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Abstract

Background: Each year, approximately 60 million people suffer a
traumatic brain injury (TBI) of varying severity, classified as mild,
moderate, or severe. Cranial computed tomography (CT) remains the
primary imaging modality of choice for the diagnosis of intracranial
lesions, such as hemorrhage or edema, in patients with TBI treated in
the emergency department during the acute post-trauma period. CT,
combined with patient symptoms and physical examinations, is es-
sential to guide the care of these patients. However, this approach
involves exposure to high doses of radiation and requires significant
healthcare resources and costs. Furthermore, this diagnostic technique
can reveal intracranial lesions in less than 10% of cases of mild-to-
moderate TBI. For these reasons, there has been a strong and growing
interest in more objective clinical methodologies in the identification
of brain lesions, focusing attention on specific biomarkers, i.e. pro-
teins present in the serum closely associated with TBI.

Methods: In this study, some blood biomarkers of TBI, including
neuron-specific enolase (NSE), S100B, neurofilament light chain
(NFL), ubiquitin C-terminal hydrolase L1 (UCH-L1) and glial fibril-
lary acidic protein (GFAP) were evaluated in patients who suffered
head trauma of different severity, transported to the Emergency and
Acceptance Department (D.E.A.) of the “Vito Fazzi” Hospital in Lec-
ce between March 1, 2023 and September 1, 2023.

Results: Based on the diagnostic performances detected on the five
tests taken into consideration, GFAP has therefore revealed itself as a
potential biomarker to be used in emergency medicine. In fact, since it
has not shown any cases of false negative, its high diagnostic sensitiv-
ity would allow, for serum values measured within 12 h of mild head
trauma lower than the cut-off of 35 pg/mL, to exclude with a good
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safety margin, patients to be subjected to cranial CT.

Conclusions: Our results support GFAP as a biomarker with the high-
est negative predictive value in predicting the absence of TBI damage
by selecting patients in the emergency department who could avoid
performing CT. The application of this study would lead to a signifi-
cant reduction in patient waiting times in the emergency department
and a lower workload for the neuroradiology facility, a reduction in
healthcare costs for instrumental investigations and would also avoid
unnecessary radiation to the patient.
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Introduction

Traumatic brain injury (TBI) refers to damage caused by a physi-
cal, mechanical incident involving any cranio-encephalic region,
temporarily or permanently compromising brain function. It is
important to note that cranial injury is not always synonymous
with brain damage; it can result in skull fractures or complica-
tions involving the organs within the cranium. This phenomenon
often arises from road accidents, falls, sports incidents, assaults,
and other unforeseen events, affecting individuals of all ages.
Cranial trauma presents a significant and complex chal-
lenge in the fields of emergency medicine and neurology, pos-
ing both medical and social challenges. It can lead to permanent
disability or even death, significantly impacting the quality of
life for those involved and their families. Understanding the
causes, pathophysiological mechanisms, and appropriate man-
agement strategies for cranial trauma is essential for improv-
ing clinical outcomes and reducing long-term consequences.

Types of cranial trauma

Cranial trauma can be classified based on the severity of the
injuries and the presence of structural damage to the skull or
brain. The most common classification is based on the Glas-
gow coma scale (GCS) and the presence of cranial fractures.
The GCS is a widely used clinical tool to assess the conscious-
ness level of a patient with brain injury or cranial trauma. It
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Glasgow Coma Scale
Patient name: Age: Date:
Eye opening (E)
Criterion Rating Score
Open before stimulus Spontaneuous 4
After spoken or shouted request To sound 3
After finger fip stimulus To pressure 2
No opening at any time, no interfering factor None 1
Closed by local factor Non testable NT
Score:
Verbal response (V)
Criterion Rating Score
Correctly gives name, place and date Orientated 5
Not orientated but communicates coherently Contused “
Intelligible single words Words 3
Only moans / groans Sounds 2
No audible response, no interfering factor None 1
Factor interfering with communication Non testable NT
Score:
Best motor response (M)
Criterion Rating Score
Obey 2-part request Obeys commands | 6
Brings hand above clavicle to stimulus on head neck Localizing 5
Bends arm at elbow rapidly bul features not predominantly abnormal | Normal flexion 4
Bends arm al elbow, features clearly predominantly abnormal Abnormal flexion 3
Extends arm at elbow Extension 2
No movement in arms / legs, no interfering factor None 1
Paralyzed or other imiting factor Non testable NT
Score: Total score:
Figure 1. Glasgow coma scale.
was developed in 1974 at the University of Glasgow, hence injuries. The GCS evaluates three main components of patient
the name, and has become one of the standard instruments for responses: eye opening (eyes), verbal response (verbal), and
evaluating the level of consciousness and the severity of brain motor response (motor) (Fig. 1).
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Each component is assessed on a numerical scale, and the
total score is obtained by summing the scores of each compo-
nent [1]. 1) Eye opening: The evaluation of eye response meas-
ures the degree of eye opening of the patient. A score from 1
to 4 is assigned, where 4 indicates spontaneous eye opening;
3 indicates eye opening in response to verbal command; 2 in-
dicates eye opening in response to painful stimuli; 1 indicates
no eye opening. 2) Verbal response: The assessment of verbal
response measures the patient’s ability to speak and communi-
cate. A score from 1 to 5 is assigned, where 5 indicates oriented
and able to communicate coherently; 4 indicates confused but
responding appropriately; 3 indicates speaking inappropriate-
ly, and responding with irrelevant words; 2 indicates making
incomprehensible sounds; 1 indicates no verbal response. 3)
Motor response: The evaluation of motor response measures
the patient’s response to motor stimuli. A score from 1 to 6
is assigned, where 6 indicates obeys appropriate motor com-
mands; 5 indicates localized response to pain (e.g., withdrawal
from painful stimuli); 4 indicates flexor response to pain (e.g.,
flexion of the arm in response to painful stimuli); 3 indicates
extensor response to pain (e.g., extension of limbs in response
to painful stimuli); 2 indicates uncontrolled response to pain
(nonspecific movements); 1 indicates no motor response.

The total GCS score ranges from a minimum of 3 (absence
of responses) to a maximum of 15 (normal responses). A lower
score indicates compromised consciousness and greater sever-
ity of brain injury.

This GCS score helps doctors classify cranial trauma into
different severity categories [2]: 13 - 15 indicates mild cranial
trauma; 9 - 12 indicates moderate cranial trauma; 3 - 8 indi-
cates severe cranial trauma.

Symptoms of cranial trauma can vary depending on the
severity of the injury and the area of the brain involved; some
symptoms are immediately apparent, while others may not
manifest until days or weeks after the injury. Consequently, it
is possible to correlate the symptoms with the score obtained
using the GCS.

With mild cranial trauma, the patient may remain con-
scious or may lose consciousness for a few seconds or minutes.
The individual may also feel confused for some days or weeks
after the initial injury.

Other symptoms include (cranial trauma, n.d.): headache;
mental confusion; feeling of light-headedness; drowsiness;
double vision, blurred vision, or tired eyes; ringing in the ears;
bad tastes in the mouth; fatigue or lethargy; changes in sleep
patterns; changes in behavior or mood; problems with memo-
ry, concentration, attention, or thinking.

Symptoms may regress or remain the same; worsening
symptoms indicate progressive damage such as intracranial
hemorrhage or the formation of cerebral edema, which, by
blocking the flow of cerebrospinal fluid (CSF), leads to hydro-
cephalus, a sign and driver of more severe damage.

