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Abstract
BACKGROUND
Three-dimensional (3D) laparoscopic technique has gradually been applied to the treatment of carcinoma in the remnant stomach (CRS), but its clinical efficacy remains controversial.

AIM
To explore compare short- and long-term results of 3D laparoscopic-assisted gastrectomy (3DLAG) with open gastrectomy (OG) for CRS.

METHODS
The clinical data of patients diagnosed with CRS and admitted to the First Medical Center of Chinese PLA General Hospital from January 2016 to January 2021 were retrospectively collected. A total of 84 patients who met the inclusion and exclusion criteria were enrolled. All their clinical data were collected and a database was established. All patients were treated with 3DLAG or OG by experienced surgeons and were divided into two groups based on the different surgical methods mentioned above. By using outpatient and telephone follow-up, we were able to determine postoperative survival and tumor status. The postoperative short-term efficacy and 1-year and 3-year overall survival (OS) rates were compared between the two groups.

RESULTS
Among 84 patients with CRS, 48 were treated with OG and 36 with 3DLAG. All patients successfully completed surgery. There was no significant difference between the two groups in terms of age, gender, body mass index, ASA score, initial disease state (benign or malignant), primary surgical anastomosis method, interval time of carcinogenesis, and tumorigenesis site. Patients in the 3DLAG group experienced less intraoperative blood loss (188.33 ± 191.35 mL vs 305.83 ± 303.66 mL; P = 0.045) and smaller incision (10.86 ± 3.18 cm vs 20.06 ± 5.17 cm; P < 0.001) than those in the OG group. 3DLAGC was a more minimally invasive method. 3DLAGC retrieved significantly more lymph nodes than OG (14.0 ± 7.17 vs 10.73 ± 6.82; P = 0.036), whereas the number of positive lymph nodes did not differ between the two groups (1.56 ± 2.84 vs 2.35 ± 5.28; P = 0.413). The complication rate (8.3% vs 20.8%; P = 0.207) and intensive care unit admission rate (5.6% vs 14.5%; P = 0.372) were equivalent between the two groups. In terms of postoperative recovery, the 3DLAGC group had a lower visual analog score, shorter indwelling time of gastric and drainage tubes, shorter time of early off-bed motivation, shorter time of postoperative initial flatus and initial soft diet intake, shorter postoperative hospital stay and total hospital stay, and there were significant differences, showing better short-term efficacy. The 1-year and 3-year OS rates of OG group were 83.2% [95% confidence interval (CI): 72.4%–95.6%] and 73.3% (95%CI: 60.0%–89.5%) respectively. The 1-year and 3-year OS rates of the 3DLAG group were 87.3% (95%CI: 76.4%–99.8%) and 75.6% (95%CI: 59.0%–97.0%), respectively. However, the 1-year and 3-year OS rates were similar between the two groups, which suggested that long-term survival results were comparable between the two groups (P = 0.68).

CONCLUSION
Compared with OG, 3DLAG for CRS achieved better short-term efficacy and equivalent oncological results without increasing clinical complications.  3DLAG for CRS can be promoted safely and effectively in selected patients.
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Core Tip: The application of minimally invasive surgery in carcinoma in the remnant stomach (CRS) is affected by factors such as abdominal adhesion, anatomical displacement and unclear markers caused by previous partial gastrectomy. Most previous studies were case series or small-sample studies. This study explored the therapeutic efficacy of three-dimensional (3D) laparoscopic-assisted gastrectomy (3DLAG) vs open gastrectomy for CRS. 3DLAG has shown obvious short-term advantages and equivalent long-term oncological efficacy in the treatment of CRS without increasing the incidence of complications. This study provides evidence-based medical support for the treatment of CRS by 3DLAG.


