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Abstract: The measurement of blood glial fibrillary acidic protein (GFAP) and ubiquitin carboxy-
terminal hydrolase L1 (UCH-L1) may assist in the management of mild traumatic brain injury (mTBI).
This study aims to compare GFAP and UCH-L1 values measured using a handheld device with
those measured using a core laboratory platform. We enrolled 230 mTBI patients at intermediate
risk of complications. Following French guidelines, a negative S100B value permits the patient to be
discharged without a computed tomography scan. Plasma GFAP and UCH-L1 levels were retrospec-
tively measured using i-STAT® and Alinity® i analyzers in patients managed within 12 h post-trauma.
Our analysis indicates a strong correlation of biomarker measurements between the two analyzers.
Cohen’s kappa coefficients and Lin’s concordance coefficients were both ≥0.7, while Spearman’s cor-
relation coefficient was 0.94 for GFAP and 0.90 for UCH-L1. Additionally, the diagnostic performance
in identifying an intracranial lesion was not significantly different between the two analyzers, with a
sensitivity of 100% and specificity of approximately 30%. GFAP and UCH-L1 levels measured using
Abbott’s i-STAT® and Alinity® i platform assays are highly correlated both analytically and clinically
in a cohort of 230 patients managed for mTBI according to French guidelines.

Keywords: ubiquitin carboxy-terminal hydrolase L1; glial fibrillary acidic protein; mild traumatic
brain injury; biological diagnosis

1. Introduction

Mild traumatic brain injury (mTBI) constitutes about 80% of all TBIs and is an in-
creasingly common cause of morbidity and mortality worldwide [1]. The gold standard
for diagnosing intracranial injuries such as hemorrhage or edema in patients with mTBI
is cranial computed tomography (CT), which detects such injuries in 6 to 10% of all CT
scans performed [2]. However, CT imaging must be used appropriately to avoid pre-
ventable adverse health outcomes. It is a costly, labor-intensive, and time-consuming
medical test that can lead to overcrowding in emergency departments and medical imaging
departments [3,4]. Furthermore, various recent epidemiological studies have reported a cor-
relation between radiation exposure from CT scans in children and the risk of developing
cancer in the future [5].

In this context, it has become clear that new diagnostic tools need to be incorporated
into the management of mTBI. In recent years, research has focused mainly on blood
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biomarkers. In Europe, guidelines [6,7] recommend the measurement of S100B protein,
which has led to a 30% reduction in the use of CT scans [8–10]. However, this biomarker has
been criticized for its limited neurospecificity and rapid half-life, requiring blood sampling
within 3 h of trauma [8,11]. In 2018, the US Food and Drug Administration approved
GFAP and UCH-L1 assays as an aid in assessing mTBI [12–14]. The ALERT-TBI study
demonstrated that blood tests, including GFAP and UCH-L1, outperformed those of S100B
in terms of sensitivity and specificity (40%) [15]. To date, only two published studies have
examined the performance of the GFAP and UCH-L1 blood tests using an automated
assay (i-STAT®, Abbott) in a routine clinical setting [15,16]. Compared to S100B, GFAP and
UCH-L1 can be measured within 12 h of head injury, making them suitable for a larger
number of patients (20% in our experience) and reducing the need for CT scans.

Abbott has recently introduced two automated immunoassays for the routine determi-
nation of GFAP and UCH-L1 levels. One is a portable i-STAT® point-of-care device, and the
other is an Alinity® i central laboratory platform. The two systems are complementary and
their use would democratize biomarker measurement and optimize patient management.
However, it is currently unknown whether GFAP and UCH-L1 levels measured on these
different systems are commutable. The objective of this study is to compare the GFAP and
UCH-L1 values obtained from the i-STAT® and Alinity® analyzers for the first time and to
assess their level of agreement both analytically and clinically.

2. Results
2.1. Patient Characteristics

Between January 2023 and June 2023, 230 patients admitted to the emergency de-
partment for mTBI met the inclusion criteria and were enrolled in the study. The group
included 104 females (45.2%) and 126 males (54.8%), resulting in a sex ratio of 1.2. The
median age of the participants was 66.2 years (minimum: 18.2; maximum: 101.2; IQR:
33.9–82.8). On arrival at the emergency department, 220 patients (95.7%) had a GCS score
of 15, 9 patients (4.0%) had a score of 14, and only 1 patient (0.3%) had a score of 13. The
blood test was conducted at a median interval of 101 min after the trauma (min: 25, max:
720, IQR: 75–162). Out of the 230 patients with mTBI, 219 (95%) were classified as ICL−
(intracranial lesion) and 11 (5%) as ICL+. The latter group had the following lesions: five
subdural hematomas (SDH) and six subarachnoid hemorrhages (SAH). Of the total number
of patients, 194 (84.3%) were discharged, 35 (15.3%) remained in hospital for observation,
and 1 patient died (0.4%) (Table 1).

Table 1. Demographic characteristics, clinically relevant information, and radiological findings for
the whole study population.

