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Abstract
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]BACKGROUND
Reports in the field of robotic surgery for rectal cancer are increasing year by year. However, most of these studies enroll patients at a relatively early stage and have small sample sizes. In fact, studies only on patients with locally advanced rectal cancer (LARC) and with relatively large sample sizes are lacking. 

AIM
To investigate whether the short-term outcomes differed between robotic-assisted proctectomy (RAP) and laparoscopic-assisted proctectomy (LAP) for LARC.

METHODS
The clinicopathological data of patients with LARC who underwent robotic- or laparoscopic-assisted radical surgery between January 2015 and October 2019 were collected retrospectively. To reduce patient selection bias, we used the clinical baseline characteristics of the two groups of patients as covariates for propensity-score matching (PSM) analysis. Short-term outcomes were compared between the two groups. 

RESULTS
The clinical features were well matched in the PSM cohort. Compared with the LAP group, the RAP group had less intraoperative blood loss, lower volume of pelvic cavity drainage, less time to remove the pelvic drainage tube and urinary catheter, longer distal resection margin and lower rates of conversion (P < 0.05). However, the time to recover bowel function, the harvested lymph nodes, the postoperative length of hospital stay, and the rate of unplanned readmission within 30 days postoperatively showed no difference between the two groups (P > 0.05). The rates of total complications and all individual complications were similar between the RAP and LAP groups (P > 0.05).

CONCLUSION
This retrospective study indicated that RAP is a safe and feasible method for LARC with better short-term outcomes than LAP, but we have to admit that the clinically significant of part of indicators are relatively small in the practical situation.
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Core tip: For patients with locally advanced rectal cancer, there is no consensus regarding whether robotic-assisted proctectomy and laparoscopic-assisted proctectomy is more beneficial. We conducted this retrospective cohort study to compare the short-term outcomes of robotic and laparoscopic for the rectal surgery. Compared with the laparoscopic-assisted proctectomy group, the robotic-assisted proctectomy group had less intraoperative blood loss, lower volume of pelvic cavity drainage, less time to remove the pelvic drainage tube and urinary catheter, longer distal resection margin and lower rates of conversion. Furthermore, the time to recover bowel function, the harvested lymph nodes, the postoperative length of hospital stay, the rate of unplanned readmission within 30 d postoperatively, and the rates of total complications showed no difference between the two groups.


INTRODUCTION
Colorectal cancer (CRC) is a major health concern worldwide, ranking third in men and second in women in terms of incidence, and the mortality ranks fourth in men and third in women[1]. CRC is more common in developed countries than in developing countries, but the incidence and mortality rates of CRC are rising quickly in developing countries, whereas they are stable or declining only in highly developed countries[2,3]. The proportion of colon cancer and rectal cancer also varies geographically. In the United States, rectal cancer accounts for only 28% of colorectal cancers according to colorectal cancer statistics (2017), and in the European Union, approximately 35% of CRC cases are rectal cancer[3,4]. However, the proportion of rectal cancer has reached up to 59.4%-71% of the total CRC cases in China[5]. Currently, approximately 60%-70% of CRC patients are diagnosed at an advanced stage because CRC is a disease largely without obvious symptoms during the early stage[2,6].
Currently, surgical resection is still the most effective treatment for locally advanced rectal cancer (LARC)[7]. For resectable LARC, total mesorectal excision (TME) is a standard surgical method[8]. In the past three decades, the adoption of different approaches for TME has been increasing rapidly, especially in the field of minimally invasive surgery (MIS)[2,7,9]. Several randomized controlled trials (RCTs) indicated that laparoscopic-assisted proctectomy (LAP) showed better short-term outcomes and similar long-term survival times when compared to the open proctectomy[10-13]. However, it cannot be denied that resection of rectal cancer with straight and nonarticulating laparoscopic instruments in the narrow pelvis is difficult, especially in obese male patients[14]. 
As another MIS system, the robotic surgery system is thought to be able to overcome some limitations of laparoscopy[15]. Over the years, the reports of robotic-assisted proctectomy have increased rapidly[16]. However, few of them have focused only on LARC, and most of them have relatively small sample sizes. In our country, most of patients with rectal cancer are diagnosed at an advanced stage due to the lack of screening, and lack of public and professional awareness of the disease[17]. Therefore, we conducted this retrospective cohort study to compare the short-term outcomes of robotic-assisted proctectomy (RAP) and laparoscopic-assisted proctectomy (LAP) for LARC.

