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Abstract: Introduction: Traumatic brain injury (TBI) represents a significant global health burden. This systematic review delves
into the comparison of S100B and Neuron-Specific Enolase (NSE) regarding their diagnostic and prognostic accuracy
in TBI within the adult population. Methods: Conducted on October 21, 2023, the search identified 24 studies encom-
passing 6454 adult patients. QUADAS-2 and QUAPAS tools were employed to assess the risk of bias. The analyses aimed
to evaluate the diagnostic and prognostic performance of SI00B and NSE based on sensitivity, specificity, and area un-
der the curve (AUC). The outcomes were detecting intracranial injury, mortality, and unfavorable outcome. Results:
Pooled data analysis tended towards favoring S100B for diagnostic and prognostic purposes. S100B exhibited a diagnos-
tic AUC of 0.74 (95% confidence interval (CI): 0.70-0.78), sensitivity of 80% (95% CI: 63%-90%), and specificity of 59%
(95% CI: 45%-72%), outperforming NSE with an AUC of 0.66 (95% CI: 0.61-0.70), sensitivity of 74% (95% CI: 53%-88%),
and specificity of 46% (95% CI: 24%-69%). Notably, both biomarkers demonstrated enhanced diagnostic value when
blood samples were collected within 12 hours post-injury. The analyses also revealed the excellent diagnostic ability of
S100B with a sensitivity of 99% (95% CI: 4%-100%) and a specificity of 76% (95% CI: 51%-91%) in mild TBI patients (AUC
=0.89 [0.86-0.91]). In predicting mortality, S100B showed a sensitivity of 90% (95% CI: 65%-98%) and specificity of 61%
(95% CI: 39%-79%), slightly surpassing NSE’s performance with a sensitivity of 88% (95% CI: 76%-95%) and specificity of
56% (95% CI: 47%-65%). For predicting unfavorable outcomes, S100B exhibited a sensitivity of 83% (95% CI: 74%-90%)
and specificity of 51% (95% CI: 30%-72%), while NSE had a sensitivity of 80% (95% CI: 64%-90%) and specificity of 59%
(95% CI: 46%-71%). Conclusion: Although neither biomarker has shown promising diagnostic performance in detect-
ing abnormal computed tomography (CT) findings, they have displayed acceptable outcome prediction capabilities,
particularly with regard to mortality.
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1. Introduction lized to classify TBI severity into three main groups, namely
mild (GCS scores of 13-15), moderate (GCS scores of 9-12),
and severe (GCS scores of 3-8) (4).

Empirical non-contrast computed tomography (CT) scans

Acute traumatic brain injury (TBI) is characterized by the
temporary or permanent alteration of neurological functions
as a result of external mechanical forces (1). TBI represents a
significant global health burden, with its incidence rate hav-
ing increased over the past few decades translating to a large
portion of visits to the emergency rooms (2, 3). In clinical

have long been considered the gold standard for detecting
intracranial injuries, even in cases of mild TBI, given the po-
tential possibility of non-negligible injuries in this group (5).
Although mild TBI accounts for over 90% of all TBI admis-
sions, less than 20% of them have demonstrable intracranial
injuries in head CT scans (6-8). Thus, due to the low diag-

practice, the Glasgow Coma Scale (GCS) is traditionally uti-

nostic yield of CT scans, particularly in cases of mild TBI, as
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ing of patients for CT acquisition in TBI presentations to the
Currently, various guidelines and clinical decision rules have

sition of CT scans among TBI patients. Although these al-
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gorithms share many similar components, they mainly rely
on neurological examination findings and patient-reported
symptoms, which may be subject to examiner bias or unre-
liable in cases where the patient is intoxicated (9). Concor-
dantly, multiple validation studies have reported inconsis-
tent sensitivity and specificity for the administration of these
rules in clinical practice. As aresult, the urging quest for more
objective and reliable indices to optimize the diagnostic and
therapeutic pathways of TBI patients has become the foun-
dation for research on blood-based biomarkers involved in
the pathological process of TBIL.

Through the last decades, a multitude of biomarkers with
distinct functions, such as structural, vascular, coagulative,
and inflammatory roles in TBI, have been introduced (10).
Among them, S100B Calcium Binding Protein B (S100B),
an astroglial calcium homeostasis regulator, and Neuron
Specific Enolase (NSE), a neuronal enzyme engaged in gly-
colytic pathways, are the two most extensively studied serum
biomarkers proposed as adjunctive diagnostic and prognos-
tic tools (11). Currently, S100B has been recommended by
the Scandinavian Neurotrauma Committee (SCN) to be em-
ployed in the course of managing mild TBI patients (12).
S100B is mainly secreted in the extracellular space by as-
trocytes, Schwann cells, and myeloid-derived cells (13).
Adipocytes, chondrocytes, lymphocytes, bone marrow and
melanoma cells are other sources of S100B production (14).
NSE is mainly found in neurons and different brain disor-
ders including TBI and stroke have been associated with its
raise in serum and cerebrospinal fluid (CSF) (15). The main
methods of measuring these biomarkers are electrochemilu-
minescence immunoassay, enzyme-linked immunosorbent
assay, line immunoassay, radioimmunoassay, and chemilu-
minescent immunoassay (16-21). Glial fibrillary acidic pro-
tein (GFAP) is another detectable biomarker in serum follow-
ing TBI and showed some benefits in mild TBI diagnosis (22).
Numerous large validation studies, systematic reviews, and
meta-analyses have been conducted to gain insight into the
diagnostic and prognostic values of individual biomarkers
and to indirectly compare their performance characteristics
in the context of TBI (23, 24). While S100B and NSE biomark-
ers have both demonstrated their utility as diagnostic and
prognostic markers, a direct comparison of their respective
diagnostic and prognostic values is yet to be established.
Such a comparison would be helpful for researchers to pri-
oritize which biomarkers to investigate in their forthcoming
studies and for health policymakers to make informed deci-
sions. In light of this, we have designed a systematic review
and meta-analysis to compile all available evidence related
to the direct comparison of S100B and NSE in terms of their
diagnostic or prognostic performance.

