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Abstract
BACKGROUND
Gas-related complications present a potential risk during transoral endoscopic resection of upper gastrointestinal submucosal lesions. Therefore, the identification of risk factors associated with these complications is essential.

AIM
To develop a nomogram to predict risk of gas-related complications following transoral endoscopic resection of the upper gastrointestinal submucosal lesions.

METHODS
We collected patient data from the First Affiliated Hospital of the Army Medical University. Patients were randomly allocated to training and validation cohorts. Risk factors for gas-related complications were identified in the training cohort using univariate and multivariate analyses. We then constructed a nomogram and evaluated its predictive performance based on the area under the curve, decision curve analysis, and Hosmer-Lemeshow tests.

RESULTS
Gas-related complications developed in 39 of 353 patients who underwent transoral endoscopy at our institution. Diabetes, lesion origin, surgical resection method, and surgical duration were incorporated into the final nomogram. The predictive capability of the nomogram was excellent, with area under the curve values of 0.841 and 0.906 for the training and validation cohorts, respectively.

CONCLUSION
The ability of our four-variable nomogram to efficiently predict gas-related complications during transoral endoscopic resection enhanced postoperative assessments and surgical outcomes.
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Core Tip: This is a retrospective study to create a nomogram that efficiently evaluates the risk of gas-related complications in patients undergoing transoral endoscopic resection of upper gastrointestinal submucosal lessions. Our study excluded upper gastrointestinal malignancies and explored risk factors for gas-related complications during transoral endoscopic resection. Predictive models were developed based on diabetes status, lesion origin layer, operative resection technique, and duration of the operation.

INTRODUCTION
Submucosal gastrointestinal lesions, often referred to as subepithelial gastrointestinal lesions (SELs)[1], encompass a range of submucosal stromal tumors, leiomyomas, lipomas, and schwannomas. They also include non-neoplastic lesions such as heterotopic pancreas and cysts[2]. The incidence of SEL in the general population ranges between 0.76%-1.7%[3,4]. Although most lesions are benign[5] and frequently identified during health screens due to abdominal discomfort, vomiting, acid reflux, or anemia, some carry risks of bleeding, obstruction, and potential malignant transformation over time[6]. Hence, treatment approaches must be individualized.
The application of minimally invasive endoscopic techniques has recently increased along with enhanced operative skills among endoscopists. This has resulted in an uptick in the number of gastrointestinal submucosal lesions that are treated endoscopically[7,8]. The repertoire of endoscopic interventions includes high-frequency electrocoagulation resection, endoscopic mucosal resection (EMR), endoscopic submucosal excavation (ESE), endoscopic submucosal dissection (ESD), submucosal tunnelling endoscopic resection (STER), and endoscopic full-thickness resection (EFTR).
Despite many advantages, all endoscopic procedures run the risk of potential complications. A significant proportion of these complications involve the unintended escape of gas outside the digestive tract wall, resulting in gas-related complications such as subcutaneous emphysema, pneumothorax, pneumomediastinum, and pneumoperitoneum. Studies have designated such complications as critical issues in endoscopic surgery because they lead to extended hospital stays and increased socioeconomic burdens on patients[9]. Consequently, we aimed to identify risk factors associated with gas-related complications during transoral endoscopic resection and to develop and validate a clinically useful nomogram.

MATERIALS AND METHODS
Patients
The First Affiliated Hospital Ethics Committee of the Army Medical University approved the study [Approval ID: (B) KY2023006], and all patients provided written informed consent.
This study included 353 patients [male, 163 (46.2%); female, 190 (53.8%); mean age, 48.12 ± 0.55 year; range, 17-76 year] who underwent transoral endoscopic resection of upper gastrointestinal submucosal lesions at the First Affiliated Hospital of the Army Medical University between July 2012 and June 2022. We randomized the patients into training (n = 247) and validation (n = 106) cohorts in a 7:3 ratio using R software version 4.1.2 (Foundation for Statistical Computing, Vienna, Austria).
The inclusion criteria comprised histologically confirmed diagnosis of upper gastrointestinal submucosal lesions, preoperative endoscopic ultrasonography (EUS) findings indicating the lesion origin layer, and having undergone transoral endoscopic resection at our institution. The exclusion criteria comprised intolerance to general anesthesia, intraoperative emergencies that halted the procedure, or undergoing concurrent endoscopic procedures. The patients were endotracheally intubated after general anesthesia and were grouped according to the presence or absence of gas-related complications.

