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Abstract

Background

Traumatic cerebral contusion (CC) is a severe type of injury among traumatic brain injury
(TBI) patients. Individuals with traumatic CC typically exhibit rapid deterioration in their
condition, leading to increased mortality rates. Despite this, there is a gap in evidence-
based research. This study aims to identify the risk factors associated with adverse
outcomes in patients with traumatic CC, with a particular focus on relevant biomarkers.
Mortality will be the primary outcome, while the Glasgow Coma Scale (GCS) score will be
considered as a secondary outcome.

Methods and analysis

We intend to conduct a comprehensive search through multiple Chinese and English
repositories, covering the duration from the establishment of these databases up to the
current era, in order to pinpoint appropriate studies. Additionally, a manual search of the
references within the included literature and other pertinent works will be undertaken. The
primary endpoint of this study will be the survival status of patients with traumatic brain
contusion. Meta-analysis will be executed using STATA 16.0 (Stata Corporation, College
Station, TX). Article selection and data extraction will be performed independently by two
reviewers. The assessment of bias risks will be conducted via the Cochrane Collabora-
tion’s tool. Depending on the heterogeneity evaluation, either a fixed-effect model or a
random-effects model will be applied. Subgroup and sensitivity analyses will be conducted
as needed. The examination of publication bias will be carried out, and the quality of evi-
dence for the primary outcomes will be graded.

Trial registration number: CRD42023389456
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1. Introduction

Traumatic brain injury (TBI) is a leading cause of death and disability worldwide, second
only to limb fractures, and is often referred to as a “silent epidemic” [1]. In China and similar
developing countries, the prevalence of severe TBI is approximately 13 per 100,000 indi-
viduals, with a mortality rate ranging from 30% to 40%, and disabilities affecting up to 60%
of survivors [2]. Despite improvements in the availability of advanced diagnostic tools and
treatment options, TBI remains a major public health concern.

In line with trends observed in many Western nations, the mortality rate for severe TBI in
China has gradually decreased in recent years [3]. However, with mortality still exceeding 30%
and adverse outcomes affecting more than 60% of severe cases, the burden of TBI remains
significant [4]. One of the most severe forms of TBI is cerebral contusion (CC), which occurs
in 20-30% of TBI cases [5]. CC is characterized by acute traumatic intracerebral hemorrhage
(TICH) and is associated with high rates of mortality and disability.

The progression of TICH refers to an increase in hemorrhagic elements within the contusion, as
seen in post-imaging follow-up. Approximately 38-59% of CC cases experience TICH expansion,
particularly within the first few hours following the trauma [6]. While most enlarging TICHs do not
require surgical intervention, some patients may develop worsening neurological function, mass
effect, intractable cerebral edema, increased intracranial pressure, or even fatal brain herniation.
These complications impose substantial burdens on patients, families, and healthcare systems [7].

Studies have shown that up to 20% of TBI patients require surgery due to TICH expan-
sion, emphasizing the critical need for a deeper understanding of the early factors influenc-
ing CC progression. Early detection of TICH enlargement and close monitoring of patients’
conditions are essential for improving outcomes and for the judicious allocation of medical
resources [8]. However, current research on predictive risk factors for brain hemorrhage
has primarily focused on spontaneous hemorrhage, with limited attention given to factors
influencing the progression of traumatic CC. This gap in knowledge has led to inconsistent
treatment approaches and suboptimal patient care.

In response, our study aims to conduct a meta-analysis to examine the risk factors affecting
the condition and prognosis of traumatic brain contusions, with a particular focus on identi-
fying factors that significantly influence patient outcomes. Specifically, we will explore the role
of relevant biochemical markers in predicting mortality in patients with traumatic CC, with
the Glasgow Coma Scale (GCS) score used as a secondary outcome measure. Our findings will
provide a theoretical framework for improving the treatment of patients with traumatic brain
contusions. To the best of our knowledge, this will be the first systematic review on this topic.
Therefore, we present this protocol for the meta-analysis and systematic review.

2. Materials and methods

2.1. Protocol and registration

This paper presents a protocol for a systematic review and meta-analysis. The synthesis
follows the guidelines outlined in the Preferred Reporting Items for Systematic Review and
Meta-Analysis Protocols (PRISMA-P) 2015 and is registered with PROSPERO under registra-
tion number CRD42023464826. The review will be based on existing scholarly literature and
does not require ethical approval. The results will be presented in subsequent publications.

