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Abstract 

Background

Lidocaine is increasingly used for surgical patients requiring general anesthe-

sia. However, its clinical benefits on postoperative recovery quality are not well 

established. Our main objective aims to summarize the evidence regarding the 

effectiveness of perioperative lidocaine infusion on postoperative subjective quality 

of recovery (QoR).

Methods and analysis

This protocol will be conducted according to the Preferred Reporting Items for Sys-

tematic Reviews and Meta-Analyses Protocols (PRISMA-P) guideline. This system-

atic review will include randomized controlled trials (RCTs) from their inception until 

December 31st, 2024 with no language restrictions. The major databases including 

PubMed, Embase, and the Cochrane library will be comprehensively searched and 

supplemented by a hand searching reference lists of all included articles. Searches 

will involve studies assessing the efficacy of the perioperative lidocaine infusion for 

improving postoperative QoR, in comparison to placebo, or on treatment. The two 

authors will independently screen studies, extract study data and assess bias risk 

of the studies. The subjective QoR (QoR-15, QoR-40) on postoperative day 1–3 will 

be defined as primary outcome, whereas secondary outcomes will include morphine 

consumption, incidence of postoperative nausea and vomiting, time to first bowel 

movement, time to first flatus, and length of hospital stay. A meta-analysis will be per-

formed using Review Manager 5.3 software. Sensitivity analyses, subgroup analysis 

and publication bias will also be conducted. The evidence quality of pooled results 
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will be assessed by the Grading of Recommendations Assessment, Development, 

and Evaluation (GRADE) approach.

Discussion

This review and meta-analysis is anticipated to provide the evidence for the role of 

intravenous lidocaine on the subjective quality of recovery after surgery. In addition, 

the findings from this review will help clinicians with developing effective and safe 

perioperative anesthetic management regimens for surgery patients.

Study registration

PROSPERO registration number: CRD42024585866

Introduction

Postoperative recovery is most often defined by traditional surgical outcome measures 
including hospital length of stay, complication rates, and mortality rates [1]. With the 
advances in peri-operative care, serious complications have been decreasing [2] and 
a prompt recovery is expected for most surgery patients. Traditional measures have 
been incomplete to reflect patients’ recovery profiles [3]. On the other hand, the impact 
of patients’ perspective on recovery has garnered increasing attention of clinicians 
[4,5]. Previous studies have shown the importance of the implementation of effective 
strategies to improve patient-reported outcome measures for optimizing the patient 
recovery after surgery [6–8]. Quality of recovery (QoR) scale, such as the QoR-15 and 
QoR-40 scale, are patient-reported outcome measures involving physical, psycholog-
ical and social domains [9,10]. These scales provide various aspects of postoperative 
recovery evaluated by the patient themselves and reflect the patients’ perspective of 
healthcare quality, beyond just traditional outcomes, are widely used to evaluate the 
efficacy of interventions characteristics [11–15].

Lidocaine, an amino-amide local anesthetic agent, has been extensively investi-
gated for its anti-nociceptive, anti-hyperalgesic, and anti-inflammatory properties [16]. 
A number of studies demonstrated that perioperative lidocaine infusion was effective 
to decrease postoperative pain [17,18]. In addition to analgesic effects, previous 
reviews have shown the administration of perioperative lidocaine reduced the risk 
of postoperative nausea and vomiting (PONV), the time to bowel function recovery 
and length of hospital stay in patients after abdominal surgery [19,20]. Besides, there 
is evidence suggesting that intravenous lidocaine could attenuate the incidence 
of postoperative cognitive dysfunction [21]. Lidocaine may also have the potential 
to improve patients’ postoperative recovery. There have been several randomized 
clinical trials (RCTs) have attempted to evaluate the impact of intravenous lidocaine 
on postoperative QoR. However, emerging literature on intravenous lidocaine and 
postoperative QoR has shown divergent results.