With moderate or severe cranial trauma, the patient may
exhibit the same symptoms, associated with: loss of conscious-
ness (vigilance); changes in personality; severe, persistent, or
worsening headache; repeated vomiting or nausea; epileptic
seizures; inability to wake up; mydriasis, i.e., dilation (in-
creased diameter) or paralysis of one or both pupils; dysphasia:
altered, slurred, incomprehensible speech; weakness, tingling,

or numbness of the extremities; loss of coordination, and/or
increased confusion, restlessness, or agitation; vomiting and
neurological deficit (e.g., weakness in an arm or leg), together
are important prognostic indicators and their presence requires
immediate computed tomography (CT) and often also neuro-
surgical intervention.

Young children with moderate or severe cranial trauma
may exhibit some of the preceding signs, as well as others
specific to children, such as persistent crying, inability to be
comforted, and/or refusal to drink, breastfeed, or eat.

Biomarkers for TBI

For a protein biomarker for TBI based on biological fluids to
be clinically useful, it should ideally have as many of the fol-
lowing attributes as possible.

Type of biological fluid and accessibility

The biomarker should be easily measurable in accessible bio-
logical fluids such as CSF, serum, plasma, and/or whole blood.

For severe TBI in neuro-intensive care, biomarker detec-
tion should be possible in CSF, serum, plasma, and/or whole
blood.

For moderate and mild TBI in emergency departments or
non-intensive care settings, the biomarker should be detectable
in serum, plasma, and/or whole blood for rapid and convenient
access.

High levels after TBI

The biomarker should show elevated levels in various forms
and severities of human TBI in the acute phase (3 - 24 h after
injury), compared to uninjured healthy controls.

It must have low baseline levels in the biological fluids of
the healthy control population.

Origin and nature of the biomarker

The biomarker should primarily originate from the damaged
brain.

It should be sensitive to the severity of TBI, as defined by
indices such as the GCS and abnormalities in CT scans.

Detection methods

Biomarker levels should be easily determinable and quantifia-
ble in the aforementioned biological fluids using methods such
as sandwich enzyme-linked immunosorbent assay (ELISA) or
similar immunological assays, with at least two assay formats
or platforms available.

Analysis platforms should meet acceptable reliability and
test-retest reproducibility requirements for FDA regulations.
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Figure 2. Graphical representation of the main protein biomarkers of cranial trauma associated with different pathophysiological

processes in cranial trauma.

Translational validity and preclinical evidence

The biomarker should demonstrate similar profiles in the bio-
logical fluids of at least two different animal models of cranial
trauma, such as penetrating ballistic brain injury (PBBI) or ex-
plosive blast overpressure brain injury (OBI).

Correlation with clinical outcomes and treatments

Acute initial levels of the biomarker (within the first 48 h af-
ter injury) should correlate with commonly accepted outcome
indices of TBI patients, such as the Glasgow outcome scale
(GOS) or GOS-extended (GOS-E).

Biomarker levels in post-TBI biological fluids should re-
spond to therapeutic treatments.

These requirements represent an overview of the key cri-
teria that a protein biomarker for TBI should meet to be clini-
cally useful and significant. Reflecting the various pathophysi-
ological alterations that occur during cranial trauma, a panel
of protein biomarkers detectable in biological fluids have re-

cently been identified. This biomarker panel covers a range
of processes, including axonal damage, dendrite injuries, neu-
ronal cell body damage, demyelination, synaptic damage, and
responses activated by microglial cells (Fig. 2) [3].

In this study, some aspects related to the following mark-
ers will be explored: neuron-specific enolase (NSE), ubiqui-
tin C-terminal hydrolase L1 (UCH-L1), glial fibrillary acidic
protein (GFAP), calcium-binding protein of astroglial origin
(S100B), and neurofilament light chain (NFL) [4].

Neuronal cell body injury markers

NSE

The enzyme NSE is recognized as a particular isoform of a
glycolytic enzyme [5]. In vertebrates, there are three variants
of the enolase enzyme, each produced by distinct genes: eno-
lase o is widespread throughout the body, enolase B is specific
to muscles, and enolase v is specific to neurons. It has been es-
tablished that the NSE enzyme enables obtaining quantitative
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data on brain injuries and/or contributes to improving diagno-
sis and assessment of evolution in cases of ischemic stroke,
intracerebral hemorrhage, episodes of seizures, patients in a
comatose state after cardiopulmonary resuscitation following
cardiac arrest, and traumatic brain injuries [6, 7]. Elevated con-
centrations of NSE in the bloodstream have been recorded fol-
lowing severe cranial injuries. Increased NSE concentrations
have also been observed in cases of mild traumatic brain in-
jury (mTBI). One of the main drawbacks associated with using
NSE as a specific indicator for cranial injuries is the fact that
this enzyme is abundantly present in red blood cells as well.
This evidence has led researchers to consider a correction for
hemolysis when measuring NSE concentration in blood [3].

UCH-LI

The enzyme UCH-LI is a protein mainly located in the cy-
toplasm of neuronal cell bodies. It has been identified as one
of the potential biomarkers of TBI in recent proteomic stud-
ies [8]. Recent research has also highlighted the usefulness
of UCH-L1 in long-term prediction of severe cranial injuries.
Additionally, two separate studies have revealed the presence
of UCH-LI in the serum or plasma of individuals with mTBI.

Astroglial biomarkers

GFAP

GFAP is emerging as the most reliable biomarker for TBI [9].
It has also been suggested that UCH-L1 and GFAP protein
could form the basis of a biomarker panel representing the two
main cell types present in the brain [3]. GFAP levels increase
within a time frame of 3 - 34 h in CSF, as well as in serum/plas-
ma, following severe cranial injuries. The same is observed
in serum and plasma samples in cases of cranial trauma from
moderate to mild TBI.

GFAP, as a biomarker, is mainly released from damaged
brain tissue in the form of intact GFAP protein (50 kDa) or its
degradation products (GFAP-BDP; 44 - 38 kDa) in biological
fluids such as CSF and serum/plasma shortly after a cranial
trauma. Alongside studies conducted on human cranial inju-
ries, increases in GFAP levels have been recorded in CSF in
various severe cranial trauma animal models, as well as in se-
rum/plasma samples in mTBI models. Evidence indicates that
the increase in GFAP after TBI is correlated with the severity
of the injury. Additionally, GFAP levels are associated with
pathological changes in CT images and the clinical course of
patients [3].

S100B

S100B protein is an 11 kDa protein that binds calcium of astro-
glial origin. It is one of the most widely investigated biomark-
ers for brain injuries to date [10, 11]. Data from preclinical
models of cranial injuries in animals regarding S100B exist.

This biomarker has been studied in various cases of TBI of dif-
ferent severities. However, it should be noted that S100B can
also be released by adipose tissue and cardiac/skeletal mus-
cles [12-14], and therefore, an increase in its levels may occur
even in the presence of injuries not involving the skull. Despite
these confounding factors, S100B does indeed represent a sen-
sitive biomarker for predicting abnormalities in CT images
and assessing the development of post-concussion syndrome
among patients with mTBI [3].

