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Abstract: Introduction: There are a number of biomarkers connected to inflammation that affect spinal cord injury (SCI) out-

comes. This systematic review and meta-analysis was conducted to evaluate the prognostic value of the Neutrophil-
to-lymphocyte ratio (NLR) in patients diagnosed with traumatic SCI. Methods: Observational studies evaluating the
association between baseline NLR and severity or neurological improvement in traumatic SCI patients were system-
atically identified using Medline, Embase, Scopus, and Web of Science databases on March 4, 2025. The risk of bias
among the included studies was assessed using the National Heart, Lung, and Blood Institute (NHLBI) tool. A random-
effects model was employed for meta-analyses. Effects sizes were reported as odds ratios (ORs) or standardized mean
difference (SMD), along with their 95% confidence intervals (CIs). Results: Six retrospective cohort studies involving
1,564 participants were included, with five eligible for meta-analysis. Blood samples were collected within 72 hours of
admission. Meta-analysis showed that patients without neurological improvement had significantly higher NLR values
(SMD: 0.98; 95% CI: 0.08-1.87; 12 = 94.36%). Additionally, elevated NLR was independently associated with no neurolog-
ical improvement (adjusted OR: 1.12; 95% CI: 1.06-1.17; 12 = 0.04%). Qualitative synthesis further indicated that higher
NLR values were consistently associated with greater injury severity in acute traumatic SCI. Conclusion: Elevated NLR
is associated with greater injury severity and poorer neurological recovery in patients with acute traumatic SCI. These
findings suggest that NLR may serve as a useful early prognostic biomarker in the clinical assessment of mentioned
patients.
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1. Introduction

Spinal cord injury (SCI) represents a significant global health
burden, contributing to substantial mortality, profound dis-
ability, diminished quality oflife, and considerable economic
repercussions (1). Consequently, prompt assessment of in-
jury severity and prognosis is critical for predicting neurolog-
ical outcomes (2, 3). Current methods for assessing the sever-
ity of SCI include electrophysiological testing, magnetic res-

onance imaging (MRI), and the American Spinal Injury Asso-
ciation (ASIA) Impairment Scale. However, these approaches
present challenges, particularly in the acute phase. Spinal
shock can compromise the reliability of ASIA grading. Mean-
while, MRI may not always be accessible, might lack suffi-
cient detail on secondary injury, or could be contraindicated
for patients with metal implants. These limitations highlight
the critical need for easily obtainable and reliable biomark-
ers to facilitate early assessment of SCI severity and progno-
sis (4-7). SCI starts with acute mechanical damage, which

is the main cause of the injury. This is followed by a sec-
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ondary inflammatory phase that starts soon after the injury
and can linger for weeks or even months, making it much
harder for the neural tissue to heal. There are a number of
biomarkers connected to inflammation that affect SCI out-
comes (8, 9). During secondary SCI, neutrophils, lympho-
cytes, platelets, and monocytes accumulate at the lesion site.
Neutrophils are typically early responders, indicative of acute
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inflammation, while lymphocytes appear later. The NLR,
a readily calculable parameter from routine blood counts,
is considered by some studies to be a potential prognostic
marker for SCI patients’ recovery and long-term outcomes
(4, 10, 11). However, most studies investigating NLR in SCI
have been conducted at single centers with limited sample
sizes. This significantly hinders the generalizability of their
findings. Furthermore, the results across these studies are
inconsistent; some demonstrate strong correlations between
NLR and neurological outcomes, while others report weak or
no associations (4, 12).

Given these limitations and the variability in results, a sys-
tematic review and meta-analysis is essential. This approach
would provide a pooled estimate, yielding more robust and
generalizable information regarding the prognostic signifi-
cance of NLR in SCI. Additionally, it would allow for an inves-
tigation into potential reasons for the observed discrepancies
across studies. This systematic review and meta-analysis was
performed to investigate the association between NLR and
outcomes in traumatic SCI, including neurological improve-
ment and the severity of SCI.

2. Methods
2.1. Study design and setting

This systematic review and meta-analysis was developed and
executed in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) (13).
The study protocol has been registered in PROSPERO with
the registration number CRD420251086100.

This study aimed to evaluate the prognostic value of NLR
in predicting unfavorable outcomes after traumatic SCI. The
PIT framework was organized in the following manner: The
patient/problem/population (P) encompassed humans with
traumatic spinal cord injury; the index test (I) pertained
to blood NLR; the target condition (T) encompassed the
SCI severity according to ASIA impairment scale (AIS) (14).
Briefly, the AIS scale is widely used to categorize patients into
complete injury, incomplete injury, and normal (grades A to
E) after the resolution of spinal shock.