Given the significant clinical implications of lidocaine, a systematic review and 
meta-analysis to evaluate the impact of intravenous lidocaine and postoperative QoR 
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is needed. The current literature on intravenous lidocaine and postoperative QoR is conflicting, necessitating further investi-
gation. Despite a previous meta-analysis [22]showed that the benefits of intravenous lidocaine in enhancing QoR in patients 
undergoing laparoscopic bariatric surgery. However, the limited surgical types and sample size included made it difficult to 
draw definitive conclusions about the benefits in enhancing postoperative recovery quality. Another recent meta-analysis [23] 
concluded the efficacy of intravenous lidocaine for enhancing global QoR score [mean difference (MD) = 9.65, 95% confi-
dence interval (CI): 6.33 to 12.97; p < 0.00001; I2 = 97%]. Sub-group analyses indicated the variety of surgeries as a possible 
source of the high heterogeneity. Moreover, several new studies have been published did not support these findings [24,25]. 
Hence, the efficacy of intravenous lidocaine in enhancing postoperative QoR in various surgical categories remains uncertain.

To further investigate the beneficial effects of intravenous lidocaine in postoperative QoR after surgery, we plan to con-
duct this protocol of a systematic review and meta-analysis to summarize and update the changes of the effectiveness of 
intravenous lidocaine in improving postoperative QoR in various surgical categories.

Objectives

The propose of this review and systematic review is to address the following questions:

1.	To investigate the specific impact of perioperative lidocaine infusion on the subjective quality of recovery in various 
surgical categories.

2.	To formulate the recommended dosage range for the perioperative use of lidocaine.

Methods

Protocol registration and reporting

The present protocol was registered in the International Prospective Register of Systematic Reviews (PROSPERO) (regis-
tration number: CRD42024585866). The study protocol follows the guideline of the Preferred Reporting Items for System-
atic Reviews and Meta- analysis Protocols (PRISMA-P) statement. The PRISMA-P-checklist is shown in S1 File.

Search strategy and information source

A comprehensive search of PubMed, Embase and the Cochrane library databases will be performed from their inceptions 
to 31th December 2024 to find relevant studies. There will be no language restrictions. We plan to update the literature 
search during the process of writing the review manuscript. The key terms for search will contain “lidocaine”, “surgical pro-
cedures, operative”, “quality of recovery score”, and “randomized controlled trials”. In addition, we will manually search the 
references from retrieved articles to further identify additional relevant articles meeting the eligibility criteria. The search 
strategy of the respective databases will be detailed in S2 File.

Eligibility criteria

The eligibility criteria for selecting trials designed according to PICOS (population, intervention, comparison, outcome, 
and study design) framework [26]. Eligibility will not be restricted by language, publication date, or type of surgery. Studies 
according to the following criteria will be considered inclusion: Population: studies involving adults (as defined in the indi-
vidual study) undergoing any type of surgery under general anesthesia; Intervention: intravenous lidocaine during periop-
erative period, the intravenous lidocaine infusion must have been started intraoperatively, prior to incision, and continued 
at least until the end of surgery; Comparison: placebo or no treatment; Outcomes: the primary outcome is postoperative 
QoR measured using the subjective QoR (QoR-15, QoR-40) on postoperative day 1–3, while secondary outcomes are 
morphine consumption, incidence of PONV, time to first bowel movement, time to first flatus, and length of hospital stay; 
Study design: only RCTs will be included. The included studies must report at least one of the outcomes of interest.
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We will exclude studies if they meet any of the following criteria:1) lidocaine was administered through non-intravenous 
routes, for example intramuscular, intra-articular, intrathecal or epidural routes; 2) studies which not involved intravenous 
lidocaine or placebo prior to and during the surgical procedure; 3) duplicate articles; 4) any letter, review, abstracts, edito-
rial, case report or animal studies; 5) full-text articles cannot be obtained.

