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Abstract

Background Moderate to severe traumatic brain injury (TBI) is associated with high rates of mortality and long-term
disability. Accurate biomarkers are needed to predict longterm neurological outcomes and guide decision-making
early after TBI. Neurofilament light chain (NfL), a structural protein of neurons, has emerged as a promising candidate,
but its association with outcomes in this population remains uncertain.

Methods We conducted a systematic review and meta-analysis to assess the association between blood or
cerebrospinal fluid NfL concentrations and outcomes in adults with moderate to severe TBI. We searched MEDLINE,
Embase, Cochrane CENTRAL and Web of Science from inception to October 2025. Eligible studies included cohort
studies or randomized controlled trials reporting NfL levels measured during the acute phase and reporting at least
one outcome of interest. Our primary outcome was long-term neurological function, defined as the latest available
Glasgow Outcome Scale (GOS) or Glasgow Outcome Scale—Extended (GOS-E) score, dichotomized into unfavorable
(GOS <3 or GOS-E <4) and favorable (GOS > 3 or GOS-E > 4). Mortality, at any time point, was a secondary outcome.
Risk of bias was assessed using an adapted scale from the QUADAS-2 tool, and certainty of evidence was evaluated
using GRADE criteria.

Results Fourteen studies (2,905 participants) were included, with ten (n=1,648) contributing to the meta-analysis
for our primary outcome. Higher NfL concentrations were associated with unfavorable neurological outcomes, with
moderately higher levels in patients with poor outcomes compared with those with favorable outcomes (SMD
045, 95% Cl 0.33-0.56; I* = 12%). Six studies (n=483) assessed mortality; higher NfL concentrations were associated
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with increased mortality (SMD 0.71, 95% Cl 0.04-1.39; I = 82%), with a more consistent association when NfL was
measured within 24 h after injury (1> = 0%). The certainty of evidence was graded as very low for both outcomes,
reflecting risk of bias and, for mortality, additional inconsistency and imprecision.

Conclusions Higher NfL concentrations were associated with unfavorable neurological outcomes after moderate-
to-severe TBI. The association with mortality was more uncertain and should be interpreted with caution given
the substantial heterogeneity across studies. Its incremental prognostic value beyond known predictors remains

uncertain.

Trial registration PROSPERO CRD42022332110, 22 May 2022.
Keywords Neurofilament light chain, Traumatic brain injury, Neurological outcomes, Mortality, Glasgow Outcome

Scale.

Background

Moderate to severe traumatic brain injury (TBI) is fre-
quently associated with high mortality and long-term
disability [1]. Early after injury, patients are unconscious
or unable to express their wishes, and families and cli-
nicians must make critical decisions about continuing
life-sustaining treatments [2]. In this context, accurate
biomarkers have been proposed to help predict outcomes
and support decision-making [3]. Biomarker research
in TBI has shown that several markers are associated
with clinical outcomes. Previous systematic reviews
have focused on the prognostic value of neuronal mark-
ers such as neuron-specific enolase (NSE) [4] and S100
calcium-binding protein B (S100B) [5], and glial markers
such as glial fibrillary acidic protein (GFAP) [6]. Even if
an association between blood levels of these biomark-
ers and neurological recovery was observed, the lack of
standardized thresholds and methodological variabil-
ity limit their clinical applicability. Therefore, in parallel
with efforts to validate and standardize existing biomark-
ers, expanding the evaluation to additional cerebral bio-
markers may help improve outcome prediction in this
population.

Neurofilament light chain (NfL) is a cytoskeletal pro-
tein located in the cytoplasm of neurons, where it plays
a key role in the growth, structural maintenance, and sta-
bility of large-caliber myelinated axons [7]. Its elevation
has been consistently reported across a wide spectrum
of neurological disorders, [8] supporting its value as a
general diagnostic biomarker for neurodegenerative dis-
eases [9, 10]. In the context of moderate or severe TBI,
serum concentrations of NfL may reflect its release from
damaged white matter. NfL has been shown to correlate
with ventricular cerebrospinal fluid (CSF) levels [11] and
remain detectable in the blood longer than other bio-
markers such as S100B or NSE [12]. NfL levels reflect the
extent of brain damage, as confirmed by advanced MR,
cerebral microdialysis, and experimental models [11].
Previous systematic reviews and meta-analyses investi-
gating NfL in patients with TBI have focused on its diag-
nostic value in mild TBI, showing higher levels compared

to healthy individuals [13, 14]. However, whether NfL
concentrations are associated with long-term neurologi-
cal outcomes and mortality in patients with moderate to
severe TBI remains unclear. To address this gap, we con-
ducted a systematic review and meta-analysis to evaluate
whether NfL concentrations are associated with long-
term functional outcomes and mortality in adults with
moderate to severe TBI.