MATERIALS AND METHODS
Patients
This retrospective cohort study was approved by the institutional review board of our hospital (The First Affiliated Hospital of Nanchang University) and complied with the requirements of the Helsinki Declaration. From December 2014, our gastrointestinal center began to use the Da Vinci robotic surgery system. Since then, patients who suffered rectal cancer and had MIS planned could select their preferred operation method and sign the written operative informed consent before the operation. The choice is based on the patient's full understanding of the potential merits and demerits of the two surgical methods (RAP and LAP). All of the patients were diagnosed, staged, and evaluated using colonoscopy, chest and abdomen enhanced computed tomography, pelvic enhanced magnetic resonance imaging (MRI), tissue biopsy, CEA, CA199. All data of interest of consecutive patients who underwent RAP and LAP from December 2014 to August 2019 were extracted from the electronic medical record system maintained in our hospital.
The inclusion criteria were as follows: (1) Patient was diagnosed with LARC [cT3-4aN0-2M0 or cT1-4aN1-2M0 according to the 8th edition of the American Joint Committee on Cancer criteria (AJCC)]; (2) The distance from the lower border of the tumor to the anal verge was less than 15 cm; and (3) The patient underwent RAP or LAP.
The exclusion criteria were as follows: (1) Rectal cancer staged at 0, I, or IV (AJCC); (2) Recurrent rectal cancer, sarcoma, melanoma, or carcinosarcoma; (3) Multivisceral resection; (4) Totally robotic surgery or totally laparoscopic surgery; (5) Sigmoidostomy only; (6) Emergency surgery; (7) Severe pelvic adhesion; and (8) Invasion to adjacent organs (T4b) or distant metastasis.
To reduce the influence of potential bias caused by the limitations of this retrospective cohort study, we conducted propensity score matching (PSM) based on a logistic regression model with a match tolerance value of 0.01. We conducted one-to-one nearest-neighbor matching with covariates as follows: age, sexual status, body mass index (BMI), tumor size, ASA classification, serum CEA level, distance between the inferior margin of the tumor and the anal margin, tumor TNM stage, Dixon’s procedure or Miles’s procedure. 
The short-term outcomes were compared between the two groups. In this study, the operation time was defined as after the sterile surgical towel was laid in the operation area to completion of the skin suture. The postoperative complications were defined as any deviation from the normal postoperative procedure[18]. The criteria to remove the pelvic drainage tube were similar to previously described[15]. The discharge criteria were as follows: (1) The passing of at least 5 d since surgery; (2) Successful administration of a semifluid diet and no need for intravenous nutrition; (3) A lack of complications or the presence of complications that did not require hospitalization; (4) The presence of sound mental status; and (5) The removal of all tubes. 

Surgical procedures
The RAP and LAP procedures were performed by the same mini-invasive surgery team. The Da Vinci® Si system (Intuitive Surgical, Sunnyvale, CA, United States) and the KARL STORZ® HD system (KARL STORZ Endoskope, Tuttlingen, Germany) were used for RAP and LAP procedures respectively. Endotracheal intubation and general anesthesia and urethral catheter were adopted for all patients. Patients were placed in the modified lithotomy or herringbone position for Dixon’s procedure and in the lithotomy position for Miles’s procedure. The operating table was adjusted to the Trendelenburg position with a declination of 15-30°, and the right side declined with 10-15°. The medial-to-lateral approach was used in all total mesorectal excision procedures. All patients were placed with pelvic drainage tube according to Expert consensus on robotic surgery for colorectal cancer (2015 edition)[19].
The RAP procedure adopted five trocars. A 12-mm trocar was inserted in 3-4 cm to the right of and above the umbilicus for the camera, and an 8 mm trocar was inserted 6-8 cm below the costal margin of the left midclavicular line for R1. An 8 mm trocar was placed at 6-8 cm above the pubic symphysis of the midline of the abdomen for R2. An 8 mm trocar was inserted in McBurney point for R3, and a 12 mm trocar was inserted 8 cm below the point of R1 for the assistant. The intraperitoneal exploration and operation steps of RAP refer to the Chinese expert consensus on robotic surgery for colorectal cancer (2015 edition)[19].
The LAP procedure also adopted five trocars. A 10-mm trocar was inserted in the superior border of the umbilicus for the camera, a 12-mm trocar was inserted in the McBurney point as the main operating hole, and two 5-mm trocars were inserted in the outer edge of the rectus abdominis on the left and right sides of the umbilicus for the chief surgeon and assistant. A 5-mm trocar was inserted near the left-McBurney point for assistance. Most of the operation steps in the LAP were similar to the RAP.
In Dixon’s procedure, the Endo GIA was used to separate the rectum (more than 2 cm below the inferior edge of the tumor), and then, a 4-6 cm left lower abdominal rectus incision was made for operative specimen extraction. The stapler holder was inserted into the proximal colon after the removal of the specimen, and the anastomosis was performed with a 29 mm circular stapler that was inserted into the anus. Surgeons decided whether the terminal ileostomy was necessary according to the distance between the tumor and the anal margin, the anastomotic condition and their experience. Finally, a pelvic drainage tube was placed behind the anastomosis. 
In Miles’s procedure, the Endo GIA was used to separate the bowel (more than 10 cm above the superior edge of the tumor) when dissected to the levator ani muscle plane, and a perineal procedure was performed manually. A permanent sigmoid colostomy was placed in the lower left abdomen. A drainage tube was placed in the pelvis.