Demographic Characteristics and Clinically Relevant Information

Total 230

Sex ratio (M/F) 1.2

Mean age in years
(min; max; IQR)

66.2
(18.2; 101.2; 33.9–82.8)

Mean sampling time in minutes
(min; max; IQR)

100.5
(25; 720; 75–162)

GCS at admission, n (%)

13 1 (0.3)

14 9 (4)

15 220 (95.7)
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Table 1. Cont.

Demographic Characteristics and Clinically Relevant Information

Clinical outcome, n (%)

Discharged 194 (84.3)

Hospitalized for surveillance 35 (15.3)

Death 1 (0.4)

CT+ patients, n (%)

Subdural hematoma 5 (2.2)

Subarachnoid hemorrhage 6 (2.6)
CT, computed tomography; GCS, Glasgow Coma Scale; IQR, interquartile range; max, maximum; min, minimum.

2.2. Analytical Correlation and Concordance
2.2.1. GFAP

There was no significant difference in the median GFAP levels measured by the two
analyzers, i-STAT® and Alinity® i. The levels were 43 ng/L (min: 30; max: 907; IQR: 30–76)
and 46 ng/L (min: 1; max: 961; IQR: 23–85), respectively (p = 0.17) (Table 2). The Cohen’s
kappa coefficients and Lin’s concordance coefficients showed a strong agreement between
the two analyzers, with values largely superior to 0.7. Additionally, the agreement rate
between the analyzers was high, at 94% (Table 2). The Bland–Altman plot shows a mean
difference of −1.84 ng/L, with 95% limits of agreement ranging from −71 to 67 ng/L
(Figure 1). The two assays were strongly correlated with a slope of 0.96, intercept of 4.44,
and a Spearman’s correlation coefficient (ρ) of 0.94 (Figure 2).

2.2.2. UCH-L1

Median UCH-L1 levels measured by the two analyzers, i-STAT® and Alinity®, were
not significantly different. The levels were 282 ng/L (min: 200; max: 2376; IQR: 200–472)
and 350 ng/L (min: 42; max: 2940; IQR: 200–548), respectively (p = 0.14) (Table 2). The
Cohen’s kappa coefficients and Lin’s concordance coefficients were both ≥0.7, indicating
good agreement between the two analyzers. Additionally, the agreement rate between
the analyzers was high at 86% (Table 2). The Bland–Altman plot shows a mean difference
of −32 ng/L, with 95% limits of agreement ranging from −366 to 301 ng/L (Figure 1).
The two assays were strongly correlated, with a slope of 0.99, intercept of 32.41, and a
Spearman’s correlation coefficient (ρ) of 0.90 (Figure 2).

Table 2. Analytical correlation and concordance between i-STAT® and Alinity i®.

GFAP UCH-L1

i-STAT® (ng/L), median 43 282
(min; max; IQR) (30; 907; 30–76) (200; 2376; 200–472)

Alinity® i (ng/L), median 46.3 350
(min; max; IQR) (1; 961; 23–85) (42; 2940; 200–548)

p-Value 0.17 0.14

Lin (95% CI) 0.93 (0.91–0.95) 0.89 (0.87–0.92)

% of agreement 94 86

Kappa (95% CI) 0.88 (0.82–0.94) 0.70 (0.60–0.79)
IQR, interquartile range; max, maximum; min, minimum; CI, confidence interval; a p-value ≤ 0.05 is considered
statistically significant.
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Figure 1. Bland–Altman plots of GFAP (a) and UCH-L1 (b) values measured by the i-STAT® and
Alinity® i assays.
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Figure 2. Linear regressions of GFAP (a) and UCH-L1 (b) values measured by the i-STAT® and
Alinity® i assays.

2.3. Biomarker Levels According to Imaging Findings on CT-Scan

2.3.1. i-STAT® Analyzer

The median GFAP concentration in the ICL− group (41 ng/L, min: 30, max: 507,
IQR: 30–74) was significantly lower than that in the ICL+ group (85 ng/L, min: 30, max:
907, IQR: 59–179) (Table 3) (p = 0.003). There was no significant difference in the median
UCH-L1 values between the ICL− and ICL+ groups (279 ng/L, min: 200, max: 2376, IQR:
200–471 vs. 312 ng/L, min: 200, max: 1931, IQR: 281–540) (p = 0.20) (Table 3).



Int. J. Mol. Sci. 2024, 25, 4539 6 of 11

Table 3. Biomarker levels according to imaging findings on CT-scan.

i-STAT®

ICL− (n = 219) ICL+ (n = 11) p-Value

GFAP in ng/L
median

(min; max; IQR)

41
(30; 507; 30–74)

85
(30; 907; 59–179) 0.003

UCH-L1 in ng/L
median

(min; max; IQR)

279
(200; 2376; 200–471)

312
(200; 1931; 281–540) 0.20

Alinity® i

ICL− (n = 219) ICL+ (n = 11) p-Value

GFAP in ng/L
median

(min; max; IQR)

44
(1;546; 23–83)

87
(29; 961; 71.1–165) 0.005

UCH-L1 in ng/L
median

(min; max; IQR)

342
(42; 2940; 197–548)

469
(187; 1603; 282–570) 0.14

ICL−, patients without any sign of trauma-relevant intracranial lesions on the CT scan; ICL+, patients with at
least one pathophysiological trauma-relevant lesion intracranial found on the CT scan; IQR, interquartile range;
max, maximum; min, minimum; a p-value ≤ 0.05 is considered statistically significant.