2. Methods

We reported results based on the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) state-
ment (25).

2.1. Search strategy

We performed a literature search using 4 databases; Med-
line (via PubMed), Embase, Scopus, and Web of Science (Un-
til October 21st, 2023). To maximize sensitivity, we used a
wide variety of Mesh terms, Emtree terms, and synonyms for
traumatic brain injury, NSE, and S100B and combined them
properly (Appendix 1). We applied no language restrictions.
Studies in languages other than English were translated as
required, using DocTranslator or Google Translate. We con-
ducted a manual search in the Google search engine and
Google Scholar and reviewed the first five pages to retrieve
other relevant studies. We also reviewed the bibliography of
included studies and the included studies in previously pub-
lished systematic review studies, to make sure we have not
missed any relevant studies.

2.2. Study selection

We combined the records from the search in the four
databases and removed duplicates using EndNote version X9
(Thomson Reuters). Two reviewers (HZ and SR) indepen-
dently scanned titles and abstracts of the records and found
potentially eligible citations. Disagreements were deliber-
ated and resolved at the discretion of the senior reviewer
(MY).

We included prospective or retrospective cohorts, case-
control studies, and randomized controlled trials (RCTs in
which there were adequate data on the untreated arm of the
trial), which reported data on the serum concentrations of
NSE and S100B in the acute phase of TBI with any severity in
adult patients. The review outcomes for the prognostic per-
formance were: 1- mortality, 2- unfavorable outcome using
Glasgow outcome scale (GOS) and Glasgow outcome scale-
extended (GOSE). Our desired outcome for the diagnostic
performance was the presence of any traumatic injury in the
brain CT scan. In order to compare the biomarkers directly,
we only included studies that reported the concentrations of
NSE and S100B in the same set of patients. Studies report-
ing one or more quantitative levels of the biomarkers and at
least one of the follow-up outcome measures were eligible.
We excluded studies involving patients below 15 years old,
non-traumatic brain injuries, duplicate publications, those
lacking a direct comparison of S100B and NSE, those with
delayed biomarker measurement, cerebrospinal fluid sam-
pling, and those without data on the desired outcome.

2.3. Data extraction

Using two separate Excel sheets for prognostic and diag-
nostic studies, two reviewers (SR and HZ) independently
extracted data including study characteristics (first author,
publication year, country, study period, and study design),
patient characteristics (age and gender), details of TBI (sever-
ity, closed or penetrating, and presence of extracranial in-
jury), laboratory aspects of S100B and NSE (type of assay, ad-
mission to sampling interval, cutoff, and mean + standard
deviation (SD) in outcome and non-outcome groups), out-
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come evaluation (outcome definition and outcome measure-
ment time), and prognostic or diagnostic accuracy data (true
positive (TP), false positive (FP), true negative (TN), and false
negative (FN)). If two articles reported data on the same pa-
tients, we included the article with the largest sample size.
We retained all biomarker assessments and all outcome mea-
surements to have freedom for a subgroup or sensitivity anal-
ysis. However, we used the earliest sampling time and longest
follow-up of every unique observation for our analyses un-
less otherwise stated. In our analyses, a GOS of 3 or less and
a GOSE of 4 or less were considered comparable unfavorable
outcomes. All data were extracted from the included stud-
ies’ texts, tables, and figures. If we had to extract data from
figures, we used PlotDigitizer software. In diagnostic stud-
ies, we defined positive TBI as the presence of any trauma-
related injury in the brain CT scan performed on admission.

2.4. Risk of bias assessment

We evaluated the risk of bias for the diagnostic studies in-
cluded using the Quality Assessment of Diagnostic Accuracy
Studies (QUADAS-2) tool, which evaluates patient selection,
index test, reference standard, and flow and timing domains
(26). For the prognostic studies, we used the Quality Assess-
ment of Prognostic Accuracy Studies (QUAPAS) tool, which
evaluates the applicability and risk of bias in participants, in-
dex test, outcome, flow and timing, and analysis (27).

2.5. Statistical analysis

Analyses were performed using STATA 14.0 statistical soft-
ware. All studies were summarized and divided based on
their outcome. Since a number of the included studies re-
ported standard errors (SEs) instead of SD, SD was calculated
by multiplying SE by the square root of the number of pa-
tients in the group. For direct comparison, the study results
were pooled together using mean and SD of the biomarkers
in the outcome and non-outcome groups, and a standard-
ized mean difference (SMD) and 95% confidence interval (CI)
was calculated and reported.

For calculating pooled sensitivity and specificity, TP, TN, FB,
and FN values were the priority in the data collection pro-
cess. If the aforementioned data was not reported in the
articles, the data were extracted by employing calculations
on reported sensitivity and specificity. Analyses were per-
formed using the "Midas" package of STATA, which pools ar-
ticle diagnostic and prognostic accuracy data using a bivari-
ate binary regression modeling framework. The results were
provided as pooled sensitivity, specificity, and area under
the summary receiver operating characteristic curve (SROC)
with a 95% confidence interval (95% CI).

To measure the heterogeneity between studies, 12 statistics
were performed. We applied a subgroup analysis to stud-
ies that included data of mild TBI patients. We applied Eg-
ger’s Test to identify publication bias in studies we pooled to
calculate and compare SMDs, and Deeks’ Funnel Plot Asym-
metry Test for diagnostic and prognostic accuracy meta-
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analysis.

3. Results
3.1. Study identification and selection

We found 1418 records in databases searching. After dupli-
cate removal, we screened 1070 records, from which we re-
viewed 103 full-text documents. 78 articles were excluded for
avariety of reasons (Figure 1). Finally, this review included 24
studies. Nine papers investigated diagnostic yield (16-20, 28-
31) and 15 papers investigated prognostic performance (21,
32-45) of S100B and NSE in TBI. No extra articles were re-
trieved through manual search.