Delayed axonal injury and demyelination markers

NFL

Neurofilaments (NFs) are considered “class IV” intermedi-
ate filaments with a diameter of approximately 10 nm and are
exclusively present in neurons. These filaments form bundles
known as neurofibrils and constitute a fundamental component
of the cytoskeleton, whose main role is to provide structural
support to the axon and regulate its diameter. NFs are com-
posed of three different polypeptide subunits in terms of mo-
lecular weight: NFL (68 kDa), neurofilament medium chain
protein (NFM; 150 kDa), and neurofilament heavy chain pro-
tein (NFH; 200 kDa). After a proteolysis process, these subu-
nits can be released from the cytoskeleton into the cytosol or,
in some cases, into the extracellular fluid, especially if the in-
tegrity of the cell membrane is compromised. Increased NFL
levels in the serum have been observed in individuals with cra-
nial trauma [15]. It is important to note that the release of NF
proteins into biological fluids is a delayed process compared to
the initial event of the injury, occurring in the days following.
Consequently, it may reflect ongoing axonal degeneration and
could be correlated with cognitive decline and progression in
patients with chronic cranial trauma [3].

Purpose of the study

Over the last decade, significant scientific advances have ex-
panded our understanding of the complex and variable patho-
physiological processes related to TBI. Annually, approxi-
mately 60 million people experience cranial trauma of varying
severity. Cranial CT is the preferred investigation for evaluat-
ing patients with TBI; however, it exposes the individual to
high doses of radiation and consumes significant healthcare
resources. For these reasons, and considering that CT detects
intracranial lesions in less than 10% of subjects with mild to
moderate TBI on average, clinical decision rules have been de-
veloped to reduce unnecessary CT scans. Nevertheless, these
rules have had only a modest impact on the utilization of the
investigation. The search for more objective clinical methods
to detect brain injuries has sparked growing interest in certain
biomarkers, such as proteins present in the serum closely as-
sociated with TBI. In this study, attention has been focused on
some TBI biomarkers, such as S1I00B, GFAP, UCH-L1, NSE,
and NFL, to conduct a preliminary evaluation of patients with
mild to moderate TNI. The aim of this study was to assess the
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performance of these biomarkers, verifying their accuracy and
correlation with radiological findings in the context of a pos-
sible “negative predictive value” (NPV). This aspect, if con-
solidated, would potentially allow limiting the systematic use
of CT scans for mild cranial trauma, where the results of the
same biomarkers prove to be physiological. Better selection of
patients requiring CT scans would indeed lighten the burden
of requests to radiology departments, reducing waiting times
in emergency medicine, significant savings both in terms of
healthcare resource optimization and reduction of unnecessary
radiation exposure for patients. The integration of these inno-
vative laboratory data into the overall management of patients
with TBI would allow, following the definition of specific pro-
tocols and operational procedures, a faster, appropriate, and
simplified diagnostic pathway for emergency departments and
urgent care.

Study design and case series

For this investigation, an observational study was conducted
on a sample of patients admitted to the Emergency and Ad-
mission Department (E.A.D.) of the “Vito Fazzi” Hospital in
Lecce via the emergency room between March and September
2023, following cranial traumas of various severities. For this
study, in agreement with the directors of the Department of
Emergency Medicine and Surgery and the Complex Operat-
ing Unit of Clinical Pathology and Microbiology, an informed
consent form was formulated to obtain authorization for ve-
nous sampling and analysis of new biomarkers associated with
cranial trauma in selected patients.

This form contains clinical and anamnestic information re-
garding the patients’ clinical status, including past medical his-
tory, severity of the head trauma, presence of concurrent pathol-
ogies, and any use of antiplatelet or anticoagulant medications.

In the absence of family members or if the patient is un-
able to provide consent directly, consent signed by the emer-
gency room physician responsible for managing the patient
was requested.

The study design primarily focused on cases of moder-
ate to mild head trauma, as one of the main objectives of the
research was to identify a potential NPV among the new bio-
markers tested to select the category of patients for whom a CT
scan might not be necessary. However, the decision to include
patients with severe trauma in the case series was solely driven
by the need to assess the diagnostic reliability of all five labo-
ratory tests in demonstrating critical values correlated with the
extent of injury. Based on this decision, if any of these tests
had not shown pathological results related to severe damage,
even in just one of the patients considered, the same test would
have been preemptively excluded from the study as unreliable.

Materials and Methods

This study was conducted in accordance with the ethical stand-
ards of the responsible institution on human subjects and with
the Declaration of Helsinki. No prior approval by the ethics

committee was required since the serum samples used for the
study, for which an informed consent form was prepared, were
derived from residual material from the collection officially
requested for its clinical use by the emergency room doctors of
the health care institution.

Biomarkers evaluated in the study

In this study, specific serum analyses were conducted to evalu-
ate the expression of certain biomarkers in patients with TBI.
Serum assays performed on the control group of healthy sub-
jects included UCH-L1 and GFAP biomarkers to redefine the
laboratory’s reference values compared to those provided by
the manufacturer, and NFL assays to establish cutoffs and ref-
erence intervals for the healthy population compared to TBI
patients. This choice was guided by the fact that reference val-
ues for the classic biomarkers, S100 and NSE, have long been
established in many studies in the recent scientific literature
and therefore did not require further analysis. To obtain bio-
logical samples, blood draws were performed within the first
12 h after the traumatic event. Serum samples were then cen-
trifuged at a speed of 4,000 rpm for 10 min to separate solid
components from liquid ones. The resulting aliquots were fro-
zen in 1.5 mL Eppendorf tubes and stored at a temperature of
-80 °C until they were analyzed for the biomarkers of interest.
This approach allowed for obtaining high-quality biological
samples and conducting accurate and reliable analyses to as-
sess the expression of biomarkers in patients with TBI and in
healthy control subjects.

Immunological test for NSE

The immunological test for quantitative determination of NSE
in human serum was conducted using the clinical biochemis-
try analytical platform “Roche Cobas series 80007, utilizing the
commercial kit “Roche Elecsys NSE”. The reference values ap-
plied in our laboratory for serum NSE assay range from 0 to
17 pg/L in the healthy population. The “Cobas” instruments are
a series of automated chemical analyzers produced by Roche
Diagnostics S.p.A., one of the leading companies in the field of
in vitro diagnostics and healthcare. These instruments are used
in clinical analysis laboratories to conduct diagnostic tests on
a variety of biological samples, such as blood, serum, plasma,
urine, CSF, and other biological fluids. The term “Cobas” is an
acronym for “combined analysis and storage” and has been used
to describe the capability of these instruments to perform a range
of tests and efficiently store patient data. The analytical unit used
for the test execution is the Cobas e 801, a high-throughput im-
munochemistry module that performs a wide range of heteroge-
neous immunological tests using the electrochemiluminescence
immunoassay (ECLIA) technology.

Immunological test for UCH-L1 and GFAP

The TBI test is a chemiluminescent microparticle capture im-
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munodiagnostic assay (CMIA) panel used for quantitative
measurements of GFAP and UCH-L1 in human plasma and
serum samples, providing a semiquantitative interpretation of
analytical results derived from these measurements using the
Abbott s.r.l. Alinity i analytical platform, which supplied the
UCH-L1 and GFAP commercial Kkits.

The GFAP and UCH-L1 assays use a logistic curve fit-
ting data processing method with a four-parameter logistic
curve (4PLC, weighted Y) to generate a calibration curve and
results.

The assay cutoffs established by the manufacturer are 35.0
pg/mL (35.0 ng/L) for GFAP and 400.0 pg/mL (400.0 ng/L)
for UCH-L1.

GFAP and UCH-L1 results are reported separately, and the
software provides an interpretation of the TBI test based on
their respective cutoff values.