Statistical analysis
[bookmark: _Hlk35117929]PSM (a logistic regression model with a match caliper value of 0.01) and all statistical analyses were conducted using SPSS 22.0 software (IBM, NY, United States). A chi-squared test (Fisher's exact test) was adopted to compare categorical variables, which are expressed as numbers with percentages. A Mann-Whitney U test (Student’s t-test) was adopted to compare continuous variables, which are shown as mean ± SD and median (range). If P < 0.05, the result was considered statistically significant. 

RESULTS
Clinical baseline characteristics
The flow chart of patient selection is displayed in Figure 1. Between January 2015 and October 2019, 945 patients underwent MIS for rectal cancer, and 807 patients met the eligibility criteria, including 500 patients in the LAP group and 307 patients in the RAP group. Finally, the PSM cohort included 586 patients for further analysis, including 338 male and 248 females, with an average age of 59.94 years (range from 26 to 89 years). After PSM, the clinicopathological features (age, sexual, BMI, tumor size, ASA classification, CEA, distance between the inferior verge of the tumor and the anal verge, tumor TNM stage, Dixon’s or Miles’s procedure) of patients between the two groups were well matched (Table 1, P > 0.05). 

Short-term outcomes
Table 2 presents the short-term outcomes of the patients in the RAP group and LAP group. The operation time for the RAP group was longer than that for the LAP group [171 ± 42 (120-385) min vs 145 ± 42 (80-350) min, P = 0.000], but the intraoperative blood loss was less in the RAP group than in the LAP group [106 ± 114 (30–1500) mL vs 138 ± 111 (40–1200) mL, P = 0.000]. For bowel function, the time to first flatus, time on the liquid diet, and time on the semiliquid diet in the RAP group were similar to those in the LAP group (P = 0.534, 0.396, 0.194, respectively). Interestingly, the RAP group had a lower volume of pelvic drainage postoperatively [362 ± 457 (80-4020) mL vs 465 ± 564 (100-3820) mL, P = 0.000] and a shorter time to remove the pelvic drainage tube [7.1 ± 4.2 (4.0-29.0) d vs 7.8 ± 4.9 (4.0-28.0) d, P = 0.000] compared with the LAP group. The time to remove the urinary catheter was significantly shorter in the RAP group than in the LAP group [3.2 ± 1.0 (2.0-7.0) d vs 3.8 ± 1.2 (2.0-14.0) d, P = 0.000]. The distal resection margin was longer in the RAP group than the LAP group [2.7 ± 0.6 (1.8-7.1) cm vs 2.5 ± 0.5 (1.6-6.8) cm, P = 0.000]. Moreover, the RAP group was associated with lower rates of conversion to open surgery than LAP group (2.4% vs 5.8%, P = 0.037). However, the numbers of harvested lymph nodes, the rates of perineural invasion and vascular invasion, and the postoperative length of hospital stay did not differ between the RAP group and LAP group (P = 0.349, 0.557, 0.334, 0.461, respectively).