3.2. Diagnostic values of S100B and NSE in de-
tection of TBI

3.2.1. Study characteristics

The search for gathering data regarding the diagnostic per-
formance of S100B and NSE in traumatic brain injury re-
sulted in nine eligible studies (n = 5515) (16-20, 28-31). Eight
studies were prospective and one study (20) was retrospec-
tive observational. The earliest sampling time was on admis-
sion/within 3 hours post-injury for six studies, up to 6 hours
for one study, and up to 24 hours for two studies. The out-
come in all studies was defined as the presence of injury de-
tected in brain CT scan. Five studies included patients with
or without extracranial injuries and three studies included
patients with isolated head injuries without significant ex-
tracranial injuries. In one study, the presence of extracra-
nial injuries was unknown. Six studies included patients with
blunt TBI and one study included patients with penetrating
and blunt TBI. In two studies, the type of TBI was unknown.
Three studies only included patients with mild TBI (GCS 13-
15)(18, 19, 31), one study included mild to moderate TBI (29),
and six studies included all severities of TBI (16, 17, 20, 28,
30). Table 1 summarizes the characteristics of the included
studies.

3.2.2. Quality assessment and publication bias for diagnos-
tic studies

Table 2 shows a detailed assessment of risk of bias using
QUADAS-2 tool. The risk of bias was unclear in three studies
in patient selection domain, high in one study and unclear in
one study in index test domain, and low in all studies in ref-
erence standard and flow and timing domain. There was low
concern for applicability of all included studies for the review
question.

We assessed the publication bias for the diagnostic value of
S$100B and NSE in predicting intracranial injury. There was
no evidence of publication bias (Figures 4a & b).

3.2.3. Diagnostic performance of S100B and NSE in TBI

We pooled studies reporting blood concentrations of NSE
and S100B and their association with presence or absence
of intracranial injury in brain CT scans of patients with sus-
pected TBI on admission. We excluded three studies because
they used healthy individuals without head trauma as the
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control group (34, 46, 47). We observed a significant associ-
ation between increased blood concentrations of S100B and
the presence of injury in brain CT scan (SMD = 1.10 [95% CI:
0.55 to 1.65], p < 0.0001; I2 = 98.53%). Similarly, there was
a significant association between increased blood concen-
trations of NSE and the presence of injury in brain CT scan
(SMD = 0.75 [95% CI: 0.35 to 1.15], p < 0.0001; 12 = 97.11%).
Both biomarkers had equal performance when comparing
the difference in biomarker levels between CT positive and
CT negative groups (Figure 2a) (p = 0.31). We also calculated
pooled sensitivity and specificity using seven studies with ad-
equate data. The sensitivity and specificity of S100B for de-
tecting intracranial injury in brain CT scans were 80% (95%
CI: 63% - 90%) and 59% (95% CI: 45% - 72%), respectively
[AUC = 0.74 (0.70 — 0.78)] (Figure 3a). The sensitivity and
specificity of NSE for detecting intracranial injury in brain CT
scans were 74% (95% CI: 53% - 88%) and 46% (95% CI: 24% -
69%), respectively (AUC = 0.66 [0.61 —0.70]) (Figure 3b).

In a sensitivity analysis, when sampling time was within 12
hours post-injury, the specificity of S100B was raised while
maintaining the same sensitivity (sensitivity = 80% (95% CL:
36% - 97%), specificity = 80% (95% CI: 60% - 91%), and AUC
=0.86 (0.83 - 0.89)). The same happened for NSE, when sam-
pling time was within 12 hours post-injury, the specificity
was raised with no significant alteration in sensitivity (sen-
sitivity = 70% (95% CI: 27% - 94%), specificity = 62% (95% CI:
13% - 94%), and AUC = 0.72 (0.67 — 0.75)).

3.3. Prognostic values of S100B and NSE in TBI
patients

3.3.1. Study characteristics

The search for gathering data regarding the prognostic per-
formance of S100B and NSE in TBI resulted in 15 eligible
studies (n = 939) (21, 32-45). Eight studies were prospective
observational, one study was retrospective observational,
two studies were post-hoc of a randomized clinical trial
(RCT), and four studies did not clearly mention the study
design. Eleven studies assessed severe TBI patients. Sam-
pling time was within 12 hours in seven studies, within 24
hours in three studies, within 28 hours in one study, within
36 hours in one study, and within 48 hours post-injury in one
study. There were two studies that used mean or peak level
of biomarkers in multiple samples as the predictor of out-
come. Two studies followed patients during hospital stay, two
studies for 1 month, one study for 3 months, six studies for 6
months, and four studies for 12 months (Table 3). In cases of
multiple sampling or multiple outcome measurements, we
used the earliest sample and longest follow-up, respectively,
in the meta-analysis.

3.3.2. Quality assessment and publication bias for prog-
nostic studies Table 4 shows a detailed assessment of risk
of bias using QUAPAS tool. In thirteen studies, the risk of
bias was unclear in the patient selection domain, due to un-
clear study design or unclear sampling method in retrospec-
tive studies. Five studies had a high risk of bias in index test

domain. One was because of using two different assays for
S$100B and the others were for using the optimal cutoff, and
not a prespecified cutoff for dichotomizing patients in low-
and high-level of biomarker group. In flow and timing and
analysis domains, one study had a high risk of bias and two
studies had unclear risk of bias, due to the uncertainty about
including all patients in the analysis and availability of data
on outcome for all patients. There was low concern for appli-
cability of all included studies for the review question.