Methods

Study design

Our systematic review and meta-analysis was conducted
following the guidance provided by the Cochrane Collab-
oration recommendations [15]. The protocol was regis-
tered on PROSPERO (CRD42022332110). Our results are
reported according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) state-
ment [16].

Eligibility criteria

We included retrospective or prospective cohort studies
and randomized controlled trials reporting on NfL con-
centrations measured in adult patients (>18 years) with
acute moderate (Glasgow Coma Scale (GCS) score 9 to
12) or severe (GCS score 3 to 8) TBI. Studies were eligible
if they reported at least one of our outcomes of interest.
We excluded studies in which more than 50% of patients
had mild TBI (GCS=>13), unless individual patient data
allowed stratified analysis. All types of NfL sampling and
measurement (blood or CSF) were considered; no lan-
guage restrictions were applied. In cases where multiple
articles reported on the same population, we included
the study with the largest sample size.

Outcomes

Our primary outcome was long-term neurological func-
tion, defined as the latest available Glasgow Outcome
Scale (GOS) [17] or Glasgow Outcome Scale—Extended
(GOS-E) score [18], dichotomized as unfavorable
(GOS <3 or GOS-E<4) and favorable outcome (GOS>3
or GOS-E>4). Secondary outcomes included mortality
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— at any time point, length of stay in hospital and inten-
sive care unit, and quality of life.

Search strategy

We searched MEDLINE (via Ovid), Embase (via Ovid),
Cochrane Central Register of Controlled Trials (CEN-
TRAL), and Web of Science from inception to October
24, 2025. Our search strategy was developed with an
information specialist using broad text and index terms
to optimize sensitivity and specificity for prognostic stud-
ies [19, 20], and validated according to the Peer Review
of Electronic Search Strategies (PRESS) 2015 guidelines
[21]. The full search strategy for MEDLINE is available
in Appendix 1. We also screened abstracts from relevant
meetings, reference lists of included studies, and prior
reviews.

Study selection and data extraction

We managed citations and duplicates using Covidence
systematic review software (Cochrane, Melbourne, 2020
version). Pairs of reviewers (M-A.G., C.J.I., THK,, K.D,,
A.G-G.) independently screened studies and extracted
data, with disagreements resolved by a third reviewer
(AFT). We collected trial characteristics (e.g., country,
study design, sample size), patient data (e.g., age, sex,
GCS on admission), presence or absence of extracerebral
injuries, NfL measurement (e.g., assay type, sample type,
timing), and outcome information (e.g., outcome defini-
tions, time points).

Risk of bias assessment

We assessed the methodological quality of included
studies using a quality assessment scale adapted from
the Quality Assessment of Diagnostic Accuracy Stud-
ies tool (QUADAS-2) [22] for prognostic studies. This
modified tool included assessment of patient selection,
NfL measurement, outcome assessment, flow and tim-
ing, confounding, and applicability concerns, and has
been previously applied in published prognostic bio-
marker systematic reviews [4—6]. We performed a sepa-
rate assessment of reporting quality using the STROBE
recommendations [23]. Risk of bias and reporting quality
were evaluated independently by two reviewers (M-A.G.,
CJ.I, KD, A.G-G., M.P) with adjudication by a third
reviewer in case of disagreement (AFT).