INTRODUCTION
Remnant gastric cancer (RGC) was initially defined as carcinoma arising in the residual stomach after gastrectomy for benign or malignant disease. The incidence of RGC is about 2%–3%, which is a relatively rare disease in the clinic[1-3]. However, as the long-term survival rate of patients with GC improves due to early detection and individual comprehensive therapy, the incidence of RGC is gradually increasing. As a unique type of GC, RGC had gained increasing attentions in recent years. The Japanese Gastric Cancer Association (JGCA) proposed the broad nomenclature of carcinoma in the remnant stomach (CRS), which contains new cancer, recurrent cancer, residual cancer, to replace the narrow definition of RGC[4]. 
At present, there is no consensus on the surgical and postoperative management of CRS. Completion gastrectomy of the RS combined with adequate lymph nodes dissection remains the mainstay treatment for resectable CRS[4-6]. In traditional opinion, most scholars believed that the history of upper abdominal surgery was contraindicated for laparoscopic surgery, and patients with RGC were treated with open surgery. With the development of minimally invasive techniques and equipment, three-dimensional (3D) laparoscopy is widely used in the treatment of GC, and displays advantages over two-dimensional (2D) laparoscopy and open surgery[7,8]. The emergence of 3D laparoscopy has pushed minimally invasive surgery into the stereoscopic era. 3D laparoscopy provides a sense of depth and layering that allows surgeons to obtain a field of vision similar to open surgery. At the same time, compared with open surgery, 3D laparoscopic surgery has a magnified view of the local surgical field and a better and clearer view of the anatomical structure, thus making it easier and more precise to perform the delicate procedures such as dissection, separation of tissues, stopping bleeding and ligating vessels, especially in complicated surgery. However, there are limited reports and studies about the application of 3D laparoscopic-assisted techniques in the treatment of CRS. Our study retrospectively collected the clinical data of 3D laparoscopic-assisted and open surgery in the treatment of CRS, analyzed the short-term and long-term efficacy of the two groups, and provided a reference for the minimally invasive treatment of CRS.

MATERIALS AND METHODS
Inclusion and exclusion criteria 
This retrospective cohort study was conducted in the First Medical Center of Chinese PLA General Hospital in China, and it was approved by the ethics committee of the hospital. This study set the inclusion and exclusion criteria of patients as follows. 
Inclusion criteria: (1) Patients underwent function-preserving gastrectomy such as proximal or distal gastrectomy due to benign or malignant gastric lesions were diagnosed as CRS including new cancer, recurrent cancer, residual cancer, multifocal cancer by preoperative gastroscopy and biopsy pathology; (2) The surgical method was open or 3D laparoscopic-assisted total residual gastrectomy for RGC; (3) The clinical and pathological data were complete; (4) The operation was performed by experienced doctors, at least associate professor level; and (5) Patients and their relatives were fully aware of the surgical risks and signed the surgical informed consent. 
Exclusion criteria: (1) Preoperative examination showed that CRS with distant metastasis such as liver, peritoneum and ovary, and other metastases could not be radically resected; (2) Patients confirmed other malignant tumors simultaneously; (3) Patients underwent palliative gastrectomy or RS–jejunal anastomosis due to acute tumor complications such as hemorrhage, obstruction and perforation; (4) Partial resection or palliative resection of the RS was performed during surgery; (5) Clinical and pathological data were missing or deficient; (6) Postoperative pathology confirmed high-grade epithelial neoplasia and other precancerous lesions; and (7) Patients received systemic chemotherapy or local radiotherapy within 1 mo before surgery.

Patients
A total of 102 patients with CRS who underwent gastrectomy in the First Medical Center of Chinese PLA General Hospital from January 2016 to January 2021 were retrospectively collected. Eight patients underwent subtotal resection of the RS, seven patients were pathologically confirmed to have precancerous lesions after surgery, and three patients underwent palliative surgery due to acute complications. Thus, a total of 18 patients were excluded. Finally, a total of 84 patients with CRS were enrolled in this study and divided into two groups according to different surgical methods. Of them, 48 patients underwent open gastrectomy (OG) for CRS and 36 patients underwent 3D laparoscopic-assisted gastrectomy (3DLAG) (Figure 1).