2.3.2. Alinity® i Analyzer

The GFAP concentration median in the ICL− group significantly differed from that in
the ICL+ group 44 ng/L (min: 1, max: 546, IQR: 23–83) vs. 87 ng/L (min: 29, max: 961, IQR:
71–165) (p = 0.005) (Table 3). The median UCH-L1 values in the ICL− and ICL+ groups did
not significantly differ 342 ng/L (min: 42, max: 2940, IQR: 197–548 vs. 469 ng/L (min: 187,
max: 1603, IQR: 282–570) (p = 0.14) (Table 3).

2.4. Clinical Concordance for the Combined Test “GFAP + UCH-L1”

The combination of GFAP and UCH-L1 measurements accurately identified ICL+
patients using both the i-STAT® and the Alinity® i analyzers. The i-STAT® analyzer had
a sensitivity of 100%, a specificity of 28.8%, and a negative predictive value of 100%. The
Alinity® i analyzer had a sensitivity of 100%, a specificity of 29.7%, and a negative predictive
value of 100%. There was no significant difference in diagnostic performance between the
two systems (p = 0.68; p = 1) as shown in Table 4. The Cohen’s kappa coefficient value of
0.74 and the high percentage of identical interpretations (90%) indicate good agreement
between the two analyzers.

Table 4. Diagnostic performance for the combined test “GFAP + UCH-L1”.

GFAP + UCH-L1
(i-STAT®)

GFAP + UCH-L1
(Alinity® i) p-Value

SE (95% CI) 100% (75.1–100%) 100% (72–100%) 1
SP (95% CI) 28.8% (22.9–35.3%) 29.7% (23.7–36.2%) 0.68

PPV (95% CI) 6.6% (3.3–11.5%) 6.7% (3.3–11.5%) 0.98
NPV (95% CI) 100% (94.3–100%) 100% (94.5–100%) 1

CI, confidence interval; NPV, negative predictive value; PPV, positive predictive value; SE, sensitivity; SP,
specificity; a p-value ≤ 0.05 is considered statistically significant.

3. Discussion

To manage patients suffering from mild traumatic brain injury, Abbott has recently val-
idated automated GFAP and UCH-L1 immunoassays for routine clinical use. Two systems
are available: the i-STAT® handheld device for point-of-care and the Alinity® i platform for
core lab use. For the first time, we compared two different immunoassays to determine their
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degree of agreement both analytically and clinically. We used a cohort of 230 mTBI patients
managed according to French Society of Emergency Medicine guidelines [7]. Our analyses
demonstrate a strong analytical correlation of biomarker measurements between the two
analyzers. Although the methods are correlated, they require the use of reference values
adapted to each assay. Validated cutoff values for iSTAT ® are 30 ng/L and 360 ng/L for
GFAP and UCH-L1, respectively, compared to 35 ng/L and 400 ng/L for Alinity® i. When
these thresholds were applied in our cohort, the diagnostic performance was found to be
identical between the two analyzers. This demonstrates the high clinical concordance of
the two systems, with a sensitivity and negative predictive value of 100% and a specificity
of approximately 30%.

To date, only two studies have been published on the diagnostic performance of the
GFAP and UCH-L1 blood tests using an automated assay (i-STAT®, Abbott) in a routine
clinical setting [15,16]. In the first study, the combined measurement of GFAP and UCH-L1
outperformed S100B with equivalent sensitivity and higher specificity (40%) [15]. In our
cohort, the diagnostic performance of GFAP and UCH-L1 were comparable to that of
S100B protein [16]. Numerous observational studies, several interventional studies, and
a meta-analysis have reported a sensitivity of 100% for S100B protein with a specificity
of approximately 30% [8,10]. However, unlike S100B, GFAP and UCH-L1 have a longer
half-life [17,18]. Therefore, according to the French guidelines, a combined measurement of
GFAP and UCH-L1 is recommended for patients managed within 12 h of mTBI, as opposed
to 3 h for S100B [7]. This approach increases the number of patients who can benefit from
the measurement of GFAP and UCH-L1 levels by 20% compared to S100B, and optimizes
the reduction in CT scans. Biberthaler et al. [19] have recently highlighted the clinical
utility of GFAP and UCH-L1 as biomarkers for ruling out CT-positive injury in acute mTBI.
However, in their cohort of 109 patients, they only presented the AUCs of the biomarkers
without mentioning their diagnostic performance for clinical application. It is important
to emphasize the value of using these biomarkers in combination, as recommended by
the FDA and French guidelines. In our study, we found that UCH-L1 was not able to
differentiate between ICL+ patients and other patients (ICL−). However, as mentioned
previously, the combination of the two biomarkers has suitable diagnostic performance for
routine use. Current strategies aim to increase the specificity of brain damage biomarkers by
designing new decisional cut-offs linked to the age of patients (a parameter well described
to increase normal values) and by combining their use with inflammatory biomarkers such
as blood interleukin-10 concentrations [20–22].