Statistical analysis plan

All analyses were conducted using Review Manager
version 5.4.1 (RevMan, The Cochrane Collaboration,
Oxford, United Kingdom). We used the Der Simonian
and Laird random-effects models and the inverse vari-
ance method to assess associations between continuous
NfL concentrations and dichotomized outcomes (neuro-
logical outcome and mortality). Expecting measurement
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using different biological matrices, assay methods, and
concentration ranges, we reported treatment effects as
standardized mean differences (SMD) with 95% confi-
dence intervals (CI). The SMD expresses the difference
in means between groups divided by the pooled stan-
dard deviation, allowing comparison across studies that
measured the same outcome on different scales. A posi-
tive SMD indicates higher NfL concentrations in patients
with unfavorable outcomes compared with those with
favorable outcomes. An SMD of 0.2 is generally consid-
ered a small effect, 0.5 a moderate effect, and 0.8 a large
effect [24, 25]. Presence of statistical heterogeneity was
assessed using the I? statistic and interpreted according
to the Cochrane Handbook with I?>50% representing
high heterogeneity [26]. Pre-specified subgroup analyses
explored potential heterogeneity by timing of NfL. sam-
pling (initial 24 h vs. any time), type of sample (blood vs.
CSF), TBI severity (moderate & severe vs. severe TBI),
and assay technique (SIMOA vs. ELISA). For all statisti-
cal tests, we applied a two-tailed a level of 0.05.

Strength of evidence

Two reviewers independently assessed the certainty
of the evidence for each outcome (M-A.G., C.J.L), in
accordance with the GRADE (Grading of Recommen-
dations Assessment, Development and Evaluation)
Working Group guidance [27]. Assessments were per-
formed using the GRADEpro Guideline Development
Tool (GRADEpro GDT, McMaster University, Ontario,
Canada).

Results

Our search strategy retrieved 1,876 citations. After
removing duplicates, 1,259 citations remained and were
screened; 113 full-text articles were evaluated (Fig. 1).
One publication [28] shared the same patient cohort with
an included study [29] and was thus considered a com-
panion article. Fourteen studies (2,905 participants) pub-
lished between 2015 and 2025 were included [11, 29-40].
All included studies were peer-reviewed except for one
conference abstract [34].

Characteristics of studies

All 14 included studies were observational cohort stud-
ies [11, 29-40]. Nine studies were single-center, five
conducted in Sweden [30-33, 35, 37] one in Cameroon
[36], one in India [41] and two in Finland [38, 39] and
three were multicenter studies [11, 29, 40]. Seven studies
reported only serum concentrations of NfL [29-32, 36,
37, 41], 4 studies reported plasma concentrations [11, 34,
38, 39], one reported only CSF measurements [35] and
2 studies reported both CSF and serum concentrations
[33, 40]. Initial NfL sampling occurred between 14 h
and 11 days post-injury, with final measurements taken
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Records removed before
screening:

Total records identified through
database searching (n=2,277)

Records identified from:
MEDLINE (n = 520)
EMBASE (n = 749)

Web of Science (n = 887)
Central (n = 80)
Other sources= 41

.

— Irrelevant records excluded
Records screened

v

Duplicate records removed
(n=758)

Identification

(n=1,373)
(n=1,519)

l

o Reports assessed for eligibility Reports excluded (n =132):
= (n=146)
$
a Reasons of exclusion:
* Population (n = 39)
e Intervention (n = 14)
e Outcomes (n=41)
o Study type (n = 37)
e  Companion articles (n = 1)
—
—
3 Studies included in review
3 (n=14)
S Studies included in the meta-
= analyses (n=11)

Fig. 1 Flow diagram of included studies

between 24 h and 15 days post-injury. All studies defined
unfavorable outcomes using the GOS or the GOS-E
(Table 1). Outcome assessments occurred between 6-
and 12-months post- injury. Study characteristics are
presented in Table 1.

Risk of bias

Three studies were judged at high risk of bias because of
unclear consecutive enrollment procedures [31, 33, 38]
and one study was judged at high risk of confounding
bias because it did not adequately account for important
factors, particularly age (Figure S1) [31]. One study was
at high risk of bias because not all enrolled patients were
included in analyses [30]. All studies had low applicability
concerns except the conference abstract, which provided
insufficient information [34]. Reporting quality, based on
STROBE, varied across studies (Table S1). Basic items
(objectives, participants, and main results) were consis-
tently reported in five studies [11, 29, 30, 39, 42]. In con-
trast, several items were incompletely addressed. Sample
size calculation was only reported in two studies [11,
42]. Reporting of strategies to address bias was limited,
with sufficient details provided in eight studies [28, 29,
32, 33, 35, 36, 39, 42]. Information on missing data and
loss to follow-up was explicitly presented in four stud-
ies [30—33]. Flow diagrams were rarely included [11, 30].
We found no evidence of publication bias for the primary
outcome based on visual inspection of the funnel plot
(Figure S2).
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Primary outcome

