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	Item No
	Recommendation
	Page
No.
	Relevant text from manuscript
	

	 Title and abstract
	1
	(a) Indicate the study’s design with a commonly used term in the title or the abstract
	Title
	An observational study
	

	[bookmark: bold6][bookmark: italic7]
	
	(b) Provide in the abstract an informative and balanced summary of what was done and what was found
	2
	Method: For this prospective cohort study, two groups of patients with and without nitrous oxide inhalation during video-assisted thoracic surgery were recruited. Perioperative information was documented, and postsurgical pain was followed up by telephone. The primary outcome was the presence of chronic postsurgical pain at 6 months postoperatively. Odds ratios and their 95% confidence intervals were estimated using a multivariate logistic regression model adjusted for relevant confounding factors. Conclusion: nitrous oxide inhalation during surgery was associated with lower odds of CPSP in VATS patients, verifying the hypothesis that nitrous oxide may benefit the management of chronic pain related to thoracoscopic surgery in the Asian population.
	

	[bookmark: bold7][bookmark: italic8]Introduction
	
	
	

	[bookmark: bold8][bookmark: italic9][bookmark: bold9][bookmark: italic10]Background/rationale
	2
	Explain the scientific background and rationale for the investigation being reported
	3
	Chronic postsurgical is defined as chronic pain that develops or increases in intensity after a surgical procedure and persists beyond the healing process, ie, at least 3 months after the surgery. Due to the location of the incision and the necessity of an indwelling thoracic tube, thoracic surgery is considered to be one of the most painful operations, with an overall chronic pain incidence of up to 65%. Some animal and clinical trials have shown that nitrous oxide (N2O) may produce long-term analgesic effect, and genetic susceptibility may further enhance this effect of N2O administration. Evidence has shown that N2O is a protective factor against chronic postoperative pain in Asian populations with variants in the methylenetetrahydrofolate reductase gene in nonthoracic surgery. However, it remains unclear whether this effect also exists in thoracic surgery.
	

	[bookmark: bold10][bookmark: italic11]Objectives
	3
	State specific objectives, including any prespecified hypotheses
	4
	The primary objective of this study was to test the hypothesis that N2O inhalation during anesthesia is associated with a lower incidence of chronic pain 6 months after thoracoscopic lobectomy in an Asian population. The impact of N2O inhalation on postsurgical pain at 3 months, neuropathic pain and opioid demand after discharge were also discussed. Our study also provides prospective epidemiological data on CPSP related to thoracic surgery in the Asian population, as such data are relatively inadequate.
	

	[bookmark: bold11][bookmark: italic12]Methods
	
	
	

	[bookmark: bold12][bookmark: italic13]Study design
	4
	Present key elements of study design early in the paper
	5
	This was a prospective cohort study approved by the Medical Ethics Committee of Peking Union Medical College Hospital. The study design, outcome variables, and analysis plan were selected prior to surgery.
	

	[bookmark: bold13][bookmark: italic14]Setting
	5
	Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data collection
	5-6
	See paragraph " "Study population" and " Endpoints, exposures, and confounders "
	

	Participants
	6
	(a) Give the eligibility criteria, and the sources and methods of selection of participants. Describe methods of follow-up
	5
	Participants aged 18 years and older who underwent elective video-assisted thoracic surgery (VATS) at Peking Union Medical College Hospital (PUMCH) were eligible. The medical center stopped supplying N2O on February 18, 2021. Thus, two groups of participants were recruited by time sequence, with the N2O group consecutively recruited from November 1, 2020, to January 31, 2021, and the control group consecutively recruited from March 1, 2021, to May 31, 2021.
Exclusion criteria included pre-operative chronic pain and opioid usage ≥ 3 months, contraindications to the use of N2O, sensory dysfunction, delayed incision healing, uniportal surgery or the absence of a drainage tube. Patients who received a second operation within 6 months and those who refused or were unable to receive our telephone follow-up were also excluded. A verbal questionnaire as well as a standard operating procedure was written a priori and followed by specialized personnel who completed the telephone follow-up 6 months after surgery. Verbal consent was attained at the beginning of the telephone interview.
	