2.2. Inclusion criteria

The selection criteria for this research follow the PICOS structure (population, intervention/
exposure, comparator, outcomes, study design) [9]. Studies fulfilling these criteria will be
encompassed, with no limitations pertaining to language or the year of publication.
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Population. The study will encompass adult individuals (18 years and older) diagnosed
with traumatic CC, without any exclusions based on nationality, race, ethnic background, age,
gender, or professional status.

Exposure. The variables identified in the studies that may influence the condition and
prognostic outcomes of individuals with traumatic CC will be considered, with a particular
focus on biochemical indicators.

Comparator. Individuals who are not subjected to the identified exposure factors will
serve as the comparison group.

Outcomes and Assessments. Primary Outcome: The mortality rate among patients
suffering from traumatic CC.

Secondary Outcomes: GCS score.

Study Designs: Eligible for inclusion are randomized controlled trials, non-randomized
controlled studies, as well as observational research designs.

2.3. Exclusion criteria

Investigations focusing on populations affected by ischemic stroke, spontaneous intracerebral
hemorrhage, chronic subdural hematoma, or other types of non-traumatic cerebral hemor-
rhages will be excluded.

Research papers that lack comprehensive clinical data, even after diligent efforts to reach
out to the respective authors, will not be included.

Exclusion will apply to correspondence, conference summaries, editorial pieces, case stud-
ies, review articles, and any studies lacking clinical data.

Accessible full-text scholarly works that cannot be located through thorough search efforts
will not be considered for inclusion.

2.4. Study selection and search strategy

An extensive literature search will be performed across multiple databases, including
PubMed, Embase, Web of Science, The Cochrane Library, CNKI (China National Knowl-
edge Infrastructure), VIP (WeiPu), SinoMed, and Wanfang, covering all available records
from the inception of each database to the current date. The search strategy has been
carefully designed with input from a professional librarian and information specialist to
ensure comprehensiveness and precision. It is informed by existing literature and incor-
porates Medical Subject Headings (MeSH) terms, keywords, and synonyms relevant to the
research topic.

Search terms will include variations of “traumatic brain injury,” such as “traumatic cere-

» «

bral contusions,” “TBI,” “head injury;” “cerebral blunt trauma,” and “diffuse axonal injury,’

» « » « » <«

combined with terms like “adverse prognosis,” “unfavorable outcome,” “risk factors,” “pre-
dictors,” “impact factors,” “determinants,” and “predictive indicators” To maximize retrieval,
Boolean operators (AND/OR) and database-specific controlled vocabulary will be applied. For
instance, MeSH terms will be used in PubMed, and EMTREE terms in Embase, supplemented
by title and abstract keywords tailored to the syntax of each database.

To ensure thoroughness, the reference lists of included studies will be screened for addi-
tional articles, and gray literature will be identified via OpenGrey. Additionally, clinical trial
registries, including ClinicalTrials.gov and the WHO International Clinical Trials Registry
Platform (ICTRP), will be searched to identify ongoing or unpublished randomized controlled
trials (RCTs). Authors of ongoing studies will be contacted directly to gather the most recent
findings. These steps aim to reduce the risk of publication bias and to capture a comprehen-
sive scope of relevant research.
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2.5. Search terms for PubMed

#1: ((traumatic brain injury[MeSH Terms]) OR (traumatic brain injuries[Title/Abstract])) OR
(TBI[Title/Abstract])) OR (brain injuries, traumatic(Title/Abstract])) OR (head injury|Title/
Abstract])) OR (cerebral contusion(Title/Abstract])) OR (brain contusion|Title/ Abstract]))
OR (closed head injury[Title/Abstract]) OR (diffuse axonal injury|[Title/ Abstract]))

#2: ((((prognosis|[MeSH Terms]) OR (outcome[Title/Abstract])) OR (mortality[Title/
Abstract])) OR (recovery|Title/ Abstract])) OR (functional outcome[Title/Abstract])) OR
(neurological recovery[Title/ Abstract])) OR (cognitive outcome[Title/Abstract])) OR (disabil-
ity[ Title/ Abstract])) OR (quality of life[Title/Abstract])

