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Abstract
BACKGROUND
The incidence of retrorectal lesions is low, and no consensus has been reached regarding the most optimal surgical approach. Laparoscopic approach has the advantage of minimally invasive. The risk factors influencing perioperative complications of laparoscopic surgery are rarely discussed.

AIM
To investigate the risk factors for perioperative complications in laparoscopic surgeries of retrorectal cystic lesions.

METHODS
We retrospectively reviewed the medical records of patients who underwent laparoscopic excision of retrorectal cystic lesions between August 2012 and May 2020 at our hospital. All surgeries were performed in the general surgery department. Patients were divided into groups based on the lesion location and diameter. We analysed the risk factors like type 2 diabetes mellitus, hypertension, the history of abdominal surgery, previous treatment, clinical manifestation, operation duration, blood loss, perioperative complications, and readmission rate within 90 d retrospectively.

RESULTS
Severe perioperative complications occurred in seven patients. Prophylactic transverse colostomy was performed in four patients with suspected rectal injury. Two patients underwent puncture drainage due to postoperative pelvic infection. One patient underwent debridement in the operating room due to incision infection. The massive-lesion group had a significantly longer surgery duration, higher blood loss, higher incidence of perioperative complications, and higher readmission rate within 90 d (P < 0.05). Univariate analysis, multivariate analysis, and logistic regression showed that lesion diameter was an independent risk factor for the development of perioperative complications in patients who underwent laparoscopic excision of retrorectal cystic lesions.

CONCLUSION
The diameter of the lesion is an independent risk factor for perioperative complications in patients who undergo laparoscopic excision of retrorectal cystic lesions. The location of the lesion was not a determining factor of the surgical approach. Laparoscopic surgery is minimally invasive, high-resolution, and flexible, and its use in retrorectal cystic lesions is safe and feasible, also for lesions below the S3 level.
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Core Tip: The incidence of retrorectal tumors is low, and no consensus has been reached regarding the most optimal surgical approach. Advantages of laparoscopic approach has been demonstrated in this field. We retrospectively reviewed the patients who underwent laparoscopic excision of retrorectal cystic lesions in our center. This study aimed to investigate the risk factors for perioperative complications in laparoscopic surgeries of retrorectal cystic lesions. We also evaluated the feasibility and safety of laparoscopic excision of retrorectal cystic lesions below the S3 Level.


INTRODUCTION
Retrorectal cystic lesions are located in the space between the sacrum and the rectum, also called presacral cysts. The incidence of these lesions is 1/40000[1]. Common lesions include epidermoid/dermoid cysts, tailgut cysts, and cystic teratomas. Most lesions are benign, but teratomas have a 5%-10% risk of malignant transformation[2-4]. Treatment of retrorectal lesions is surgical. The surgical approach was chosen based on the tumor's location, size, and relationship with the surrounding viscera. Common approaches include transsacral (posterior), abdominal (anterior), and combined abdominosacral approaches[5,6].
The incidence of retrorectal lesions is low, and no consensus has been reached regarding the surgical approach. Retrospective investigations at some medical centers reported that most operations adopted the transabdominal or transsacral approach[5,7,8]. It was proposed that the surgical approach should be determined based on the anatomical relationship between the tumor and the 3rd sacral vertebra level(S3). Specifically, tumors under the S3 Level should be accessed via the transsacral approach and those above the S3 Level via the abdominal approach[9]. However, strong evidence is still lacking to support this empirical preference.
In the mid-1990s, laparoscopic excision of retrorectal cystic lesions was first reported[10]. To date, most studies on laparoscopy in this disease have been case reports, except for some small retrospective studies[11-13]. We used the experience of the literatures of retrospective studies with large sample size on risk factors related to perioperative complications of retrorectal tumor[14-16]. Factors included the general condition of the patient such as age, body mass index (BMI) and American Society of Anesthesiologists (ASA) classification. Factors associated with surgery included surgical approach, tumor size, and tumor location. We aimed to investigate the risk factors for perioperative complications in laparoscopic surgeries of retrorectal cystic lesions. We can also evaluate the feasibility and safety of laparoscopic excision of retrorectal cystic lesions below the S3 Level.