Ten studies (n=1,648 participants) [29-31, 33, 35-40]
were included in the meta-analysis evaluating the asso-
ciation between NfL concentrations and unfavorable
neurological outcomes. Elevated NfL concentrations
were significantly associated with unfavorable outcomes
(standardized mean difference (SMD) 0.45 [95% CI 0.33
to 0.56]; I> = 12%) (Fig. 2). Subgroup analyses failed to
identify convincing evidence of heterogeneity according
to sampling time, TBI severity, type of sample, and type
of assay (Table 2, Figure S3 A to D). Three studies could
not be included in the meta-analysis; two concluded a
correlation between NfL and functional outcomes with-
out providing effect sizes or statistical significance [34,
35], while one indicated that NfL enhanced the predictive
ability of IMPACT models alongside other biomarkers
[32]. As all included studies were observational, cer-
tainty of evidence started at a low level and was further
downgraded for risk of bias, mainly because of concerns
regarding patient selection and uncertainty in some out-
come and confounding assessments, resulting in an over-
all very low certainty rating (Table 3).

Secondary outcome
Mortality
Six studies (n=483 participants) [30, 31, 33, 35, 36, 41]
were included in the meta-analysis for mortality. There
was a significant association between elevated NfL levels
and mortality (SMD 0.71 [95% CI 0.04 to 1.39]; I* = 82%)
(Figure S4). Subgroup analyses suggested that the asso-
ciation between NfL levels and mortality was more con-
sistent when NfL was measured within the first 24 h after
injury (SMD=0.58[0.18 to 0.98]) with no observed het-
erogeneity (I> = 0%) (Table 2, Figure S5A). There were no
differences in other subgroups analyzed (Table 2, Figure
S5B to D). One study not included in the meta-analysis
narratively reported a significant predictive value of NfL
for mortality [32]. The certainty of evidence for mortal-
ity was graded as very low because of serious risk of bias,
substantial inconsistency across studies,and imprecision.
Inconsistency was driven by the high between-study
heterogeneity (I* = 82%), which was not explained by
subgroup analyses. Imprecision reflected the wide confi-
dence interval around the pooled estimate, which limited
the certainty of the observed association (Table 3).

Other secondary outcomes (length of stay in hospi-
tal and intensive care unit, and quality of life) were not
reported in any studies.

Discussion

In our systematic review and meta-analysis, we observed
that patients with unfavorable neurological outcome had
higher NfL levels compared to those with favorable out-
comes; a similar association was observed with mortality,
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Table 1 (continued)

Timing of outcome

assessment *

NfL sampling

Study characteristics Patient characteristics

Studies

Mor-

Primary out-
come (GOS/

GOS-E)

Biochem.
assay

Sam-

ple

Sampling
time

TBI severity

GCSon

Sex Age

tients M:F

Pa-

Number of
centers

Country Co-

tality

Mod-

admission Severe

Mean (SD)

Median

[IQR]
152:45 47[30]

hort

type

eraten
(%)

n (%)

Mean (SD)

study

Median [IQR]

3-8:

GOS-E NR

Plasma SIMOA

NR

GCS

89

Prosp.  Multicenter 197

Multiple

Graham et al. 2021 [11]

(2026) 30:234

6-12mo

(452%)  9-13:

89 (45.2)

N=
9-13:

countries

55

(27.9%)

55(27.9)

14-15:

N

51(25.9)

N=

NR

GOS-E

USA Prosp NR 591 NR NR NR NR NR Within24h  Plasma NR

*Timing of assessment of the dichotomous outcome (functional outcome or mortality) in association with reported mean (SD) or median (IQR) measured level of NFL (in the ER or the ICU)

Lynch et al. 2021 [34]

** Individual patient data were available, so only moderate and severe TBI patients were included in the meta-analyses

Biochem. assay: Biochemical assay; CSF: Cerebrospinal fluid; GCS: Glasgow Coma Scale; GOS: Glasgow Outcome Scale; GOS-E: Glasgow Outcome Scale - Extended

H. Hours; Multi : Multicenter; Mo: Months; N/A: not applicable (the study is not included in the meta-analyses); NR: Not reported; Prosp.: Prospective; PT: Post-trauma; Retro.: Retrospective

mo: month; Simoa Human Neurology 4-Plex A, ELISA: Enzyme-Linked Immunosorbent Assay
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though this finding was accompanied by high hetero-
geneity across studies and should be interpreted with
caution.