Observation indicators
The basic information of all patients who met the inclusion and exclusion criteria were collected based on the hospital records, including gender, age, body mass index (BMI), ASA score, initial gastric disease status (benign or malignant), operation type of initial gastrectomy, interval time from surgery to occurrence of CRS, tumor site (anastomotic or nonanastomotic), etc. The surgical information included surgical methods (3D laparoscopic-assisted or open surgery), grade of abdominal adhesions, operation time, intraoperative blood loss etc. The postoperative information included gastric tube removal time, time to first soft diet intake, time to first off-bed ambulation, time to first flatus and defecation, time to remove the drainage tube, visual analog score (VAS) of postoperative days 1, 3 and 5, intensive care unit (ICU) stay, postoperative hospital stay, and total hospital stay. Postoperative pathological information included pathological type, total number of harvested lymph nodes, number of positive lymph nodes, and TNM stage. Perioperative complications were registered and collected according to the Clavien–Dindo classification system.

Surgical procedures
Regardless of 3DLAG or OG for CRS, the common procedures of radical gastrectomy for RGC are adhesiolysis, lymph node dissection, total resection of the RS and digestive tract reconstruction. It is a major challenge for surgeons to perform adhesiolysis for CRS surgery. Severe adhesion always is a major cause of unplanned organ injury or combined resection. Laparotomy for RGC usually requires the middle incision of the upper abdomen, but it is necessary to pay attention to adhesion of the small intestine under the abdominal wall to avoid unnecessary injury. For regular LAG for GC, 1 cm below the navel is always selected for the location of the observation port. However, the location of the observation port needs to be changed according to abdominal adhesions caused by a history of upper-abdominal surgery in order to avoid unplanned intra-abdominal organ injury. The right lower-abdominal area is recommended as the optimum site for the observation port during surgery for RGC. The other trocars could be subsequently inserted carefully under visualization. Sometimes, one can also choose the left upper abdomen as the site of the observation port and then as the main operating port. When the initial operation is distal gastrectomy, lymph node dissection around the celiac axis, proximal splenic artery and paracardial nodes were routinely performed, and the left gastric artery is ligated at its base if it has been preserved. When proximal gastrectomy has been performed before, it is necessary to open the esophageal hiatus of the diaphragm and fully dissect the lower segment of the esophagus in order to obtain sufficient cutting edge and facilitate follow-up anastomosis. Meanwhile, the lymph node dissection around the celiac axis and infrapyloric and suprapyloric areas is routinely performed. Roux-en-Y anastomosis is the regular method of digestive tract reconstruction using circular stapler.

Follow-up
Postoperative follow-up was performed by outpatient and telephone to investigate the postoperative survival data and tumor conditions of the patients. Overall survival (OS) was defined as the time from radical operation for RGC to death due to any cause or last time of follow-up. The follow-up time was up to December 2021. 

Statistical analysis
All observation indicators were included and a database of patients with CRS was established. All data were processed and analyzed using IBM SPSS Statistics 25 and R version.4.2.2. Continuous variables were analyzed using the t-test or Mann–Whitney U test; the latter was used for variables that did not meet the criteria for positivity and homogeneity. Categorical variables were compared using the2 test or Fisher’s exact probability test. OS was estimated using the Kaplan–Meier method, and curves were compared using the log-rank test. P < 0.05 was considered statistically significant.

RESULTS
Patients’ characteristics
The demographic and clinicopathological characteristics and initial gastrectomy information of the 3DLAGC group compared with those of the OG group are summarized in Table 1. In this study, there were more men than women with RGC with a male-to-female ratio of 7.4:1. Among the reasons for initial gastrectomy, patients with benign diseases accounted for 39.3%, mainly due to gastrointestinal ulcerative diseases, while patients who performed gastrectomy due to malignant tumors accounted for 60.7% in the initial surgery. Main digestive tract reconstruction methods for distal gastrectomy included Billroth-I anastomosis, Billroth-II anastomosis, and Roux-en-Y anastomosis, accounting for 33.3%, 50.0%, and 6.0%, respectively. The main anastomosis method of proximal gastrectomy was esophageal residual gastric tube-like anastomosis, accounting for 10.7%. No patient underwent proximal gastrectomy with double tract anastomosis. The interval time is generally considered to be the time from primary gastrectomy to the occurrence of adenocarcinoma in the RS. Patients with benign gastric ulcer who underwent partial gastrectomy, the interval time of CRS took longer than those with malignant gastric disease (415.64 mo vs 98.16 mo). However, there was no significant difference in the interval time between the OG  and 3DLAG groups (211.56 ± 197.35 mo vs 237.97 ± 209.01 mo; P = 0.556). The incidence of CRS occurring at anastomotic stoma was higher than that at nonanastomotic stoma, and the ratio was 1.47:1. However, there were no significant differences in age, gender, BMI, disease status of the initial surgery, reconstruction method of the initial surgery, interval time from the initial surgery to the occurrence of RGC, and location of RGC between the two groups.