Immunological test for S100

The immunological test for the quantitative determination of
S100 proteins in human serum was conducted using analysis
instrumentation from DiaSorin s.p.a., a company specialized
in providing instruments and reagents for laboratory testing.
The analytical platform used for this analysis is the Liaison XL
system, known for its ability to perform a variety of immuno-
chromatographic tests, including those based on chemilumi-
nescence technology.

The kit provided by DiaSorin is the Liaison S100, a chemi-
luminescent sandwich immunoassay (CLIA), which could be
utilized to measure the concentration of S100 protein in serum
or plasma samples, relevant in medical contexts for the diag-
nosis or monitoring of neurological conditions such as TBI, or
in oncology for monitoring certain types of tumors. The refer-
ence values for serum S100 assay applied in our laboratory
have a cutoff < 0.15 pg/L for the healthy population.

Immunological test for NFL

The immunological test for the quantitative determination of
NFL in human serum was conducted using the Lumipulse
G600II analysis platform from Fujirebio s.r.l., which provided
the Lumipulse G NFL Blood kit.

Fujirebio is a Japanese company specialized in in vitro di-
agnostics, namely in the production of diagnostic tests used
to analyze biological samples such as blood, urine, or tissues.

The Lumipulse G600II analytical unit used for the test
execution is an analysis system that comprises a series of im-
munoassay reagents for the quantitative measurement of NFL
in plasma or serum samples.

The Lumipulse G600II assay principle utilizes chemilu-
minescent enzyme immunoassay (CLEIA) technology to de-
tect and quantify NFL in biological samples.

The NFL calibrator and blood sample are added to a solu-
tion containing special particles. The NFL present in the sam-
ple specifically binds to the anti-NFL monoclonal antibody
that is immobilized on the particles. The particles are then

washed and rinsed carefully to remove any unbound or inter-
fering material. Monoclonal antibodies against NFL labelled
with alkaline phosphatase (ALP) (mouse) are then added spe-
cifically to the immunocomplexes formed previously on the
particles, creating further antigen-antibody complexes. The
particles are again washed and rinsed to remove any unbound
or interfering material.

A solution containing a chemiluminescent substrate
(AMPPD¥) is added to the particles and mixed. The AMPPD
is dephosphorylated, thanks to the catalytic action of the ALP,
conjugated to the particles. Luminescence is generated as a re-
sult of the cleavage reaction of the dephosphorylated AMPPD.

This reaction produces light at a maximum wavelength of
477 nm. The intensity of the luminescent signal directly re-
flects the quantity of NFL present in the sample.

Statistical analysis

For the statistical analysis of serum assays performed on TBI
patients, a cross-correlation analysis between the five differ-
ent biomarkers was conducted using the Student’s #-test with
statistically significant values of P value < 0.05 using Excel
2013 (Microsoft) software. For NFL, considering that there
are few studies in the literature regarding reference values in
healthy subjects to date, we decided to use the same control
group to define a reference range in the healthy population,
verifying the accuracy, specificity, and diagnostic sensitivity
of the method by producing a receiver operating characteris-
tic (ROC) curve using MedCalc statistical software version
19.9.1 (MedCalc Software Ltd, Ostend, Belgium). The corre-
lation study between two variables, in our case NFL levels and
patient age, considered the Pearson index with moderate cor-
relation intervals greater than 0.3 and less than 0.7 and strong
correlation with Pearson indices greater than 0.7.

Results

Study population

During the internship period conducted at the analysis labora-
tory of the “Vito Fazzi” Hospital in Lecce, between March 1,
2023 and September 1, 2023, a total of 68 patients with ac-
cidental TBI were enrolled (Table 1), of which 63 (93%) were
mild, two (3%) were moderate, and three (4%) were severe in
severity (Fig. 3).

Of these patients, one was under 6 years old, and there-
fore, consent for sample collection was granted by the parents.
The others were mostly aged over 70 years. The distribution of
the population by age groups (Fig. 4) showed that one patient
was under 10 years old, two were aged between 10 and 29
years, nine (13%) between 30 and 49 years, 13 (19%) between
50 and 69 years, and 43 (68%) between 70 and 100 years; the
mean age was 70 years.

In order to avoid false positives, five out of the 68 pa-
tients were excluded because their medical history revealed
neurological disorders: one subject had a history of epilepsy,
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Table 1. List of the 68 Total Cases of Traumatic Brain Injury Studied

Sample Glasgow

Clinical information from radiological investigations

ID No. coma scale

1 152 No evidence of traumatic intracranial lesions

2 152 No evidence of traumatic intracranial lesions

3 152 No evidence of traumatic intracranial lesions

4 152 No evidence of traumatic intracranial lesions

5 152 No evidence of traumatic intracranial lesions

6 152 No evidence of traumatic intracranial lesions

7 152 No evidence of traumatic intracranial lesions

8 152 Subarachnoid hemorrhage in the right central sulcus

9 142 No evidence of traumatic intracranial lesions

10 152 No evidence of traumatic intracranial lesions

11 152 No evidence of traumatic intracranial lesions

12 152 No evidence of traumatic intracranial lesions

13 152 No evidence of traumatic intracranial lesions

14 152 No evidence of traumatic intracranial lesions

15 152 No evidence of traumatic intracranial lesions

16 152 No evidence of traumatic intracranial lesions

17 152 No evidence of traumatic intracranial lesions

18 3¢ Bedside chest X-ray

19 3¢ Right frontotemporal insular intracerebral hemorrhage, mesencephalic compression, infrarenal aortic aneurysm

20 152 Temporal laceration-contusion outbreakes, subarachnoid hemorrhage

21 152 No evidence of traumatic intracranial lesions

22 152 No evidence of traumatic intracranial lesions

23 152 Hyperdense subcortical outbreakes, hyperdense subdural layer

24 152 No evidence of traumatic intracranial lesions

25 152 No evidence of traumatic intracranial lesions

26 12b Traces of subarachnoid hematoma in the right upper frontal sulcus, atheromatous changes in the aortic arch

27 152 Subarachnoid hemorrhage in right frontal convexity, large left parietal-occipital hematoma

28 132 No evidence of traumatic intracranial lesions

29 152 No evidence of traumatic intracranial lesions

30 152 No evidence of traumatic intracranial lesions

31 152 Intracranial hemorrhage, lacerated contusive focus of the right fronto-temporal parietal and left thalamic nerves,
reduced thickness of the subdural layer, right fronto-temporal hyperdensity

32 152 No evidence of traumatic intracranial lesions

33 152 No evidence of traumatic intracranial lesions

34 152 No evidence of traumatic intracranial lesions

101 152 No evidence of traumatic intracranial lesions

102 152 No evidence of traumatic intracranial lesions

103 152 No evidence of traumatic intracranial lesions

104 152 No evidence of traumatic intracranial lesions

105 152 No evidence of traumatic intracranial lesions

106 152 No evidence of traumatic intracranial lesions

107 152 No evidence of traumatic intracranial lesions

108 152 No evidence of traumatic intracranial lesions

109 152 No evidence of traumatic intracranial lesions

110 152 Bilateral frontal subarachnoid hematoma, epicranial soft tissue hematoma

111 152 No evidence of traumatic intracranial lesions

112 152 No evidence of traumatic intracranial lesions
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Table 1. List of the 68 Total Cases of Traumatic Brain Injury Studied - (continued)