We assessed the publication bias for the prognostic value of
S$100B and NSE in predicting intracranial injury. The analysis
showed no evidence of publication bias (Figures 4c & d).
3.3.3. Ability of S100B and NSE in predicting mortality in
TBI

We pooled studies reporting blood concentrations of S100B
and NSE and their association with mortality in TBI pa-
tients. We observed a significant association between in-
creased blood concentrations of S100B and mortality (SMD
=1.74 [95% CI: 0.57 to 2.91], p < 0.0001; 12 = 97.32%). Sim-
ilarly, there was a significant association between increased
blood concentrations of NSE and mortality (SMD = 1.48 [95%
CL: 0.16 to 2.79], p < 0.0001; 12 = 97.92%). Both biomark-
ers had equal performance when comparing the difference
in biomarker levels between mortality and survival groups (p
=0.77) (Figure 2b). We also calculated pooled sensitivity and
specificity using four unique studies with adequate data (40,
42, 44, 45). The sensitivity and specificity of S100B for pre-
dicting mortality were 90% (95% CI: 65% - 98%) and 61% (95%
CI: 39% - 79%), respectively (AUC = 0.82 [0.78 — 0.85]) (Figure
3c). The sensitivity and specificity of NSE for predicting mor-
tality were 88% (95% CI: 76% - 95%) and 56% (95% CI: 47% -
65%), respectively (AUC = 0.76 [0.72 — 0.79]) (Figure 3d).
3.3.4. Ability of S100B and NSE in predicting unfavorable
outcome in TBI

We pooled studies reporting blood concentrations of S100B
and NSE and their association with unfavorable outcome us-
ing GOS or GOSE in TBI patients. We observed a signifi-
cant association between increased blood concentrations of
S100B and unfavorable outcome (SMD = 1.33 [95% CI: -0.17
to0 2.84], p < 0.0001; I2 = 97.81%). Similarly, there was a signif-
icant association between increased blood concentrations of
NSE and unfavorable outcome (SMD = 0.74 [95% CI: -0.05 to
1.52], p < 0.0001; I2 = 92.82%). Both biomarkers had equal
performance when comparing the difference in biomarker
levels between favorable and unfavorable outcome groups (p
=0.49) (Figure 2c). We also calculated pooled sensitivity and
specificity using four unique studies with adequate data (21,
40, 44, 45). The sensitivity and specificity of S100B for pre-
dicting unfavorable outcome were 83% (95% CIL: 74% - 90%)
and 51% (95% CI: 30% - 72%), respectively (AUC = 0.82 [0.78
— 0.85]) (Figure 3e). The sensitivity and specificity of NSE
for predicting unfavorable outcome were 80% (95% CI: 64%
-90%) and 59% (95% CI: 46% - 71%), respectively (AUC =0.73
[0.69 — 0.77]) (Figure 3f).
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3.4. Evidence appraisal using GRADE

Overall, the GRADE assessment demonstrated “Moderate”
certainty in the body of evidence for the diagnostic value of
S100B and NSE in TBI, and “low” to “moderate” certainty for
the prognostic yield of S100B and NSE in predicting mortal-
ity and unfavorable outcome. The certainty for diagnostic
performance of S100B and NSE, and also the prognostic per-
formance of S100B for predicting mortality was downgraded
one level due to moderate heterogeneity. Whereas, the cer-
tainty for prognostic yield of S100B and NSE in predicting un-
favorable outcome, and NSE for mortality was downgraded
two levels due to severe heterogeneity (Table 5).

4, Discussion

Following a comprehensive search, we have gathered valu-
able insights into the direct comparative performance of two
frequently studied biomarkers in the field of traumatic brain
injury (TBI). The results demonstrated that both biomark-
ers have comparable performance, with S100B exhibiting
slightly better diagnostic and prognostic capabilities than
NSE in TBI. Moreover, our analysis has uncovered that the
clinical significance of these two biomarkers is more pro-
nounced in prognostic contexts than in diagnostic scenar-
ios. This is due to the potentially lethal consequences of
overlooking patients with cranial injuries during emergency
room evaluations, which is far more serious than misidenti-
fying patients’ future functional outcomes.

Results of the meta-analysis implied that both biomarkers
performed poorly in predicting trauma-related injuries in CT
imaging, with S100B showing higher sensitivity and speci-
ficity than NSE. With the advent of brain-specific biomarkers
such as Glial Fibrillary Acidic protein (GFAP) and Ubiquitin
C-Terminal Hydrolase L1 (UCH-L1) that offer higher sensitiv-
ity and specificity, the application of NSE and S100B, which
have been shown to have a high rate of missing injuries with
undeniable consequences, is no longer justified (24, 48).
Most of the international guidelines have recommended the
use of imaging in all patients sustaining moderate or severe
TBI. Therefore, the measurement of biomarkers would be ex-
ploited mainly in aiding emergency physicians in the selec-
tive CT imaging of mild/minimal TBI patients.

Only three studies have directly targeted mild TBI and the
rest provided inadequate data on this subgroup of patients.
Thus, conducting a subgroup analysis on mild TBI patients
would result in an imprecise confidence interval and clini-
cally useless and even misleading results.

Unlike diagnostic purposes, the significance of serum
biomarkers for predicting mortality and functional outcome
is more pronounced in moderate and severe TBI, given the
higher morbidity and mortality rates in these groups. As
such, the majority of studies investigating the prognostic ef-
ficacy of biomarkers were conducted on severe TBI cases.
Our analysis has revealed that both NSE and S100B have
shown accepting performance in predicting mortality and
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functional outcomes, with the performance of S100B being
slightly superior to NSE. S100B and NSE have been shown to
correlate with the extent of damage represented by damage
burden and volumetric assessment of lesions in the imaging
(49). Additionally, they exhibit a correlation with other clini-
cal factors that are associated with brain damage and subse-
quent outcomes, such as intracranial pressure and cerebral
perfusion pressure in cases of severe TBI (50). Nonetheless,
the systematic review and meta-analysis on the potential of
the GCS and Full Outline of Unresponsiveness as predic-
tive tools indicated that readily used scoring systems hold a
higher value in forecasting mortality and disability outcomes
among patients with traumatic brain injuries (51).