Surgical outcomes and postoperative recovery
Clinical data of intraoperative and postoperative recovery in patients with CRS in the 3DLAG group compared with the OG group are shown in Table 2. The initial surgical operation often causes adhesion of the RS, anastomotic stoma and surrounding tissues, thus affecting exposure of the anatomical level. One of the difficulties in the surgical resection of RGC is intra-abdominal adhesion. Abdominal adhesions grades 2 and 3 were found in most patients in both groups, with no significant difference between the groups (P = 0.098). The mean operating time was shorter in the OG group than in the 3DLAG group (215.67 min vs 243.11 min), but the difference between the wo groups was not significant (P = 0.075). The 3DLAG group had less intraoperative blood loss (188.33 ± 191.35 mL vs 305.83 ± 303.66 mL; P = 0.045), and significantly shorter surgical incision (10.86 ± 3.18 vs 20.06 ± 5.17 cm; P < 0.001), which was minimally invasive. In terms of postoperative recovery, the 3DLAG group had a lower pain score according to VAS on d 1, 3 and 5 after surgery (P < 0.001). The indwelling time of the gastric and drainage tubes, time to early off-bed motivation, time to first flatus, time to first soft diet intake, postoperative hospital stay and total hospital stay in the 3DLAG group were significantly shorter than in the OG group (P < 0.001). There was no significant difference in the incidence of complications (P = 0.372) and ICU admission rate (P = 0.207) between the two groups.

Pathology results
Table 3 depicts the pathological results for the 3DLAG and OGC groups. There were no significant differences between the two groups in postoperative pathological type, tumor size, tumor invasion depth or lymph node metastasis. However, the 3DLAG group exhibited a certain advantage in perigastric lymph node dissection. Total number of lymph nodes retrieved by 3DLAG was significantly higher than by OG (14.0 ± 7.17 vs 10.73 ± 6.82; P = 0.036).

Survival results
Figure 2 depicts the survival of the two groups. The median follow-up duration of the OG group was 34 mo, compared with 27 mo for 3DLAG. The 1-year and 3-year OS rates of the OG group were 83.2% (95%CI: 72.4%–95.6%) and 73.3% (95%CI: 60.0%–89.5%), respectively. The 1-year and 3-year OS rates of the 3DLAG group were 87.3% (95%CI: 76.4%–99.8%) and 75.6% (95%CI: 59.0%–97.0%), respectively. However, these OS rates did not differ significantly between the two groups (P = 0.68).