2.2. Search strategy

A systematic search was executed across the Medline (via
PubMed), Embase, Scopus, and Web of Science databases
on March 4, 2025. The search keywords were derived
from MeSH and Emtree terms related to 'neutrophil-to-
lymphocyte ratio’ and ’spinal cord injury’, along with their
synonyms. The search strategy was further refined through
expert consultation. A manual search was conducted us-
ing Google and Google Scholar, and references from relevant
articles were analyzed to recover any potentially overlooked
studies. Details of the queries are provided in Supplementary
Material 1. Furthermore, grey literature, citation tracking,
and reference lists from included studies were scrutinized to
identify any potentially missing research. There were no date

limitations or language restrictions in this search strategy.

2.3. Eligibility criteria

All human studies assessing NLR in traumatic SCI were in-
cluded, regardless of publication time or language. Studies
were eligible if they assessed either SCI severity (e.g., com-
plete vs. incomplete injury based on AIS grades) or neuro-
logical improvement, defined as an upward change in AIS
grade at a specified follow-up (e.g., discharge, 6 months, or
12 months post-injury) compared to initial evaluation af-
ter spinal shock resolution. Studies were excluded if they
were duplicates, animal studies, editorials, letters to the edi-
tor, or reviews. Additionally, studies that did not assess the
desired outcomes or lacked NLR measurements, including
non-traumatic SCI, were excluded.

2.4. Screening and data collection

The records identified through the systematic search were
imported into EndNote X9 (Thomson Reuters, Toronto, ON,
Canada), and duplicates were removed. Two reviewers (HZ
and AP) independently screened titles and abstracts, fol-
lowed by full-text screening of potentially eligible articles.
Discrepancies were resolved through discussion or adjudica-
tion by a third reviewer (MY).

Data extraction was conducted independently and in dupli-
cate using a standardized Excel-based form. Disagreements
were resolved by consensus or by involving a third reviewer.
Extracted variables included study design, participant demo-
graphics, NLR cutoff values, timing of blood sampling and
outcome assessment, and outcome definitions. Additional
data collected included AIS grades, group-wise means and
standard deviations (SDs), diagnostic accuracy data (TP, FB,
TN, EN), and effect estimates such as odds ratios (ORs) with
95% confidence intervals (Cls), sensitivity, and specificity.
Data were compiled in accordance with PRISMA guidelines
(13).

2.5. Risk of bias assessment and certainty of evi-
dence

Risk of bias assessment was independently performed by
two independent reviewers utilizing the NHLBI's Quality As-
sessment tool for Observational, Cohort, and Cross-Sectional
Studies checklist. Any discrepancies in ratings were resolved
through discussion with a third reviewer.

The Grading of Recommendations Assessment, Develop-
ment, and Evaluation (GRADE) (25) was used to evaluate the
certainty of evidence for neurological improvement. The ev-
idence is rated according to five key domains: risk of bias, in-
consistency (large differences in effect estimates may lower
confidence), indirectness (how directly the evidence applies
to the research question), imprecision (wide confidence in-
tervals reduce precision), and publication bias. In the case
of a disagreement, the conflict was resolved through discus-
sions with a third researcher.
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2.6. Statistical analysis

All statistical analyses were performed with STATA 17.0 (Stat-
aCorp LLC, College Station, TX, USA). The data intended for
synthesis comprised three categories: standardized mean
differences (SMD) of no change versus improvement de-
pending on ASIA level (utilizing Hedges’ g, which does not
necessitate unit equalization across studies), prognostic ac-
curacy data (TB TN, FP, and FN), and unadjusted/adjusted
ORs. The minimum number of studies necessary for synthe-
sis was three to conduct pooled analyses.

Although the adjusted odds ratios were derived from mod-
els with slightly different covariate sets, all of the studies in-
cluded adjustments for the core prognostic variables of age,
sex, and initial AIS grade. This consistency supports the va-
lidity of pooling. A random-effects model was employed due
to methodological heterogeneity among studies. In case that
meta-analysis was infeasible due to insufficient data, a qual-
itative overview of the studies’ results was provided. Sub-
group or sensitivity analyses were not possible due to insuf-
ficient number of studies. The I2 statistic and chi-squared
test were employed to evaluate statistical heterogeneity, with
p<0.1 or 12>50% signifying substantial heterogeneity. Pub-
lication bias was evaluated using funnel plots and modified
Egger’s test proposed by Doleman et al. (11).

