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Supplemental Figure 1. Risk of bias assessment for randomized controlled trials using the Cochrane RoB 2 tool
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Note: Domains include bias arising from the randomization process (D1), deviations from intended interventions (D2), missing outcome data (D3), measurement of the outcome (D4), and selection of the reported result (D5). Overall risk-of-bias judgments are shown for each study.

Supplemental Figure 2. SYRCLE’s risk of bias in distribution of evidence quality across domains



Note: Stacked bar chart illustrating the proportion of studies rated as “Yes,” “No,” or “Unclear” across ten assessment domains (D1–D10), providing an overview of evidence quality and reporting completeness across included studies. A full SYRCLE’s risk of bias table can be found on Supplemental Table 5.


[bookmark: _Hlk221457892]Supplemental Table 1. Inclusion and exclusion criteria
	
	Inclusion criteria
	Exclusion criteria

	Population
	Animal; human
	Subjects with pre-existing neurological conditions; subjects with polysubstance use

	Intervention
	Ketamine; esketamine
	Psychotropic drugs, with ketamine not being the main focus

	Comparison
	n/a
	n/a

	Outcome
	Neurotoxicity; cognitive impairment; histopathology; apoptosis markers
	No neurotoxicity outcomes or cognitive impairment with no neurotoxic outcomes

	Study Type
	Original research reports with clinical trial designs (including randomization) or observational study designs (cohort or case-control)
	Single case report; narrative reviews; systematic reviews; no neuro outcome; editorials; no isolated ketamine effects; study protocols; conference abstracts; attitude papers; opinion and guidelines




[bookmark: _Hlk221457896]Supplemental Table 2. Search history

	# ▲
	Searches
	Results

	1
	ketamine.mp. [mp=ti, bt, ab, ot, nm, hw, fx, kf, ox, px, rx, ui, an, sy, ux, mx, tn, dm, mf, dv, dq, tc, id, tm, cw]
	115434

	2
	esketamine.mp. [mp=ti, bt, ab, ot, nm, hw, fx, kf, ox, px, rx, ui, an, sy, ux, mx, tn, dm, mf, dv, dq, tc, id, tm, cw]
	5600

	3
	1 or 2
	117538

	4
	depressed.mp. [mp=ti, bt, ab, ot, nm, hw, fx, kf, ox, px, rx, ui, an, sy, ux, mx, tn, dm, mf, dv, dq, tc, id, tm, cw]
	316189

	5
	depression.mp. [mp=ti, bt, ab, ot, nm, hw, fx, kf, ox, px, rx, ui, an, sy, ux, mx, tn, dm, mf, dv, dq, tc, id, tm, cw]
	2084142

	6
	4 or 5
	2229036

	7
	3 and 6
	20918

	8
	cognitive.mp. [mp=ti, bt, ab, ot, nm, hw, fx, kf, ox, px, rx, ui, an, sy, ux, mx, tn, dm, mf, dv, dq, tc, id, tm, cw]
	2214374

	9
	memory.mp. [mp=ti, bt, ab, ot, nm, hw, fx, kf, ox, px, rx, ui, an, sy, ux, mx, tn, dm, mf, dv, dq, tc, id, tm, cw]
	1280456

	10
	attention.mp. [mp=ti, bt, ab, ot, nm, hw, fx, kf, ox, px, rx, ui, an, sy, ux, mx, tn, dm, mf, dv, dq, tc, id, tm, cw]
	2149773

	11
	executive function.mp. [mp=ti, bt, ab, ot, nm, hw, fx, kf, ox, px, rx, ui, an, sy, ux, mx, tn, dm, mf, dv, dq, tc, id, tm, cw]
	157425

	12
	cognition.mp. [mp=ti, bt, ab, ot, nm, hw, fx, kf, ox, px, rx, ui, an, sy, ux, mx, tn, dm, mf, dv, dq, tc, id, tm, cw]
	1000884

	13
	8 or 9 or 10 or 11 or 12
	5101668

	14
	7 and 13
	3943

	15
	remove duplicates from 14
	3004



Note: Databases included PubMed/Medline, APA PsychINFO, Embase, and Cochrane Library; they were searched from the inception throughout September 18, 2025.