DISCUSSION
RGC, first described by Balfour[9] in 1922, is defined as a carcinoma occurring in the RS after partial gastrectomy for peptic ulcer disease. Since then, RGC had been gradually known as a unique disease. In 1998, the concept of CRS was initially proposed and continuously used by the JGCA[10]. It was widely accepted that the adenocarcinoma occurring in the RS after gastrectomy was called CRS, regardless of whether the initial disease was benign or malignant, or the interval time.
As a subtype of GC with unique characteristics, the incidence of CRS showed a male preponderance, with a male-to-female incidence ratio of 3.1:1[11]. In our study, CRS was also more common in men, but the incidence ratio of male-to-female was 7.4:1, which was higher than the ratio reported in previous studies. Several studies clearly indicated that the RS after gastrectomy had a high risk of developing CRS, and the anastomosis had a higher prevalence to develop stump carcinomas in a shorter time interval than other site of the RS[12-14]. It has also been shown that CRS tends to arise from the sites of anastomosis in patients treated with Billroth II reconstruction, in contrast to nonanastomotic sites in patients treated with Billroth I reconstruction[5,15,16]. In our study, carcinoma in the RS  at the anastomotic site accounted for about 59.5% of cases; of which, Billroth I reconstruction accounted for 32% and Billroth II for 52%, which was consistent with the epidemiological characteristics of previous studies. 
Intra-abdominal adhesions and anatomical displacement presented significant challenges for surgeons in both OG and 3DLAG for RGC[17-19]. Extensive and intensive intra-abdominal adhesions due to previous surgery may significantly prolong the operation time, increase intraoperative blood loss, and lead to unplanned collateral damage to the surrounding tissues and organs. In our study, the degree of abdominal adhesions was macroscopically inspected and scored using Knightly’s grading system for assessment of the intensity and Linsky’s grading system for assessment of the extent of adhesions[20]. Almost 13.1% of patients had grade 4 abdominal adhesions, which may lead to unplanned damage to peripheral organs. While most patients with CRS, approximately 56%, had abdominal adhesion below grade 3, the abdominal adhesion mainly existed in the previous operation area. However, there was no significant difference in abdominal adhesions between the 3DLAG and OG groups (P = 0.098). The first successful application of laparoscopic surgery in the treatment of RGC was reported by Yamada et al[17] in 2005. Other reports have shown the ever-increasing feasibility and safety of LAG for RGC; in some cases, even proving superior to traditional open surgery[18,19]. However, Son et al[21] suggested that although laparoscopic total gastrectomy was technically feasible, it did not show a definite clinical advantage over laparotomy in the treatment of RGC.  3D laparoscopy in the treatment of CRS has shown many advantages in the separation of abdominal adhesions. An outstanding advantage of laparoscopic surgery is that the establishment of carbon dioxide pneumoperitoneum can make the connective tissue space appear clearly and make it possible to identify the correct dissection layer[22]. In addition, 3D laparoscopy can overcome the disadvantages of traditional laparoscopy, such as lack of sense of space and distance, presenting a stereoscopic vision closer to open surgery[23]. However, compared with open surgery, the enlarged surgical field of 3D laparoscopy shows the anatomical structure more clearly, which is more conducive to delicate operations, making it easier to find the correct anatomical level, resulting in less surgical bleeding and adverse consequences. It also avoids unnecessary damage to surrounding tissues or organs due to adhesiolysis and decreases the probability of unplanned combined devisceration.
Our study found that the 3DLAG group showed obvious advantages in short-term postoperative outcomes. We attributed those advantages to the magnification effect, 3D sense, and spatial depth of the surgical field. Because 3D laparoscopic surgery made it easier to obtain the correct anatomical landmark and dissect important tissues accurately such as blood vessels, nerves and perigastric lymph nodes[24,25]. 3DLAGC group had less intestinal traction and flipping, damage to surrounding tissues during adhesiolysis, trauma and inflammatory response. Enhanced recovery after surgery (ERAS) protocols have been effective in improving postoperative recovery after major abdominal surgeries[26,27]. All patients with CRS enrolled in this study underwent preoperative education and evaluation, intraoperative stretch socks for thrombosis prevention, intraoperative warmth, postoperative multimode analgesia, encouragement of early ambulation, and postoperative enteral and parenteral nutrition support, which were in line with ERAS protocols. Take considerations that not every patient is eligible for all items of ERAS, we hold the opinion that patients who meet a few of the items should accept the management of ERAS. However, minimally invasive surgery is the cornerstone of ERAS. Through minimally invasive surgical methods, patients can remove the gastric tube and drainage tube early after surgery, thus reducing nausea, vomiting and other gastrointestinal reactions caused by gastric tube stimulation and reduce pain and discomfort caused by the abdominal drainage tube. Early removal of the gastric tube and drainage tube is beneficial to the early off-bed activity of patients, promoting recovery of gastrointestinal function, facilitating early eating of patients and accelerating the rehabilitation process. The total number of dissected lymph nodes was significantly more in the 3DLAG  than OG group, which may be related to the visual magnification and flexibility in tight spaces. While the staging system of CRS is not yet established, it generally follows the TNM staging of primary GC. The number of positive lymph nodes (pN) is key to determination of the N stage, but inadequate lymph nodes harvested in patients with CRS might influence the predictive value of pN. Some research has demonstrated that the lymph node ratio (LNR) has significant prognostic value for patients with CRS[28]. When the retrieved lymph node count is < 15, the LNR is superior to pN as an important and independent prognostic index of CRS[29]. In spite of the obvious postoperative short-term advantages shown by 3DLAG, the long-term survival results were similar between the 3DLAG and OG groups with the 1-year and 3-year OS rates comparable between the two groups.
Several limitations to our study warrant mention. Our study was a retrospective study, which had a potential for selection bias. The number of patients enrolled was small. Prospective randomized controlled trials with large samples and multiple centers are needed in the future. Despite these limitations, our study demonstrated the feasibility and efficacy of 3DLAG for CRS and showed some advantages over OG in short-term postoperative outcomes.