3. Results

3.1. Search results

The systematic search resulted in 119 records. After remov-
ing duplicates, 77 records were screened. Following the pri-
mary screening, 51 papers were assessed for eligibility and
underwent full-text screening. Ultimately, 6 studies were in-
cluded in this systematic review, 5 of which were included in
the meta-analysis (4-6, 10, 12, 15) (Figure 1).

3.2. Study characteristics

The included studies consisted of six retrospective cohort
studies; all conducted in China and published between 2020
and 2024. Collectively, these studies examined data from
1,564 participants (76% male), with a mean age of 51.03 years,
excluding the study that did not report age and sex data.
Blood samples were collected within 72 hours of hospital ad-
mission. A detailed summary of the study characteristics is
presented in Table 1.

3.3. Prognostic value of NLR in predicting the
severity of SCI

Several studies have identified higher NLR values on admis-
sion (within 8 hours post-injury) as a strong predictor of in-
jury severity in patients with acute SCI (4, 6, 10, 15). Patients
with complete SCI (AIS grade A after spinal shock) exhibited
markedly elevated NLR levels compared to those with incom-
plete injuries (AIS B-D) (4). An NLR above 10 was found to be
indicative of complete SCI, with a sensitivity of 88.5% and a
specificity of 48.5% (4).
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Another study classified complete AIS as A-B, finding that
NLR was significantly higher in complete SCI cases than in
incomplete (6). NLR could predict AIS A-B after the spinal
shock with 79% sensitivity and 57% specificity (6). Addition-
ally, patients with greater maximum spinal cord compression
and greater spinal canal compromise had significantly higher
NLR levels, further supporting its role in predicting initial
severity (5, 12).

Another study demonstrated that NLR at admission was
strongly associated with AIS grades at discharge, with higher
NLR values indicating more severe injuries (AIS A-C) (OR =
1.14; 95% CI: 1.08, 1.20) (10). This association remained sig-
nificant even after adjusting for age, sex, mean arterial pres-
sure, spinal surgery, mechanism of injury, level of cord injury,
and initial AIS grade (adjusted OR = 1.13; 95% CI: 1.01, 1.26)
(10). Similarly, higher initial NLR values independently pre-
dicted more severe SCIs (AIS A-C) at six months post-injury
(adjusted OR =1.08; 95% CI: 1.02, 1.15) (15).

3.4. Prognostic value of NLR in predicting neu-
rological improvement after SCI

In a meta-analysis of three studies comprising 458 patients
with SCI, NLR was compared between 203 patients with no
improvement and 255 patients who showed improvement (4,
5, 12). Injury to sampling interval ranged between 7 to 72
hours post-injury, and improvement was defined as a better
AlS level in 6 to 12 months compared to initial levels. Results
showed that NLR was significantly higher in patients without
improvement (SMD: 0.98, 95% CI: 0.08, 1.87; 12=94.36%) (Fig-
ure 2).

In another meta-analysis of three studies, adjusted ORs were
pooled to estimate the independent association between
NLR and SCI improvement (5, 10, 12). The analysis revealed a
statistically significant association between NLR and no im-
provement in SCI patients (Adjusted OR: 1.12, 95% CI: 1.06,
1.17,12=0.03%) (Figure 3).

3.5. Risk of bias assessment

Most studies were judged to have an overall low risk of bias.
Although all studies were rated as high risk for Criterion 5
(sample size justification), this was not considered a criti-
cal flaw in the absence of other major methodological limita-
tions, as per NHLBI guidelines. Studies with fewer than three
high-risk or “cannot determine” ratings, and no fatal flaws,
were classified as having low overall risk. Only one study (6)
was rated as having an overall high risk of bias due to multiple
concerns, including unclear exposure measurement and lack
of repeated exposure assessment. Some studies had “cannot
determine” ratings for blinding of outcome assessors (Crite-
rion 12) and clarity of population and follow-up rates (Crite-
ria 3 and 13). A detailed summary of individual risk of bias
assessments is presented in Table 2.
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3.6. Publication bias

Funnel plots demonstrated no asymmetry for neurological
improvement (p = 0.880). Accordingly, there is no evidence
of publication bias (Figure 4).

3.7. Certainty of evidence

The certainty of evidence regarding the association between
NLR and neurological improvement was rated as moderate.
This rating reflects the overall low risk of bias, absence of im-
precision, indirectness, or publication bias; however, it was
downgraded due to serious inconsistency across the three in-
cluded studies (Table 3).