Complications
Table 3 shows the differences in complications between the LARC patients of both groups. In the minimally invasive cohort, there were 85 patients (14.5%) with complications, including 39 patients in the RAP group and 46 patients in the LAP group. The rates of complications were not significantly different between the two groups (13.3% vs 15.7%, P = 0.412). The incidence of single (10.6% vs 11.9%) or multiple complications (2.7% vs 3.8%) was similar between the two groups (P = 0.601, P = 0.484, respectively). The numbers of overall complications were comparable (16.0% vs 19.5%, P = 0.280) between the RAP group and the LAP group. Table 3 details the incidence of each complication in both groups, and the rates of each complication showed no significant difference (P > 0.05). The severity of complications based on the Clavien-Dindo classification was not different between the two groups (P > 0.05). Four patients in the RAP group underwent reoperation due to intra-abdominal hemorrhage, necrosis of the enterostomy, anastomotic hemorrhage, and anastomotic leakage, respectively. Three patients in the LAP group underwent reoperation owing to intra-abdominal hemorrhage, anastomotic leakage, and small intestinal fistula, respectively. The rates of reoperation were similar between the two groups (P = 1.000). Moreover, the rates of unplanned readmission within 30 days postoperatively were homologous between the two groups (P = 1.000). Unfortunately, one patient in the RAP group and two patients in the LAP group died because of complications (P = 1.000).

DISCUSSION
TME is a standard procedure for rectal cancer, with a high degree of difficulty, especially in male patients with a narrow pelvis, a large tumor, and high BMI. Robotic TME, as another MIS method, was invented to overcome some inherent limitations of laparoscopy and is becoming increasingly used around the world[20]. However, studies only focus on patients with LARC and with relatively large sample sizes are lacking. Therefore, to evaluate the safety and feasibility of robotic surgery for TME, we conducted this large retrospective cohort study. Because this is a retrospective study, to make the two groups of patients be more comparable, we used the basic characteristics of patients to conduct a PSM[21]. Because 807 patients met the eligibility criteria, 307 patients in the RAP group and 500 patients in the LAP group met the criteria. To obtain a better match of patients between the two groups, we conducted a 1:1 PSM with a caliper value of 0.01. Finally, there were 293 patients in each group for further analysis. The LAP group included 293 patients with the average BMI of 23.21 (17.26-29.86) kg/m2, the RAP group included 293 patients with the average BMI of 23.18 (16.82-29.73) kg/m2.
In the current research, the RAP group spent more time in the TME procedure than the LAP group, which is consistent with the results of previous studies[22]. The potential reason for the long operation time of the robot group has been explained in our previous research[23]. It is not difficult to find that the operation time reported in this study is shorter than in other similar studies[22,24]. This may be closely related to the calculation method of operation time and the proficiency of the operation team. In addition, our MIS team (including operating room nurses) has extensive experience in the TME procedure. The volume of blood loss during operation is an intuitive factor reflecting the quality of operation, which is often closely related to blood transfusion[25]. A new meta-analysis including thirty-six clinical observational studies with a total of 174036 patients indicated that perioperative transfusion causes an adverse survival prognosis and increases complications after surgery[26]. Our results show that the intraoperative blood loss was less in the RAP group than in the LAP group, which is similar to the result of previous studies[27].