Diagnostic criteria
We characterized subcutaneous emphysema as the finding of gas in subcutaneous tissues. Pneumothorax results from ruptures in the visceral or parietal pleura, leading to air entering the pleural space. Pneumomediastinum arises due to air leaking into the mediastinal space. Pneumoperitoneum can arise from gut perforation or gas entering the peritoneum via the diaphragmatic foramina. Our diagnosis of gas-related complications relied on clinical findings, and computed tomography or postoperative radiographic images acquired within 24 h. We treated subcutaneous emphysema and pneumomediastinum conservatively[10]. Thoracic drainage, laparotomy, perforation repair, or surgical treatment were considered to alleviate pronounced symptoms.

Data collection
Clinical data comprised age, gender, body mass index, underlying conditions (diabetes, hypertension), disease duration, medical history, and EUS findings. Surgical data comprised the histological category of the lesion, lesion size, surgical duration, and resection method. We categorized the surgical duration as < 1, 1-2, or > 2 h and lesion size based on the largest lesion diameter as ≤ 2.0 or > 2.0 cm. The categories of histological lesions were leiomyomas, stromal tumors, schwannomas, heterotopic pancreas, cysts, and lipomas. The muscle layers where lesions originated were classified as non-intrinsic or intrinsic.

Instruments and equipment
Procedures involved the use of an Olympus Q260-J gastroscope (Olympus Optical Co. Ltd., Tokyo, Japan), a high-frequency electrogenic generator (Erbe Elektromedizin GmbH, Tübingen, Germany) a range of specialized knives, titanium clamps, biopsy forceps, loopers, ligatures, and disposable endoscopic syringes. Patients undergoing transoral endoscopic resection were insufflated with CO2 at pressure of 1 MPa.

Statistical methods
[bookmark: _Hlk147764177][bookmark: _Hlk147766514]All data were statistically analyzed using R (version 4.1.2) and SPSS version 26.0 (IBM Corp., Armonk, NY, United States) software. Continuous data are presented as means ± SD and were compared between cohorts using ANOVA or t test. Categorical data are presented as frequencies and ratios (%) with a comparative approach using Fisher exact, and χ2 tests. We considered that values with P < 0.05 were statistically significant. Variables with a univariate analysis P < 0.05 were also included in the training cohort. We screened variables and identified factors influencing gas-related complications in transoral endoscopic resection using least absolute shrinkage and selection operator (LASSO) regression. These factors served as predictor variables to calculate risk scores and construct a nomogram. We plotted the receiver operating characteristic curves for the nomogram in the training and validation cohorts and calculated the area under the curve (AUC). We evaluated the predictive power of our model using calibration curves, decision curve analysis, and the Hosmer-Lemeshow test.

RESULTS
Patient characteristics
Gas-related complications arose in 39 (11.05%) of 353 patients, comprising 22 (6.20%) with subcutaneous emphysema and pneumomediastinum, 20 (5.67%) with pneumoperitoneum, and 4 (1.13%) with pneumothorax. Supplementary Table 1 shows the baseline demographics and characteristics of the patients. Symptoms that were mild in 29 patients with gas-related complications independently resolved within 3-5 d. Ten patients underwent thoracic drainage and perforation repair. Among these complications, 163 and 190 originated from the non-intrinsic and intrinsic muscular layers, respectively.

Univariate and multifactorial findings
Univariate analysis revealed that histological type, lesion layer of origin, diabetes, lesion size, surgical duration, and resection method significantly influenced the development of gas-related complications (Table 1). The LASSO regression analysis selected the resection method, surgical duration, diabetes, and lesion layer of origin as independent risk factors for gas-related complications during surgery in the training cohort (Figure 1). We then constructed a model based on these variables (Figure 2). The risk scores of patients were calculated by summing the scores of each item. The sum total scores predicted the likelihood of gas-related complications.