#3: ((((risk factors|[MeSH Terms]) OR (predictors[Title/Abstract])) OR (determinants[Title/
Abstract])) OR (factors[Title/Abstract])) OR (clinical predictors[Title/ Abstract])) OR (bio-
markers[Title/Abstract])) OR (severity score[Title/ Abstract])

#4: #1 AND #2 AND #3

2.6. Literatures collection and organization

All identified literature will be imported into the NoteExpress reference management tool.
After duplicates are removed, Zhaoyin Su and Yao Liu, as the first and second reviewers, will
conduct article selection based on the previously established criteria. The process will begin
with an initial screening of titles and abstracts to assess relevance. Subsequently, both review-
ers will independently examine the full texts of all potentially relevant studies. The article
selection process is illustrated in Fig 1. In case of discrepancies between the two reviewers, a
third expert will be consulted to reach a consensus.

2.7. Data extraction and management

Two other independent reviewers will employ preformatted Excel templates to extract a set

of predetermined data. The extracted information will include study characteristics (such as
the primary authors, journal, publication year, study design, blinding methods, and inclusion
criteria), participant characteristics (e.g., diagnostic criteria for traumatic CC, age range, and
gender ratio), exposure factors (e.g., biochemical marker values), outcome measures (e.g.,
mortality and GCS scores), as well as follow-up duration. Where quantitative data are not
directly provided in the text or additional materials, Engauge Digitizer 11.1 will be used to
extract data from graphical representations. For studies with incomplete data, the reviewers
will reach out to the corresponding author via email to request the missing information, offer-
ing to acknowledge their assistance. If no response is received within two weeks of the initial
inquiry, further attempts to contact the study’s researcher will be halted, and the study will be
excluded from this systematic review and meta-analysis. Effect estimates for the outcomes of
interest will be extracted for statistical analysis, with a preference for adjusted data that con-
trols for confounding variables. To reduce bias and errors in the data extraction process, two
researchers will independently extract data from the selected literature. Following extraction, a
cross-verification process will take place, with any discrepancies resolved through discussion.
If an agreement cannot be reached, a third reviewer will be involved to facilitate a resolution.

2.8. Data synthesis and statistical analysis

Statistical analyses and graphical representations will be executed utilizing STATA 16.0. One
researcher will be responsible for entering the post-treatment mean values and standard devi-
ations into the software, while a second researcher will cross-check these entries for correct-
ness. The assessment of data heterogeneity will be performed via the chi-square and I2 tests.
In the event of non-significant heterogeneity (P > 0.10 or I*2 < 50%), the fixed-effect model
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Fig 1. Flow chart of literatures screening.

https://doi.org/10.1371/journal.pone.0319146.9001

will be chosen for the meta-analysis. On the other hand, if significant heterogeneity is detected
(In2 > 50% or P < 0.10), the random-effects model will be applied. To examine the impact of
baseline attributes on the variability of primary outcomes, subgroup analyses will be carried
out focusing on the following patient-related factors: (1) Glasgow Coma Scale scores of the
patients, and (2) cerebral perfusion pressure indices. Additionally, subgroup analyses will be
extended to different study design categories, complemented by meta-regression analyses,

to explore potential origins of heterogeneity. We will strive to precisely identify and address
heterogeneity exceeding 50%. In cases where heterogeneity is excessively high, a qualitative
synthesis will be conducted. To ascertain the stability of our findings, a sensitivity analysis will
be performed, removing studies one at a time to assess the impact on the overall results. A
significance level of p < 0.05 will be denoted as statistically significant. Following this analyt-
ical process, a detailed examination and comparison of the outcomes will be undertaken to
gauge the consistency of the study results. This rigorous evaluation is intended to confirm the
dependability and veracity of our findings.
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2.9. Assessment of risk of bias

