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Table S1. PRISMA-P (Preferred Reporting Items for Systematic review and Meta-Analysis Protocols) 2020 checklist: recommended items to address in a systematic review.

	Section and topic
	Item No
	Checklist item

	ADMINISTRATIVE INFORMATION

	Title:
	
	

	 Identification
	1a
	Extracellular vesicles: a potential game-changer in TBI diagnosis? A systematic review of animal and clinical studies. 

	 Update
	1b
	No.

	Registration
	2
	PROSPERO 

	Authors:
	
	

	 Contact
	3a
	Romero-García Nekanea, b, c *, Ruiz-Pacheco Albertoa, Huete-Acevedo Javierc, Monleón Bertaa, b, c, Vicente Antonia, b, Aguilar Gerardo a, b, c, Mas-Bargues Cristinac, Sanz-Ros Jorgef, García-Pérez Maria Luisa a, b, c, Gutiérrez Andreaa, b, Carbonell Jose a, b, c, Borrás Consuelo b,c, Robba Chiarae,f †, Badenes Rafaela, b, c †.
a Department of Anesthesiology and Critical Care. Hospital Clínico Universitario de Valencia. Avda. Blasco Ibáñez 17. 46010. Valencia (Spain).
b INCLIVA Research Institute. Avda Menéndez y Pelayo, 4 accesorio. 46010, Valencia (Spain). 
c University of Valencia. Department of Surgery. Faculty of Medicine. Avda. Blasco Ibáñez 15. 46010. Valencia (Spain).
d Miniaging Research Group. University of Valencia. Department of Physiology. Faculty of Medicine. Avda. Blasco Ibáñez 15. 46010. Valencia (Spain).
e Anesthesia and Critical Care, San Martino Policlinico Hospital, IRCCS for Oncology and Neuroscience, Genoa (Italy).
f Department of Surgical Sciences and Integrated Diagnostics, University of Genoa, Genoa (Italy).
g Department of Pathology, Stanford University School of Medicine, Stanford, CA 94305, (United States).
† These authors have equally contributed.
* Correspondence: nekaneromerog@gmail.com / nerogar@alumni.uv.es

	 Contributions
	3b
	NRG and CR initially conceived the study. BM, ARP, AV and GA performed abstract and full-text screening. JHA, JSR, CMB and FT performed data collection. MGP, GA and JC assessed risk of bias of the included studies. NRG and CB produced the first draft of the study which was consecutively discussed with CR and RB. The definitive manuscript was approved by all authors.

	Amendments
	4
	None.   

	Support:
	
	

	 Sources
	5a
	None declared. 

	 Sponsor
	5b
	None declared.

	 Role of sponsor or funder
	5c
	None declared.

	INTRODUCTION

	Rationale
	6
	TBI is one of the leading causes of disability and death worldwide. Clinical or imaging scales, such as Glasgow Coma Scale (GCS), are currently used to stratify severity, but they show a poor correlation with clincal prognosis. Identification of EV-associated TBI biomarkers is a promising alternative due to their stability and remains challenging due to the significant heterogeneity in experimental design, exosome isolation methods and study populations. [page 4]

	Objectives
	7
	The goal of this systematic review is to analyze the role of EVs as diagnostic and prognostic biomarkers in acute TBI, both in animal and clinical models. Our primary objective is to summarize the key EV-based biomarkers identified to date in TBI patients, and their potential association with TBI severity in terms of sensitivity and specificity. Our secondary objective is to analyze the most frequent methods for biomarker isolation and characterization, including biological sample and tissue origin of EVs. [page 4-5]

	METHODS

	Eligibility criteria
	8
	Study design: Animal and human studies published form origin to December 31st 2024. Animal studies and human cohort, case control, and case series studies were included; previous reviews, duplicates, congress abstracts, and grey literature were excluded. [page 5]
Population/Intervention/Comparator/Outcome: Both animal and human studies (including cohort, case-control studies and case series) focusing on EV biomarkers on TBI were included in the search and analyzed in parallel. Animal studies and human cohort, case control, and case series studies were included; previous reviews, duplicates, congress abstracts, and grey literature were excluded. Eligible animal studies included a population of: (1) any species and gender (2) adult individuals and (3) TBI in the first week from biomarker analysis were included. Eligible human studies included: (1) adult patients (≥18 years of age), (2) with a diagnosis of TBI of any severity degree (mild, moderate, severe), (3) in the last week, (4) where biomarkers were searched in any biological sample (blood, urine, saliva, cerebrospinal fluid and others). Human studies involving (1) pediatric patients, (2) patients with neurological comorbidities prior to injury, (3) chronic TBI or TBI which occurred more than a week after trauma, or (4) where samples were collected post-mortem were excluded. Studies which included chronic or repetitive TBI models, or in vitro experiments in addition to all the aforementioned inclusion criteria, were included. Primary outcome was the identification of an EV-based biomarker for TBI diagnosis or prognosis. [page 5]