CONCLUSION
Nowadays, patients with GC can obtain long-term survival due to the application of comprehensive treatments, thus causing an increase in incidence of CRS. Compared with OG, 3DLAG for CRS can achieve better short-term efficacy and equivalent oncological results without increasing clinical complications. In some medical centers, 3DLAG for CRS can be applied and promoted in selected patients.

ARTICLE HIGHLIGHTS
Research background
Three-dimensional (3D) laparoscopy provides a 3D sense of depth and layering that allows surgeons to obtain a field of vision similar to open surgery. 3D laparoscopic techniques are gradually being applied in the treatment of carcinoma in the remnant stomach (CRS), but their clinical efficacy remains controversial. 

Research motivation
There are limited reports and studies about the application of 3D laparoscopic-assisted techniques in the treatment of CRS. No study has shown whether 3D laparoscopic-assisted gastrectomy (3DLAG) is superior or non-inferior to open gastrectomy (OG) for CRS.

Research objectives
This study retrospectively collected the clinical data of 3DLAG and OG in the treatment of CRS, analyzed the short-term and long-term efficacy of the two methods, and provided a reference for the minimally invasive treatment of CRS.

Research methods
The authors retrospectively evaluated 84 patients with CRS who had undergone OG for carcinoma or 3DLAGC at the First Medical Center of Chinese PLA General Hospital from January 2016 to January 2021. The short-term and long-term outcomes were compared between the OG (n = 48) and 3DLAG (n = 36) groups.

Research results
Compared with the OG group, the 3DLAG group had less surgical trauma and faster recovery after surgery. However, the complication rate and intensive care unit admission rate were equivalent between the two groups. The 1-year overall survival (OS) and 3-year OS rates were similar between the two groups, which suggested comparable long-term survival results between the groups. Our research showed that 3DLAG for CRS can be promoted safely and effectively in selected patients.

Research conclusions
Compared with OG, 3DLAG for CRS can achieve better short-term efficacy and equivalent oncological results without increasing clinical complications.

Research perspectives
Prospective randomized controlled trials with large samples and multiple centers are needed in the future.
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Figure 1 Flow chart of this study. CRS: Carcinoma in the remnant stomach; OGC: Open gastrectomy for CRS; 3DLAGC: 3D laparoscopic assisted gastrectomy for CRS.
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Figure 2 Kaplan–Meier estimates of overall survival for open gastrectomy for carcinoma in the remnant stomach group and 3D laparoscopic assisted gastrectomy for carcinoma in the remnant stomach group. The 1-yr and 3-yr overall survival (OS) rates for the open gastrectomy group were 83.2% [95% confidence interval (CI): 72.4%–95.6%] and 73.3% (95%CI: 60.0%–89.5%) respectively. The 1-yr and 3-yr OS rates for the 3D laparoscopic assisted gastrectomy for carcinoma in the remnant stomach group were 87.3% (95%CI: 76.4%–99.8%) and 75.6% (95%CI: 59.0%–97.0%) respectively. However, there was no significant difference in 1-yr and 3-yr OS rates between the two groups, and the long-term survival results were comparable (P = 0.68). CRS: Carcinoma in the remnant stomach; OGC: Open gastrectomy for CRS; 3DLAGC: 3D laparoscopic assisted gastrectomy for CRS.
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Table 1 Demographic and clinicopathological characteristics for patients in two cohorts
	[bookmark: OLE_LINK3]
	OG (n = 48)
	[bookmark: OLE_LINK2]3DLAG (n = 36)
	P value