4, Discussion

This systematic review and meta-analysis examined the
prognostic value of the NLR in acute traumatic SCI. SCI
severity and neurological improvement were investigated as
distinct outcomes and are discussed separately below.

4.1. NLR and injury severity

Several studies included in this review showed that elevated
NLR levels at admission were significantly associated with
more severe SCI, as classified by the ASIA Impairment Scale
(AIS). Patients with complete injuries (e.g., AIS grade A) con-
sistently exhibited higher NLR values compared to those with
incomplete injuries. These findings suggest that NLR may
serve as a supplementary diagnostic biomarker for early as-
sessment of injury severity, especially in resource-limited or
emergency settings where MRI may not be readily available.

Furthermore, He et al. (2023) and Liu et al. (2024) demon-
strated that NLR correlated with radiologic markers of sever-
ity, such as maximum spinal cord compression (MSCC), max-
imum canal compromise (MCC), and intramedullary lesion
length (IMLL), reinforcing its potential role in evaluating
acute inflammatory injury burden (5, 12). From a biolog-
ical perspective, elevated NLR likely reflects an imbalance
between neutrophil-driven inflammation and lymphocyte-
mediated regulation, both of which contribute to early tissue
damage.

4.2. NLR and neurological improvement

Higher NLR levels were associated with lower likelihood of
neurological improvement over time. The meta-analysis of
adjusted ORs indicated that each unit increase in NLR was
associated with a 12% increase in the odds of poor recovery.
Notably, all included models were adjusted for age, sex, and
initial AIS grade—key prognostic confounders—enhancing
the internal validity of pooled results. Statistical heterogene-
ity was low. In contrast, the comparison of raw NLR values
between improved and non-improved groups showed a sig-
nificant effect size but high heterogeneity, likely reflecting
variation in study design, sampling timing, and definitions
of neurological improvement. Despite this, the direction of
association remained consistent.

The study by Zhao et al. (2020) reported that each unit in-
crease in NLR is related to a 9% increase in the odds of an ad-
verse outcome in cervical traumatic SCI patients (15). Simi-
larly, Chen et al. (2024) indicated that higher NLR levels at ad-
mission were predictive of worse neurological recovery and
increased risk of complications (4). He et al. (2023) identified
NLR within 72 hours of admission as a key predictor of injury
severity and neurological recovery at six months, in conjunc-
tion with MRI-based parameters such as maximum spinal
cord compression (MSCC) and maximum canal compromise
(MCC) (12). Additionally, Liu et al. (2024) demonstrated that
NLR, combined with MRI variables such as intramedullary
lesion length (IMLL) and MCC, increases predictive accu-
racy for long-term neurological outcomes in cervical trau-
matic SCI patients (5). A possible explanation for these as-
sociations is that NLR indicates the balance between pro-
inflammatory neutrophil activity and immune-modulatory
lymphocyte function (16). Neutrophils, as primary respon-
ders to injury, release inflammatory cytokines and reactive
oxygen species (ROS) that can exacerbate neuronal damage,
while lymphocytes play a crucial role in immune regulation
and tissue repair (17, 18). A higher NLR may indicate an ex-
aggerated inflammatory response and immune imbalance,
leading to poorer neurological recovery and increased sec-
ondary injury (19, 20).

Accurate initial evaluation of traumatic SCI severity is crucial
for ensuring timely medical interventions and predicting pa-
tient outcomes. Currently, MRI and the AIS are the standard
diagnostic tools, but both have limitations (21). MRI may not
always be quickly accessible, especially in emergency situa-
tions or in environments with limited resources (5). AIS grad-
ing can be affected by spinal shock, reducing its reliability for
early assessments (12).

Our findings, along with those of He et al. and Liu et al.,
indicate that NLR could be a useful biomarker to comple-
ment existing diagnostic methods (5, 12). Liu et al. demon-
strated that NLR, in combination with MRI parameters such
as intramedullary hemorrhage and IMLL, showed higher pre-
dictive accuracy for AIS grade conversion compared to each
marker separately (5). Since NLR is easily measured from
routine blood tests, cost-effective, and quickly available, it
serves as an efficient tool for early risk assessment in acute
traumatic SCI patients.