Study selection and data extraction

All the retrieved studies will be imported to EndNote citation manager. After the removal of duplicates, two independent 
(Q.H. and C.S.) reviewers will screen all the articles based on the eligibility criteria to determine the suitability of the arti-
cles. Reviewers will begin by screening titles and abstracts, followed by the full texts of the retrieved studies screening. 
Any disagreements in the process of study selection will be resolved through discussion or a third senior reviewer will be 
consulted when necessary. The screening process will be summarized in a PRISMA flow diagram [27] (as shown in Fig 1).

Two independent reviewers (Q.H. and C.S.) will meticulously conduct data extraction for the included studies by using 
a standardized data extraction format prepared using Microsoft Excel. The Excel spreadsheet mainly comprises the 
following data, include first author, the year of publication, country, mean age, sex, total sample size, study design, reg-
imens of lidocaine infusion (infusion rate, concentration, and time), type of surgery, and outcome measures. Studies will 
be classified according to surgical categories, such as abdominal, thoracic, orthopedic, and other surgeries. Any uncer-
tainty occur in the process of data extraction will be resolved through discussions or a third reviewer will be consulted 
when necessary.

Fig 1.  PRISMA flow diagram of studies selection.

https://doi.org/10.1371/journal.pone.0323342.g001

https://doi.org/10.1371/journal.pone.0323342.g001
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Dealing with missing data

In cases of crucial data is missing, we will contact the primary authors of the studies by email for relevant data upon rea-
sonable request. If we receive no response in 14 days after the invitation, the selected studies will be excluded from the 
review.

Risk of bias assessment

Two reviewers (Q.H. and C.S.) will independently examine risk of bias of the included trials using the Cochrane Risk of 
Bias (RoB-2) tool [28]. In detail, the tool is structured into for the following five domains: (1) the randomization process, 
(2) deviations from intended intervention, (3) lack of outcome data, (4) measurement of outcomes and (5) the choice of 
reported results. Each domain of ROB will be classified as low risk, high risk or some concerns. After that, the individual 
study’s overall ROB will be determined. Any disagreements will be resolved through discussion or by involving a senior 
reviewer.

Certainty of Evidence Assessment

We will assess the certainty of evidence using the Grading of Recommendations, Assessment, Development, and Eval-
uation (GRADE) approach [29], based on the following five parameters: risk of bias, indirectness, inconsistency, impreci-
sion and publication bias. The certainty of evidence will be rated as high, moderate, low, or very low. Any discrepancies 
between investigators will be resolved by discussion or consultation with a senior reviewer, if necessary.

Data synthesis

We will use Cochrane Review Manager (RevMan 5.3) to conduct data analysis. MD with 95% CI will be calculated for the 
continuous data and the risk ratio (RR) with 95% CIs will be calculated for the dichotomous data (e.g., PONV incidence), 
respectively. The heterogeneity will be evaluated by chi-square-based Q-test and quantified by I2 statistic provided by 
Review Manager software. An I2 value over 50% will be considered as substantial heterogeneity. Additionally, a p-value 
less than 0.1 will be considered statistically significant for heterogeneity. Assuming a heterogeneity across the studies, the 
random effects model will be carried out for outcome assessment, regardless of the heterogeneity. Subgroup analyses 
will be conducted based to explore potential sources of heterogeneity. Since a previous meta-analysis demonstrated a 
variation in the efficacy of intravenous lidocaine for QoR enhancement with the types of surgery [23], we will analyze the 
efficacy of lidocaine based on different subgroups of surgical categories (i.e., abdominal surgery, thoracic surgery, ortho-
pedic surgery, and other surgeries) and anesthesia methods (i.e., total intravenous anesthesia vs. inhalation anesthesia). 
To identify other potential confounding factors, we will examine the impacts of age (i.e., < 60 years vs. > 60 years), sex (i.e., 
male predominance vs. female predominance), surgical time (i.e., < 120 min vs. > 120 min), and QoR scale (i.e., QoR-40 
and QoR-15) on the QoR scores. Sex predominance will be defined as the proportion of a sex exceeding 50% among the 
recruited patients in a study. If substantial heterogeneity is detected, meta-regression will be considered to investigate 
the influence of specific study-level characteristics on the effect sizes. In addition, sensitivity analysis will be carried out 
to ensure the homogeneity of the results. When more than 10 RCTs are included in meta-analyses, the funnel plot asym-
metry test and/or Egger’s test will be used to explore potential publication bias [30]. If asymmetry in the funnel plot and 
a value of P ＜ 0.05 according to Egger’s test, reveals potential publication bias. All the statistical tests are two sided and 
P ＜ 0.05 is considered statistical significance.

