criteria for cranial
computed tomography (CT) imaging. According to the
current national clinical guideline issued by the Portuguese
Direcdo-Geral da Salde in 1999, such criteria include: age
over 65 years, anticoagulant therapy, substance intoxication,
new-onset neurological symptoms, history of epilepsy or

prior neurosurgical intervention.'?

All participants (or their legal representatives) provided
written informed consent. Clinical and diagnostic data were
retrieved from the institutional electronic medical records

(SClinico® and Clinidata® systems).

Descriptive analysis was performed using absolute and
relative frequencies for categorical variables, and medians
with interquartile ranges for continuous variables.

The two biomarkers were analysed for each participant,
serum levels of UCH-L1 and GFAP, measured using a
chemiluminescent microparticle immunoassay (CMIA) for
in vitro diagnostics on the Alinity i® system. Results were
interpreted according to the cutoff values specified in the
assay manufacturer’s instructions for use: 2400 pg/mL for
UCH-L1and 235 pg/mL for GFAP were considered positive.
Cranial CT reports were reviewed to determine the presence
of acute traumatic brain lesions.

Sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV) were estimated, along with
their corresponding 95% confidence intervals (95% Cl). A
significance level of 0.05 was adopted. These metrics were
calculated for the presence of both positive biomarkers, as
well as separately for UCH-L1and GFAP.

Statistical analysis was conducted using R® software, version
4.4.0, and Microsoft Excel® 2016.

RESULTS

A total of 315 patients were included in this study, of whom
13 were excluded for not meeting the inclusion criteria,
specifically the criteria for performing a cranial CT.

According to the descriptive analysis of our sample (Table 1),
the majority of the patients (57.6%) were over 70 years
old, and 161 (53.4%) were female. Most patients (83.4%)
presented to the ED following a same-height fall, and 94.3%
had a GCS score of 15. A total of 52 patients (17.2%) were
receiving anticoagulant therapy, either with direct oral
anticoagulants or vitamin K antagonists.
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Table 1- Descriptive analyses of the sample

Variable n(%)

Age

<40 years 20 (6.62)

40-64 years 62 (20.5)

65-70 years 46 (15.2)

>70 years 174 (57.6)
Gender

Masculine 141 (46.6)

Feminine 171(54.4)
Cause of the trauma

Same-height fall 252 (83.4)

Othe 50 (16.6)
GCS Score

15 285 (94.3)

14 16 (5.29)

13 1(0.33)
Acute traumatic intracranial lesions 14 (4.63)
Anticoagulant therapy 52 (17.2)
Antiplatelet therapy 65 (21.5)

Acute traumatic intracranial lesions, including hemorrhage,
contusion, or fracture, were diagnosed in 14 patients (4.6%).

The levels of UCH-LTalone yielded a sensitivity of 50% (95%
Cl: 23%-77%) and a NPV of 96% (95% Cl: 92%-98%). In
our sample, the GFAP achieved a sensitivity of 100% (95%
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Cl: 77%-100%), identifying all cases with intracranial lesions,
with an NPV of 100% (95% Cl: 96%-100%). The initial
use of this biomarker for diagnosing lesions could potentially
reduce the number of cranial CTs performed by 29.1%.
When considering the positivity of both biomarkers, the
sensitivity and NPV were also 100% (95% Cl: 77%-100%
and 96%-100%, respectively). In this case, the reduction in
cranial CTs utilization would be 23.2%. These statistical results

are presented in Fig. 1.

DISCUSSION

GFAP and UCH-L1 biomarkers have proven to be effective
tools for ruling out intracranial lesions in patients with mTBI,
offering high sensitivity and NPV. Their use in the emergency
setting may significantly reduce the need for cranial CT.

TBI represents a major burden on healthcare systems from
medical, economic, and social perspectives, with millions of
ED admissions worldwide. Most TBI patients are elderly, frail
and on some form of anticoagulant or antiplatelet therapy,
often resulting in prolonged stays in the ED. Prolonged
exposure to this potentially hostile environment may lead to
several acute medical exacerbations, including infection and
delirium, particularly when patients remain in the ED for more
than 24 hours.”