In addition to its diagnostic value, NLR has significant prog-
nostic implications for long-term neurological recovery in
traumatic SCI patients. The strong correlation between high
NLR levels and poor functional outcomes suggests that pa-
tients with higher NLR at the time of admission are at a
greater risk of prolonged disability, delayed recovery, or per-
manent neurological damage (4, 15). Specifically, our results
indicate that for each unit increase in NLR, the OR of poor
prognosis increases by 9%, and the mean NLR in the poor
prognosis group is significantly higher compared to the good
prognosis group. These findings are supported by Zhao et
al., who reported that NLR was an independent predictor
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of six-month functional outcomes in cervical traumatic SCI
patients (15). Furthermore, Chen et al. demonstrated that
higher NLR correlated with worsened neurological recovery
and increased risk of complications (4). Finally, He et al. ob-
served that patients with severe AIS grades (A & B) exhib-
ited significantly higher NLR levels compared to those with
milder injuries (C-E) (12).

The prognostic significance of the NLR in SCI patients has
gained considerable attention in recent years, particularly
in the context of predicting recovery outcomes. Our meta-
analysis indicates that elevated NLR is associated with a lack
of improvement in SCI patients, highlighting the role of neu-
trophils in exacerbating secondary injury mechanisms.

The pooled data analysis indicates that patients who experi-
enced no improvement in SCI had significantly higher NLR
compared to those who showed improvement. On the other
hand, a considerable heterogeneity was observed among
studies, indicating potential variability in study populations,
methodologies, timing of NLR measurement post injury, or
their definition of no improvement because of their differ-
ences in injury severity classification.

Neutrophils are among the first immune cells to infiltrate the
injured spinal cord, and their presence is closely related to
the inflammatory response that follows SCI. Previous studies
have indicated that neutrophils contribute to secondary in-
jury through the release of pro-inflammatory cytokines and
reactive oxygen species, which can exacerbate neuronal in-
jury and delay the recovery cascade (22, 23). The damaging
effects of neutrophils are further exacerbated by the occur-
rence of lymphocytopenia, which is observed after SCI and
may reflect an impaired immune response that fails to neu-
tralize the inflammatory effects of neutrophils (12).

From a clinical perspective, the NLR prognostic feature high-
lights the potential utility of NLR as a cost-effective and read-
ily available biomarker for risk classification. Elevated NLR
may indicate an elevated systemic inflammatory response,
and early identification of patients at higher risk for poor out-
comes could support targeted interventions in order to mod-
ulate the inflammatory response.

5. Limitations

During this study, there were some limitations. The num-
ber of studies that specifically investigated the NLR effect on
the prognosis of SCI patients was small, which indicates the
importance of further studies in this field. Moreover, all in-
cluded studies were from China, which raises the risk of se-
lection bias. Also, the significant heterogeneity observed in
the effect size analysis warrants further investigation on the
potential sources of variability, such as differences in NLR
measurement timing, different populations, injury severity,
or different treatment protocols among the studies. Hetero-
geneity in the meta-analysis may be partially explained by
differences in how neurological improvement was defined
and measured across studies. Although we standardized the
inclusion criteria based on AIS grade conversion, variations
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in timing and classification thresholds (e.g., AISA to B vs. A
to D) remain potential sources of inconsistency. Finally, since
allincluded studies were observational and retrospective, the
findings should be interpreted cautiously. Although NLR was
consistently associated with poor outcomes, these results
cannot confirm NLR as an independent prognostic factor.
External validation through well-designed, prospective mul-
ticenter studies is essential to establish causal or prognostic
independence.

Future studies should focus on well-designed, prospective
multicenter trials that use standardized methods to confirm
the prognostic significance of NLR in SCI. In particular, in-
vestigations should use specified NLR cut-off values that are
based on the severity of the lesion to see how well they pre-
dict neurological outcomes. These kinds of efforts would as-
sist in setting clinically useful benchmarks and make it easier
to apply and reproduce results across a wide range of patient
groups.

6. Conclusions

Elevated NLR is associated with greater injury severity and
poorer neurological recovery in patients with acute traumatic
spinal cord injury. While these findings suggest NLR may
serve as a useful early prognostic biomarker, further prospec-
tive studies are needed to validate its independent predictive
value before clinical implementation.

7. Declarations

7.1. Acknowledgments

The authors thank Dr. Maryam Pazhooha and Mr. Arash
Ansari for their help in the screening process.

7.2. Author contributions

Conceptualization and study design: MY, HZ, SS
Screening and Data extraction: AP HZ, ME FT
Meta-analysis: HZ

Interpretation of the results: HZ, MY, AP, SS

Writing the manuscript: AP, HZ, MJ, AG, PG, ME FT, PS, SS
Critical revision of the manuscript: All authors

All authors read and approved the final manuscript.