5

[bookmark: _Hlk221457910]Supplemental Table 3. PRISMA 2020 Checklist
	Section and Topic 
	Item #
	Checklist item 
	Location where item is reported 

	TITLE 
	

	Title 
	1
	Identify the report as a systematic review.
	1

	ABSTRACT 
	

	Abstract 
	2
	See the PRISMA 2020 for Abstracts checklist.
	2

	INTRODUCTION 
	

	Rationale 
	3
	Describe the rationale for the review in the context of existing knowledge.
	3

	Objectives 
	4
	Provide an explicit statement of the objective(s) or question(s) the review addresses.
	3

	METHODS 
	

	Eligibility criteria 
	5
	Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses.
	4

	Information sources 
	6
	Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Specify the date when each source was last searched or consulted.
	3-4

	Search strategy
	7
	Present the full search strategies for all databases, registers and websites, including any filters and limits used.
	4

	Selection process
	8
	Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each record and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process.
	4-6

	Data collection process 
	9
	Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in the process.
	4-6

	Data items 
	10a
	List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect.
	4-6

	
	10b
	List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). Describe any assumptions made about any missing or unclear information.
	4-6

	Study risk of bias assessment
	11
	Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed each study and whether they worked independently, and if applicable, details of automation tools used in the process.
	4-5

	Effect measures 
	12
	Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results.
	4-5

	Synthesis methods
	13a
	Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention characteristics and comparing against the planned groups for each synthesis (item #5)).
	4-5

	
	13b
	Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data conversions.
	n/a; This study does not include a meta-analysis.

	
	13c
	Describe any methods used to tabulate or visually display results of individual studies and syntheses.
	

	
	13d
	Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used.
	

	
	13e
	Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-regression).
	

	
	13f
	Describe any sensitivity analyses conducted to assess robustness of the synthesized results.
	

	Reporting bias assessment
	14
	Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases).
	4-5

	Certainty assessment
	15
	Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome.
	4-5

	RESULTS 
	

	Study selection 
	16a
	Describe the results of the search and selection process, from the number of records identified in the search to the number of studies included in the review, ideally using a flow diagram.
	5-7

	
	16b
	Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded.
	5

	Study characteristics 
	17
	Cite each included study and present its characteristics.
	5

	Risk of bias in studies 
	18
	Present assessments of risk of bias for each included study.
	8

	Results of individual studies 
	19
	For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its precision (e.g. confidence/credible interval), ideally using structured tables or plots.
	5-8

	Results of syntheses
	20a
	For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies.
	8

	
	20b
	Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision (e.g. confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect.
	n/a; This study does not include a meta-analysis.

	
	20c
	Present results of all investigations of possible causes of heterogeneity among study results.
	

	
	20d
	Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results.
	

	Reporting biases
	21
	Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed.
	

	Certainty of evidence 
	22
	Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed.
	

	DISCUSSION 
	

	Discussion 
	23a
	Provide a general interpretation of the results in the context of other evidence.
	9

	
	23b
	Discuss any limitations of the evidence included in the review.
	12-13

	
	23c
	Discuss any limitations of the review processes used.
	12-13

	
	23d
	Discuss implications of the results for practice, policy, and future research.
	9-12

	OTHER INFORMATION
	

	Registration and protocol
	24a
	Provide registration information for the review, including register name and registration number, or state that the review was not registered.
	n/a; This study does not include a meta-analysis.

	
	24b
	Indicate where the review protocol can be accessed, or state that a protocol was not prepared.
	

	
	24c
	Describe and explain any amendments to information provided at registration or in the protocol.
	

	Support
	25
	Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review.
	14

	Competing interests
	26
	Declare any competing interests of review authors.
	14

	Availability of data, code and other materials
	27
	Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from included studies; data used for all analyses; analytic code; any other materials used in the review.
	14




Supplemental Table 4. Newcastle-Ottawa Scale quality assessment
	Study
	Design
	Selection
	Comparability
	Exposure / Outcome
	Total Stars
	Quality Assessment

	Tang et al. (2025)
	Case-Control
	★★★★
	★★
	★★★
	9
	High

	Liu (X) et al. (2025)
	Cohort
	★★★★
	★★
	★★★
	9
	High

	Taraku et al. (2024)
	Cohort
	★★★★
	★★
	★★★
	9
	High

	Hung et al. (2020)
	Case-Control
	★★★★
	★★
	★★★
	9
	High

	Zavaliangos (2023)
	Cohort
	★★★★
	★★
	★★★
	9
	High

	Loureiro et al. (2020)
	Cohort
	★★★★
	★★
	★★★
	9
	High

	Curran & Morgan (2000)
	Case-Control
	★★★
	★★
	★★
	7
	High

	Ricci et al. (2011)
	Case-Control
	★★★
	★
	★★★
	7
	High

	Stippl et al. (2021)
	Single-Arm
	★
	
	★★
	3
	Low

	Guo et al. (2022)
	Database
	★
	
	★
	2
	Low

	Włodarczyk (2024)
	Case Report
	★
	
	★
	2
	Low

	Su et al. (2017)
	Cohort
	★★★★
	★★
	★★★
	9
	High

	Li et al. (2016)
	Cohort
	★★★★
	★★
	★★★
	9
	High



Note: A study can be awarded a maximum of 4 stars for selection, 2 starts for comparability, and 3 stars for exposure/outcome, totalling 9 stars. High quality denotes 3 or 4 stars in “selection” domain AND 1 or 2 stars in “comparability” domain AND 2 or 3 stars in “exposure/outcome” domain. Fair quality denotes 2 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in exposure/outcome domain. Low quality denotes 0 or 1 star in selection domain OR 0 stars in comparability domain OR 0 or 1 stars in exposure/outcome domain.