Sample Glasgow

Clinical information from radiological investigations

ID No. coma scale

113 152 Frontal subgaleal hematoma, falx cerebri blood hyperdensity

114 8¢ Intraparenchymal capsulothalamic hemorrhage, subgaleal hematoma

115 152 Streaks of subarachnoid hematoma in the right precentral sulci and cortical blood foci
116 152 No evidence of traumatic intracranial lesions

117 9b Subarachnoid hemorrhage, intraparenchymal hemorrhagic area

118 152 No evidence of traumatic intracranial lesions

119 152 No evidence of traumatic intracranial lesions

120 15 No evidence of traumatic intracranial lesions

121 152 Ematoma subaracnoideo temporale e frontale, focolaio lacero-contusivo cerebellare sinistro
122 152 No evidence of traumatic intracranial lesions

123 152 No evidence of traumatic intracranial lesions

124 152 Subcortical lacerated contusive foci, frontotemporal subarachnoid hematoma

125 152 No evidence of traumatic intracranial lesions

126 152 Hyperdense areas of blood contusion right cortex, streaks of subarachnoid hematoma in the cerebrospinal fluid spaces
128 152 No evidence of traumatic intracranial lesions

129 142 No evidence of traumatic intracranial lesions

130 152 Subdural hematoma, subarachnoid hemorrhage

131 142 No evidence of traumatic intracranial lesions

132 152 Posterior fronto-mesial subarachnoid hematoma, subgaleal hematoma

133 152 Subdural hematoma, thin left median parafalcal blood layer

134 152 No evidence of traumatic intracranial lesions

135 152 No evidence of traumatic intracranial lesions

J Neurol Res. 2025;15(1):12-32

aMild trauma. PModerate trauma. °Severe trauma.

® moderate = severe

= mild

Figure 3. Distribution of cranial injuries and severity of damage among
the examined population.

two subjects presented with dementia, while the remaining
two had diagnoses of Alzheimer’s disease and Schwannoma.
This decision was made to prevent potential overestimation of
false positives in the assessment of serum biomarkers’ diag-
nostic performance due to the accumulation of molecules in
the bloodstream resulting from chronic damage to the central
or peripheral nervous system, rather than acute damage as the
focus of this study.

Furthermore, out of the 68 patients with cranial trauma, 25
reported a history of anticoagulant or antiplatelet therapy; of
these, nine subjects (36%) showed a positive CT scan. In the
remaining 43 patients, the CT scan was positive in 10 cases
(30%), suggesting that anticoagulant or antiplatelet therapy
does not significantly increase the potential susceptibility to
hemorrhagic events.

NSE assay

Out of the 68 patients with cranial trauma, plasma samples
from only 29 were successfully obtained for subsequent anal-
ysis. After excluding five patients with various neurological
disorders, the samples available for analysis further reduced
to 24.

The results of the NSE assay (Table 2) highlight that, de-
spite the majority of patients having mild injuries, the marker
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Figure 4. Distribution of the studied population related to age.

Table 2. NSE Marker Results Associated With Acute Cranial
Trauma

Sample ID No. NSE (mg/L) Severity of trauma
102 15.9 Mild
103 29.32 Mild
104 11.1 Mild
105 18.22 Mild
106 41.12 Mild
108 13.7 Mild
109 17.7° Mild
110 14.3 Mild
111 15.1 Mild
112 15.4 Mild
114 133 Severe®
118 14.9 Mild
121 19.02 Mild
122 130.02 Mild
123 119.0° Mild
124 32.72 Mild
125 19.12 Mild
126 27.32 Mild
128 17.5° Mild
129 68.42 Mild
131 16.4 Mild
132 48.32 Mild
133 46.7* Mild
134 13.7 Mild

apathological values. PValues measured as borderline close to the clini-
cal cutoff (17 mg/L). °Severe or moderate severity of the trauma. NSE:
neuron-specific enolase.

values often exceeded the threshold value of 17 pg/L. Specifi-
cally, 12 samples were positive, while two samples had values
close to the threshold.

Furthermore, in the single case classified as severe, the
test did not show a parallel increase in the marker (sample no.
114).

A more detailed analysis, comparing the assay results with
the outcomes of the CT scan used as a diagnostic reference
point, revealed that only six samples corresponded to true pos-
itives (TP). On the other hand, true negatives (TN) represent
cases where a diagnostic test correctly identified that an indi-
vidual does not have the condition of interest.

The analysis of the performance of the NSE test for TBI,
with a cutoff value of 17 pg/L, showed an overall accuracy
of 71% and a diagnostic specificity of 65%. However, there
is an observed diagnostic sensitivity of 85%, accompanied by
an NPV of 92% and a low positive predictive value (PPV) of
50% (Fig. 5).

Examining these data through the ROC curve (Fig. 6),
generated using statistical analysis conducted with the assis-
tance of MedCalc software, it was possible to highlight a de-
crease in both sensitivity and specificity, with limited statisti-
cal significance.

UCH-L1 and GFAP assays

The UCH-LI test is provided by Abbott in association with
the GFAP test as a single diagnostic panel, called the TBI kit,
to be used on the Alinity i analyzer. In this case, out of the
initial pool of 68 samples, it was possible to perform the test
on only 59 samples, not only due to the exclusion of the five
patients with alterations to the central nervous system but also
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Figure 5. Scatter plot of NSE test performance. NSE: neuron-specific enolase.

due to limitations related to the depletion of the material to be
examined.

The results regarding the UCH-L1 assay (Table 3) showed
that, despite the majority of patients having mild damage, the
marker values often exceeded the threshold value of 400 pg/
mL. Specifically, 34 samples were positive, while only one

100 —
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Specificity: 63.2
-‘g 60 - Criterion: >18.2
3 L -
% L
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o 40
20 |-
- AUC = 0.563
- P =0.599
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100-Specificity

o

Figure 6. ROC curve related to NSE results. ROC: receiver operating
characteristic; NSE: neuron-specific enolase.

sample had a value close to the threshold. Additionally, out of
the three cases classified as severe, the test showed a concomi-
tant increase in the marker level in only two patients (samples
no. 18 and no. 19); even in the case classified as moderate,
positivity was found (sample no. 26).

A detailed analysis, comparing the assay results with the
outcomes of the CT scan, revealed that only 12 samples were
TP, while 19 were TN. The results of the GFAP assay (Table
4) showed that the majority of cases classified as mild damage
exceeded the threshold value of 35 pg/mL. The assay results
were also altered in the three cases classified as severe (sam-
ples no. 18, no. 19, and no. 114) and in the single case analyzed
classified as moderate (sample no. 26).

Analysis of the assay results based on CT scan outcomes
identified 17 TP samples. Comparing the two serum markers
UCH-L1 and GFAP allowed to highlight that the two tests have
comparable accuracy values (54% and 50%, respectively).
However, the specificity was higher for UCH-L1, with a value
of 48%, compared to the value of 31% obtained in the case
of GFAP. However, the most substantial difference between
the two tests was found in sensitivity. While the UCH-LI1 test
has low sensitivity (70%) and low NPV (80%), GFAP remains
the better biomarker in terms of sensitivity (100%) and NPV
(100%) for our study (Fig. 7).