MATERIALS AND METHODS
Patient characteristics
We retrospectively reviewed the medical records of patients who underwent laparoscopic excision of retrorectal cystic lesions between August 2012 and May 2020 at our hospital. The inclusion criteria were as follows: (1) Diagnosis of retrorectal cystic lesion before surgery; and (2) Underwent laparoscopic excision of the retrorectal cystic lesion with or without the combined use of the transsacral approach. The exclusion criteria were as follows: (1) Open abdominal or transsacral operations; and (2) Surgical pathology report revealed solid tumors such as lipoma, fibroma, gastrointestinal stromal tumors, and neuroendocrine tumors.
We divided the patients into two groups based on the relative position of the upper margin of the lesion to the level at the lower margin of the S3 vertebra. The two groups were named under and above-S3 groups. We also grouped patients based on whether the diameter of the lesion reached 10 cm. Patients were divided into smaller lesion (d < 10 cm) and massive-lesion (d ≥ 10 cm) groups. In both pairs of groups, we compared the patients’ age, BMI, type 2 diabetes mellitus, systemic arterial hypertension, ASA classification, history of abdominal surgery, previous management at other hospitals, clinical manifestation, rectal examination, operation duration, blood loss, perioperative complications, postoperative length of hospital stay, and readmission rate within 90 d. The ASA classification reflected comorbidities that some patients presented. Perioperative complications were reported using the Clavien-Dindo (CD) classification. Severe complications were defined by a CD classification of 3a or higher.
After discharge, patients were scheduled for regular follow-ups (every 6 mo in the first 2 years, every 1 year thereafter). Additional information was collected via telephone interviews conducted by a specific researcher.

Surgical procedures
After anesthesia induction, the patient was placed in the lithotomy position. Usually, 4-5 trocars were used, which were placed in the anterior resection of rectal cancer. Based on the location of the tumor, an incision was made on the left (or right) side of the mesorectum, exposing the retrorectal space (Figure 1A). The hypogastric plexus was protected. To find the lesion, we dissected the retrorectal space and mobilized the rectum and mesorectum to the front (Figure 1B). The capsule of the lesion was exposed and dissected along the capsule. In most cases, we first dissected the top of the lesion and then dissected the lateral wall, reaching the attachment points of the pelvic floor muscles (Figure 1C). When dissecting the medial wall and base of the lesion, the rectal wall was carefully protected. The rectum could be pushed to the other side to achieve en bloc excision. Throughout the operation, the pelvic autonomous nerves and the presacral venous plexus should be carefully protected (Figure 1D). The fascia of the levator ani muscle was sometimes resected for lesions extending to the pelvic floor. For very large cysts, after dissecting the pelvic floor, the cystic fluid was intentionally aspirated to reduce tension, facilitating en bloc excision. The specimens were removed using a retrieval bag. After irrigation and bleeding control, a drainage tube was placed on the pelvic floor.

Statistical analysis
SPSS statistical software (version 26.0, for Windows) was used for data analysis. Variables following a normal distribution were reported as median or mean ± SD. The t-test and rank-sum test were used to analyze quantitative data. Enumeration data were analyzed using χ2 and Fisher tests and are reported as numbers or percentages. Statistical significance was set at P < 0.05. Statistically significant variables in the univariate analyses were included in the multivariate analysis using the logistic regression of ordinal categorical variables. Statistical significance was set at P < 0.05.

RESULTS
A total of 62 patients were included in this study. Five of them were men and 57 were women, with a male to female ratio of 1:11.4. The age at surgery was 15 to 70 years, with a mean age of 37.6 ± 12.9 years. The range of body mass index (BMI) was 17.6 to 35.3 kg/m2, with a mean of 24.5 ± 3.8 kg/m2. Severe perioperative complications occurred in seven patients. Severe complications were defined by a CD classification of 3a or higher. Prophylactic transverse colostomy was performed in four patients with suspected rectal injury. Two patients underwent puncture drainage due to postoperative pelvic infection. One patient underwent debridement in the operating room due to incision infection.

Under- and above-S3 groups
Twenty-three patients were included in the under-S3 group and 39 patients in the above-S3 group. Patient characteristics are detailed in Table 1. No significant differences were observed in baseline characteristics such as age, BMI, and ASA class (P > 0.05). There was no significant difference in the size of lesions between the two groups (above-S3, 8.3 ± 3.5 cm; under-S3, 8.2 ± 2.8 cm; P > 0.05). There was also no significant difference in operation duration (above-S3, 132.9 ± 66.2 min; under-S3, 139.4 ± 56.9 min; P > 0.05) and blood loss (above-S3, 61.8 ± 130.0 mL; under-S3, 67.4 ± 101.8 mL, P > 0.05). No significant differences in perioperative complications or postoperative length of hospital stay were observed. Three patients in the above-S3 group and one in the under-S3 group were readmitted within 90 d of discharge.