This study evaluates the performance of GFAP and UCH-L1 levels measured with
the Alinity® system in patients with mTBI. In 2021, Korley et al. compared GFAP and
UCH-L1 values measured using the point-of-care i-STAT® handheld device and the core
lab Architect® platform [23]. The authors reported a strong correlation between GFAP and
UCH-L1 values measured by the two analyzers and suggested that values from one system
could be converted to the other. The Architect® platform is no longer marketed by Abbott,
but it is still available in some routine laboratories. The Alinity® is the new multimodule
system currently available on the market, providing enhanced productivity for laboratories
with high-volume immunoassay demands. The i-STAT® is valuable for its complementarity
with the Alinity®. Currently, the i-STAT® requires an EDTA plasma sample. However,
Abbott is developing a test that uses a whole blood sample and announced on 1 April 2024
the clearance of such strategy by the FDA. This advancement would allow the device to
be used at the point of care in healthcare settings. The use of this system in the ED could
optimize the management of patients with mTBI. Together, this information could support
the management of patients with a combination of handheld devices for point-of-care and
core lab systems. This statement could be useful in creating a network of coherent clinical
and biological approaches in a given territory, leading to a homogeneous management of
patients with mTBI. The study of medical optimization also had to consider cost-saving
measures. A recent study demonstrated the medico-economic benefits of the biomarker
strategy compared to the classic CT-scan approach [24]. Additionally, this could serve as
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a valuable biological tool and strategy to investigate the benefits of determining GFAP
and UCH-L1 levels in the blood for other neurological conditions such as severe TBI [25],
stroke [26], and intracranial pressure [27]. Our study has limitations. Firstly, the results
of this analysis only apply to values obtained from the i-STAT® handheld device and the
Alinity® system for the dual determination of GFAP and UCH-L1. Secondly, i-STAT® values
were generated using plasma samples. It is unknown whether the correlation between i-
STAT® and Alinity® values will hold when whole blood is used for i-STAT® measurements.
One limitation of our study is the relatively small sample size of patients compared to
studies with larger cohorts. However, our findings are consistent with previously published
data for mTBI [2]. In our study, 5% of patients had positive CT scans, which provides
external validation of our cohort.

4. Materials and Methods
4.1. Study Design and Patients

The study was carried out in the Emergency Department (ED) of the University
Hospital of Clermont-Ferrand in France from January 2023 to June 2023. It was approved
by the CPP Ile-de-France X (reference 52-2019) and adhered to the ethical principles for
medical research outlined in the Declaration of Helsinki. Subjects were informed of their
right to refuse the use of their clinical data for research purpose. The study included
adult patients (18 years old and older) with mild traumatic brain injury (mTBI) who were
classified as moderate risk for intracranial injury based on the criteria established by the
French Society of Emergency Medicine (SFMU) [7]. The patients included in the study
had a Glasgow Coma Scale (GCS) score ranging from 13 to 15 and presented with at
least one associated risk factor, such as antiplatelet monotherapy, loss of consciousness, or
post-traumatic amnesia of facts 30 min before the injury. Following the validated French
guidelines by the SFMU, we performed routine S100B measurement on the automated
Cobas® system (Roche Diagnostics, Meylan, France) for patients who underwent blood
sampling within 3 h of mTBI. Patients with S100B levels above the decision threshold of
0.10 µg/L underwent CT scanning. People with S100B levels below the cut-off may be
considered at low risk of intracranial complications and released. All patients underwent
venipuncture for blood biomarker measurement 12 h after mTBI for GFAP and UCH-L1.
GFAP and UCH-L1 samples were stored at −80 ◦C until analysis, whereas S100B assays
were performed within 2 h of collection for routine clinical use. The clinical management
of the patients was not affected by the GFAP and UCH-L1 results.

4.2. GFAP and UCH-L1 Assays

4.2.1. i-STAT® Analyzer

Plasma concentrations of GFAP and UCH-L1 were measured using i-STAT® TBI
Plasma cartridges (Abbott, Abbot Park, IL, USA) on the i-STAT® analyzer. The manufac-
turer’s instructions were followed, and the i-STAT® was calibrated using the manufacturer’s
standards. The assay required 20 µL of plasma and lasted 15 min. The lower limit of quan-
tification for GFAP was 23.0 ng/L, and the upper limit was 10,000 ng/L. The lower limit of
quantification for UCH-L1 was 70.0 ng/mL, and the upper limit was 3200 ng/mL. The CV
of the precision within the assay was typically less than 10%. The normal values for GFAP
and UCHL1 were set at less than 30 ng/mL and 360 ng/mL, respectively, in accordance
with the recommendations of Abbott.