The present study shows that the RAP group had a lower volume of postoperative pelvic drainage and a shorter time to remove pelvic drainage tubes than the LAP group. This is the first study to focus on the volume of postoperative pelvic drainage and the time to remove pelvic drainage for rectal cancer MIS surgery. A meta-analysis enrolling 1510 procedures showed that robotic for rectal surgery is the better method to complete mesorectum[28]. This may be the potential cause of the lower volume of postoperative pelvic drainage in the RAP group. We also found that the time to remove the urinary catheter was obviously shorter in the RAP group than in the LAP group, which was similar to our previous studies[23]. This result may shows that urinary function is damaged less in robotic TME thanks to such advantages as three-dimensional stability and high-definition images, easier identification of the pelvic nerve, and flexible instruments that facilitate fine dissection[29], this needs to be confirmed by long-term follow-up of urinary and sexual function. Mary’s study indicated that urinary catheter removal before 3 days after surgery was related with urinary retention[29]. This is the underlying reason for the average catheter time of 3.5 days in the current study. The optimal time to remove urinary catheter after rectal surgery can refer to the results of an ongoing RCT study[30]. In addition, the RAP group was associated with lower rates of conversion to open surgery than LAP group, was consistent with others’ researches[31]. Some researches indicated that lower rates of conversion are associated with lower complication rates and better long-term outcomes[32,33]. Moreover, the distal resection margin in the RAP group was significantly longer than that in the LAP group, which is similar to the Patriti’s study[34]. The potential advantage of a longer distal margin is that it can reduce the residual of skip lesions. However, the radial margin and the quality of TME were not for analysis in the current study due to the fact that our center only began to analyze these two indicators last year.
The recovery of bowel function is very important for postoperative recovery. This study shows that there is no difference between the two groups in the time to first flatus, time on a liquid diet, or time on a semiliquid diet. This is mainly because the small intestine is often in the right upper abdomen during the operation, and the operation area is mainly in the pelvis, so it has little impact on the small intestine and adjacent colon. In addition, the postoperative hospital stay, the rates of perineural invasion and vascular invasion, and the number of harvested lymph nodes were not significantly different between the two groups. The median hospital stay (8 d) after operation in the current study was similar to Perez’s study[16]. In our center, one of the discharge criteria was that the passing of at least 5 days since surgery, this is due to the underdeveloped primary medical treatment in the region of Jiangxi Province and affected by the clinical pathway. This may be one of the underlying reasons for no significant difference in postoperatively hospital stay between the two groups.
An important index to evaluate the safety and feasibility of the procedure is the incidence of postoperative complications. In the PSM cohort, there were 39 and 46 patients with complications in the RAP and LAP groups, respectively, showing no significant difference (13.3% vs 15.7%, P = 0.412). The incidence of complications was within acceptable limits, which is similar to previous studies[27]. The rates of total complications were similar between the two groups (16.0% vs 19.5%, P = 0.280). For the subgroup analysis, there were fewer patients with urinary retention in the RAP group (2.0%) than in the LAP group (3.4%), but this difference was not statistically significant (P = 0.311). Moreover, one patient had a presacral space infection in the robotic group, whereas five cases had a presacral space infection in the laparoscopic group (P = 0.218). On the severity of complications, the rates of Clavien-Dindo classifications (I, II, IIIa, IIIb, V, ≥ III) were equivalent. Unfortunately, 1 patient in the robotic group and 2 patients in the laparoscopic group died. All these deaths were attributed to complications (P = 1.000).
Finally, we do not deny that there are some deficiencies in this study. First, this is a nonrandomized controlled study with possible case selection bias. Second, we did not study the long-term oncology outcomes or cost differences between the two groups. Furthermore, there was no evaluation of the long-term differences in urogenital function.
In summary, robotic rectal surgery for LARC is safe and feasible. In the present study, the results showed that RAP for LARC was associated with less intraoperative blood loss, less volume of pelvic drainage, shorter time to remove the pelvic drainage tube and urinary catheter, lower rates of conversion, and longer distal margin than LAP. When adopting this conclusion, we need to pay attention to whether many statistically significant indicators have clinical significance. More multicenter randomized controlled studies remain to be required for the true advantages of the RAP.