7.3. Ethics approval and consent to participate
Ethical approval was not required because all data were ex-
tracted from published studies.

7.4. Consent for publication
Not applicable.

7.5. Availability of data and materials

The datasets generated and analyzed during the current
study are available from the corresponding author on reason-
able request.

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 3.0 License (CC BY-NC 3.0).

Downloaded from: https://journals.sbmu.ac.ir/aaem/index.php/AAEM/index



Peyrovinasab et al.

7.6. Competing interests

The authors declare that they have no competing interests.

7.7. Funding

This study was not funded or financially supported.

7.8. Using artificial intelligence chatbots

No artificial intelligence (AI)-assisted technologies were ap-

plied in the production of the submitted work.

References

1.

10.

LiuYy, Yang X, He Z, LiJ, Li Y, Wu Y, et al. Spinal cord in-
jury: global burden from 1990 to 2019 and projections up
to 2030 using Bayesian age-period-cohort analysis. fneur.
2023;14:1304153.

. Ding W, Hu S, Wang P, Kang H, Peng R, Dong Y, et al.

Spinal cord injury: the global incidence, prevalence, and
disability from the global burden of disease study 2019.
Spine. 2022;47(21):1532-40.

. Barbiellini Amidei C, Salmaso L, Bellio S, Saia M. Epi-

demiology of traumatic spinal cord injury: a large
population-based study. Spinal Cord. 2022;60(9):812-9.

. Chen X, Zhou Y-q, Chen C, Cao Y. Neutrophil-to-

lymphocyte ratio at admission for early diagnosis, sever-
ity assessment, and prognosis of acute traumatic spinal
cord injury. Spinal Cord. 2024;62(2):59-64.

. Liu Y, Luo X, Le J, Wang C, Xu C. Prognostic Value of

Magnetic Resonance Imaging Variables Combined with
Neutrophil-to-Lymphocyte Ratio in Patients with Cer-
vical Traumatic Spinal Cord Injury. World Neurosurg.
2024;190:€684-e93.

. Zhou W, Mao Z, Wang Z, Zhu H, Zhao Y, Zhang Z, et

al. Diagnostic and Predictive Value of Novel inflamma-
tory markers of the severity of Acute traumatic spinal
cord Injury: a retrospective study. World Neurosurg.
2023;171:e349-e54.

. Kyritsis N, Torres-Espin A, Schupp PG, Huie JR, Chou

A, Duong-Fernandez X, et al. Diagnostic blood RNA
profiles for human acute spinal cord injury. JEM.
2021;218(3):€20201795.

. Naseri Alavi SA, Habibi MA, Naseri Alavi SH, Zamani M,

Kobets AJ. The Neutrophil-to-Lymphocyte Ratio in Pa-
tients with Spinal Cord Injury: A Narrative Review Study.
Medicina. 2024;60(10):1567.

. Alizadeh A, Dyck SM, Karimi-Abdolrezaee S. Traumatic

spinal cord injury: an overview of pathophysiology, mod-
els and acute injury mechanisms. Frontiers in neurology.
2019;10:282.

Zhuo M, Deng Z, Yuan L, Mai Z, Zhong M, Ye ]J-M. Associ-
ation of systemic inflammatory response index and clin-

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

ical outcome in acute traumatic spinal cord injury pa-
tients. Sci. Rep. 2024;14(1):19085.

Neirinckx V, Coste C, Franzen R, Gothot A, Rogister B,
Wislet S. Neutrophil contribution to spinal cord injury
and repair. J. Neuroinflammation. 2014;11(1).

He S, Zhao Z, Yu X, Kong C, Li W, Gu H, et al. Prognostic
analysis of traumatic spinal cord injury-related factors.
2023. URL: https://doi.org/10.21203/1s.3.rs-2705748/v1
Page M]J, Moher D, Bossuyt PM, Boutron I, Hoffmann TC,
Mulrow CD, et al. PRISMA 2020 explanation and elabora-
tion: updated guidance and exemplars for reporting sys-
tematic reviews. bmj. 2021;372.

Roberts TT, Leonard GR, Cepela DJ. Classifications In
Brief: American Spinal Injury Association (ASIA) Impair-
ment Scale. Clin Orthop Relat Res. 2017 May;475(5):1499-
504.