4.2.2. Alinity® Analyzer

Plasma concentrations of GFAP and UCH-L1 were measured using the Alinity® an-
alyzer, following the manufacturer’s instructions. The analyzer was calibrated with the
manufacturer’s standards. The assay required 300 µL of plasma and lasted 18 min. GFAP
had a lower limit of quantitation of 6.1 ng/mL and an upper limit of 42,000 ng/mL. UCH-L1
had a minimum and maximum quantifiable value at 26.3 ng/L and 25,000 ng/L respec-
tively. The typical within-assay precision CV was less than 5%. According to Abbott
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recommendations, normal levels for GFAP and UCHL1 were set at less than 35 ng/L and
400 ng/L, respectively.

4.3. Cranial Computed Tomography Scan

The CT scan was conducted using a GE Healthcare Revolution GSI® (Chicago, IL,
USA) with the following protocol: helical mode, 2.25 mm slice thickness, 1.25 mm interval,
120 kV, and a maximum of 280 mA from C1 to the top of the head. Additional bone window
reconstructions were also performed. To determine whether patients had a trauma-related
intracranial lesion, we collected radiological parameters and divided them into two groups:
those with no evidence of trauma-related intracranial lesions on CT (ICL−) and those with
at least one trauma-related intracranial lesion on CT (ICL+). A CT scan was considered
to be positive if there was any evidence of intracranial pathology, such as a hematoma,
air, or contusion. Furthermore, patients with an S100B concentration below the decision
threshold of 0.10 µg/L who did not undergo a CT scan were classified as ICL due to the
high sensitivity of S100B. It is important to note that this classification is objective and
based solely on the S100B concentration.

4.4. Statistical Analysis

The statistical distribution of continuous data was expressed using median, minimum
(min), maximum (max), and interquartile range (IQR). The normality assumption was
assessed using the Shapiro–Wilk test. The agreement between two methods was evaluated
using Pearson’s correlation coefficient and Lin’s concordance correlation coefficient for
UCHL1 and GFAP treated as continuous variables. For UCHL1 and GFAP treated as
categorical variables (dichotomized according to thresholds), the agreement was evaluated
using agreement rate (%) and Kappa concordance coefficient. The results were interpreted
according to the recommendations from Altman and colleagues [28]: <0.4 indicates no
agreement, [0.4–0.7] indicates poor agreement, and ≥0.7 indicates good to strong agreement.
Additionally, for each biomarker, a comparison of two methods was performed using linear
regression, Bland–Altman plot, and paired comparisons conducted with the Wilcoxon test.
The results were expressed using the difference between methods and the 95% limits of
agreement interval. To compare UCHL1 and GFAP values according to the gold standard,
the Mann–Whitney test was used, as the assumptions to apply the Student’s t-test were not
met. The study estimated sensitivity (SE), specificity (SP), positive predictive value (PPV),
and negative predictive value (NPV) with 95% confidence intervals. The McNemar test
and a generalized linear mixed model with a logit link function were used to compare the
two methods for the aforementioned diagnostic values. Statistical analyses were conducted
using Stata software (version 15, StataCorp, College Station, TX, USA). All statistical tests
were performed with a two-sided type I error rate of 5%.

5. Conclusions

We demonstrated the analytical correlation between the i-STAT® handheld device
and the Alinity® central laboratory platform for the plasma measurement of GFAP and
UCH-L1. However, this correlation alone is not enough to determine that the clinical
decision will be the same with either analyzer. We compared the clinical performance of
the two systems and found them to be identical. In a cohort of 230 mTBI patients managed
according to SFMU guidelines, both systems had a sensitivity and negative predictive
value of 100%, while the specificity was approximately 30%. Finally, our study indicates
that it may be feasible to use either the Alinity® analyzer or the i-STAT® handheld device
in a routine laboratory for the simultaneous measurement of GFAP and UCH-L1 in the
management of patients with mTBI. This could also lead to a more standardized approach
to the clinical and biological aspects of mTBI management in areas with varying degrees of
analyzer availability.



Int. J. Mol. Sci. 2024, 25, 4539 10 of 11

Author Contributions: Methodology, C.K.-C., C.O. and V.S.; validation, C.K.-C., C.O., V.S. and D.B.;
formal analysis, B.P.; resources, C.O. and V.S.; data curation, C.O., V.B.D. and V.S.; writing original
draft, C.K.-C. and C.O. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the ethical
principles for medical research outlined in the Declaration of Helsinki. It was approved by the CPP
Ile-de-France X (reference 52-2019). The patients were informed of their right to refuse to allow their
clinical data to be used for the purposes of the research.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are contained within this article.