A duo of investigators will independently apply the Cochrane Collaboration’s Risk of Bias

tool [10] to gauge the potential bias in the randomized controlled trials (RCTs) incorporated
into this review. The categorization of studies into high, low, or unclear risk of bias will be
determined by examining various domains of bias, including: 1) selection bias, encompassing
random sequence generation and allocation concealment; 2) performance bias, concerning the
blinding of participants and outcome evaluators; 3) attrition bias, associated with incomplete
outcome data; 4) reporting bias, pertaining to the selective reporting of results; and 5) other
conceivable sources of bias. For non-randomized controlled trials, the methodological quality
will be evaluated using the Newcastle-Ottawa Scale [11], which consists of three main domains:
selection of participants, comparability of study groups, and assessment of outcomes. Each
study will be assigned a score out of a possible nine stars, with scores ranging from 0 to 5 stars
indicating low quality and 6 to 9 stars indicating high quality. Any conflicts in the evaluation
process will be resolved through dialogue between the two assessors or, if required, by seeking
the input of a third reviewer. The outcomes of these assessments will be compiled into a sum-
mary table. In cases where bias is deemed substantial, we may need to reconsider the literature
gathered or potentially replace certain studies to enhance the synthesis of data.

The examination of reporting bias will be undertaken as necessary to corroborate the
validity of the study findings. Should the review include more than ten studies, the assessment
of reporting biases will involve the use of Egger’s test and a visual examination of the funnel
plot, which plots the estimated effect size (on the horizontal axis) against its standard error
(on the vertical axis). An asymmetrical funnel plot, particularly an inverted one, may suggest
the presence of publication bias.

3. Discussion

Traumatic brain injury (TBI) presents a formidable challenge, affecting individuals pro-
foundly and imposing significant burdens on the socioeconomic landscape. In the United
States alone, an estimated 1.4 million incidents of TBI occur each year, with a staggering
90,000 individuals left to navigate long-term disabilities as a result [12]. China, housing
approximately 18% of the global population, also contends with a substantial caseload of

TBI patients, surpassing most nations in absolute numbers, where over 60% of cases lead to
disabling outcomes [13]. The course of traumatic hemorrhage is but the starting point of a
complex biochemical cascade, exacerbating neuronal damage and clinical deterioration. In
particular, secondary injury prolongs hospital stays, escalates morbidity, and raises mortal-
ity rates. As of now, no consensus therapeutic intervention exists to halt the progression of
lesions [14]. Among the most devastating forms of TBI is hemorrhagic cerebral contusion,
inflicting irreversible harm upon brain tissue [15]. The gravity of the injury is linked not
only to the initial impact but also to the subsequent secondary responses triggered by exter-
nal forces, such as cerebral edema (CE), elevated intracranial pressure (ICP), microvascular
dysfunction, epileptic seizures, and more [16]. Imaging and laboratory results from patients
reveal numerous prognostic indicators, vital for timely and precise diagnosis. However, the
body of evidence-based medicine lacks a comprehensive synthesis of risk factors for poor
outcomes in those with traumatic cerebral contusions, complicating the development of clin-
ical guidelines. Our systematic review seeks to provide a stronger evidentiary base for the risk
factors influencing negative prognoses in these patients, thereby drawing greater focus to this
critical field of research. Our study is not without its limitations; the quality of the primary
research will undoubtedly influence our conclusions, and variability in condition severity
and treatment approaches may introduce substantial heterogeneity. If sufficient data permits,
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subgroup analyses will be pursued. In essence, we endeavor to conduct a groundbreaking sys-
tematic review and meta-analysis to evaluate the determinants of adverse outcomes in patients
with traumatic cerebral contusions, with the goal of enhancing diagnostic and therapeutic
strategies for those suffering from this condition.

4. Strengthens and limitations

(1) This scholarly endeavor constitutes the pioneering exploration aimed at systematically
appraising the risk factors associated with adverse clinical outcomes in patients with trau-
matic cerebral contusions.

(2) An extensive literature search will be executed across a array of databases, encompassing
both Chinese and English linguistic resources.

(3) The procurement and synthesis of data will rigidly conform to the methodological
standards delineated in the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) checklist and the Cochrane Handbook for Systematic Reviews
of Interventions.

(4) Profound subgroup analyses are contemplated, wherein data will be segmented based on
therapeutic interventions and the gradation of pathological severity.

(5) The disparate quality of the original investigations may engender significant heterogene-
ity, thereby influencing the robustness of the empirical findings.

Author contributions

Conceptualization: Chao Li, Zhaoyin Su, Shulu Deng, Junlong Qin.

Data curation: Zhaoyin Su, Binhao Zhang, Kun Wu, Yanzong Zhao, Yao Liu.
Formal analysis: Zhaoyin Su.