	Age (yr)
	60.62 (10.11)
	61.19 (9.90)
	0.797

	Gender (%)
	
	
	1.000

	Male
	42 (87.5)
	32 (88.9)
	

	Female
	6 (12.5)
	4 (11.1)
	

	BMI (kg/m2)
	21.65 (3.22)
	22.26 (2.59)
	0.355

	ASA (%)
	
	
	0.384

	1
	1 (2.1)
	0 (0.0)
	

	2
	33 (68.8)
	29 (80.6)
	

	3
	14 (29.2)
	7 (19.4)
	

	Previous disease (%)
	
	
	0.54

	Benign
	17 (35.4)
	16 (44.4)
	

	Malignant
	31 (64.6)
	20 (55.6)
	

	[bookmark: OLE_LINK51]Primary reconstruction (%)
	
	
	0.617

	Billroth Ⅰ
	16 (33.3)
	12 (33.3)
	

	Billroth Ⅱ
	22 (45.8)
	20 (55.6)
	

	Roux-en-Y
	4 (8.3)
	1 (2.8)
	

	Tube-like Stomach esophagogastrostomy
	6 (12.5)
	3 (8.3)
	

	Interval time (d)
	211.56 (197.35)
	237.97 (209.01)
	0.556

	Site of CRS (%)
	
	
	0.352

	Non-anastomosis
	22 (45.8)
	12 (33.3)
	

	Anastomosis
	26 (54.2)
	24 66.7)
	


[bookmark: OLE_LINK54]All continuous variables were described by mean ± SD; enumeration data were presented by percentage (%). OGC: Open gastrectomy for carcinoma in the remnant stomach; 3DLAGC: 3D laparoscopic assisted gastrectomy for carcinoma in the remnant stomach; BMI: Body mass index; CRS: Carcinoma in the remnant stomach.


Table 2 Intraoperative and postoperative results for patients in two cohorts
	[bookmark: OLE_LINK10]
	OGC (n = 48)
	3DLAGC (n = 36)
	P value

	Abdominal adhesion, n (%)
	
	
	0.098

	0 
	7 (14.6)
	1 (2.8)
	

	Ⅰ
	10 (20.8)
	3 (8.3)
	

	Ⅱ
	12 (25.0)
	14 (38.9)
	

	Ⅲ
	12 (25.0)
	14 (38.9)
	

	Ⅳ
	7 (14.6)
	4 (11.1)
	

	Operation time (min)
	215.67 (73.80)
	243.11 (61.97)
	0.075

	Blood Loss (mL)
	305.83 (303.66)
	188.33 (191.35)
	0.045

	Incision size (cm)
	20.06 (5.17)
	10.86 (3.18)
	< 0.001

	Postoperative VAS
	
	
	

	[bookmark: OLE_LINK9]Day 1
	7.17 (0.88)
	6.03 (0.70)
	< 0.001

	Day 3
	5.52 (0.80)
	3.86 (0.68)
	< 0.001

	Day 5
	3.73 (1.16)
	2.06 (0.92)
	< 0.001

	Nasogastric tube removal time (d)
	3.58 (1.93)
	1.86 (1.46)
	< 0.001

	Abdominal drainage tube removal time (d)
	8.21 (3.14)
	5.83 (2.26)
	< 0.001

	Time to first ambulation (d)
	2.58 (0.71)
	1.81 (0.71)
	< 0.001

	Time to first flatus (d)
	4.00 (1.03)
	3.08 (0.55)
	< 0.001

	Time to first soft diet (d)
	5.50 (3.58)
	3.14 (1.73)
	< 0.001

	ICU, n (%)
	10 (20.8)
	3 (8.3)
	0.207

	Postoperative hospital stay (d)
	11.19 (6.34)
	7.56 (2.25)
	0.002

	Total hospital stay (d)
	15.75 (7.37)
	12.19 (4.02)
	0.011

	[bookmark: OLE_LINK50]Complications (Grade ≥  Ⅲ), n (%)
	7 (14.5)
	2 (5.6)
	0.372