Zhao J-L, Lai S-T, Du Z-Y, Xu J, Sun Y-R, Yuan Q, et al.
Circulating neutrophil-to-lymphocyte ratio at admission
predicts the long-term outcome in acute traumatic cervi-
cal spinal cord injury patients. BMC Musculoskelet. Dis-
ord. 2020;21(1).

Buonacera A, Stancanelli B, Colaci M, Malatino L. Neu-
trophil to lymphocyte ratio: an emerging marker of the
relationships between the immune system and diseases.
Int. J. Mol. Sci. 2022;23(7):3636.

Mittal M, Siddiqui MR, Tran K, Reddy SP, Malik AB. Re-
active oxygen species in inflammation and tissue injury.
ARS. 2014;20(7):1126-67.

Kumar BV, Connors TJ, Farber DL. Human T cell develop-
ment, localization, and function throughout life. Immu-
nity. 2018;48(2):202-13.

Lattanzi S, Cagnetti C, Provinciali L, Silvestrini M.
Neutrophil-to-lymphocyte ratio and neurological dete-
rioration following acute cerebral hemorrhage. Oncotar-
get. 2017;8(34):57489.

Chen W, Yang J, Li B, Peng G, Li T, Li L, et al. Neutrophil
to lymphocyte ratio as a novel predictor of outcome
in patients with severe traumatic brain injury. JHTR.
2018;33(1):E53-E9.

Spiess MR, Miiller RM, Rupp R, Schuld C, van Hedel HJ.
Conversion in ASIA impairment scale during the first
year after traumatic spinal cord injury. ]J. Neurotrauma.
2009;26(11):2027-36.

Feng Z, Min L, Liang L, Chen B, Chen H, Zhou Y,
et al. Neutrophil Extracellular Traps Exacerbate Sec-
ondary Injury via Promoting Neuroinflammation and
Blood-Spinal Cord Barrier Disruption in Spinal Cord In-
jury. Front. immunol. 2021;12.

Zivkovic S, Ayazi M, Hammel G, Ren Y. For Better or for
Worse: A Look Into Neutrophils in Traumatic Spinal Cord
Injury. Front. cell. neurosci. 2021;15.

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 3.0 License (CC BY-NC 3.0).

Downloaded from: https://journals.sbmu.ac.ir/aaem/index.php/AAEM/index



7 Archives of Academic Emergency Medicine. 2026; 14(1): e4

[ Identification of studies via databases and registers ] [ Identification of studies via other methods J
a—
= Records identified through: Records identified through
é Database searches (n=119) manual search and citation search
g =3
=
§ Duplicate records removed (n = 42)
_J
Records screened (n=77) r
'ﬁ
Studies sought for retrieval (n = 3)
l‘i Records excluded (n = 24)
Studies not retrieved
g Studies sought for retrieval (n = (n=0)
-ARED!
H Studies assessed for eligibility (n =
E Studies not retrieved B
“ J, (n=0)
Studies excluded:
Studies assessed for eligibility Insufficient data for quantitative
[n=53) synthesis (n=1)
— Studies excluded Wrong population (n = 1)
Animal study (n = 5)
Editorial with no original data (n = 4)
Insufficient data for quantitative synthesis (n = 3)
v No NLR measurement (n=11)
Review (n =19)
= Wrong outcome (n = 1)
'g Studies included in the review Wrong population (n = 5)
T (n=6)
i |

PRISMA (preferred reporting items for systematic reviews and meta-analyses) flow diagram of the screening process. NLR:
Neutrophil-to-lymphocyte ratio.

No improvement  Improvement Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Chen, 2024 48 14.62 9.27 33 943 595 —O0— 0.64[ 0.19, 1.09] 32.56
He, 2023 51 22.79 10.18 82 9.28 4.21 —O— 1.89[ 1.47, 2.31] 32.96
Yihao Liu, 2024 104 16.24 7.5 140 13.27 6.47 © 0.43[ 0.17, 0.68] 34.48
Overall ——— 0.98[0.08, 1.87]

Heterogeneity: 1° = 0.59, I* = 94.36%, H* = 17.72
Test of 8, = ©;: Q(2) = 35.14, p = 0.00
Testof 8=0:z=2.14, p=0.03

e N e R e e T

Random-effects REML model

The forest plot for the prognostic value of neutrophil-to-lymphocyte ratio in predicting neurological improvement based on the
American Spinal Injury Association (ASIA) level after traumatic spinal cord injury. SD: standard deviation; CI: confidence interval.