	[bookmark: bold14][bookmark: italic15]
	
	(b) For matched studies, give matching criteria and number of exposed and unexposed
	Not matched
	
	

	[bookmark: bold16][bookmark: italic17]Variables
	7
	Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if applicable
	5-7
	See paragraph " Exposures, confounders and endpoints"
	

	[bookmark: bold17][bookmark: italic18][bookmark: bold18][bookmark: italic19]Data sources/ measurement
	[bookmark: bold19]8*
	 For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe comparability of assessment methods if there is more than one group
	5
	From medical records: Age, sex, BMI, blood types, presence of comorbidities, status of employment and marriage, perioperative chemotherapy, surgery type (wedge resection or lobectomy), malignancy of tumors, pre- and postoperative white blood cell (WBC) counts, preoperative hemoglobin (Hb).
Observed by researchers: ASA score, incision length, surgery duration, intraoperative blood loss, intercostal nerve block, duration of chest tube drainage, intraoperative use of nonsteroidal anti-inflammatory drugs (NSAIDs), patient-controlled analgesia (PCA) and length of stay.
From telephone interview: history of smoking, acute pain on postoperative day 1 (POD1) and at discharge, usage of opioids after discharge, and CPSP at 3months and 6 months after surgery.
	

	[bookmark: bold20][bookmark: italic20]Bias
	9
	Describe any efforts to address potential sources of bias
	6
	Factors that may have causal relationships with CPSP were regarded as potential confounders in our analysis. Based on clinical experiences and previous studies, we adjusted for the confounding effects of age, sex, BMI, ASA score, history of smoking and allergy, blood types, presence of comorbidities, status of employment and marriage, incision length, surgery duration, perioperative chemotherapy, surgery type (wedge resection or lobectomy), intraoperative blood loss, intercostal nerve block, duration of chest tube drainage, malignancy of tumors, length of stay, intraoperative use of nonsteroidal anti-inflammatory drugs (NSAIDs), acute pain on postoperative day 1 (POD1) and at discharge, patient-controlled analgesia (PCA), pre- and postoperative white blood cell (WBC) counts, preoperative hemoglobin (Hb) level and usage of opioids after discharge.
	

	[bookmark: bold21][bookmark: italic21]Study size
	10
	Explain how the study size was arrived at
	7
	On our pre-experimental basis, 33% of patients reported CPSP at 6 months after surgery, and the enrolment of ≥ 649 patients attained 90% power to detect a relative risk reduction of 30%with a type I error of 0.05.
	

	[bookmark: bold22][bookmark: italic22][bookmark: bold23][bookmark: italic23]Quantitative variables
	11
	Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and why
	Table 1 
	Included quantitative variables were: age, BMI, surgical duration, length of stay, NRS score on POD 1,NRS score at discharge, blood loss, Preoperative Hb, Length of incision, Preoperative WBC, Postoperative WBC, △WBC. All of them were handled as consecutive variables. 
	

	[bookmark: italic24][bookmark: italic25]Statistical methods
	12
	(a) Describe all statistical methods, including those used to control for confounding
	7
	The basic characteristics of patients with and without N2O inhalation were tabulated and compared using Student’s t–test and the Mann–Whitney U–test for continuous variables and using the χ2 test for categorical variables. A P value less than 0.1 was considered a significant difference. The potential association between N2O and CPSP was analyzed using multivariable adjusted odds ratios (ORs) and 95% confidence intervals (CIs) from logistic regression models. Two analysis models were devised a priori: ‘model 1’ adjusted for baseline characteristics unevenly distributed between 2 groups and ‘model 2’ further adjusted for factors with clinical significance determined by the researchers’ experience, including age, sex, BMI, surgery duration, intraoperative application of NSAIDS and opioid consumption after discharge. The association between N2O inhalation and CPSP at 3 months, neuropathic pain and opioid consumption after discharge were modelled using a similar strategy as that used for the primary endpoint, and multivariate linear regression was used to assess the association between N2O and the severity of CPSP 6 months after surgery.
	