Nomogram validation
The training and validation cohorts yielded AUCs of 0.841 [95% confidence interval (CI): 0.774-0.908; Figure 3A] and 0.906 (95%CI: 0.845-0.966; Figure 3B), respectively. The discriminatory power of the model was excellent with a C-index of > 0.800 for both cohorts. Hosmer-Lemeshow tests demonstrated a good model fit, with P = 0.36 and 0.31 for the training and validation cohorts, respectively. The clinical decision curves derived from the model had a wide range of relative thresholds (5%-100%) and robust clinical applicability (Supplementary Figures 1 and 2), indicating that the model holds strong predictive validity.

DISCUSSION
Gastrointestinal tract submucosal lesions
The rise of gastroscopy has led to increased rates of detecting submucosal lesions in the gastrointestinal tract during health examinations. Symptoms of these lesions are linked to their size and location. While most lesions are benign, they still carry risk of malignancy[11]. The American Society for Gastrointestinal Endoscopy and the National Comprehensive Cancer Network guidelines suggest endoscopic monitoring for asymptomatic lesions < 2 cm in diameter[12]. However, larger lesions, or those causing significant symptoms, require immediate intervention.

Transoral endoscopic resection techniques
The techniques of transoral endoscopic resection include high-frequency electrocoagulation, ESE, EMR, ESD, STER, and EFTR. High-frequency electrocoagulation resection is routinely applied in clinical practice due to its safety and simplicity. Although technically challenging[13], ESD is preferred for lesions originating from the superficial intrinsic muscular layer. It can also boost overall resection rates and decrease local recurrence rates compared with EMR[14]. A significantly higher incidence of perforation after ESD compared with EMR has been identified (3.6% vs 1.2%)[15]. STER is an extension of peroral endoscopic myotomy[16] that is typically used to resect lesions derived from the lamina propria of the esophagus or the cardia, or located in the body of the distal stomach[17]. Compared with ESD, STER helps to preserve the normal mucosal epithelium overlying the lesion surface that reduces the likelihood of gastrointestinal perforation to some extent[18]. One retrospective cohort study found overall STER and ESE resection rates of 70.2% and 67.5% respectively[19].

Role of EUS in diagnosing lesions
EUS is instrumental for diagnosing and localizing lesions; it uses a high-frequency probe and is frequently used to detect submucosal lesions in the gastrointestinal tract[20,21]. The layered structure of the upper gastrointestinal tract wall can be robustly visualized on EUS images[22], which helps to identifying the origins of lesions[23]. Distinct types of lesions with different ultrasonographic features can be discriminated by EUS[24-26]. Hence, EUS plays a pivotal role in directing the choice of endoscopic treatment.

Postoperative complications
Complications after transoral endoscopic resection are common, and those that are gas-related are the most frequent[27]. These specific issues arise due to the accumulation of gases in tunnels. During surgery, gas can leak continuously into the mediastinum, subcutaneous space, and thoracic or abdominal cavity due to the integrity of the digestive tract wall being disrupted. Being absorbed 150-fold faster than air in the digestive tract, CO2 can be eliminated through the pulmonary circulation, significantly reducing the occurrence of gas-related complications, air embolism, and other complications[28-30]. Insufflation with CO2 effectively diminishes patient discomfort and pain[31-33]. However, rapid CO2 absorption by the gastrointestinal tract, excessive surgical durations and injections of gas that exceed mucosal absorption capacity can still lead to gas-related complications. This was corroborated by our previous findings[34].
The probability of gas-related complications during transoral endoscopic resection significantly varies based on the surgical method of resection. Full-thickness resection inherently risks gastrointestinal tract perforation. Gas-related complications can arise if the gastrointestinal wall is not repaired during the procedure. Submucosal tunnelling resection that removes the mass by creating a tunnel between the mucosa and the submucosa is less likely to have gas-related complications compared with full-thickness resections. However, submucosal tunnelling is susceptible to gas-related complications when the plasma layer is damaged. Leaving the mucosal epithelium on the perforated surface intact and maintaining a distance from the tunnel opening can prevent gas-related complications if the tunnel opening is closed promptly. The present study did not find any gas-related complications due to high-frequency electrocoagulation resection.
Patients with diabetes mellitus (DM) often have compromised immunity. Prolonged hyperglycemia can harm the nervous system and slow peristalsis in the gastrointestinal tract. Prolonged hyperglycemia can also cause microangiopathy, that significantly slows blood flow to the gastric mucosa and weakens its defense mechanism. Anxiety and prolonged tension in some patients can result in sympathetic excitation and vasoconstriction of the gastrointestinal tract, further diminishing mucosal circulation. This can decrease the defensive function of the gastrointestinal mucosa and increase the incidence of gas-related complications during surgery[35].
Therefore, our nomogram can help to screen patients at elevated risk of gas-related complications. Controlling blood glucose levels, reducing surgical durations, and selecting the most appropriate method of surgical resection might positively affect the prognosis of high-risk patients.
However, our study has some limitations. We primarily relied on retrospective data that might not account for all factors such as infection with Helicobacter pylori that might be associated with gas-related complications. Furthermore, the data were sourced from a single center with a limited patient cohort. Prospective studies with larger patient cohorts at several institutions are crucial to enhance the predictive capacity of our model. External validation or future prospective trials might help to determine the applicability and generalizability of our model and guide the preoperative management of high-risk patients.