The analysis conducted through the ROC curve (Fig. 8),
performed including the control group, showed for UCH-LI
a further reduction in sensitivity (61%), favoring an increase
in specificity (71%), identifying a cutoff of 501.3 pg/mL,
higher than the 400 pg/mL recommended by the manufac-
turer.
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Table 3. UCH-L1 Marker Results Associated With Traumatic

Table 3. UCH-L1 Marker Results Associated With Traumatic

Brain Injury Brain Injury - (continued)
Sample ID No. UCH-L1 (pg/mL) Severity of trauma Sample ID No. UCH-L1 (pg/mL)  Severity of trauma
1 203.8 Mild 111 171.9 Mild
2 563.32 Mild 112 10,340.7% Mild
3 1,953.32 Mild 113 5,192.6* Mild
4 203.8 Mild 114 255.8 Severe®
5 294.2 Mild 118 501.32 Mild
6 122.1 Mild 121 1,889.22 Mild
7 113.7 Mild 123 363.5 Mild
8 325.1 Mild 124 2,098.32 Mild
9 665.5% Mild 125 3,418.12 Mild
10 207.1 Mild 126 530.5 Mild
11 400.3> Mild 128 1,559.92 Mild
L 8428 Mild 129 509.7¢ Mild
13 377.1 Mild 130 1,920.8° Mild
14 279.1 Mild 131 1,044.92 Mild
15 1,526.12 Mild 132 931.88 Mild
17 634.2¢ Mild 134 176.2 Mild
18 25,000.0? Severe®
. . apPathological values. PValues measured as borderline close to the
19 1,545.5 Severe clinical cutoff (400 pg/mL). °Severe or moderate severity of the trauma.
20 85.0 Mild UCH-L1: ubiquitin C-terminal hydrolase L1.
21 226.3 Mild
- The GFAP assay was the only test that showed 100% sen-
22 158.0 Mild sitivity and 100% NPV. This means that in all patients where
23 460.92 Mild the CT scan showed signs of intracranial lesions, this marker
24 3242 Mild was higher than the cutoff value recommended by the manu-
95 117.1 Mild facturer (35 pg/mL). Relative to the parameters calculated in
‘ ! this study, the analysis conducted using the ROC curve (Fig.
26 664.0° Moderate® 9a), including the control group, confirmed high sensitivity
27 505.6° Mild (94%) and increased specificity (63%), identifying a cutoff
29 738,28 Mild value of 63 pg/mL, higher than the one recommended by the
i manufacturer.
30 361.9 Mild Then, selecting a point on the ROC curve obtained where
31 823.02 Mild the sensitivity is 100% as calculated in this study, the software
32 1,150.72 Mild resized the cutoff to 37.9 pg/mL, very close to the Valqe of 35
X ) pg/mL suggested by the company, thus confirming the high sen-
- Seal Mild sitivity and diagnostic performance of the test (Fig. 9b).
34 364.6 Mild
102 157.5 Mild S100 assay results
103 1,012.42 Mild
104 320.8 Mild The results of the S100 assay (Table 5), conducted on 59 sam-
105 2,836.22 Mild ples, also showed marker values above the threshold (0.15
2 3 ug/L) in 41 samples from subjects with mild classified cranial
106 434.2 Mild | . ;
\ i trauma. Moreover, the analysis detected alterations in the re-
107 1,789.6 Mild sult in the three cases classified as severe (samples no. 18, no.
108 671.92 Mild 19, and no. 114) and in the only case analyzed classified as
109 415.12 Mild moderate (sample no. 26).
5 oI Mild From the comparison between the assay results and the

outcomes of the TAC, used as a diagnostic reference point, it
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Table 4. GFAP Marker Results Associated With Traumatic
Brain Injury

Table 4. GFAP Marker Results Associated With Traumatic
Brain Injury - (continued)

Sample ID No. GFAP (pg/mL) Severity of trauma Sample ID No. GFAP (pg/mL) Severity of trauma
1 195.6* Mild 111 15.8 Mild
2 422 Mild 112 144.42 Mild
3 171.82 Mild 113 90.32 Mild
4 37.32 Mild 114 2,937.52 SevereP
5 59.52 Mild 118 99.22 Mild
6 30.1 Mild 121 454.22 Mild
7 2232 Mild 123 54.22 Mild
8 497.92 Mild 124 103.32 Mild
9 99.42 Mild 125 109.82 Mild
10 16.9 Mild 126 153.62 Mild
11 192.82 Mild 128 119.32 Mild
12 25.1 Mild 129 82.4% Mild
13 70.9% Mild 130 293.72 Mild
14 77.6* Mild 131 632 Mild
15 304.72 Mild 132 113.2% Mild
16 28.6 Mild 133 68.5% Mild
17 15.1 Mild 134 34.8 Mild
18 976.9* Severe® aPathological values above the clinical cutoff (35 pg/mL). *Severe or
19 8,124.92 Severeb moderate severity of the trauma. GFAP: glial fibrillary acidic protein.
20 140.22 Mild
. 1 emerged that only 16 samples were TP.
21 102.2 Mild The analysis of the performance of the S100 test (Fig. 10)
22 3742 Mild for TBIs, with a cutoff of 0.17 pg/L, revealed low accuracy
23 1,204.5 Mild (56%) and reduced diagnostic specificity (40%). However, it
2 40.6° Mild is possible to highlight a diagnostic sensitivity of 94%, accom-
¢ . panied by an NPV of 94% and a low PPV of 39%.
25 11.3 Mild Relative to the parameters calculated in this study, the
26 148.32 Moderate® analysis conducted through the ROC curve (Fig. 11) con-
27 39,68 Mild firmed a slight reduction in sensitivity and specificity With'a
X : cutoff of 0.18 pg/L, a value very close to the 0.15 pg/L used in
2 1240 Ll diagnostic routine.
30 29.5 Mild
-l 8,527.22 Mild NFL dosage results
32 26.1 Mild
33 71.9¢ Mild The results obtained from the NFL assay, conducted on 63
34 114.52 Mild samples (Table 6), highlighted that 41 patients tested positive,
102 4.4 Mild despite the detepted damage being of mild severity. Even the
) 4 Mild three patients with severe damage (no. 18, no. 19, and no. 114)
03 9 ! and the two with moderate damage (no. 26 and no. 117) exhib-
104 76.5% Mild ited values higher than the threshold considered.
105 37.92 Mild The analysis of the NFL test performance for TBIs (Fig.
a . 12) revealed a low accuracy, at 57%, and a low diagnostic
106 227.4 Mild e . :
i specificity (44%). Despite these low percentages, the diagnos-
107 276 Mild tic sensitivity of the test is high (84%) and is accompanied by
108 3702 Mild an NPV of 91% and a PPV of 39%.
109 99 48 Mild . The analysis of the results using the RQC curve (Eig. 13),
% o Mild including the control group, confirmed a high sensitivity value
1

(89%) and an increase in specificity from 44% to 57%.
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Figure 7. Comparison of the performance of UCH-L1 and GFAP tests. GFAP: glial fibrillary acidic protein; UCH-L1: ubiquitin C-

terminal hydrolase L1.

Comparative analysis of performance regarding the five
markers

The results regarding the comparison of the performance of the
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Figure 8. ROC curve for the performance of UCH-L1. ROC: receiver
operating characteristic; UCH-L1: ubiquitin C-terminal hydrolase L1.

five markers dosed in this study as markers of cranial trauma
have been summarized in Figure 14.

The most evident data consist of the maximum percent-
age (100%) reached through the dosage of the GFAP marker
in sensitivity and NPV values. This is also confirmed by the
statistical comparison performed with overlaid ROC curves
(Fig. 15).