Based on our meta-analysis, we found that patients who had
positive results in CT scan had notably higher levels of S100B
and NSE in their serum as compared to TBI patients who did
not show any signs of intracranial abnormality. Moreover, the
concentration of both biomarkers was significantly greater
among those who did not survive or had higher levels of dis-
ability. Previous reports have suggested that both biomark-
ers also originate from sources outside the cranium, as evi-
denced by the increase of S100B levels in polytrauma patients
without head injuries and the surge in NSE levels following
hemolysis (11, 24). Our objective was to assess the accuracy
of these biomarkers, given the presence of non-cranial in-
juries. Unfortunately, a dearth of studies involving isolated
head trauma patients precludes this analysis. Nevertheless,
the biomarkers’ performance would be more representative
if the patient only suffered from head trauma. This is im-
plicitly supported by the heightened specificity displayed by
both biomarkers when only patients with mild TBI were con-
sidered, as these individuals are thought to be less likely to
have extracranial injuries. Moreover, one should note that
not all injuries caused by head trauma are visible in CT scan
images. In fact, some lesions, such as diffuse axonal injury,
small contusions, and microhemorrhages, are only demon-
strable with magnetic resonance imaging or diffuse tensor
imaging, which are not routinely performed in emergency
rooms (52, 53). Thus, some false positive results from these
two biomarkers may have sustained injuries only visible in
such advanced imaging modalities.

In the wake of the relatively short half-life of S100B (up to
120 mins), we conducted a sensitivity analysis that excluded
studies with sampling times beyond 12 hours (54). The re-
sults of our study indicate that the timing of biomarkers’
sampling plays a crucial role in the accuracy of their diagnos-
tic yield for TBI. Our findings demonstrate that early sam-
pling is associated with higher levels of specificity for both
biomarkers, while late sampling is linked to a higher rate of
false positives. This conclusion agrees with the Scandinavian
Neurotrauma Committee’s guideline, which recommends as-
sessing S100B levels within the first six hours of injury to aid
in selective imaging decisions for mild TBI (55). In contrast
to S100B, NSE exhibits a longer half-life of approximately 30
hours and reaches its peak 12 hours after injury (56, 57). This
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explains why its sensitivity decreases with early sampling.
However, the longer half-life of NSE may also lead to delayed
washout time of extracranial sources of NSE in serum, which
can interfere with its diagnostic and prognostic performance
(58).

While delayed sampling may compromise the diagnostic
value of biomarkers, it can prove beneficial in achieving
prognostic objectives. TBI is an intricate, multifaceted pro-
cess that involves both primary insult and subsequent sec-
ondary damage. The secondary damage can exacerbate the
primary injury or give rise to chronic symptoms, even in the
absence of any visible abnormality in the medical imaging
(59). The damage can result from a variety of factors, in-
cluding axonal stretching, microglial activation, excitotoxic-
ity, and neuroinflammation, all of which can compromise the
integrity of the blood-brain barrier and cause brain biomark-
ers to leak into the circulation (60, 61). As a result, the accu-
racy of diagnostic measurements can be compromised, with
false positives being a common occurrence when measure-
ments are taken after a delay.

Conversely, delayed sampling may reflect the evolving dam-
age or ongoing recovery, thus aiding in timely and tailored
care in at-risk patients (62, 63). In the current study, we opted
for the earliest value of biomarkers in the course of admis-
sion for assessing the diagnostic and prognostic value. In
consideration of the kinetics of NSE and S100B and the dy-
namic process of TBI, it is presumed that serial sampling of
biomarkers, encompassing bulk release or peak and mean
value, can yield a higher predictive value and provide a
more accurate representation of the damage course. Con-
sequently, it is imperative to undertake further research to
compare the value of serial measurements of these biomark-
ers in the context of TBI.

5. Limitations and considerations

To the best of our knowledge, this is the first study that pro-
vides a direct comparison between two extensively recog-
nized biomarkers of brain injury. However, we acknowledge
that our review is subject to some limitations that require
caution in interpreting our results. Significant heterogeneity
was observed in all outcomes across both biomarkers. How-
ever, the limited number of studies and inadequately pre-
sented information hampered us in identifying the potential
source of the heterogeneity. We postulate that several factors
relating to study design and conduction may contribute to
the observed heterogeneity. First, the definition of patholog-
ical damage rendering a positive CT scan result for intracra-
nial damage varied among the included studies. While some
studies adopted a conservative approach of only including
parenchymal damages, others even included isolated skull
fractures as an outcome. Moreover, the variability in the ana-
lytical methods and reagents utilized presents a significant
challenge in comparing the studies on this topic. Conse-
quently, the power of comparability among studies is hin-
dered. Furthermore, many studies failed to report the thresh-

old used for S100B and NSE or had retrospectively adopted a
cutoff point derived from a ROC curve, which may overesti-
mate the performance of biomarkers.

Our review did not investigate the combined performance
of S100B and NSE, despite evidence suggesting that NSE
had limited additional benefit to the discriminatory value
of S100B due to the high correlation between these two
biomarkers (58). In our study, we focused exclusively on
serum biomarkers, as we found CSF to have limited util-
ity in mild and moderate cases of TBI. However, more re-
cently, there has been a growing debate surrounding the use
of S100B levels in saliva. This non-invasive method of as-
sessing biomarkers has shown great promise for future stud-
ies, given its rapid assessment and potential for providing
valuable insights into TBI (64). Lastly, the results of our re-
view cannot be applied to the pediatric population, as we ex-
cluded them from our analysis. Therefore, future studies are
necessary to establish the superior prognostic and diagnostic
performance of S100B over NSE in the pediatric population.