Acknowledgments: The authors thank the medical Biochemistry and Molecular Genetics Laboratory
technicians for their and collaboration; and Abbott for the technical support on Alinity® i analyzer.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Oris, C.; Kahouadji, S.; Durif, J.; Bouvier, D.; Sapin, V. S100B, Actor and Biomarker of Mild Traumatic Brain Injury. Int. J. Mol. Sci.

2023, 24, 6602. [CrossRef] [PubMed]
2. Haydel, M.J.; Blaudeau, E. Indications for Computed Tomography in Patients with Minor Head Injury. N. Engl. J. Med. 2000, 342,

100–105. [CrossRef] [PubMed]
3. Sharp, A.L.; Nagaraj, G.; Rippberger, E.J.; Shen, E.; Swap, C.J.; Silver, M.A.; McCormick, T.; Vinson, D.R.; Hoffman, J.R. Computed

Tomography Use for Adults With Head Injury: Describing Likely Avoidable Emergency Department Imaging Based on the
Canadian CT Head Rule. Acad. Emerg. Med. 2017, 24, 22–30. [CrossRef] [PubMed]

4. Hopman, J.H.; Santing, J.A.L.; Foks, K.A.; Verheul, R.J.; van der Linden, C.M.; van den Brand, C.L.; Jellema, K. Biomarker S100B
in Plasma a Screening Tool for Mild Traumatic Brain Injury in an Emergency Department. Brain Inj. 2023, 37, 47–53. [CrossRef]
[PubMed]

5. Oris, C.; Pereira, B.; Durif, J.; Simon-Pimmel, J.; Castellani, C.; Manzano, S.; Sapin, V.; Bouvier, D. The Biomarker S100B and Mild
Traumatic Brain Injury: A Meta-Analysis. Pediatrics 2018, 141, e20180037. [CrossRef] [PubMed]

6. Astrand, R.; Rosenlund, C.; Undén, J. Scandinavian Guidelines for Initial Management of Minor and Moderate Head Trauma in
Children. BMC Med. 2016, 14, 33. [CrossRef]

7. Gil-Jardiné, C.; Payen, J.-F.; Bernard, R.; Bobbia, X.; Bouzat, P.; Catoire, P.; Chauvin, A.; Claessens, Y.-E.; Douay, B.; Dubucs, X.; et al.
Management of Patients Suffering from Mild Traumatic Brain Injury 2023. Anaesth. Crit. Care Pain Med. 2023, 42, 101260.
[CrossRef] [PubMed]

8. Undén, J.; Romner, B. Can Low Serum Levels of S100B Predict Normal CT Findings after Minor Head Injury in Adults?: An
Evidence-Based Review and Meta-Analysis. J. Head. Trauma. Rehabil. 2010, 25, 228–240. [CrossRef] [PubMed]

9. Biberthaler, P.; Linsenmeier, U.; Pfeifer, K.-J.; Kroetz, M.; Mussack, T.; Kanz, K.-G.; Hoecherl, E.F.J.; Jonas, F.; Marzi, I.;
Leucht, P.; et al. Serum S-100B Concentration Provides Additional Information Fot the Indication of Computed Tomography in
Patients after Minor Head Injury: A Prospective Multicenter Study. Shock 2006, 25, 446–453. [CrossRef]

10. Allouchery, G.; Moustafa, F.; Roubin, J.; Pereira, B.; Schmidt, J.; Raconnat, J.; Pic, D.; Sapin, V.; Bouvier, D. Clinical Validation of
S100B in the Management of a Mild Traumatic Brain Injury: Issues from an Interventional Cohort of 1449 Adult Patients. Clin.
Chem. Lab. Med. (CCLM) 2018, 56, 1897–1904. [CrossRef]

11. Laribi, S.; Kansao, J.; Borderie, D.; Collet, C.; Deschamps, P.; Ababsa, R.; Mouniam, L.; Got, L.; Leon, A.; Thoannes, H.; et al. S100B
Blood Level Measurement to Exclude Cerebral Lesions after Minor Head Injury: The Multicenter STIC-S100 French Study. Clin.
Chem. Lab. Med. 2014, 52, 527–536. [CrossRef] [PubMed]

12. Okonkwo, D.O.; Puffer, R.C.; Puccio, A.M.; Yuh, E.L.; Yue, J.K.; Diaz-Arrastia, R.; Korley, F.K.; Wang, K.K.W.; Sun, X.;
Taylor, S.R.; et al. Point-of-Care Platform Blood Biomarker Testing of Glial Fibrillary Acidic Protein versus S100 Calcium-
Binding Protein B for Prediction of Traumatic Brain Injuries: A Transforming Research and Clinical Knowledge in Traumatic
Brain Injury Study. J. Neurotrauma 2020, 37, 2460–2467. [CrossRef] [PubMed]

13. Bazarian, J.J.; Biberthaler, P.; Welch, R.D.; Lewis, L.M.; Barzo, P.; Bogner-Flatz, V.; Gunnar Brolinson, P.; Büki, A.; Chen, J.Y.;
Christenson, R.H.; et al. Serum GFAP and UCH-L1 for Prediction of Absence of Intracranial Injuries on Head CT (ALERT-TBI): A
Multicentre Observational Study. Lancet Neurol. 2018, 17, 782–789. [CrossRef] [PubMed]