[bookmark: _Hlk221457914]Supplemental Table 5. SYRCLE Risk of bias assessment
	
	D1
	D2
	D3
	D4
	D5
	D6
	D7
	D8
	D9
	D10

	Ahnaou (2017)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Bergosh (2024)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Chen, L. (2021)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Chen, M. (2021)
	No
	Yes
	No
	Unclear
	No
	Unclear
	No
	Yes
	Unclear
	Unclear

	Chen, S.-T. (2021)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Clarke (2016)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Coronel-Oliveros (2017)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Daniels (2023)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	
	Yes
	Unclear
	Unclear

	De Carvalho (2019)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Deane (2020)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	
	Yes
	Unclear
	Unclear

	Duan (2013)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Edem (2023)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Flowers (2025)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Fortress (2018)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Gass, N. (2018)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Gass, N. (2019)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Goswamee (2022)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Hajizadeh (2024)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Hong (2022)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Hsieh (2021)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Huang (2016)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Unclear
	No

	Iafrati (2014)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Unclear
	Unclear

	Izumi (2014)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Unclear
	No

	Jordan (2023)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Khan (2018)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Krzystyniak (2019)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Li, Q. (2019)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Logue (2022)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Luo, Y. (2021)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Miao (2023)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Unclear
	Unclear

	Michaelsson (2019)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Mingardi (2023)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Unclear
	Unclear

	Musat (2025)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Patton (2017)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Unclear
	Unclear

	Piazza (2024)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Riggs (2025)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Sala (2022)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Staszelis (2022)
	NA
	Yes
	NA
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Unclear
	Unclear

	Stewart (1994)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Unclear
	Unclear

	Sun (2014)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Tian (2025)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Vecchia (2021)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Unclear
	Unclear

	Wan (2024)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Unclear
	Unclear

	Wen, G. (2024)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Unclear
	Unclear

	Wen, Y. (2024)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Xu (2023)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Yan (2018)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Yang (2018)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Yu (2012)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Zhang, L-M (2023)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Unclear
	Unclear

	Zhang, X (2021)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Unclear
	Unclear

	Zhao (2014)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Zhou (2025)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Miller (2017)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Hajizadeh (2024)
	Unclear
	Yes
	Unclear
	Unclear
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear



Note: Description of domains as follow: D1 (Sequence Generation): Was the allocation sequence adequately generated? - At the end, I had many left empty because a lot of the paper simply stated that there was randomization but they fail to describe the specific method used to generate the random sequence; D2 (Baseline Char.): Were groups similar at baseline?; D3 (Allocation Concealment): Was allocation adequately concealed? - According the description of what to uses, most of the study did not meet the concealment requirement, for Low Risk, a study must explicitly state that the person allocating the animals could not foresee which group an animal was going into. Which can achieved by third-party coding, central randomization, or the use of sequentially numbered, opaque, sealed envelopes. But in most of our study, practicall all, they did not mention anything about this.; D4 (Random Housing): Were animals randomly housed?; D5 (Blinding Caregivers): Were caregivers blinded?; D6 (Random Outcome Assessment): Were animals selected at random for outcome assessment?; D7 (Blinding Assessor): Was the outcome assessor blinded?; D8 (Incomplete Data): Were incomplete outcome data adequately addressed?; D9 (Selective Reporting): Free of selective outcome reporting?; and D10 (Other): Unit of analysis errors, contamination, etc.

Distribution of Evidence Quality Across Domains (D1–D10)

Yes	D1	D2	D3	D4	D5	D6	D7	D8	D9	D10	0	1	0	0	0	0	0.73584905660377353	1	0	0	No	D1	D2	D3	D4	D5	D6	D7	D8	D9	D10	1.8181818181818181E-2	0	1.8181818181818181E-2	0	1.7857142857142856E-2	0	1.8867924528301886E-2	0	0	3.6363636363636362E-2	Unclear	D1	D2	D3	D4	D5	D6	D7	D8	D9	D10	0.96363636363636362	0	0.96363636363636362	1	0.9642857142857143	1	0.24528301886792453	0	1	0.96363636363636362	
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