	[bookmark: bold24][bookmark: italic26]
	
	(b) Describe any methods used to examine subgroups and interactions
	8
	We assessed the differences in outcomes in 4 subgroups (age, sex, surgery type, and intercostal nerve block) by adding a treatment-by-subgroup interaction term to the multivariate regression models (model 2).
	

	[bookmark: bold25][bookmark: italic27]
	
	(c) Explain how missing data were addressed
	9
	There were no missing data.
	

	[bookmark: bold26][bookmark: italic28]
	
	(d) If applicable, explain how loss to follow-up was addressed
	9
	Twenty-six (3.1%) patients could not be contacted despite multiple attempts. They were excluded as missed follow-ups.
	

	[bookmark: bold27][bookmark: italic29]
	
	(e) Describe any sensitivity analyses
	None
	None
	

	[bookmark: bold28][bookmark: italic30]Results
	
	
	

	[bookmark: bold29][bookmark: italic31]Participants
	13
	(a) Report numbers of individuals at each stage of study—e.g. numbers potentially eligible, examined for eligibility, confirmed eligible, included in the study, completing follow-up, and analyzed
	9
	A total of 1142 patients received VATS in our medical center during the previously designed time period, of whom 859 met our selection criteria. Twenty-six (3.1%) patients could not be contacted despite multiple attempts. The remaining 833 patients were interviewed by telephone, among whom 400 (48.0%) patients received N2O during anesthesia and 433 (52.0%) did not receive N2O inhalation. Patient enrolment is shown in Figure 1.
	

	[bookmark: bold31][bookmark: italic32]
	
	(b) Give reasons for non-participation at each stage
	Figure 1
	
	

	[bookmark: bold32][bookmark: italic33]
	
	[bookmark: OLE_LINK4](c) Consider use of a flow diagram
	Figure 1
	
	

	[bookmark: bold33][bookmark: italic34][bookmark: bold34][bookmark: italic35]Descriptive data
	[bookmark: bold35]14*
	(a) Give characteristics of study participants (e.g. demographic, clinical, social) and information on exposures and potential confounders
	9
	See paragraph " Baseline and surgical characteristics"
	

	[bookmark: bold36][bookmark: italic36]
	
	(b) Indicate number of participants with missing data for each variable of interest
	Figure 1
	Figure 1
	

	[bookmark: bold37][bookmark: italic37]
	
	(c) Summarize follow-up time (e.g., average and total amount)
	6
	All the follow-ups were conducted at 6 months after surgery. 
	

	[bookmark: bold38][bookmark: italic38]Outcome data
	[bookmark: bold39]15*
	Report numbers of outcome events or summary measures over time
	9
	At the 6-month follow-up, 387 (46.5%) patients developed CPSP, of whom 79 (20.4%) complained of moderate to severe pain with NRS≥3, and 158 (40.8%) developed neuropathic pain.
	

	[bookmark: italic40][bookmark: bold41]Main results
	16
	(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (e.g., 95% confidence interval). Make clear which confounders were adjusted for and why they were included
	9
	N2O inhalation was negatively associated with CPSP (OR: 0.76, 95% CI: 0.66–0.89, P < 0.001).
Under model 1, N2O inhalation was independently associated with CPSP (OR: 0.65, 95% CI: 0.48–0.88, P = 0.006). The same remained true under model 2 (OR: 0.65, 95% CI: 0.48–0.89, P = 0.007). Univariate and multivariable logistic regression analyses of N2O for CPSP at 6 months are shown in Table 2.
	