[bookmark: OLE_LINK259][bookmark: OLE_LINK151]ARTICLE HIGHLIGHTS
Research background
[bookmark: _Hlk34744065][bookmark: _Hlk34774790]Rectal cancer is a major cause of cancer-related deaths, particularly in advanced stage cases. More and more studies about minimally invasive surgery for rectal cancer are reported. However, few of them have focused only on locally advanced rectal cancer (LARC), and most of them have relatively small sample sizes. Indeed, true benefits of minimally invasive surgery (robot or laparoscopy) for LARC are still controversial.

Research motivation
We hope to provide clinical guidance for minimally invasive (robotic-assisted or laparoscopic-assisted) surgery of LARC.

Research objectives
[bookmark: _Hlk34756627]To investigate the optimal mini-invasive proctectomy methods (robotic-assisted or laparoscopic-assisted) for advanced rectal cancer.

Research methods
We retrospectively collected the clinicopathological data of patients with LARC who underwent minimally invasive surgery from January 2015 to October 2019. The propensity-score matching analysis was used to reduce patient selection bias of the current retrospective cohort study. The clinical baseline data, intraoperative and postoperative outcomes and postoperative complications were compared between the two groups.

Research results
[bookmark: _Hlk34753480][bookmark: _Hlk34775651][bookmark: _Hlk34753798][bookmark: _Hlk34754890]In the current study, 293 patients were enrolled in each group. The robotic-assisted proctectomy (RAP) was associated with less intraoperative blood loss (P = 0.000), lower volume of pelvic cavity drainage (P = 0.000), less time to remove the pelvic drainage tube and urinary catheter (P = 0.000 and 0.000), longer distal resection margin (P = 0.000) and lower rates of conversion (P = 0.037) as compared with the laparoscopic-assisted proctectomy. However, the time to recover bowel function, the harvested lymph nodes, the postoperative length of hospital stay, the rate of unplanned readmission within 30 days postoperatively, complications and its subgroups were similar between the two groups, all P > 0.05. 

Research conclusions
The current retrospective cohort study revealed that RAP is a safe and feasible surgery. Compared with laparoscopic-assisted proctectomy, RAP has many advantages for LARC.

Research perspectives
The conclusions of the present retrospective cohort study may help surgeon to develop clinical guidelines with regard to mini-invasive surgery methods in the field of LARC more perfectly. We believe that research on robotic surgery is a hot topic in the field of colorectal cancer in the future. And, high quality multicenter randomized controlled clinical trial is the optimal method for future research.
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Figure 1 Flow chart of patient selection.


Table 1 Patient's clinicopathological features in the robotic assisted proctectomy and laparoscopic assisted proctectomy groups for locally advanced rectal cancer
	Features
	RAP (n = 293)
	LAP (n = 293)
	P value

	Gender
	
	
	0.8671

	Male
	168 (57.3)
	170 (58.0)
	

	Female
	125 (42.7)
	123 (42.0)
	

	Age, yr
	60 ± 12, 61 (26-89)
	60 ± 11, 60 (29-86)
	0.9693

	Body mass index, kg/m2
	23.16 ± 2.51
	23.23 ± 2.48
	0.7212

	Serum CEA level, ng/mL
	14.3 ± 46.7, 4.9 (0.8-760.3)
	14.5 ± 30.9, 5.8 (0.2-412.8)
	0.4293

	Type of resection
	
	
	0.2641

	Dixon
	240 (81.9)
	250 (85.3)
	

	Miles
	53 (18.1)
	43 (14.7)
	

	pTNM
	
	
	0.6861

	II
	64 (21.8)
	60 (20.5)
	

	III
	229 (78.2)
	233 (79.5)
	

	ASA classification
	
	
	0.5601

	1
	144 (49.1)
	149 (50.9)
	

	2
	104 (35.5)
	106 (36.9)
	

	3
	45 (15.4)
	36 (12.3)
	

	Diameter of neoplasm, cm
	4.2 ± 1.5, 4.0 (0.2-10.0)
	4.3 ± 1.3, 4.3 (0.3-9.0)
	0.5543

	Distance of tumor and anal, cm4
	6.7 ± 2.8, 7.0 (2.0-14.0)
	6.8 ± 2.8, 7.0 (2.0-14.0)
	0.5753


[bookmark: OLE_LINK14][bookmark: OLE_LINK27]1Pearson's Chi-squared test, expressed as n (%). 2Student’s t-test, expressed as mean ± SD. 3Mann–Whitney U test, expressed as mean ± SD and median (range). 4The distance between the inferior margin of tumor and the anal verge. ASA: American Society of Anesthesiologists; CEA: Carcinoembryonic antigen; LAP: Laparoscopic assisted proctectomy; RAP: Robotic assisted proctectomy; SD: Standard deviation; TNM: Tumor node metastasis staging.

Table 2 Operative outcomes between the robotic assisted proctectomy group and laparoscopic assisted proctectomy group
	Operative outcomes
	RAP (n = 293)
	LAP (n = 293)
	P value

	Operative time, min
	171 ± 42, 160 (120-385)
	145 ± 42, 133 (80-350)
	0.0003

	Operative blood loss, mL
	106 ± 114, 80 (30-1500)
	138 ± 111, 100 (40-1200)
	0.0003

	Median time to first flatus, h
	57 ± 11, 56 (28-98)
	56 ± 9, 56 (28-100)
	0.5343

	Median time to liquid diet, h
	69 ± 10, 67 (38-108)
	69 ± 9, 69 (38-110)
	0.3963

	Median time to semi-liquid diet, h
	83 ± 10, 82 (51-122)
	83 ± 9, 83 (53-123)
	0.1943

	Median volume of pelvic drainage, mL
	362 ± 457, 290 (80-4020)
	465 ± 564, 310 (100-3820)
	0.000 3