14. Janigro, D.; Mondello, S.; Posti, J.P.; Unden, J. GFAP and S100B: What You Always Wanted to Know and Never Dared to Ask.
Front. Neurol. 2022, 13, 835597. [CrossRef] [PubMed]

15. Bazarian, J.J.; Welch, R.D.; Caudle, K.; Jeffrey, C.A.; Chen, J.Y.; Chandran, R.; McCaw, T.; Datwyler, S.A.; Zhang, H.; McQuiston, B.
Accuracy of a Rapid GFAP/UCH-L1 Test for the Prediction of Intracranial Injuries on Head CT after Mild Traumatic Brain Injury.
Acad. Emerg. Med. 2021, 28, 1308–1317. [CrossRef] [PubMed]

https://doi.org/10.3390/ijms24076602
https://www.ncbi.nlm.nih.gov/pubmed/37047574
https://doi.org/10.1056/NEJM200007133430204
https://www.ncbi.nlm.nih.gov/pubmed/10891517
https://doi.org/10.1111/acem.13061
https://www.ncbi.nlm.nih.gov/pubmed/27473552
https://doi.org/10.1080/02699052.2022.2145360
https://www.ncbi.nlm.nih.gov/pubmed/36397287
https://doi.org/10.1542/peds.2018-0037
https://www.ncbi.nlm.nih.gov/pubmed/29716980
https://doi.org/10.1186/s12916-016-0574-x
https://doi.org/10.1016/j.accpm.2023.101260
https://www.ncbi.nlm.nih.gov/pubmed/37285919
https://doi.org/10.1097/HTR.0b013e3181e57e22
https://www.ncbi.nlm.nih.gov/pubmed/20611042
https://doi.org/10.1097/01.shk.0000209534.61058.35
https://doi.org/10.1515/cclm-2018-0471
https://doi.org/10.1515/cclm-2013-0621
https://www.ncbi.nlm.nih.gov/pubmed/24225131
https://doi.org/10.1089/neu.2020.7140
https://www.ncbi.nlm.nih.gov/pubmed/32854584
https://doi.org/10.1016/S1474-4422(18)30231-X
https://www.ncbi.nlm.nih.gov/pubmed/30054151
https://doi.org/10.3389/fneur.2022.835597
https://www.ncbi.nlm.nih.gov/pubmed/35386417
https://doi.org/10.1111/acem.14366
https://www.ncbi.nlm.nih.gov/pubmed/34358399


Int. J. Mol. Sci. 2024, 25, 4539 11 of 11

16. Oris, C.; Bouillon-Minois, J.-B.; Kahouadji, S.; Pereira, B.; Dhaiby, G.; Defrance, V.B.; Durif, J.; Schmidt, J.; Moustafa, F.;
Bouvier, D.; et al. S100B vs. “GFAP and UCH-L1” Assays in the Management of MTBI Patients. Clin. Chem. Lab. Med. (CCLM)
2023, 62, 891–899. [CrossRef] [PubMed]

17. Azizi, S.; Hier, D.B.; Allen, B.; Obafemi-Ajayi, T.; Olbricht, G.R.; Thimgan, M.S.; Wunsch, D.C. A Kinetic Model for Blood
Biomarker Levels After Mild Traumatic Brain Injury. Front. Neurol. 2021, 12, 668606. [CrossRef] [PubMed]

18. Thelin, E.P.; Zeiler, F.A.; Ercole, A.; Mondello, S.; Büki, A.; Bellander, B.-M.; Helmy, A.; Menon, D.K.; Nelson, D.W. Serial Sampling
of Serum Protein Biomarkers for Monitoring Human Traumatic Brain Injury Dynamics: A Systematic Review. Front. Neurol. 2017,
8, 300. [CrossRef]

19. Biberthaler, P.; Musaelyan, K.; Krieg, S.; Meyer, B.; Stimmer, H.; Zapf, J.; von Matthey, F.; Chandran, R.; Marino, J.A.;
Beligere, G.; et al. Evaluation of Acute Glial Fibrillary Acidic Protein and Ubiquitin C-Terminal Hydrolase-L1 Plasma Lev-
els in Traumatic Brain Injury Patients with and without Intracranial Lesions. Neurotrauma Rep. 2021, 2, 617–625. [CrossRef]

20. Oris, C.; Bouillon-Minois, J.-B.; Pinguet, J.; Kahouadji, S.; Durif, J.; Meslé, V.; Pereira, B.; Schmidt, J.; Sapin, V.; Bouvier, D.
Predictive Performance of Blood S100B in the Management of Patients Over 65 Years Old With Mild Traumatic Brain Injury. J.
Gerontol. Ser. A 2021, 76, 1471–1479. [CrossRef]