Discussion and conclusions

Over the past decade, significant scientific advancements have
contributed to expanding the knowledge regarding the com-
plex pathophysiological processes associated with TBI. Every
year, approximately 60 million people experience cranial trau-
ma of varying severity, classified as mild, moderate, or severe.

CT of the skull remains the main imaging modality for
diagnosing intracranial lesions, such as hemorrhages or ede-
ma, in patients with cranial trauma treated in the emergency
department during the acute post-traumatic period. CT, com-
bined with patient symptoms and physical examinations, is
crucial for guiding care for these patients.

However, this approach entails exposure to high doses
of radiation and requires substantial healthcare resources and
costs. Furthermore, this diagnostic technique can detect intrac-
ranial lesions in less than 10% of cases of mild to moderate
TBI [16]. For these reasons, there has been a strong and grow-
ing interest in more objective clinical methodologies in iden-
tifying brain injuries, shifting attention to specific biomarkers,
i.e., proteins present in the serum closely associated with TBI.
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Figure 9. (a) ROC curve for the performance of GFAP. (b) ROC curve for the performance of GFAP with 100% sensitivity. GFAP:
glial fibrillary acidic protein; ROC: receiver operating characteristic.

Table 5. S100 Marker Results Associated With Acute Cranial Table 5. S100 Marker Results Associated With Acute Cranial

Trauma Trauma - (continued)
Sample ID No. S100 (mg/L) Severity of trauma Sample ID No. S100 (mg/L) Severity of trauma
1 0312 Mild 26 0.702 Moderate®
2 0.372 Mild 27 0.192 Mild
3 1.022 Mild 29 0.822 Mild
4 0.05 Mild 30 0.282 Mild
5 0.07 Mild 31 1.002 Mild
6 0.10 Mild 32 0.832 Mild
7 0.02 Mild 33 0.582 Mild
8 0.212 Mild 34 0.402 Mild
9 0.02 Mild 102 0.02 Mild
10 0.09 Mild 103 0.492 Mild
11 0.232 Mild 104 0.03 Mild
12 0.472 Mild 105 0.442 Mild
13 0.12 Mild 106 0.09 Mild
14 0.12 Mild 107 0.372 Mild
15 1.722 Mild 108 0.212 Mild
16 2,33 Mild 109 0.222 Mild
17 0.542 Mild 110 0.252 Mild
18 28.842 Severe® 111 0.442 Mild
19 2.092 SevereP 112 3.042 Mild
20 0.09 Mild 113 34323 Mild
21 0.13 Mild 114 0.372 SevereP
22 0.12 Mild 118 0.07 Mild
23 0.22 Mild 121 1.812 Mild
24 0.182 Mild 123 0.262 Mild
25 0.08 Mild 124 1.622 Mild
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Table 5. S100 Marker Results Associated With Acute Cranial
Trauma - (continued)

Sample ID No. S100 (mg/L) Severity of trauma
125 0.09 Mild
126 0.222 Mild
128 0.832 Mild
129 0.582 Mild
130 0.822 Mild
131 0.552 Mild
132 0.192 Mild
133 0.392 Mild
134 0.06 Mild

apPathological values above the clinical cutoff (0.15 pg/L). ®Severe or
moderate severity of the trauma. S100: calcium-binding protein of as-
troglial origin.

This study focused on analyzing some TBI biomarkers, includ-
ing NSE, S100B, NFL, UCH-L1, and GFAP, with the aim of
conducting a preliminary assessment of patients with mild to
moderate TBI.

NSE emerges as a highly specific marker for neurons and
peripheral neuroendocrine cells [17]. However, it is important
to highlight the multiple functions of this biomarker, as it is in-
volved not only in the physiology of the central nervous system
but also in other anatomical districts. Consistent with this evi-
dence, in this study, NSE values were increased in all patients
who, despite not showing acute cranial trauma damage on CT
examination, presented signs of previous ischemic heart disease
or stroke. Indeed, it is now known from the literature that NSE
levels increase following brain tissue damage due to head in-
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Figure 11. ROC curve relative to S100 performance. ROC: receiver
operating characteristic.

juries, as well as in response to ischemic stroke, intracerebral
hemorrhage, inflammatory brain diseases, and Creutzfeldt-Ja-
kob disease [17]. Furthermore, in laboratory diagnostics, NSE
is mainly used in oncology: as a biomarker in neuroendocrine
tumors and neuroblastoma [18], and, in combination with the
gastrin-releasing peptide precursor (ProGRP), in monitoring
small cell lung carcinoma (SCLC) [19]. Considering the low
diagnostic sensitivity of the NSE test on TBI patients participat-

NPV

Figure 10. Scatter plot of S100 performance.
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Table 6. Results Related to the NFL Marker Dosage

Table 6. Results Related to the NFL Marker Dosage - (continued)

Sample ID No. NFL (pg/mL) Severity of trauma Sample ID No. NFL (pg/mL) Severity of trauma
1 26.06* Mild 112 13.10 Mild
2 19.31 Mild 113 24.112 Mild
3 24.492 Mild 114 38.812 Severe©
4 36.17% Mild 116 26.592 Mild
5 45.16* Mild 117 79.50* Moderate®
6 12.07 Mild 118 15.47 Mild
7 25.112 Mild 119 42.00* Mild
8 22.392 Mild 120 9.95 Mild
9 263.77* Mild 121 23.202 Mild
10 14.75 Mild 123 28.76* Mild
11 130.012 Mild 124 9.90 Mild
12 13.85 Mild 125 113.892 Mild
13 81.282 Mild 126 30.29* Mild
14 63.882 Mild 128 78.76* Mild
15 47.43° Mild 129 176.69* Mild
16 30.94 Mild 130 28.250 Mild
17 12.68 Mild 131 23,508 Mild
18 109.502 Severe® 132 68.072 Mild
19 111.492 Severe® 133 837.728 Mild
20 27.98 Mild 134 13.08 Mild
21 29.092 Mild ) . -
. aPathological values. PValues measured as borderline close to the clini-
22 8.15 Mild cal cutoff (21 pg/mL). °Severe or moderate severity of the trauma. NFL:
23 22712 Mild neurofilament light chain.
24 9.24 Mild .. . S . L
i ing in this study and considering its wide range of applications
25 6.75 Mild in various areas of laboratory diagnostics, it can be concluded
26 28.302 Moderate® that NSE cannot be considered a useful biomarker for selecting
27 60,548 Mild emergency room patients with mild to moderate cranial trauma
29 46,172 Mild in relation to the need for CT examination.
o . S100, according to the literature, can be released from
30 27.92° Mild various body districts under multiple pathophysiological con-
31 72.452 Mild ditions, thus not being specific to nervous tissue. Based on the
30 792 Mild results obtained in this study, it emerges that the majority of
e S Vi patients with histories of heart disease or conditions related
: ! to metabolic syndrome showed a significant increase in S100
34 20.03 Mild levels above reference values. An interesting note is that a
102 11.14 Mild significant percentage of these patients, despite the increase
103 15.15 Mild in S100, did not show intracranial lesions during the CT ex-
. . : amination. These data confirm that S100 can also be released
104 76.03 Mild from adipose tissue and cardiac/skeletal muscles, as previ-
105 21.66° Mild ously reported in the literature [12-14]. Therefore, an increase
106 228702 Mild in the levels of this marker could occur even in the presence
107 75,054 Mild of lesions that do not involve the skull. Consequently, the re-
' ] sults obtained in this study do not suggest using S100 as a bio-
108 36.50° Mild marker associated with cranial trauma damage for predicting
109 8.76 Mild abnormalities in CT images and for assessing the development
110 10.80 Mild of post-concussion syndrome among patients with mild cranial
" 488 Mild trauma as supported by other studies [3].
: ! Among the various biomarkers tested, there are also NFs
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Figure 12. Scatter plot of NFL performance. NFL: neurofilament light chain.