	Anastomosis leakage
	2 (4.2)
	[bookmark: OLE_LINK16]1 (2.8)
	

	Cardiac failure
	1 (2.1)
	0 (0.0)
	

	Anastomosis obstruction
	2 (4.2)
	0 (0.0)
	

	Abdominal bleeding
	2 (4.2)
	1 (2.8)
	


[bookmark: OLE_LINK5]All continuous variables were described by mean ± SD; enumeration data were presented by percentage (%). Incision size: primary incision excluding the wounds for drainage and trocar; Complications (Grade ≥ 3): According to classification of Clavien–Dindo; OGC: Open gastrectomy for carcinoma in the remnant stomach; 3DLAGC: 3D laparoscopic assisted gastrectomy for carcinoma in the remnant stomach; VAS: Visual analog score; ICU: Intensive care unit.
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Table 3 Postoperative pathological results for patients in two cohorts
	
	OGC (n = 48)
	3DLAGC (n = 36)
	P value

	Pathological type, n (%)
	
	
	0.521

	Well differentiated 
	24 (50.0)
	21 (58.3)
	

	Moderately differentiated 
	19 (39.6)
	10 (27.8)
	

	Poorly differentiated (including signet-ring cell carcinoma)
	5 (10.4)
	5 (13.9)
	

	Tumor size (mm)
	38.67 (30.51)
	35.22 (30.93)
	0.612

	TNM, n (%)
	
	
	0.084

	Ⅰ
	18 (37.5)
	15 (41.7)
	

	Ⅱa
	11 (22.9)
	8 (22.2)
	

	Ⅱb
	9 (18.8)
	1 (2.8)
	

	Ⅲa
	4 (8.3)
	9 (25.0)
	

	Ⅲb
	4 (8.3)
	3 (8.3)
	

	Ⅲc
	2 (4.2)
	0 (0.0)
	

	Depth of tumor invasion, n (%)
	
	
	0.826

	T1
	10 (20.8)
	9 (25.0)
	

	T2
	9 (18.8)
	7 (19.4)
	

	T3
	17 (35.4)
	13 (36.1)
	

	T4
	10 (25.0)
	5 (19.5)
	

	Lymph nodes metastases, n (%)
	
	
	0.205

	N0
	34 (70.8)
	20 (55.6)
	

	N1
	6 (12.5)
	8 (22.2)
	

	N2
	2 (4.2)
	5 (13.9)
	

	N3
	6 (12.5)
	3 (8.3)
	

	[bookmark: OLE_LINK52]Number of positive lymph nodes (n)
	2.35 (5.28)
	1.56 (2.84)
	0.413

	Total number of lymph nodes retrieved (n)
	10.73 (6.82)
	14.00 (7.17)
	0.036


[bookmark: OLE_LINK8]All continuous variables were described by mean ± SD; Enumeration data were presented by percentage (%). OGC: Open gastrectomy for carcinoma in the remnant stomach; 3DLAGC: 3D laparoscopic assisted gastrectomy for carcinoma in the remnant stomach; TNM: Pathological staging (pTNM) according to American Joint Committee on Cancer (AJCC) TNM Staging Classification for Carcinoma of the Stomach (8th ed).

image1.png
CRS (7 = 102)

Excluded:

Subtotal resection (7 = 8)
Precancerous lesion (7 = 7)
Palliative surgery (7 = 3)

Study population
(n=84)

|

“oscr =49 |

DOI: 10.4240/wjgs.v0.i0.0000 Copyright ©The Author(s) 2022.





image2.png
Operation type —-0OGC -+ 3DLAGC

100%

75% -

50%

Overall survival (%)

25% -
P =0.68

0% -

T T T
0 20 40
Time (mo)
DOI: 10.4240/wjgs.v0.i0.0000 Copyright ©The Author(s) 2022.