Our study addresses a distinct research question from
previous systematic reviews and meta-analyses on NfL
in TBI patients. While earlier reviews showed higher
NfL levels in TBI patients compared to healthy or non-
TBI controls, they did not investigate its prognostic value
within the TBI population [14, 43]. Furthermore, most of
these studies analyzed were conducted in patients with
mild TBI for diagnostic purpose. In contrast, our work
specifically investigates the association between NfL con-
centrations and outcomes in patients with moderate to
severe TBI, a population for whom reliable prognostic
tools are needed to help guide clinical decision-making.
Our findings are consistent with a growing body of evi-
dence supporting the prognostic role of NfL in various
neurological disorders. In ischemic stroke, a recent meta-
analysis demonstrated that higher NfL levels are associ-
ated with unfavorable long-term functional outcomes
[44]. Similar associations have been observed in patients
with cardiac arrest, where elevated NfL concentrations
correlated with both the severity of anoxic brain injury
and neurological recovery [42, 45]. In neurodegenerative
diseases, meta-analyses have primarily focused on the
diagnostic utility of NfL [8] rather than its prognostic
potential. Nevertheless, recent longitudinal cohort stud-
ies have reported findings consistent with ours, show-
ing that blood NfL levels are associated with prognosis
in Parkinson’s disease [46], amyotrophic lateral sclerosis
[47], and multiple sclerosis [48]. Our results are also con-
sistent with systematic reviews and meta-analyses assess-
ing the prognostic value of other cerebral biomarkers in
moderate to severe TBI. High serum levels of S100B [5]
and NSE [4] have previously been associated with unfa-
vorable neurological outcomes. Specific astrocytic GFAP
levels have also been associated with unfavorable neuro-
logical outcomes and mortality, consistent with our find-
ings [6]. Nevertheless, as with other brain biomarkers
such as GFAP, S100B, and UCH-L1, NfL should not be
used as a standalone prognostic biomarker after TBI. Its
future clinical value will more likely depend on whether it
provides added value beyond other prognostic indicators
within multimodal prognostic models.

Timing of NfL sampling is another important fac-
tor that may influence its prognostic value. Unlike other
biomarkers such as S100B or NSE, NfL displays a slower
kinetic profile, with serum levels continuing to rise over
the first days or even weeks following injury.[12] This
prolonged elevation likely reflects ongoing axonal dam-
age rather than acute secondary insults. In our subgroup
analysis, studies with sampling within the first 24 h post-
injury showed a stronger association between NfL lev-
els and mortality, suggesting that early and substantial
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Unfavorable outcome Favorable outcome Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD __ Total Weight IV, Random, 95% CI IV, Random, 95% CI

AlNimer 2015 1,722.44 2,908.92 80 884.75 1,617.74 78 121% 0.35[0.04, 0.67] —

Andersson 2024 37,733.5 97,961.5 25 15,126.9 35,497.6 22 4.0% 0.29 [-0.28, 0.87] T

Buh 2023 25.36 58.21 38 17.6 60.96 114 9.2% 0.13 [-0.24, 0.50] T

Gonzalez-Ortiz 2023 380.5 305.1 21 233 1741 18 3.3% 0.57 [-0.07, 1.21] T

Korhonen 2023 167.09  231.38 39 157.5 298.9 32 6.0% 0.04 [-0.43, 0.50] T

Ljungqvist 2017 356.78 269.78 6 251.95 95.39 2 0.5% 0.37 [-1.25, 1.99] I

Richter 2023 168.27  280.04 405 53.65 53.85 378 37.3% 0.56 [0.42, 0.70] =

Shahim 2016 287.32 110.54 27 16891 225.06 29 4.6% 0.65[0.11, 1.19] -

Tuure 2023 67.5 25.7 17 40.67 40.69 33 3.7% 0.73[0.12, 1.33) -

Wang 2024 279.82  381.49 143 14405 131.18 141 19.3% 0.47[0.24,0.71] -

Total (95% Cl) 801 847 100.0% 0.45 [0.33, 0.56] ¢

Heterogeneity: Tau? = 0.00; Chi? = 10.25, df = 9 (P = 0.33); I = 12% 5 5 3 3 I}

Test for overall effect: Z = 7.36 (P < 0.00001)