(neurofilament light blood or NFL blood), whose diagnostic
performances approach those of S100; unlike the latter, NFLs
have the advantage of being exclusively expressed in neurons,
constituting a fundamental structural element, playing an impor-
tant role in axonal transport, and thus representing a potential
biomarker indicative of axonal damage. In the general neurolog-
ical context, this study confirms the primary role of NFLs whose
levels, along with those of GFAP, are elevated in all five patients
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Figure 13. ROC curve relative to NFL performance. NFL: neurofila-
ment light chain; ROC: receiver operating characteristic.

who report neurological or neurodegenerative pathologies in
their medical history, four of whom have negative CT scans for
cranial trauma lesions. Analyzing the results of NFLs dosed on
the control group sera, as there are still few studies with consist-
ent data on the healthy population, we relied on a study [20] that
stratified age-specific reference values on a population of 1,724
healthy subjects aged 5 to 90 years using the “Simoa” method
(Single Molecular Assay by Quanterix). Despite the use of a dif-
ferent NFL analysis method, the control group (average age 48
years) selected in this study had an average NFL value of 12.78
pg/mL, very close to the value of 10 pg/mL defined by the Sim-
ren study for healthy subjects aged 18 to 51 years.

The 95th percentile reference range was calculated in the
range 9.98 - 15.58 pg/mL. In accordance with the Simren study,
NFL values showed a correlation with increasing age. Only
one NFL value was above the mean for its age, found in a sub-
ject with chronic ophthalmic headache. In this regard, it might
be interesting to expand the diagnostic application of NFLs in
a broader neurological context, beyond the roles already well
defined in the literature, such as the association with diseases
such as amyotrophic lateral sclerosis, Creutzfeldt-Jakob dis-
ease, and therapeutic and prognostic monitoring in multiple
sclerosis [21]. Considering that, in this study, the TBI-involved
patients had an average age of 70 years and that the median
expression levels of NFLs in the healthy population for this
age group from the Simren study were 20 pg/mL (from 61 to
70 years) and 35 pg/mL (> 70 years), with a detected clinical
cutoff of 21 pg/mL, it is plausible that some false positives
(negative CT and elevated NFLs) are linked to age-dependent
NFL overexpression. Consequently, this contributes to reduc-
ing the sensitivity of the test.

The six patients aged between 61 and 70 years, with nega-
tive CT scans, showed an NFL average of 22 pg/mL, a value
close to the 20 pg/mL cutoff established by the Simren study.
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Figure 14. Comparison of the performance of the five dosed markers.

Among the 27 patients over 70 years old (average age 81
years), with negative CT scans, only 15 of them (55%) showed
NFL values below the 35 pg/mL cutoff proposed by Simren for
healthy subjects in this age group. This difference is justified
by the fact that the patients participating in the study reported
in this study, although having negative CT scans for intracer-
ebral traumatic lesions, cannot certainly be considered healthy.
In fact, of the 12 patients with negative CT scans and NFL >
35 pg/mL, 10 of them (83%) had a clinical history or evidence
of radiological imaging associated with previous episodes of
ischemic or hemorrhagic strokes and heart diseases of various
degrees. These data support the results obtained from recent
studies, which confirm the clinical utility of NFLs in evaluat-
ing damage caused by different types of strokes and in predict-
ing prognosis for affected patients [22].

The UCH-L1 test is provided by Abbott in conjunction with
the GFAP test as a single diagnostic panel, called the TBI kit, to
be used on the Alinity i analyzer. The diagnostic performances
provided by the manufacturer refer to studies in which accuracy,

specificity, and sensitivity are not separately indicated for the
individual GFAP and UCH-LI tests, but these parameters are
provided cumulatively as overall sensitivity and specificity of
the TBI kit [23]. The objective of this study was, therefore, to
analyze the individual GFAP and UCH-L1 diagnostic kits sepa-
rately since each biomarker refers to different cellular compo-
nents and categories, as well as follows different kinetics and
temporal profiles during the acute phase following the traumatic
event. A first differentiation is related to patients with neurologi-
cal or neurodegenerative pathologies, in which GFAP together
with NFLs increased in all five cases, while UCH-L1 only in
two of them. The UCH-L1 test has accuracy similar to the GFAP
test but has slightly higher specificity.

The real substantial difference between the two tests is found
in sensitivity. Indeed, while UCH-L1 has low sensitivity and low
NPV, the GFAP test has been confirmed in this study as the best
biomarker in terms of sensitivity and NPV as well. Based on the
results obtained, as well as the low sensitivity, UCH-L1 cannot
be recommended as a predictive marker of intracranial injury re-
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Figure 15. Comparison of ROC curves for the sensitivity attributed to
the five dosed biomarkers. ROC: receiver operating characteristic.

sulting from trauma in the context of this study. On the contrary,
GFAP was the only test to achieve 100% sensitivity and 100%
NPV. In practice, in all patients who, following trauma to CT,
showed signs of intracranial lesions, GFAP was increased above
the cutoff recommended by the manufacturer.

Based on the diagnostic performances observed on the five
tests considered in this study, GFAP has emerged as a potential
biomarker to be used in emergency medicine. Not showing any
cases of false negatives, in fact, the diagnostic sensitivity of
100% of the GFAP test would allow, for serum values meas-
ured within 12 h of mild cranial trauma, lower than the cutoff
of 35 pg/mL, to exclude with a good margin of safety patients
to undergo cranial CT. This would mean a significant reduc-
tion in waiting times for emergency rooms and neuroradiology
departments, a reduction in healthcare costs for instrumental
investigations, ultimately avoiding unnecessary radiation ex-
posure to the patient. Secondly, given the good correlation
found with GFAP, the biomarkers that showed the best sen-
sitivity and NPV results are NFLs and S100. However, NFL,
compared to S100, has the advantage of having high tissue
specificity, being expressed exclusively by nerve cells. In the
subacute phase, beyond 12 h from the traumatic event, in ad-
dition to GFAP, the measurement of light chain neurofilaments
could therefore also be useful, with a slower release into circu-
lation compared to GFAP, with the aim of extending the patient
monitoring time window related to the kinetics of molecule
accumulation in the blood following cranial trauma. In case of
mild trauma, with negative GFAP but positive NFLs, it would
remain fundamental to resort to cranial CT examination to dis-
criminate whether the elevation of NFs is associated with neu-
ronal damage, vascular implications, or age-dependent biolog-
ical variability. Initially, as an emergency medicine triage, it is
not advisable to use NFLs due to limited sensitivity compared

to GFAP. This limitation should be interpreted considering that
NFLs, unlike GFAP, confirm, in accordance with recent litera-
ture, a progressive increase in expression levels in circulation
with advancing age, and this could affect the sensitivity of the
analysis when using the test for diagnostic purposes on people
with mild cranial trauma whose average age is often quite ad-
vanced. In this regard, it would be appropriate in the future to
expand the control group numerically in the study, including
among healthy subjects with a rather advanced average age to
define differentiated plasma NFs cutoffs for age groups.
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