Smaller- and massive-lesion groups
The smaller-lesion group included 24 patients with a lesion diameter of less than 10 cm. The massive-lesion group included 38 patients whose lesion diameters were equal to or larger than 10 cm. Patient characteristics are detailed in Table 2. There were no significant differences in baseline characteristics, such as age, BMI, and ASA class (P > 0.05). The mean lesion diameter was 11.5 ± 2.3 cm in the massive-lesion group and 6.2 ± 1.5 cm in the smaller-lesion group. No significant difference was observed in the operation duration, blood loss, or complications of CD ≥ 2. A significant difference was observed in complications of CD 3a or higher. Six patients in the massive lesion group and one in the small lesion group had such complications (P < 0.05). The postoperative length of hospital stay was not significantly different between the groups. Three patients in the massive-lesion group and one in the smaller tumor group were readmitted within 90 d of discharge.

Risk factor for perioperative complications
All 62 patients underwent laparoscopic excision of the retrorectal cystic lesions. In 5 patients, a combined transsacral approach was used for laparoscopic surgery. Univariate logistic regression showed that lesion diameter was a risk factor for perioperative complications. In multivariate analysis, we included factors that could potentially affect complications, such as lesion location, history of abdominal surgery, and previous treatment at other hospitals. The diameter of the cyst was an independent risk factor for complications (P < 0.05). The data are presented in Table 3.

Surgical pathology and follow-up
Final surgical pathology reports showed that 20 patients had teratoma, of which 2 patients had mature teratoma with mucinous adenocarcinoma and one patient had mature teratoma with neuroendocrine carcinoma. There were 29 cases of epidermoid cysts, 11 cases of dermoid cysts, and 2 cases of tailgut cysts.
Sixty-one (98.4%) patients were followed up. Follow-up ranged from 10 to 103 mo, with a median follow-up of 58 months. During follow-up, a subcutaneous cyst was found in 1 patient 8 mo postoperatively, who underwent local excision of the cyst. In another patient, magnetic resonance imaging (MRI) at the 6-month follow-up showed recurrence of small presacral cysts. The cysts had not grown by March 2021, and the patient is still followed up. Recurrence was not observed in the remaining 59 patients.