6. Conclusions

The results indicate that S100B is superior to NSE for both
prognostic and diagnostic purposes in TBI patients. Al-
though neither biomarker has shown promising diagnos-
tic performance in detecting abnormal CT findings, they
have displayed acceptable outcome prediction capabilities,
particularly with regard to mortality. Henceforth, we pro-
pose that forthcoming inquiries prioritize the examination of
S100B over NSE, with greater emphasis on their prognostic
values.
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gE1BH Characteristics of the diagnostic studies

10

Study

Design

TBI severity

Type of head
trauma

Co-injury

N

Age + SD

Male
(N)

S100B assay

Sampling time

NSE assay

Czeiter,
2020

PO

All

Open and

closed

Yes

2774

NR

NR

ECLIA

First 24h post-injury

ECLIA

Carabias,
2019

PO

All

Closed

Yes

115

45.67+22.52

CLIA

On admission

ECLIA

Cervellin,
2014

PO

Mild

NR

NR

68

52.75+15.05

Immunoassay

Within 3h post-injury

Immuno-
fluorimetric

Gardner,
2022

PO

All

Closed

Yes

2151

51.6+6.9

ECLIA

First 24h post-injury

ECLIA

Honda,
2010

RO

All

NR

Yes

34

NR

ELISA

Within 3h post-injury

ELISA

Kaneko,
2019

PO

Mild
moderate

to

Closed

57

69.5+5.23

ELISA

Within 3h post-injury

ELISA

Mussack,
2002

Mild

Closed

139

41.36+24.04

LIA

First 6h post-injury

ECLIA

Shehab,
2010

All

Closed

Yes

70

40.8+8

ELISA

On admission

ELISA

Wolf,
2013

PO

Mild

Closed

No

107

59+23

60

ECLIA

Within 3h post-injury

ECLIA

TBI: traumatic brain injury; PO: prospective observational, RO: retrospective observational; NR: not reported; N: number of patients;
ECLIA: electrochemiluminescence immunoassay; ELISA: enzyme-linked immunosorbent assay; LIA: line immunoassay; h: hours

CLIA: chemiluminescent immunoassay; SD: standard deviation.

BN PH Risk of bias assessment for the diagnostic studies

Study

Risk of Bias

Applicability

Patient selection

Index test

Reference standard

Flow and timing

Patient selection

Index test

Reference standard

Czeiter, 2020

Carabias, 2019

©|6

©|6

Cervellin, 2014

Gardner, 2022

Honda, 2010

Kaneko, 2019

Mussack, 2002

Shehab, 2010

Wolf, 2013

Czeiter, 2020
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Cervellin, 2014

Gardner, 2022

Honda, 2010

Kaneko, 2019

Mussack, 2002

Shehab, 2010
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Wolf, 2013
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@: High risk; ©: Low risk; ?: unclear.
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Characteristics of the prognostic studies
Study Design TBI severity | Type! Co-|N Age| Male | Sampling time Follow- |S100B as- | NSE
injury (year) (N) up say assay
Baker, 2009 Post-hoc of| Severe Closed |No 33 |42.3+20.7 |23 Within 48h post- (1M ELISA ELISA
RCT admission (peak)
Chen, 2019 NR Severe NR Yes 10 (35.1+14.4 |7 Within 24h  post- |Hospital |ECLIA ECLIA
admission stay
Chen JJ, 2019 NR Severe NR No 88 |44.1+15.3 |61 Within 72h post ad- |1 M ECLIA ECLIA
mission
Di Battista, 2015 |PO Moderate to |Open No 85 |45.8+21.9 |66 24h post injury 6M ELISA ELISA
severe and
closed
Duda, 2020 PO All NR NR 15 |NR NR Within 2h  post- [Hospital |ELISA ELISA
admission stay
Gradisek, 2012 PO Moderate to|NR Yes 84 |46+21 73 On admission 12M LIA LIA
severe
McKeating, 1998 | NR All NR Yes (21 [39+13.8 |17 Within 96h post- |6 M RIA RIA
admission (Mean)
Olivecrona, 2009 |RO Severe Closed |Yes 48 [35.5+15.2 |31 Within 24h after in- |3 M LIA LIA
jury
Raabe, 1999 PO Severe NR Yes |82 |44.2+14.2 |66 2-28h after injury 6 M RIA and|RIA
LIA
Raheja, 2016 Post-hoc of | Severe NR Yes |65 |NR NR | Within 8h after injury | 12 M ELISA ELISA
RCT
Rodriguez- PO Severe NR No 99 |37+15.8 |80 Within 6h post-injury |6 M ECLIA ECLIA!
Rodriguez, 2016
Stein, 2012 PO Severe NR No 24 130.7+12.3 |21 On admission 12M ELISA ELISA
Vos, 2004 PO Severe Closed |Yes 85 |40+13.5 61 Within 36h after in-|6 M LIA LIA
jury
Yang Gao, 2021 |RO Severe Open Yes |98 |39.6+8.6 |53 Within 12h before |1 M ELISA ELISA
and transfer from ICU
closed
Zhang, 2014 PO Severe NR No 102|40.5+15.3 |68 <6h after injury 6 M ELISA ELISA
1: type of head injury. Age is presented as mean + standard deviation (SD). TBI: traumatic brain injury, RCT: randomized clinical trial;
PO: prospective observational, RO: retrospective observational; NR: not reported; N: number of patients; h: hours; M: month(s);
ECLIA: electrochemiluminescence immunoassay, ELISA: enzyme-linked immunosorbent assay, LIA: line immunoassay,
RIA: radioimmunoassay; ICU: intensive care unit.
Risk of bias assessment for the prognostic studies
Study Risk of Bias Applicability
Patient selection | Index test | Outcome | Flow and timing |Analysis |Participants |Index test |Outcome |Flow & tim-
ing
Baker, 2009 ? @) @) @) O O @) @) @)
Chen, 2019 ? @) @) @) O O © © ©
Chen JJ, 2019 ? © © @) © © © @) @)
Di Battista, 2015 |? ® ® ® © © ©) ©) ©)
Duda, 2020 © © © © © © © © ©
Gradisek, 2012 |? O O @) O @) @) @) ©
McKeating, 1998 |? @) @) &) O O © © ©
Olivecrona, 2009 |© (@) © <) © © ©) ©) ©)
Raabe, 1999 ? (@] ® ® © © ©) ©) ©)
Raheja, 2016 ? ® ® @ @] © ® ® ©)
Rodriguez- ? (&) © © © © © © ©
Rodriguez, 2016
Stein, 2012 ? ® ® ? ? © ® ® ©)
Vos, 2004 ? @) @) ? ? © ® ® @)
Yang Gao, 2021 |? © © © © © © © ©
Zhang, 2014 ? () O @) O O @) @) @)