	[bookmark: italic41][bookmark: bold42]
	
	(b) Report category boundaries when continuous variables were categorized
	None
	None
	

	[bookmark: italic42][bookmark: bold43]
	
	(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period
	None
	None
	

	[bookmark: italic43][bookmark: bold44]Other analyses
	17
	Report other analyses done—e.g. analyses of subgroups and interactions, and sensitivity analyses
	10
	Subgroup analyses for CPSP are shown in Figure 2 and Supplement Table 2. A significant interaction in the sex subgroup suggested that N2O inhalation reduced the risk of CPSP more in females than in males (OR: 0.52, 95% CI: 0.27–0.98, P for interaction = 0.041). There were no significant interaction effects in the subgroups of age, surgery type and intercostal nerve block.
After multivariable adjustment for confounding factors in model 2, N2O inhalation was found to decrease the odds of CPSP at 3 months after surgery (OR 0.72, 95% CI 0.52–0.99, P = 0.045), as well as neuropathic pain (OR 0.44, 95% CI 0.30–0.63, P = 0.045). Patient consumption of opioids was not significantly associated with the application of N2O (OR 1.06, 95% CI 0.74–1.51, P = 0.750). Patients with N2O inhalation were more likely to have lower NRS scores at discharge (regression coefficient -0.27, 95% CI -0.42 to -0.11, P = 0.001); the results are also shown in Table 2. Detailed results of ORs and P values of the confounding factors adjusted for in model 2 are shown in Supplement Table 1. Table 3 shows the factors that were associated with the development of CPSP in the multivariate model and secondary endpoints. A higher NRS score at discharge and coronary artery disease were risk factors for 6-month CPSP, while N2O inhalation and full-time employment were protective factors. For the 3-month CPSP, a higher NRS score at discharge, prolonged duration of drainage and female sex were risk factors, while full-time employment, opioid consumption and perioperative chemotherapy were protective factors. Regarding the development of neuropathic pain, N2O, intraoperative use of NSAIDs and opioid consumption were protective factors, while female sex, history of smoking and higher NRS at discharge were associated with higher odds of neuropathic pain. A history of smoking, a higher NRS score at discharge and no history of allergies were associated with opioid consumption after discharge.
	

	[bookmark: italic44][bookmark: bold45]Discussion
	
	
	

	[bookmark: italic45][bookmark: bold46]Key results
	18
	Summarize key results with reference to study objectives
	13-15
	In our study, chronic pain in thoracoscopy surgeries remains common, with an overall incidence of CPSP 46.5% 6 months after surgery, and one-fifth of them experienced moderate to severe pain. This protective effect was more obvious in female patients. Risk factors for CPSP at 6 months included N2O inhalation, full-time employment, NRS score at discharge and coronary artery disease. To prevent the occurrence of CPSP, perioperative analgesia could be improved by administrating N2O and applying multimodal analgesia with the combination of different anesthesia methods.
	

	[bookmark: italic46][bookmark: bold47]Limitations
	19
	Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and magnitude of any potential bias
	14-15
	Although our study included a relatively large sample of patients to evaluate the effect of N2O on CPSP, there are several limitations. First, this was a single-center observational study with no randomization. The exposed and control groups were chosen by time period, which eliminated the confounding of anesthesiologists’ subjective choice on analgesics but also led to some confounding factors that cannot be adjusted, such as the surgeon's choice of patients, surgical technical improvements and the season. We collected as much baseline information as possible to attenuate the difference. Second, the endpoints were mainly obtained through telephone follow-up. which we did not explore in this study. Finally, we did not adjust the subgroup analyses for multiple testing, and this may have increased the type I error. Therefore, the results need to be interpreted with caution.
	

	[bookmark: italic47][bookmark: bold48]Interpretation
	20
	Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from similar studies, and other relevant evidence
	13-14
	Page 13-14
	

	[bookmark: italic48][bookmark: bold49]Generalizability
	21
	Discuss the generalizability (external validity) of the study results
	12
	Although it is impossible to prove a causal relationship, in this prospective cohort of patients who underwent thoracoscopic surgery, intraoperative inhalation of N2O was found to be significantly associated with decreased chronic postoperative pain, in accordance with previous ENIGMA trials.
	

	[bookmark: italic49][bookmark: bold50]Other information
	
	
	

	[bookmark: italic50][bookmark: bold51]Funding
	22
	Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on which the present article is based
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