Patient and public involvement

Patients and/or the public were not involved in the design, or conduct, or reporting, or dissemination plans of this 
research.
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Ethics and dissemination

The ethical approval is not applicable, as no individual patient data will be collected for systematic review. The results will 
be reported and disseminated through publication in a peer- reviewed journal.

Discussion

QoR after surgery has been recognized as an important perioperative consideration in recent years. Currently, a growing 
body of literature has shown that perioperative intravenous lidocaine is effective in improving QoR after surgery. However, 
evidence was equivocal regarding the relationships between perioperative intravenous lidocaine with QoR. This review 
and meta-analysis will identify whether intravenous lidocaine interventions, might be effective in improving patients’ QoR 
after surgery compared to no treatment, or placebo. The results from this review will provide clinical protocols regarding 
the use of lidocaine interventions to improve postoperative recovery quality.

This meta-analysis has several potential limitations. First, there is potential for heterogeneity. The variations in the 
timing and dosing regimens of lidocaine among the primary studies, may influence patient outcomes. Second, another 
potential limitation may include type of surgical procedures, the diversity of surgical procedures might impact the recov-
ery profiles and pain experiences. Therefore, subgroup analysis or meta-regression will be considered to investigate the 
influence of potential confounders on the effect. Third, sample size from the included studies might be small, which will 
have an influence on the pooled results. Therefore, the application of GRADE criteria will contribute to a robust analysis. 
We expect to compile a comprehensive overview about the efficacy of lidocaine interventions in surgery. The findings will 
formulate the recommended dosage range for the perioperative use of lidocaine and a list of applicable surgical types.

Supporting information

S1 File.  PRISMA-P 2015 Checklist. 
(DOCX)

S2 File.  Search strategies for included databases. 
(DOCX)

Author contributions

Conceptualization: Qianli Huang, Changhui Shao.

Data curation: Qianli Huang, Changhui Shao.

Formal analysis: Wei Wei, Shan Ou.

Methodology: Qianli Huang, Changhui Shao, Wei Wei, Shan Ou.

Software: Qianli Huang, Changhui Shao.

Writing – original draft: Qianli Huang, Changhui Shao.

Writing – review & editing: Qianli Huang, Wei Wei, Shan Ou.

References
	1.	 Myles PS. More than just morbidity and mortality - quality of recovery and long-term functional recovery after surgery. Anaesthesia. 2020;75 Suppl 

1:e143–50. https://doi.org/10.1111/anae.14786 PMID: 31903564

	2.	 Aldwinckle RJ, Montgomery JE. Unplanned admission rates and postdischarge complications in patients over the age of 70 following day case 
surgery. Anaesthesia. 2004;59(1):57–9. https://doi.org/10.1111/j.1365-2044.2004.03560.x PMID: 14687100

	3.	 Kehlet H, Joshi GP. Enhanced Recovery After Surgery: Current Controversies and Concerns. Anesth Analg. 2017;125(6):2154–5. https://doi.
org/10.1213/ANE.0000000000002231 PMID: 29190219

http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0323342.s001
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0323342.s002
https://doi.org/10.1111/anae.14786
http://www.ncbi.nlm.nih.gov/pubmed/31903564
https://doi.org/10.1111/j.1365-2044.2004.03560.x
http://www.ncbi.nlm.nih.gov/pubmed/14687100
https://doi.org/10.1213/ANE.0000000000002231
https://doi.org/10.1213/ANE.0000000000002231
http://www.ncbi.nlm.nih.gov/pubmed/29190219