©: High risk; ©: Low risk; ?: unclear.
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PENERY Certainty of evidence for diagnostic and prognostic performance of S100B and NSE

Outcomes No |Study design Risk |Inconsistency! [Indirectness | Impreci-| Publication|Quality of
of bias sion bias evidence
S100B
Intracranial injury 7 |Diagnostic/Prognostic Not? |[Serious Not Serious |None No3 Moderate
o000
Mortality 11 |Diagnostic/Prognostic | Not Serious Not Serious |None No Moderate
® 600
Unfavorable outcome |11 |Diagnostic/Prognostic | Not Very Serious Not|None No Low ®d 60
Serious
NSE
Intracranial injury 7 |Diagnostic/Prognostic | Not Serious Not Serious |None No Moderate
® 000
Mortality 11 |Diagnostic/Prognostic | Not Very Serious Not Serious |None No Low
o000
Unfavorable outcome |11 |Diagnostic/Prognostic | Not Very Serious Not Serious |None No Low
® 600

1: The authors judged the inconsistency by the examination of effect estimates. 2: Not Serious. 3: No evidence of publication bias.
Serious inconsistency implies that the effect estimates are all favoring the same directions, but 12 > 75% and lack of overlap in
confidence intervals are evident in the forest plots. In cases where therewere effects estimates in both directions and 12 > 75%,
the inconsistency was judged as very serious and downgraded by two levels. No: number of studies.

Identification of studies via databases and registers

Identification of studies via other methods

Reports not retrieved
(n=0)

Reports excluded (n = 0)

g Records identified from: Records identified from:
k= Databases (n = 1418) Websites (n = 0)
= Citation searching (n = 0)
]
) Records removed before the screening:
= .
- Duplicate records removed (n = 350)
Records screened
(n=1068)
Reports sought for retrieval
Records excluded (n=0)
(n=965)
= Reports sought for retrieval i
= (n=103)
] N Reports assessed for eligibility
5 Reports not retrieved -
@ (n=0)
(n=4)
Reports assessed for eligibility
(n=99) Reports excluded (n = 75)
Not reporting data of our desired outcomes (n = 28)
Lack of the required data (n = 24)
Duplicate publications (n = 5)
No direct comparison of $100B and NSE (n = 5)
No data of TBI patients (n = 5)
Pediatric studies (n = 3)
Comparison with healthy participants instead of TBI-suspected
k- Studies included in the review patients (n =2)
_ Delayed biomarker measurement (n = 1)
‘g (n=24) i . CSF sampling (n = 1)
g Reports of included studies Only one patient in the favorable outcome group (n = 1)
E | w=0)

12

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram for the study selection process. TBI:
traumatic brain injury; CSF: cerebrospinal fluid.
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a b