DISCUSSION
Traditionally, low retrorectal cystic lesions are accessed via the posterior transsacral approach, which provides a good surgical view and facilitates en bloc excision[17,18]. However, the coccyx and part of the sacrum were removed when using this approach. This leads to more tissue damage and a higher rate of fluid accumulation and wound infection[19]. When the upper border of the cyst is high, dissection of the top can be difficult via the posterior approach, which can lead to incomplete excision and presacral bleeding[20]. Our center performed the first laparoscopic excision of retrorectal cystic lesions in 2012[21,22]. The surgical field can be better exposed through high-resolution cameras and flexible tools. Therefore, we can explore the area from the inlet of the true pelvis to the levator hiatus, which cannot be achieved using traditional laparotomy or the transsacral approach. In the 62 patients reported, there was no conversion from laparoscopy to an open approach. The traditional abdominal approach had a higher recurrence rate than the posterior approach because of the difficulty in exposing and dissecting deep sacrococcygeal lesions. Even with laparoscopy, a combined transsacral approach is sometimes needed for some massive lesions that penetrate the pelvic floor to the gluteal subcutaneous tissue. Under these circumstances, the laparoscopic approach is first used to dissect the lesion as much as possible, reaching beyond the pelvic floor. The patient was then switched to the prone jackknife position, and the lesion was resected en bloc via the transsacral approach. Of the 62 patients reported in this study, five underwent combined laparoscopic and transsacral surgery.
Retrorectal cystic lesions grow slowly in the pelvis, leading to silent onset. Most patients present with non-specific or non-specific clinical characteristics[23,24]. Some patients show symptoms suggestive of compression by large tumors, including lower back or sacrococcygeal pain, constipation, urinary frequency, and dysuria. Very large retrorectal cysts surround the posterior and lateral sides of the rectum. They can also penetrate the pelvic floor muscles, protrude into the gluteal subcutaneous tissue, and even ulcerate. Of the 62 patients included in this study, 33 (53.2%) were asymptomatic and diagnosed by routine health checkups. Two patients (3.2%) experienced recurrence after previous surgery at other hospitals. Twenty-seven (43.6%) patients presented with symptoms such as changes in bowel habits (14 cases), abdominal pain (6 cases), urinary frequency (2 cases), dysuria (1 case), and sacrococcygeal pain (4 cases).
Imaging examinations used for the assessment of retrorectal cystic lesions include B ultrasonography, enhanced computed tomography (CT), and pelvic magnetic resonance imaging (MRI)[25]. MRI has been reported to be the most accurate diagnostic tool, which can effectively detect solid components and assess the relationship between the lesion and surrounding structures[26,27]. In this study, 56 patients underwent pelvic MRI before excision, while 6 patients underwent both ultrasound and enhanced CT. The decision of the surgical approach was based on the location, size, possibility of malignancy, and relationship with the surrounding tissues. Retrorectal cystic lesions are often polycystic lesions with septa. Our review of patient imaging examinations showed that approximately two-thirds of the tumors were polycystic. We suggest that surgeons review imaging examinations carefully before the operation to facilitate thorough exploration and complete excision of all lesions.
We analyzed the differences between postoperative patients with lesions above and below the S3 Level[28]. General conditions such as age, BMI, and ASA class were similar between the groups, with no significant differences observed. Some patients were treated in other hospitals. Procedures such as needle biopsy and exploratory laparotomy can aggravate adhesion in the surgical area, adding to the difficulty and risk of the operation. However, there was no significant difference in previous treatment between the two groups. Additionally, no significant difference was observed in the size of the lesion between the groups (above-S3, 8.3 ± 3.5 cm; under-S3, 8.2 ± 2.8 cm; P > 0.05). Therefore, the baseline characteristics of the patients before surgery were similar. Blood loss, operation duration, and postoperative length of hospital stay were not significantly different between the groups. Perioperative complications ≥ CD grade II or ≥ CD grade IIIa also showed no significant difference. The readmission rate within 90 d of discharge was also similar between the groups. These results suggest that the location of the lesion relative to the S3 Level might not be a determinant of the proper surgical approach. For lesions under the S3 Level, laparoscopic surgery is feasible after a thorough review of the imaging examinations.
Based on our experience, we defined lesions with diameters ≥ 10 cm as massive lesions. The baseline characteristics of the massive- and smaller-lesion groups were not significantly different. As expected, the massive-lesion group showed significantly longer operation duration and larger blood loss. The massive-lesion group also had higher rates of complications ≥ CD grade II and ≥ CD grade IIIa (P < 0.05). For larger retrorectal lesions, there was a higher risk of perioperative complications such as damage to the rectum and rectal fistula, and we usually performed a temporary transverse colostomy for patients with rectal damage during surgery. The same procedure was also performed in patients who did not respond to conservative treatment. After recovery, the ostomy reversal procedure contributed to a longer length of hospital stay (P < 0.05). 
Univariate and multivariate analyses showed that lesion diameter might be a risk factor for complications in laparoscopic excision of retrorectal lesions. Larger lesions tended to have a longer operation duration, larger blood loss, and a higher risk of severe complications. Larger cysts interfere with dissection into the deeper parts of the pelvis. Therefore, after dissecting as much as possible towards the pelvic floor, we sometimes puncture the cyst and aspirate the cyst fluid to create a space for the en bloc excision. With sufficient irrigation in the direct view of the laparoscope, such cyst decompression procedures will not increase the risk of complications, as Abe et al showed in their study[29]. 
This study has certain limitations. First, it was a retrospective study, and selection bias should be considered. Second, to evaluate the use of laparoscopy in lesions under the S3 Level, we compared laparoscopy and the combined use of laparoscopic and transsacral approaches. In future research, larger multi-center, prospective studies can be used to better evaluate the use of laparoscopy in retrorectal lesions at the S3 Level or larger than 10 cm in diameter.