Funding acquisition: Zhaoyin Su.

Investigation: Zhaoyin Su, Binhao Zhang, Junlong Qin, Yanzong Zhao, Yao Liu.
Methodology: Chao Li, Zhaoyin Su.

Project administration: Chao Li, Shulu Deng.

Resources: Chao Li, Shulu Deng.

Supervision: Chao Li, Shulu Deng.

Validation: Kun Wu.

Visualization: Kun Wu.

Writing - original draft: Chao Li, Zhaoyin Su, Shulu Deng, Binhao Zhang, Junlong Qin, Kun
Wu, Yanzong Zhao, Yao Liu.

Writing - review & editing: Chao Li, Zhaoyin Su, Shulu Deng, Kun Wu.

References

1. White CL, Griffith S, Caron JL. Early progression of traumatic cerebral contusions: characteri-
zation and risk factors. J Trauma. 2009;67(3):508—14; discussion 514. https://doi.org/10.1097/
TA.0b013e3181b2519f PMID: 19741392

2. Zheng RZ, Zhao ZJ, Yang XT, Jiang SW, Li YD, Li WJ, et al. Initial ct-based radiomics nomogram for
predicting in-hospital mortality in patients with traumatic brain injury: a multicenter development and
validation study. Neurol Sci. 2022;43(7):4363-72. https://doi.org/10.1007/s10072-022-05954-8 PMID:
35199252

PLOS ONE | https://doi.org/10.1371/journal.pone.0319146  February 25, 2025 7/8



https://doi.org/10.1097/TA.0b013e3181b2519f
https://doi.org/10.1097/TA.0b013e3181b2519f
http://www.ncbi.nlm.nih.gov/pubmed/19741392
https://doi.org/10.1007/s10072-022-05954-8
http://www.ncbi.nlm.nih.gov/pubmed/35199252

PLOS ONE

Factors affecting prognosis in traumatic cerebral contusions

10.

1.

12

13.

14.

15.

16.

Gao G, Wu X, Feng J, Hui J, Mao Q, Lecky F, et al; China CENTER-TBI Registry Participants. Clinical
characteristics and outcomes in patients with traumatic brain injury in china: a prospective, multi-
centre, longitudinal, observational study. Lancet Neurol. 2020;19(8):670-7. https://doi.org/10.1016/
S1474-4422(20)30182-4 PMID: 32702336

Zheng R, Zhuang Z, Zhao C, Zhao Z, Yang X, ZhouY, et al. Chinese admission warning strategy for
predicting the hospital discharge outcome in patients with traumatic brain injury. J Clin Med. 2022;11.
https://doi.org/10.3390/jcm11040974

Demchuk AM, Dowlatshahi D, Rodriguez-Luna D, Molina CA, Blas YS, Dzialowski |, et al; PREDICT/
Sunnybrook ICH CTA study group. Prediction of haematoma growth and outcome in patients with
intracerebral haemorrhage using the ct-angiography spot sign (predict): a prospective observational
study. Lancet Neurol. 2012;11(4):307—14. https://doi.org/10.1016/S1474-4422(12)70038-8 PMID:
22405630

Maegele M, Schéchl H, Menovsky T, Maréchal H, Marklund N, Buki A, et al. Coagulopathy and haem-
orrhagic progression in traumatic brain injury: advances in mechanisms, diagnosis, and management.
Lancet Neurol. 2017;16(8):630—47. https://doi.org/10.1016/S1474-4422(17)30197-7 PMID: 28721927

Yang M, Du C, Zhang Q, Ma Q, Li R. Nomogram model for predicting hematoma expansion in sponta-
neous intracerebral hemorrhage: multicenter retrospective study. World Neurosurg. 2020;137:e470-8.
https://doi.org/10.1016/j.wneu.2020.02.004 PMID: 32058111

Du CN, Yang MF, Zhang Q, Jin XQ, Yan C, Huang YW. Establishment and verification of the hema-
toma expansion prediction score of intracerebral hemorrhage in the ginghai-tibetan plateau. World
Neurosurg. 2019;123:e465-73. https://doi.org/10.1016/j.wneu.2018.11.189 PMID: 30500588