Adjusted OR Weight

Heterogeneity: T = 0.00, ' = 0.04%, H = 1.00
Test of 6,= 6;: Q(2) =2.25,p=0.32
Test of 6 =0:z2=4.39, p=0.00

Study with95% CI (%)
Chen. 2024 ° 1.10[ 1.02. 1.19] 40.60
Yihao Liu, 2024 | —e— 1.29[ 1.06, 1.57] 6.6
Zhuo, 2024 o 1.11[ 1.04. 1.19] 53.14
Overall B 1.12[1.06, 1.17]

|

I

Random-effects REML model

The forest plot for the prognostic value of neutrophil-to-lymphocyte ratio in predicting independent association with neurological
improvement after traumatic spinal cord injury. CI: confidence interval; OR: odds ratio.
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P

8. e of residuals
M5

01

0.880

Funnel plot with pseudo 95% confidence limats

residuals

Publication bias among the included studies for evaluating neurological improvement following traumatic spinal cord injury. s.e:

standard error.

JEVDERH Summary of characteristics of the included studies

Author, Study Design, | Sample Size, | Age Presentation| Outcome Outcome Outcome Definition
Year, Coun- |Study Type Male Num- to Sampling | Assessment | Name
try ber Interval Post-injury
(hrs)
Chen, 2024, |Retrospective, |94 & 81, 78 & |53.62 +14.36 & [ 6.13 + 5.95 & | After the | SCI sever- | Complete SCI = AIS A (vs AIS B
China (4) Cohort 66 52.52+13.10 |7.30+7.30 |spinal shock|ity & non-|to D) & lower or equal ASIA nerve
period & af-|improvement |function grades (poor prognosis
ter 6 months group) after operation than before
operation
He, 2023, | Retrospective, | 133, NM NM Within 72 After 6| Non- No improvement of ASIA grade
China (12) Cohort months improvement | (<72 hrs vs 6 months)
Liu, 2024, |Retrospective, |244, 220 54.90 + 11.94 |Within 24 After 12 | Non- No improvement of ASIA grade
China (5) Cohort months improvement | (acute vs 1 year)
Zhao, 2020, |Retrospective, |377, 212 46.05+17.93 |Within 6 After 6| SCI severity Complete SCI = AIS A to C (vs AIS
China (15) | Cohort months DtoE)
Zhou, 2023, |Retrospective, | 526, 438 51.4+12.6 Within 8 After the | SCI severity | Complete SCI = AIS A to B (vs AIS
China (6) Cohort spinal shock CtoE)
period
Zhuo, 2024, |Retrospective, | 190, 133 53+13 Within 8 At discharge |SCI sever- | AIS A-C (vs AIS D-E) at discharge
China (10) | Cohort ity & non-|& No improvement of ASIA grade
improvement | (acute vs discharge)

NM: Not mentioned, SCI: Spinal Cord Injury, hrs: hours, ASIA: The American Spinal Injury Association, AIS: ASIA impairment scale
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PEVEPA Risk of bias assessment of the included studies based on the NHLBI’s Quality Assessment Tool for Observational, Cohort and Cross-
Sectional Studies

Study | Rese- |Study |Particip-| Uniform|Sample Exposure| Sufficient| Different | Expo- | Repeated | Outcome Outcome Follo- Sta-| Over-
arch |popu- |ation eligibil- |size |before |time- expo- sure |expo- mea- asses- |wup |tistical |all
ques- |lation |rate ity justi- |outcome |frame sure mea- |sure sures sors’ rate |analy-
tion criteria |fica- levels sures |assess- blind- ses

tion ment ing

Chen, |L L L L H L L L L L L CD L L L

2024

He, L L L L H L L L L L L CD CD L L

2023

Liu, |L L L L H L L L L L L CD L L L

2024

Zhao, |L L L L H L IL, L I IL, L CD IL, IL, L

2020

Zhou, | L L CD L H L L L H H L CD NA L H

2023

Zhuo, |L L L L H L L L L L L CD L L L

2024

L: Low risk, H: High risk, U: Unclear, CD: Cannot determine, NA: Not applicable

PEWERH Certainty of evidence regarding the association of higher Neutrophil-to-lymphocyte ratio (NLR) with neurological improvement

Outcome Number of Studies |Risk of bias | Imprecision | Inconsistency (I2 range) |Indirectness | Publication bias | Level of evidence
Neurological | 3 Not serious |No serious | Serious Not serious |No publication | Moderate
Improve- imprecision bias

ment
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