	Information sources
		9
	Four databases (MEDLINE, EMBASE, Scopus, Cochrane) were searched for articles in English from inception to December 31st 2024. The search strategy is based on keywords related to “traumatic brain injury”, “extracellular vesicles” and “biomarkers”. The search was not restricted to specific publication types or languages provided an abstract in English is available. The search strategy was be reviewed by a librarian at University of Valencia. [page 5]

	Search strategy
	10
	See Table S2

	Study records:
	
	

	 Data management
	11a
	Included studies were grouped and duplicates were removed through a reference management software package. A two-step independent process will be performed by two pairs of reviewers, who assessed studies for eligibility. Discrepancies between authors were resolved by a third author. Data was finally be extracted by two independent reviewers using a pre-defined Data Collection Form (DCF). [page 5/24]

	 Selection process
	11b
	The first stage of the screening was based on title and abstract, and the second stage was based on full text. At both steps intercoder agreement was be assessed through Cohen’s κ. Discrepancies were resolved by a third author. [page 5].

	 Data collection process
	11c
	Data collection was performed by authors using a standardized data collection form (DCF). Up to three attempts by mail were done if additional data or clarification are required from authors of the included studies. [page 5]

	Data items
	12
	Extracted data will be recorded in a standardized electronic data collection sheet, including study characteristics (design, sample size, TBI characteristics, EV origin and sample), methods (EV isolation and ccharacterization methods) and key findings (EV-derived biomarker and outcome measures). [page 6]

	Outcomes and prioritization
	13
	Our primary outcome from each study is the EV-based biomarkers identified in TBI patients, and their potential association with TBI severity in terms of sensitivity and specificity. Our secondary outcome are methods for biomarker isolation and characterization, [page 4-5]

	Risk of bias in individual studies
	14
	Quality of studies was assessed in animal studies using SYRCLE’s risk of bias tool and the CAMARADES checklist for study quality, and in clinical studies though the Newcastle Ottawa Scale (NOS) for observational studies of exposures. Each analysis was conducted by two pairs of reviewers [page 5]

	Data synthesis
	15a
	Data was synthesized in a table with the same columns as stated in the DCF. [page 5-6]

	
	15b
	A descriptive summary of data was performed according to: type of biomarker (protein, miRNA, mRNA, other), animal species, biological sample, TBI severity. These analyses were performed separately in animal and human studies. A descriptive summary of individual biomarkers was performed together in animal and human studies. [page 5]

	
	15c
	None. 

	Meta-bias(es)
	16
	No.

	Confidence in cumulative evidence
	17
	The quality of evidence for the selected outcomes was be assessed using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) methodology. The domains in which quality of evidence will be assessed are risk of bias, consistency, directness, precision and publication bias, moderate, low or very low


* It is strongly recommended that this checklist be read in conjunction with the PRISMA-P Explanation and Elaboration (cite when available) for important clarification on the items. Amendments to a review protocol should be tracked and dated. The copyright for PRISMA-P (including checklist) is held by the PRISMA-P Group and is distributed under a Creative Commons Attribution Licence 4.0. (3)


Table S2. Search strategy. 
MEDLINE
((“Extracellular vesicles"[Mesh] OR “extracellular vesicles”[tw] OR “exosome*”[tw] OR “vesicle*”[tw])
AND
(“biomarker*”[tw] OR “diagnosis”[tw] OR “marker*”[tw] OR “diagnos*”[tw] OR “prognos*”[tw] OR “outcome*”[tw] OR “neurological”[tw] OR “survival”[tw] OR “mortality”[tw] OR “death”[tw])
AND
(“Brain Injuries, Traumatic"[Mesh] OR "Craniocerebral Trauma"[Mesh] OR “traumatic brain injur*”[tw] OR “TBI” [tw] OR “brain traum*”[tw] OR “brain lesion*”[tw] OR “brain damage*” OR ((“brain”[tw] OR “cerebral”[tw] OR “craniocerebral”[tw] OR “head”) AND ("Injury"[tw] OR "trauma"[tw] OR “lesion”[tw] OR “damage”[tw]))))

EMBASE
('extracellular vesicle'/exp OR "extracellular vesicles":ti,ab OR exosome*:ti,ab OR vesicle*:ti,ab)
AND
(biomarker*:ti,ab OR diagnosis:ti,ab OR marker*:ti,ab OR diagnos*:ti,ab OR prognos*:ti,ab OR outcome*:ti,ab OR neurological:ti,ab OR survival:ti,ab OR mortality:ti,ab OR death:ti,ab)
AND
('traumatic brain injury'/exp OR 'craniocerebral trauma'/exp OR "traumatic brain injur*":ti,ab OR TBI:ti,ab OR "brain traum*":ti,ab OR "brain lesion*":ti,ab OR "brain damage*":ti,ab OR ((brain:ti,ab OR cerebral:ti,ab OR craniocerebral:ti,ab OR head:ti,ab) AND (injury:ti,ab OR trauma:ti,ab OR lesion:ti,ab OR damage:ti,ab)))