Favorable outcome Unfavorable outcome

Fig. 2 Association between NfL levels and unfavorable neurological outcome. Legend: Cl=confidence interval; SD=standard deviation; IV=inverse

variance

Table 2 Subgroup analyses for unfavourable neurological

outcome and mortality

No of
studies

No. of
patients

Standardized
Mean difference
(95%Cl)

Unfavorable neurological outcome

Overall
Subgroups
Sampling time
Initial 24 h

All time

TBI severity

Moderate and
severe

Severe

Type of sample
Blood

CSF

Type of biochemi-
cal assay
SIMOA

ELISA
Mortality
Overall
Subgroups
Sampling time
Initial 24 h

All time

TBI severity

Moderate and
severe

Severe

Type of sample
Blood

CSF

Type of biochemi-
cal assay

SIMOA

ELISA

1648

991

657

1506

142

1601
47

1235
413

483

208

275

380

103

436
74

475

045 (0.33t0 0.56)

045 (0.15t0 0.74)

040 (0.25 t0 0.56)

041 (0.25t00.57)
0.51(0.17 t0 0.84)
044 (0.31t0 0.57)
0.29 (-0.28 t0 0.87)
0.51 (040 to 0.63)

0.32(0.11100.52)

0.71 (0.04 to 1.39)

0.58 (0.18 t0 0.98)
0.78 (=043 t0 1.99)

0.60 (-0.30 to 1.50)
091 (-0.39t0 2.22)
0.54 (-0.18 to 1.26)

1.58 (0.78 t0 2.38)

-1.04(-3.26 t0
1.17)

0.84(0.14to 1.53)

12%

59%

0%

36%

0%

19%

NA

1%

0%

82%

0%

89%

86%

81%

82%

NA

NA

84%

release may indicate severe initial axonal injury and a
higher risk of early death. In contrast, no consistent pat-
tern was observed for long-term functional outcomes,
possibly due to the slower kinetics of NfL and the hetero-
geneity in sampling times. A single early measurement
may capture the immediate severity of injury associated
with death, whereas serial assessments over subsequent
days or weeks could better reflect the evolving axonal
disruption that influences long-term recovery. Consistent
with this, studies incorporating repeated NfL measure-
ments suggested that serum NfL continues to rise over
the first days to weeks after injury, with higher trajecto-
ries observed in patients with unfavorable outcomes and
delayed peaks reported in longitudinal cohorts [30, 32,
40], highlighting that a single measurement may be insuf-
ficient to capture the full prognostic information carried
by this biomarker. These observations are supported by
a recent observational study showing that in patients
with moderate to severe TBI, persistently elevated NfL
levels are associated with worse neurological outcome
[39]. Together, these findings suggest that timing of NfL
sampling is a critical determinant of its prognostic value,
that universal prognostic thresholds cannot currently be
derived across heterogeneous sampling windows, and
that future prognostic studies should prioritize stan-
dardized sampling schedules and longitudinal analyses.
Beyond its association with clinical outcomes, several
studies included in this review also support the biologi-
cal validity of NfL as a marker of structural brain injury
[30-32, 36]. Acute serum NfL has been associated with
MR-DTI markers of diffuse axonal injury, correlated with
CT-based measures of injury severity, and reported at
higher levels in patients with CT-visible lesions. These
observations are consistent with the known biological
role of NfL as an axonal structural protein and support
the interpretation that elevated circulating levels pri-
marily reflect the burden of traumatic axonal damage.
Although such findings do not fully exclude the influ-
ence of other determinants of outcome, they strengthen
the plausibility that NfL captures genuine brain structural
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Table 3 Summary of findings