21. Koivikko, P.; Posti, J.P.; Mohammadian, M.; Lagerstedt, L.; Azurmendi, L.; Hossain, I.; Katila, A.J.; Menon, D.; Newcombe,
V.F.J.; Hutchinson, P.J.; et al. Potential of Heart Fatty-Acid Binding Protein, Neurofilament Light, Interleukin-10 and S100
Calcium-Binding Protein B in the Acute Diagnostics and Severity Assessment of Traumatic Brain Injury. Emerg. Med. J. 2022, 39,
206–212. [CrossRef] [PubMed]

22. Ward, M.D.; Weber, A.; Merrill, V.D.; Welch, R.D.; Bazarian, J.J.; Christenson, R.H. Predictive Performance of Traumatic Brain
Injury Biomarkers in High-Risk Elderly Patients. J. Appl. Lab. Med. 2020, 5, 608. [CrossRef] [PubMed]

23. Korley, F.K.; Datwyler, S.A.; Jain, S.; Sun, X.; Beligere, G.; Chandran, R.; Marino, J.A.; McQuiston, B.; Zhang, H.; Caudle, K.L.; et al.
Comparison of GFAP and UCH-L1 Measurements from Two Prototype Assays: The Abbott i-STAT and ARCHITECT Assays.
Neurotrauma Rep. 2021, 2, 193–199. [CrossRef] [PubMed]

24. Zimmer, L.; McDade, C.; Beyhaghi, H.; Purser, M.; Textoris, J.; Krause, A.; Blanc, E.; Pavlov, V.; Earnshaw, S. Cost-Effectiveness
of Blood-Based Brain Biomarkers for Screening Adults with Mild Traumatic Brain Injury in the French Health Care Setting. J.
Neurotrauma 2023, 40, 706–719. [CrossRef] [PubMed]

25. Richter, S.; Czeiter, E.; Amrein, K.; Mikolic, A.; Verheyden, J.; Wang, K.; Maas, A.I.R.; Steyerberg, E.; Büki, A.; Menon, D.K.; et al.
Prognostic Value of Serum Biomarkers in Patients With Moderate-Severe Traumatic Brain Injury, Differentiated by Marshall
Computer Tomography Classification. J. Neurotrauma 2023, 40, 2297–2310. [CrossRef] [PubMed]

26. for the BE FAST III Study Group; Luger, S.; Jæger, H.S.; Dixon, J.; Bohmann, F.O.; Schaefer, J.; Richieri, S.P.; Larsen, K.; Hov,
M.R.; Bache, K.G.; et al. Diagnostic Accuracy of Glial Fibrillary Acidic Protein and Ubiquitin Carboxy-Terminal Hydrolase-L1
Serum Concentrations for Differentiating Acute Intracerebral Hemorrhage from Ischemic Stroke. Neurocrit Care 2020, 33, 39–48.
[CrossRef]

27. Lewis, L.M.; Papa, L.; Bazarian, J.J.; Weber, A.; Howard, R.; Welch, R.D. Biomarkers May Predict Unfavorable Neurological
Outcome after Mild Traumatic Brain Injury. J. Neurotrauma 2020, 37, 2624–2631. [CrossRef]

28. Altman, D.G. Practical Statistics for Medical Research; Chapman and Hall: London, UK, 1991.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1515/cclm-2023-1238
https://www.ncbi.nlm.nih.gov/pubmed/38033294
https://doi.org/10.3389/fneur.2021.668606
https://www.ncbi.nlm.nih.gov/pubmed/34295300
https://doi.org/10.3389/fneur.2017.00300
https://doi.org/10.1089/neur.2021.0048
https://doi.org/10.1093/gerona/glab055
https://doi.org/10.1136/emermed-2020-209471
https://www.ncbi.nlm.nih.gov/pubmed/34916280
https://doi.org/10.1093/jalm/jfaa039
https://www.ncbi.nlm.nih.gov/pubmed/32445348
https://doi.org/10.1089/neur.2020.0037
https://www.ncbi.nlm.nih.gov/pubmed/33937911
https://doi.org/10.1089/neu.2022.0270
https://www.ncbi.nlm.nih.gov/pubmed/36267001
https://doi.org/10.1089/neu.2023.0029
https://www.ncbi.nlm.nih.gov/pubmed/37376742
https://doi.org/10.1007/s12028-020-00931-5
https://doi.org/10.1089/neu.2020.7071

	Introduction 
	Results 
	Patient Characteristics 
	Analytical Correlation and Concordance 
	GFAP 
	UCH-L1 

	Biomarker Levels According to Imaging Findings on CT-Scan 
	i-STAT® Analyzer 
	Alinity® i Analyzer 

	Clinical Concordance for the Combined Test “GFAP + UCH-L1” 

	Discussion 
	Materials and Methods 
	Study Design and Patients 
	GFAP and UCH-L1 Assays 
	i-STAT® Analyzer 
	Alinity® Analyzer 

	Cranial Computed Tomography Scan 
	Statistical Analysis 

	Conclusions 
	References