CONCLUSION
Our nomogram incorporating surgical duration, method of surgical resection, DM, and the lesion layer of origin had excellent predictive efficacy. Its practical application in clinical settings can serve as a valuable guide for endoscopists.

ARTICLE HIGHLIGHTS
Research background
With the popularity of endoscopy, more and more digestive tract lesions have been discovered. Some of these lesions affect the quality of life of patients, and are potentially fatal. Oral endoscopic resection is becoming the main treatment.

Research motivation
Gas-related complications are inevitable in endoscopic resection. The occurrence of gas-related complications during surgery may increase a patient’s burden and prolong their hospital stay.

Research objectives
The risk factors of gas-related complications were analyzed, and a corresponding prediction model was established.

Research methods
The variables were screened by univariate and multivariate analysis.

Research results
Univariate analysis showed statistically significant differences in histological type, lesion layer of origin, diabetes, lesion size, surgical duration, and resection method. Diabetes, lesion origin, surgical resection method, and surgical duration were incorporated into the final nomogram.

Research conclusions
Our nomogram had excellent predictive efficacy.

Research perspectives
We hope to conduct a multi-center study with a larger sample size for verification in the future.
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Figure Legends
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Figure 1 Variable selection using least absolute shrinkage and selection operator binary logistic regression model. A: The selection of the optimum value of the parameter λ in the Lasso regression model via the cross-validation method; B: The variation characteristics of the variable coefficients.
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Figure 2 Nomogram of predicted likelihood of gas-related complications.
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Figure 3 Receiver operating characteristic curves and respective areas of prediction model. A: Training group; B: Validation group. AUC: Area under the curve.

Table 1 Univariate and multivariate analyses of factors influencing gas-related complications
	[bookmark: _Hlk120132447]Variables
	Univariate
	Multivariate

	
	OR (95%CI)
	P value
	OR (95%CI)
	P value

	Sex
	1.087 (0.512-2.310)
	0.827
	
	

	Age
	1.009 (0.975-1.045)
	0.598
	
	

	Hypertension
	0.267 (0.035-2.045)
	0.203
	
	

	Diabetes
	8.306 (1.135-60.774)
	0.037
	11.043 (0.921-132.452)
	0.058

	Medical history
	1.032 (0.476-2.236)
	0.936
	
	

	Histological type
	
	0.019
	
	

	Largest lesion diameter
	3.120 (1.483-6.565)
	0.003
	
	

	Lesion origin layer
	5.011 (1.855-13.534)
	0.001
	1.774 (0.583-5.394)
	0.028

	Resection method
	
	< 0.001
	
	< 0.001

	Electrocoagulation
	11.326 (3.025-42.403)
	
	10.296 (2.714-39.059)
	

	Full-thickness
	24.615 (6.802-89.074)
	
	23.167 (6.367-84.295)
	

	Surgical duration
	2.828 (1.823-4.387)
	< 0.001
	2.085 (1.290-3.370)
	0.029


OR: Odds ratio; CI: Confidence interval; NI: Not included in multivariate analysis.
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