	Median time to remove pelvic drainage tube, d
	7.1 ± 4.2, 6.0 (4.0-29.0)
	7.8 ± 4.9, 7.0 (4.0-28.0)
	0.0003

	Median time to remove urinary catheter, d
	3.2 ± 1.0, 3.0 (2.0-7.0)
	3.8 ± 1.2, 4.0 (2.0-14.0)
	0.0003

	Numbers of retrieved lymph nodes
	16.0 ± 3.8
	15.7 ± 3.7
	0.3492

	Perineural invasion
	
	
	0.5571

	Yes
	124 (42.3)
	117 (39.9)
	

	No
	169 (57.7)
	176 (60.1)
	

	Vascular invasion
	
	
	0.3341

	Yes
	91 (31.1)
	102 (34.8)
	

	No
	202 (68.9)
	191 (65.2)
	

	Distal resection margin, cm
	2.7 ± 0.6, 2.7 (1.8-7.1)
	2.5 ± 0.5, 2.5 (1.6-6.8)
	0.0003

	Conversion to open laparotomy
	7 (2.4)
	17 (5.8)
	0.0371

	Postoperative length of stay, d
	9.1 ± 4.9, 8.0 (5.0-32.0)
	9.2 ± 5.0, 8.0 (5.0-30.0)
	0.4613


1Pearson's Chi-squared test, expressed as n (%). 2Student’s t-test, expressed as mean ± SD. 3Mann–Whitney U test, expressed as mean ± SD and median (range). LAP: Laparoscopic assisted proctectomy; RAP: Robotic assisted proctectomy; SD: Standard deviation.


Table 3 Complications in the robotic assisted proctectomy group and laparoscopic assisted proctectomy group, n (%)
	Complications
	RAP (n = 293)
	LAP (n = 293)
	P value 

	Patients with complications
	39 (13.3)
	46 (15.7)
	0.4121

	Single complication 
	31 (10.6)
	35 (11.9)
	0.6011

	Multiple complications
	8 (2.7)
	11 (3.8)
	0.4841

	Overall complications
	47 (16.0)
	57 (19.5)
	0.280 1

	Wound infection
	8 (27)
	6 (2.0)
	0.5881

	Delayed gastric emptying
	0 (0.0)
	1 (0.3)
	1.0003

	Intestinal obstruction
	2 (0.7)
	3 (1.0)
	1.0002

	Intra-abdominal hemorrhage
	1 (0.3)
	2 (0.7)
	1.0002

	Anastomotic leakage
	13 (4.4)
	14 (4.8)
	0.8441

	Anastomotic bleeding
	1 (0.3)
	1 (0.3)
	1.0002

	Pneumonia
	4 (1.4)
	5 (1.7)
	1.0002

	Pleural effusion
	1 (0.3)
	1 (0.3)
	1.0002

	Infection of presacral space
	1 (0.3)
	5 (1.7)
	0.2182

	Intra-abdominal infections
	1 (0.3)
	2 (0.7)
	1.000 2

	Infection of incision in perineum
	6 (2.0)
	5 (1.7)
	0.7611

	Small intestinal fistula
	1 (0.3)
	1 (0.3)
	1.0002

	Peristomal wound infection
	1 (0.3)
	0 (0.0)
	1.0003

	Necrosis of enterostomy
	1 (0.3)
	0 (0.0)
	1.0003

	Urinary retention
	6 (2.0)
	10 (3.4)
	0.3111

	Cerebral infarction
	0 (0.0)
	1 (0.3)
	1.0003

	Clavien-Dindo classification
	
	
	

	I
	15 (5.1)
	16 (5.5)
	0.8541

	II
	13 (4.4)
	20 (6.8)
	0.2101

	IIIa
	14 (4.8)
	16 (5.5)
	0.7081

	IIIb
	4 (1.4)
	3 (1.0)
	1.0002

	V
	1 (0.3)
	2 (0.7)
	1.0002

	≥ III
	19 (6.5)
	21 (7.2)
	0.7431

	Reoperation
	4 (1.4)
	3 (1.0)
	1.0002

	Mortality
	1 (0.3)
	2 (0.7)
	1.0002

	Unplanned readmission within 30 d after operation
	2 (0.7)
	5 (1.7)
	0.4472


1Pearson's Chi-squared test. 2Continuous correction Chi-squared test. 3Fisher’s exact test. LAP: Laparoscopic assisted proctectomy; RAP: Robotic assisted proctectomy.
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