PLOS One | https://doi.org/10.1371/journal.pone.0323342  May 13, 2025 7 / 8

	 4.	 Liu Y, Qiu Y, Fu Y, Liu J. Evaluation of postoperative recovery: past, present and future. Postgrad Med J. 2023;99(1174):808–14. https://doi.
org/10.1136/postgradmedj-2022-141652 PMID: 37490361

	 5.	 Bowyer AJ, Royse CF. Postoperative recovery and outcomes--what are we measuring and for whom?. Anaesthesia. 2016;71 Suppl 1:72–7. https://
doi.org/10.1111/anae.13312 PMID: 26620150

	 6.	 Myles PS, Hunt JO, Nightingale CE, Fletcher H, Beh T, Tanil D, et al. Development and psychometric testing of a quality of recovery score after 
general anesthesia and surgery in adults. Anesth Analg. 1999;88(1):83–90. https://doi.org/10.1097/00000539-199901000-00016 PMID: 9895071

	 7.	 Myles PS, Boney O, Botti M, Cyna AM, Gan TJ, Jensen MP, et al. Systematic review and consensus definitions for the Standardised End-
points in Perioperative Medicine (StEP) initiative: patient comfort. British Journal of Anaesthesia. 2018;120(4):705–11. https://doi.org/10.1016/j.
bja.2017.12.037

	 8.	 Campfort M, Cayla C, Lasocki S, Rineau E, Léger M. Early quality of recovery according to QoR-15 score is associated with one-month postopera-
tive complications after elective surgery. J Clin Anesth. 2022;78:110638. https://doi.org/10.1016/j.jclinane.2021.110638 PMID: 35033845

	 9.	 Stark PA, Myles PS, Burke JA. Development and psychometric evaluation of a postoperative quality of recovery score: the QoR-15. Anesthesiol-
ogy. 2013;118(6):1332–40. https://doi.org/10.1097/ALN.0b013e318289b84b PMID: 23411725

	10.	 Myles PS, Weitkamp B, Jones K, Melick J, Hensen S. Validity and reliability of a postoperative quality of recovery score: the QoR-40. Br J Anaesth. 
2000;84(1):11–5. https://doi.org/10.1093/oxfordjournals.bja.a013366 PMID: 10740540

	11.	 Chow A, Mayer EK, Darzi AW, Athanasiou T. Patient-reported outcome measures: the importance of patient satisfaction in surgery. Surgery. 
2009;146(3):435–43. https://doi.org/10.1016/j.surg.2009.03.019 PMID: 19715800

	12.	 Myles PS, Shulman MA, Reilly J, Kasza J, Romero L. Measurement of quality of recovery after surgery using the 15-item quality of recovery scale: 
a systematic review and meta-analysis. Br J Anaesth. 2022;128(6):1029–39. https://doi.org/10.1016/j.bja.2022.03.009 PMID: 35430086

	13.	 Gornall BF, Myles PS, Smith CL, Burke JA, Leslie K, Pereira MJ, et al. Measurement of quality of recovery using the QoR-40: a quantitative sys-
tematic review. Br J Anaesth. 2013;111(2):161–9. https://doi.org/10.1093/bja/aet014 PMID: 23471753

	14.	 Choi KW, Nam K-H, Lee J-R, Chung WY, Kang S-W, Joe YE, et al. The Effects of Intravenous Lidocaine Infusions on the Quality of Recovery 
and Chronic Pain After Robotic Thyroidectomy: A Randomized, Double-Blinded, Controlled Study. World J Surg. 2017;41(5):1305–12. https://doi.
org/10.1007/s00268-016-3842-1 PMID: 27896411

	15.	 Steyl C, Kluyts H-L. A randomised controlled trial comparing quality of recovery between desflurane and isoflurane inhalation anaesthesia 
in patients undergoing ophthalmological surgery at a tertiary hospital in South Africa (DIQoR trial). BJA Open. 2023;9:100246. https://doi.
org/10.1016/j.bjao.2023.100246 PMID: 38193018

	16.	 van der Wal SE, van den Heuvel SA, Radema SA, van Berkum BF, Vaneker M, Steegers MA, et al. The in vitro mechanisms and in vivo effi-
cacy of intravenous lidocaine on the neuroinflammatory response in acute and chronic pain. European journal of pain (London, England). 
2016;20(5):655–74.