Table S3. Risk of bias evaluation of animal studies. SYRCLE’s tool for risk of bias assessment. 
	Study
	Sequence Genera-tion
	Baseline Characte-ristics
	Blinding of Parti-cipants
	Blinding of care providers
	Blinding of Outcome Assessment
	Incomplete Outcome Data
	Selective Reporting
	Random Housing
	Blinding of Care-givers
	Other Bias
	Total Risk of Bias

	Andrews 2016 (27)
	+
	+
	+
	+
	+
	+
	+
	?
	+
	+
	Low

	Chen 2018 (28)
	+
	+
	+
	+
	+
	+
	+
	?
	?
	?
	High

	Ge 2020 (29)
	+
	+
	+
	+
	+
	+
	+
	+
	?
	+
	Unclear

	Harrison 2016 (30)
	+
	+
	+
	-
	+
	+
	+
	?
	?
	?
	High

	Hazelton 2018 (31)
	+
	+
	+
	+
	+
	+
	+
	?
	?
	?
	Unclear

	Huang 2018 (32)
	+
	+
	+
	+
	+
	+
	+
	+
	+
	?
	Low

	Keane 2023 (33)
	+
	+
	+
	-
	+
	+
	+
	?
	+
	+
	High

	Ko 2018 (34)
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	Low

	Ko 2020 (35)
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	Low

	Kumar 2017 (36)
	+
	+
	+
	+
	+
	+
	+
	?
	?
	+
	Unclear

	Li 2019 (37)
	+
	+
	+
	-
	+
	+
	+
	?
	?
	?
	High

	Long 2020
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	Low

	Tian 2015 (38)
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	Low

	Tian 2022 (39)
	+
	+
	+
	+
	+
	+
	+
	?
	?
	?
	Unclear

	Wang 2018 (40)
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	Low

	Wang 2020 (41)
	+
	+
	+
	+
	+
	+
	?
	+
	?
	+
	Unclear

	Zhao 2018 (42)
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	Low

	Zhao 2021 (43)
	+
	+
	+
	+
	+
	+
	+
	?
	?
	+
	Unclear




Table S4. Risk of bias evaluation of clinical studies. Newcastle Ottawa Scale (NOS) for risk of bias assessment of observational studies of exposures.

	
	SELECTION
	COMPARABILITY
	OUTCOME
	

	Study
	Repre-senta-tive
	Non-exposed Cohort
	Exposure Ascertainment
	Outcome Not Present
	Study Control
	Adjustments
	Outcome Assessment
	Follow-up Length
	Follow-up Adequacy
	Total

	Beard 2021 (44)
	1
	1
	1
	1
	1
	0
	1
	1
	0
	7

	Cheng 2019 (45)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	9

	De Rivero 2016 (46)
	1
	0
	1
	0
	1
	0
	1
	0
	0
	4

	Goetzl 2019 (47)
	1
	1
	1
	0
	1
	0
	1
	1
	0
	6

	Goetzl 2020 (48)
	1
	1
	1
	0
	1
	1
	1
	1
	0
	7

	Guedes 2022 (49)
	1
	1
	1
	0
	1
	0
	1
	1
	0
	6

	Huang 2023 (50)
	1
	1
	1
	1
	1
	1
	1
	1
	0
	8

	Ko 2018 (51)
	1
	1
	1
	0
	1
	0
	1
	1
	0
	6

	Ko 2020
	1
	1
	1
	1
	1
	1
	1
	1
	1
	9

	Kuharic 2019 (52)
	1
	1
	1
	0
	1
	0
	1
	1
	0
	6

	Li 2023 (53)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	9

	Long 2020 (54)
	1
	0
	1
	0
	1
	0
	1
	1
	0
	5

	Manek 2018 (55)
	1
	1
	1
	0
	1
	1
	1
	1
	0
	7

	Matuk 2021 (56)
	1
	1
	1
	0
	1
	0
	1
	1
	0
	6

	Mondello 2020 (57)
	1
	1
	1
	0
	1
	1
	1
	1
	0
	7

	Nekludov 2017 (58)
	1
	1
	1
	0
	1
	0
	1
	1
	0
	6

	Nekdulov 2014 (59)
	1
	1
	1
	0
	1
	0
	1
	1
	0
	6

	Patz 2013 (60)
	1
	1
	1
	0
	1
	1
	1
	1
	0
	7

	Puffer 2021 (61)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	9
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