Radiation exposure from cranial CTs is another concern.
Although the low radiation dose used in trauma imaging has
significantly reduced cancer risk, making routine use of this

imaging modality in emergency settings acceptable, recent
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Figure 1. Analysis of sensitivity, specificity, positive predictive value (VPP) and negative predictive value (VPN)
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data suggests that the overall mortality risk from malignancy
increases by approximately 0.01% per body CT scan.
However, it is important to note that this risk is cumulative
over a lifetime and therefore not negligible.”

Portuguese national guidelines for the management of
TBI mandate cranial CT in high-risk patients, as well as a
CT re-evaluation approximately 24 hours after the trauma
in patients receiving anticoagulant therapy. This leads to a
substantial increase in imaging requests and contributes to
ED overcrowding. One Portuguese study conducted in a
central hospital estimated the annual cost of this approach at
up to €163 000. In our sample, no patient benefited from
the 24-hour post-trauma repeated cranial CT, as no lesion
progression was identified compared to the initial scan. Only
one patient underwent neurosurgical intervention, and no

deaths were recorded during the first 3 months of follow-up.

The logistical and human resource costs associated with
the prolonged ED stay of these patients should not be
underestimated, including overcrowding and healthcare
worker fatigue.

The results of this study demonstrate that serum biomarkers
may be used to rule out brain injury in mTBI patients with a
strong level of confidence, achieving very high sensitivity and
NPV, thereby lowering the risk of missing actual cases to a
minimal threshold”.

Given their high sensitivity, these serum biomarkers used in
combination, may serve as a valuable first-line screening tool
for intracranial lesions in post-mTBI patients in the ED setting.
Cranial CT could be reserved for patients with positive
biomarker results. When measured together, these biomarkers
could reduce the number of cranial CTs performed by 23%,
offering significant financial, time, and resource management
benefits.

Our findings also suggest that the isolated use of GFAP may
be equally effective, potentially reducing the number of
cranial CTs by 29%. However, this result must be confirmed
by more robust studies, as the isolated use of this biomarker is
not yet approved.

The results obtained in this study are consistent with findings
reported in the existing literature, suggesting that the
Portuguese healthcare context may also benefit from the
clinical implementation of these biomarkers.

These biomarkers are already integrated into mTBIl manage-

ment protocols in several European countries. Validation
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for the Portuguese population is necessary to support their
incorporation into national protocols, and the results obtained
are in line with international evidence. We believe that this
study, conducted in an ED that serves a large population (500
000 inhabitants) with a high trauma burden, may perform as
an initial step toward revising the national approach to a highly
prevalent condition such as TBI in Portugal.

Regarding the limitations of this study, despite being
conducted in a high-volume trauma center, the number of
patients included for statistical analysis within the predefined
period was limited, with only a small percentage (4.6%)
presenting with CT confirmed intracranial lesions.

This was also a single-center study, which should be followed
by a multicenter project involving contributions from other
national hospitals.

CONCLUSION

Serum biomarkers of acute brain injury (GFAP and UCH-L1)
may be used to reliably rule out the diagnosis of acute brain
lesions in patients with mild traumatic brain injury, thereby
reducing the number of cranial CTs performed, lowering
associated healthcare costs and decreasing patient length of
stay in the ED.

LEARNING POINTS

e Traumatic brain injury represents one of the most prevalent
conditions in the Emergency Department, being a
major public health concern with substantial economic
implications.

e There has been a growing reliance on cranial computed
tomography to rule out acute traumatic intracranial lesions
in patients that suffered mild traumatic brain injury.

e Serum biomarkers - GFAP and UCH-L1 - have emerged as
an alternative to the cranial CT.

e This study validated the use of these biomarkers in the
Portuguese population, allowing them to be used to
reliably rule out the diagnosis of acute brain lesions in
patients with mild traumatic brain injury.
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