	17.	 Tang P, Sun Q, Li Z, Tong X, Chen F. Perioperative intravenous lidocaine infusion improves postoperative analgesia after hysterectomy: a system-
atic review and meta-analysis of randomized controlled trials. Int J Surg. 2024.

	18.	 Li J, Huang J, Yang J-T, Liu J-C. Perioperative intravenous lidocaine for postoperative pain in patients undergoing breast surgery: a meta-analysis 
with trial sequential analysis of randomized controlled trials. Front Oncol. 2023;13:1101582. https://doi.org/10.3389/fonc.2023.1101582 PMID: 
37427130

	19.	 Marret E, Rolin M, Beaussier M, Bonnet F. Meta-analysis of intravenous lidocaine and postoperative recovery after abdominal surgery. Br J Surg. 
2008;95(11):1331–8. https://doi.org/10.1002/bjs.6375 PMID: 18844267

	20.	 Sun Y, Li T, Wang N, Yun Y, Gan TJ. Perioperative Systemic Lidocaine for Postoperative Analgesia and Recovery after Abdominal Surgery. Dis-
eases of the Colon & Rectum. 2012;55(11):1183–94. https://doi.org/10.1097/dcr.0b013e318259bcd8

	21.	 Geng C, Hu B, Jiang J, Zhang Y, Tang W, Pan M, et al. The effect of intravenous lidocaine on postoperative cognitive dysfunction: a systematic 
review and meta-analysis. BMC Anesthesiol. 2023;23(1):299. https://doi.org/10.1186/s12871-023-02202-0 PMID: 37670239

	22.	 Barbosa EC, Ortegal GHPC, Aguirre JM, Costa PRR, Ferreira LN, Moreira LF, et al. Effects of Intravenous Lidocaine on Quality of Recovery After 
Laparoscopic Bariatric Surgery: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. Obes Surg. 2024;34(7):2663–9. https://
doi.org/10.1007/s11695-024-07300-7 PMID: 38780836

	23.	 Hung K-C, Chu C-C, Hsing C-H, Chang Y-P, Li Y-Y, Liu W-C, et al. Association between perioperative intravenous lidocaine and subjective quality 
of recovery: A meta-analysis of randomized controlled trials. J Clin Anesth. 2021;75:110521. https://doi.org/10.1016/j.jclinane.2021.110521 PMID: 
34547603

	24.	 Paterson H, Vadiveloo T, Innes K, Balfour A, Atter M, Stoddart A, et al. Intravenous Lidocaine for Gut Function Recovery in Colonic Surgery: A 
Randomized Clinical Trial. JAMA. 2025;333(1):39–48. https://doi.org/10.1001/jama.2024.23898 PMID: 39602290

	25.	 Lin W, Yang Y, Zhuo Y, Qiu C, Guo Y, Yao Y. Efficacy of intraoperative systemic lidocaine on quality of recovery after laparoscopic colorectal sur-
gery: a randomized controlled trial. Ann Med. 2024;56(1):2315229. https://doi.org/10.1080/07853890.2024.2315229 PMID: 38346397

	26.	 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. https://doi.org/10.1016/j.jclinepi.2010.09.012 PMID: 21194891