Guyatt GH, Oxman AD, Kunz R, Atkins D, Brozek J, Vist G, et al. Grade guidelines: 2. Framing the
question and deciding on important outcomes. J Clin Epidemiol. 2011;64(4):395—400. hitps://doi.
org/10.1016/j.jclinepi.2010.09.012 PMID: 21194891

Machado GC, Maher CG, Ferreira PH, Pinheiro MB, Lin CW, Day RO, et al. Efficacy and safety of
paracetamol for spinal pain and osteoarthritis: systematic review and meta-analysis of randomised
placebo controlled trials. BMJ. 2015;350:h1225. https://doi.org/10.1136/bmj.h1225 PMID: 25828856

Wang P, Soh KL, Ying Y, Liu Y, Huang X, Huang J. Risk of vte associated with ports and piccs in
cancer patients: a systematic review and meta-analysis. Thromb Res. 2022;213:34—42. https://doi.
org/10.1016/j.thromres.2022.02.024 PMID: 35279504

Incidence rates of hospitalization related to traumatic brain injury--12 states, 2002. MMWR Morb
Mortal Wkly Rep. 2006;55:201—4.

Zhao ZJ, Chen D, Zhou LY, Sun ZL, Wang BC, Feng DF. Prognostic value of different com-
puted tomography scoring systems in patients with severe traumatic brain injury undergoing
decompressive craniectomy. J Comput Assist Tomogr. 2022;46(5):800-7. https://doi.org/10.1097/
RCT.0000000000001343 PMID: 35650015

Dixon KJ. Pathophysiology of traumatic brain injury. Phys Med Rehabil Clin N Am. 2017;28(2):215-25.
https://doi.org/10.1016/j.pmr.2016.12.001 PMID: 28390509

ZhuY, Jin X, Xu L, Han P, Lin S, Lu Z. Establishment and validation of prognosis model for patients
with cerebral contusion. BMC Neurol. 2021;21(1):463. https://doi.org/10.1186/s12883-021-02482-4
PMID: 34844563

Lin S, Wang Q, ZhuY, Jin X, Han P, Lu Z. Establishment and validation of pte prediction model in
patients with cerebral contusion. Sci Rep. 2022;12(1):20574. https://doi.org/10.1038/s41598-022-
24824-z PMID: 36446999

PLOS ONE | https://doi.org/10.1371/journal.pone.0319146 February 25, 2025 8/8



https://doi.org/10.1016/S1474-4422(20)30182-4
https://doi.org/10.1016/S1474-4422(20)30182-4
http://www.ncbi.nlm.nih.gov/pubmed/32702336
https://doi.org/10.3390/jcm11040974
https://doi.org/10.1016/S1474-4422(12)70038-8
http://www.ncbi.nlm.nih.gov/pubmed/22405630
https://doi.org/10.1016/S1474-4422(17)30197-7
http://www.ncbi.nlm.nih.gov/pubmed/28721927
https://doi.org/10.1016/j.wneu.2020.02.004
http://www.ncbi.nlm.nih.gov/pubmed/32058111
https://doi.org/10.1016/j.wneu.2018.11.189
http://www.ncbi.nlm.nih.gov/pubmed/30500588
https://doi.org/10.1016/j.jclinepi.2010.09.012
https://doi.org/10.1016/j.jclinepi.2010.09.012
http://www.ncbi.nlm.nih.gov/pubmed/21194891
https://doi.org/10.1136/bmj.h1225
http://www.ncbi.nlm.nih.gov/pubmed/25828856
https://doi.org/10.1016/j.thromres.2022.02.024
https://doi.org/10.1016/j.thromres.2022.02.024
http://www.ncbi.nlm.nih.gov/pubmed/35279504
https://doi.org/10.1097/RCT.0000000000001343
https://doi.org/10.1097/RCT.0000000000001343
http://www.ncbi.nlm.nih.gov/pubmed/35650015
https://doi.org/10.1016/j.pmr.2016.12.001
http://www.ncbi.nlm.nih.gov/pubmed/28390509
https://doi.org/10.1186/s12883-021-02482-4
http://www.ncbi.nlm.nih.gov/pubmed/34844563
https://doi.org/10.1038/s41598-022-24824-z
https://doi.org/10.1038/s41598-022-24824-z
http://www.ncbi.nlm.nih.gov/pubmed/36446999