CT positive CT negative " g Weight Nonsurvivers Survivors. Hedges's g Weight
Study N Mean  SD N Mean SD with95% CI (%) Study N_Mean SD N Mean SD with 95% ClL (%)
S100b | S1008 |
Czeiter, 2020 313 21 17 144 oo |om 0.75[ 055, 0.95] 441 Yang Geo, 2021 37 o 05 61 56 .05 | ] 298[ 240, 3.56] 463
Czeiter, 568 14 196 09 o6 | M 0.64[ 054, 0.75] 446 Duda, 2020 4 g1 1ss 06 .1 - 081[-030, 193] 438
Caeiter, 200 3 4 2 a7 s |- 0.55[ 0.11, 0.99] 4.6 Chen , 2019 4 3 32 6 1713 -+ 0.53[-0.64, 1.70) 435
Caeiter, 57 48 3 a4 a4 26 | - 057( 026, 0.88] 432 Chen 11,2019 40 213 54048 L1131 | [ | 235( 1.81, 2.89] 4.64
aheja, 2016 6 12 9 7 27(-037, 09 6
Tadashi Kancko, 2010 12 08 .04 45 o1 01 | ————345[ 256, 434] 341 Raheja, 2016 I LG a8 IS e T8 L] 027[-037, 091) 461
Di Battista , 2015 24 5.76 112 61 12 18 - 742( 621, 8.63] 432
Cervellin, 2014 1116866 10009 57 2733 2738 | —E— 301 220, 382] 3.56 ! Battisia | [ !
| Zhang, 2014 9 e 673 45 L 150[ 102, 197) 466
Wolf, 2013 25 7 119 82 21 26 l 079 034, 125] 4.14
| Gradisek, 2012 6 27 2275 L1 8 L LIT[ 0.62, 160] 4.6
Shehab, 2010 43 88 38 27 49 35 + 1.05[ 0.54, 1.55] 407
| Baker, 2009 4 21 4229 66 355 - 0.16[-0.86, 1.18] 443
19 92 83 120 25 19 + 191 1.38, 2.44] 4.03
( ] Vos, 2004 29 4469 4229 56 789 6.13 | 1.45( 0.96, 1.95]  4.65
2 2
461 23 2 692 2 0191 007, 031] 446 Rodriguez-Rodriguez, 2016 19 107 1.06 80 54 54 ‘. 079 0.28, 1.30] 4.65
1 2 23 367 12 .08 | u 0.63[ 048, 0.78) 444 Heterogeneity: © = 3.75, I’ = 97.32%, H’ = 37.26 | & 174 0.57, 2.91]
171 19 2 69 1207 ‘I 040[ 0.12, 0.68] 4.35 Testof 0,= 0; Q(10) = 160.95, p = 0.00 |
Heterogeneity: t = 0.89, I' = 98.53%, H = 67.81 | - 110[ 0.55, 1.65] |
Test of 0, = 0: Q(11) = 149.47, p = 0.00 | |
| Yang Gao, 2021 37 4986 367 61 2071 385 | M 764 650, 879] 436
) | Duda, 2020 42819 5334 11 594 466 3 0.81[-0.31, 1.92] 438
Caeiter, 2020 332069 1038 144 1491 602 | M 0.62( 042, 0.83] 441 Chen 2019 42115 575 6 2533 1342 * 034[-1.49, 0.81] 436
Caeiter, 2020 ses 1661 733 926 1437 53 | 036 0.26, 047] 446 Chen 11,2019 40 6352 1743 48 3053 1152 | 226[ 172, 2.79] 464
Caeiter, 2020 200 2279 1048 22 1746 973 |- 0.51[ 0.07, 095 416 Raheja, 2016 112907 3376 54 47 3641 # 049 [-1.14, 0.15] 460
Caeiter, 2020 557 208 1795 44 2346 1349 036[ 0.05, 067) 432 Di Battsta, 2015 24 13881 1504 61 10991 804 L 274[ 211, 3.36] 461
Tadashi Kaneko, 2019 12 19.13 437 45 111 141 | —— 341 252, 429] 343 Zhang, 2014 29 225 47 73 166 53 [ | 114[ 0.68, 1.59] 4.67
Cervellin, 2014 11523 696 57 1003 312 | —— 130 063, 1.98]  3.80 Gradisek, 2012 262709 1453 58 2017 1045 h 0.58[ 0.11, 1.05] 466
Wolf, 2013 35 as1 084 82 124 452 | 0851 039, 130] 414 Baker, 2009 4 4813 1706 29 3422 1779 k3 0.77[-0.27, 1.80] 442
Shehab, 2010 8 233 7 2 194 45 i 0620 0.13, 1.10] 410 Vos, 2004 291624 13793 56 39.83 2216 | | 148[ 0.98, 1.98]  4.65
19 1992 859 120 1751 485 . 0.44-0.05, 092]  4.10 Rodriguez, 2016 19 1328 8.86 80 1538 1232 * <0.18[-0.67, 0.32] 4.65
461 3331 2204 692 2048 1158 | M 0.77( 0.65, 090] 446 melty: =478, =97.92%, H' = 4818 * 180016, 279)
6! 3 2 69 . 9 .46
Test of 0, = ;: Q(10) = 232.09, p = 0.00
|
Gardner, 2022 391 2849 23.02 367 19.2 1016 | M 0.52[ 038, 0.67] 445 |
Gardner, 2022 o226 138 69 2034 00 M 007(-021, 035] 435 |
Heterogeneity: T = 0.44, I = 97.11%, H' = 34.59 I > 0.75[ 035, 1.15] |
Test of group differ (1) = 0.09,p = 0.77
Test of 0, = 0: Q(11) = 84.86, p = 0.00 I t of group dif ) 4 e
| -5 0 5 10
| Random-effects REML model
|
Test of group differences: Qu(1) = 1.04, p = 0.31 C
o 12 3 4 . .
Unfavorable Favorable Hedges'sg  Weight
Random-effects REML model Study N Mean SD N Mean SD with 95% CI (%)
T
S100B
Raheja, 2016 1412 118 sl 93 73 -h— 034[-025, 093] 7.21
DiBattista, 2015 50 355 .63 35 .72 13 | —M- 571 475, 667) 679
Zhang, 2014 48 59 16 54 4309 | - 124 0.82, 1.66] 7.35
Vos, 2004 42 4421 3927 43 787 639 [ 1290 082, 1.75] 7.32
Raabe, 1999 33 17 493 49 58 .79 }I 081 0. 126) 7.32
9 14 2112 207 249 —.—‘ -0.98 [ -1.86, -0.09]  6.89
Stein, 2012 73459 45266 16 8047 8551 - LI 011, 1.92] 686
Heterogeneity: 97.81%, 5.62 e 1.33[-0.17, 2.84]
Test of ;= 0: Q(6) = 119.19, p = 0.00 |
|
|
NSE
Raheja, 2016 142623 2636 51 47 3646 -I—} 059 -1.19, 0.00] 7.21
DiBattista, 2015 50 12694 985 35 10311 10.1 . 2370 182, 293] 724
Zhang, 2014 48 211 48 54 158 55 | 1.01[ 0.60, 1.43] 735
Vos, 2004 4216013 129 43 27.55 1234 | - 1441 097, 192] 731
Raabe, 1999 33 318 3464 49 17.6 1283 |- 058 [ 0.14, 1.03] 7.33
McKeating, 1998 9 948 419 12 137 864 —IJ‘- 0.57[-1.42, 0.28] 6.93
Stein, 2012 7215 2572 16 1017 528 ‘+ 076 [-0.13, 1.64] 6.89
Heterogeneity: ©' = 1.01, I’ = 92.82%, H' = 13.92 g 0.74 [ -0.05, 1.52]
Test of 0, = 0;: Q(6) = 70.07, p = 0.00 |
|
|
|
Test of group differences: Qu(1) = 0.48, p = 0.49

Random-effects REML model

Forrest plots demonstrating the standardized mean difference (SMD) of S100B and NSE blood levels in traumatic brain injury (TBI)
patients by (a) presence or absence of intracranial lesion in brain computed tomography (CT) scan; (b) mortality or survival; (c) unfavorable or
favorable outcome. SD: standard deviation; CI: confidence interval.
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The summary receiver operating characteristic (SROC) curves. (a-b) depict the diagnostic performance of S100B (a) and NSE (b) in
detecting intracranial injury. (c-d) show the prognostic yield of S100B (c) and NSE (d) in predicting mortality. (e-f) demonstrate the prognostic
performance of S100B (e) and NSE (f) in predicting the unfavorable outcome. SENS: sensitivity; SPEC: specificity; AUC: area under the curve.
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Funnel plot asymmetry tests using Egger’s test for investigating a possible publication bias. The analysis revealed no evidence of
publication bias in studies assessing the diagnostic performance of S100B (a) and NSE (b). Similarly, no evidence of publication bias was
observed in studies investigating the association of mortality with S100B (c) and NSE (d) serum levels, as well as in studies investigating the
association between unfavorable outcome and S100B (e) and NSE (f) serum levels.
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