	27.	 Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA 
statement. PLoS Med. 2009;6(7):e1000097. https://doi.org/10.1371/journal.pmed.1000097 PMID: 19621072

https://doi.org/10.1136/postgradmedj-2022-141652
https://doi.org/10.1136/postgradmedj-2022-141652
http://www.ncbi.nlm.nih.gov/pubmed/37490361
https://doi.org/10.1111/anae.13312
https://doi.org/10.1111/anae.13312
http://www.ncbi.nlm.nih.gov/pubmed/26620150
https://doi.org/10.1097/00000539-199901000-00016
http://www.ncbi.nlm.nih.gov/pubmed/9895071
https://doi.org/10.1016/j.bja.2017.12.037
https://doi.org/10.1016/j.bja.2017.12.037
https://doi.org/10.1016/j.jclinane.2021.110638
http://www.ncbi.nlm.nih.gov/pubmed/35033845
https://doi.org/10.1097/ALN.0b013e318289b84b
http://www.ncbi.nlm.nih.gov/pubmed/23411725
https://doi.org/10.1093/oxfordjournals.bja.a013366
http://www.ncbi.nlm.nih.gov/pubmed/10740540
https://doi.org/10.1016/j.surg.2009.03.019
http://www.ncbi.nlm.nih.gov/pubmed/19715800
https://doi.org/10.1016/j.bja.2022.03.009
http://www.ncbi.nlm.nih.gov/pubmed/35430086
https://doi.org/10.1093/bja/aet014
http://www.ncbi.nlm.nih.gov/pubmed/23471753
https://doi.org/10.1007/s00268-016-3842-1
https://doi.org/10.1007/s00268-016-3842-1
http://www.ncbi.nlm.nih.gov/pubmed/27896411
https://doi.org/10.1016/j.bjao.2023.100246
https://doi.org/10.1016/j.bjao.2023.100246
http://www.ncbi.nlm.nih.gov/pubmed/38193018
https://doi.org/10.3389/fonc.2023.1101582
http://www.ncbi.nlm.nih.gov/pubmed/37427130
https://doi.org/10.1002/bjs.6375
http://www.ncbi.nlm.nih.gov/pubmed/18844267
https://doi.org/10.1097/dcr.0b013e318259bcd8
https://doi.org/10.1186/s12871-023-02202-0
http://www.ncbi.nlm.nih.gov/pubmed/37670239
https://doi.org/10.1007/s11695-024-07300-7
https://doi.org/10.1007/s11695-024-07300-7
http://www.ncbi.nlm.nih.gov/pubmed/38780836
https://doi.org/10.1016/j.jclinane.2021.110521
http://www.ncbi.nlm.nih.gov/pubmed/34547603
https://doi.org/10.1001/jama.2024.23898
http://www.ncbi.nlm.nih.gov/pubmed/39602290
https://doi.org/10.1080/07853890.2024.2315229
http://www.ncbi.nlm.nih.gov/pubmed/38346397
https://doi.org/10.1016/j.jclinepi.2010.09.012
http://www.ncbi.nlm.nih.gov/pubmed/21194891
https://doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/pubmed/19621072


PLOS One | https://doi.org/10.1371/journal.pone.0323342  May 13, 2025 8 / 8

	28.	 Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. RoB 2: a revised tool for assessing risk of bias in randomised trials. 
BMJ. 2019;366:l4898. https://doi.org/10.1136/bmj.l4898 PMID: 31462531

	29.	 Atkins D, Best D, Briss PA, Eccles M, Falck-Ytter Y, Flottorp S, et al. Grading quality of evidence and strength of recommendations. BMJ. 
2004;328(7454):1490. https://doi.org/10.1136/bmj.328.7454.1490 PMID: 15205295

	30.	 Sterne JAC, Sutton AJ, Ioannidis JPA, Terrin N, Jones DR, Lau J, et al. Recommendations for examining and interpreting funnel plot asymmetry in 
meta-analyses of randomised controlled trials. BMJ. 2011;343:d4002. https://doi.org/10.1136/bmj.d4002 PMID: 21784880

https://doi.org/10.1136/bmj.l4898
http://www.ncbi.nlm.nih.gov/pubmed/31462531
https://doi.org/10.1136/bmj.328.7454.1490
http://www.ncbi.nlm.nih.gov/pubmed/15205295
https://doi.org/10.1136/bmj.d4002
http://www.ncbi.nlm.nih.gov/pubmed/21784880
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