Certainty assessment Summary of findings

Partici- Risk Inconsis- Indirectness |mprecision Pub- Overall Study event rates Anticipated

pants of tency lica- cer- absolute

(studies) bias tion tainty of effects

Follow-up bias evidence  Favorable/Survivors Unfavorable Risk
/non-survivors  difference

Unfavorable neurological outcome

1,648 Seri-  Not serious  Not serious Not serious  Not DOOO 847 801 SMD 045

(10 obser-  ous® ob- Very low higher

vational served (0.33 higher to

studies) 0.56 higher)

Mortality

483 Seri-  Serious® Not serious Serious* Not BOO0O 41 72 SMD 0.71

(6 obser-  ous® ob- Very low higher

vational served (0.04 higher to

studies) 1.39 higher)

Cl: confidence interval; SMD: standardized mean difference

2 Downgraded for risk of bias due to unclear methodology for patient recruitment and outcome evaluation

b Downgraded for inconsistency because of large heterogeneity (12 = 82%) not explained by subgroup analyses

¢ Downgraded because confidence intervals were wide, limiting result interpretability

injury rather than only non-specific critical illness
severity.

Our study has several strengths. We developed our
protocol using high methodological standards in line
with current guidelines for systematic reviews and meta-
analyses. Our comprehensive and sensitive search strat-
egy, tailored for prognostic studies and free of language
or publication date restrictions, identified all relevant
studies across multiple databases. Our conclusions are
based on the best currently available evidence and rely
on data from 10 studies encompassing a total of 1,648
patients for the primary outcome.

Our study has limitations. One major limitation of
cerebral biomarkers is that their levels can be elevated in
the presence of extracranial injuries, which may poten-
tially confound their prognostic value. Although NfL is
considered highly specific to neuronal damage and mini-
mally influenced by non-cerebral trauma, [7, 11] none of
the studies included in our review clearly distinguished
between isolated TBI and multiple trauma, limiting our
ability to assess the specific impact of extracranial inju-
ries on NfL prognostic performance. Nevertheless, this
potential confounding bears more weight when looking
at a biomarker for diagnostic purposes in milder TBI
compared to more severe TBI for prognostication. The
strength of our conclusions is also limited by the qual-
ity of the included studies. Many studies exhibited a risk
of bias, notably due to the lack of information on patient
enrollment methods. Another limitation is assay hetero-
geneity. Included studies used both ELISA- and SIMOA-
based methods, which differ in analytical sensitivity,
lower limits of detection, and measurement variability.
As a result, absolute NfL concentrations should not be
directly compared across studies, and the scarcity of data

on assay-specific optimal thresholds for predicting unfa-
vorable neurological outcomes or mortality further limits
the clinical interpretability of absolute NfL concentra-
tions across studies. Although the use of SMDs partially
mitigates this issue by standardizing within-study effect
sizes, residual between-study heterogeneity attributable
to assay differences cannot be fully excluded, and pooled
estimates should be interpreted with caution. Moreover,
substantial statistical heterogeneity was observed for
mortality outcomes, which was not fully explained by
the timing of biomarker sampling. The residual variabil-
ity may reflect underlying differences in TBI mechanisms
(e.g., diffuse axonal injury vs. focal hematoma), patient
characteristics or the presence of extracranial injuries.
Moreover, mortality outcomes may also have been influ-
enced by variations in decisions regarding withdrawal of
life-sustaining therapies, which were not reported and
could not be accounted for. Finally, the very low certainty
of evidence reflects methodological limitations of cur-
rent studies rather than an absence of association. Taken
together, these limitations indicate that the evidence
remains methodologically heterogeneous and insuffi-
ciently standardized. Future studies should address these
gaps by prospectively enrolling consecutive patients,
standardizing the timing and method of NfL measure-
ment, adjusting for confounders, and reporting outcomes
according to established prognostic research guidelines.

Conclusions

In our systematic review and meta-analysis, higher NfL
concentrations were associated with unfavorable func-
tional outcomes. The association with mortality was
more uncertain and should be interpreted with cau-
tion given the high heterogeneity across studies and the
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limited number of non-survivors included. Whether NfL
provides additional prognostic information in addition to
current prognostic indicators remains to be determined.
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