CONCLUSION
This is the largest single-center report of laparoscopic excision of retrorectal cystic lesions, with a mean follow-up period of more than 4 years[12,16]. Comparison between the groups and univariate or multivariate analyses showed that the diameter of the lesion was an independent risk factor for perioperative complications. However, the location of the lesion is not necessarily a determinant of the surgical approach. Laparoscopic surgery is minimally invasive, high-resolution, and flexible, and its use in retrorectal cystic lesions is safe and feasible, also for lesions below the S3 Level. It can better expose the surgical area and play an important role in the treatment of retrorectal cystic lesions.

ARTICLE HIGHLIGHTS
Research background
The incidence of retrorectal lesions is low. Advantages of laparoscopic approach has been demonstrated in this field. Surgeons should minimize the incidence of perioperative complications.

Research motivation
Laparoscopic surgery of retrorectal cystic lesions have been widely used. The risk factors influencing perioperative complications of laparoscopic surgery should be discussed.

Research objectives
To investigate the risk factors for perioperative complications in laparoscopic surgeries of retrorectal cystic lesions.

Research methods
We retrospectively collected patient data as detailed as possible. Besides univariate analysis and multivariate analysis, patients were divided into groups based on the lesion location related to the 3rd sacral vertebra(S3) and diameter to investigate the possible risk factors. 

Research results
Tumor diameter larger than 10 cm could be an independent risk factor. No significant differences in perioperative complications between the under-S3 group and the above-S3 group. 

Research conclusions
Laparoscopic excision of retrorectal cystic lesions below the S3 Level is safe and feasible. Lesion diameter was an independent risk factor for the development of perioperative complications.

Research perspectives
Larger multi-center, prospective studies can be conducted to verify whether tumors larger than 10 cm in diameter could be the risk factor.
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Figure Legends
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Figure 1 Important steps in the laparoscopic excision technique of retrorectal lesions. A: An incision was made on the left side of the mesorectum; B: Dissection the retrorectal space and mobilized the rectum and mesorectum to the front; C: Dissection the top of the lesion and then dissected the lateral wall, reaching the attachment points of the pelvic floor muscles; D: Protection of the pelvic autonomous nerves and the presacral venous plexus.


Table 1 Comparisons of the perioperative variables between two groups (n = 62)
	Variables
	No. (%) or mean ± SD
	

	
	Above-S3, 
n = 39
	Under-S3, 
n = 23
	P value

	Age, yr
	38.7 ± 12.4
	35.8 ± 13.8
	0.387

	BMI, kg/m2
	23.5 ± 3.5
	23.5 ± 4.2
	0.963

	Type 2 diabetes mellitus
	
	
	0.623

	Yes
	2 (5.1)
	2 (8.7)
	

	No
	37 (94.9)
	21 (91.3)
	

	Hypertension
	
	
	0.356

	Yes
	5 (12.8)
	5 (21.7)
	

	No
	34 (87.2)
	18 (78.3)
	

	ASA classification
	
	
	0.744

	Class I
	27 (69.2)
	15 (65.2)
	

	Class II
	12 (30.8)
	8 (34.8)
	

	Previous abdominal surgery
	
	
	0.838

	 Yes
	21 (53.8)
	13 (56.5)
	

	 No
	18 (46.2)
	10 (43.5)
	

	Previous treatment
	
	
	0.836

	 Yes
	6 (15.4)
	4 (17.4)
	

	 No
	33 (84.6)
	19 (82.6)
	

	Symptomatic
	
	
	0.602

	 Yes
	16 (41.0)
	11 (47.8)
	

	 No
	23 (59.0)
	12 (52.2)
	

	Digital rectal examination
	
	
	0.764

	 Positive
	31 (79.5)
	19 (82.6)
	

	 Negative
	8 (20.5)
	4 (17.4)
	

	Tumor size, cm
	8.3 ± 3.5
	8.2 ± 2.8
	0.882

	Operation duration, min
	132.9 ± 66.2
	139.4 ± 56.9 
	0.694

	Blood loss, mL
	61.8 ± 130.0
	67.4 ± 101.8
	0.860

	Perioperative complications
	
	
	0.146

	Yes
	18 (46.2)
	15 (65.2)
	

	No
	21 (53.8)
	8 (34.8)
	

	Severe complications1
	
	
	0.520

	Yes
	4 (10.3)
	3 (13.0)
	

	No
	35 (89.7)
	20 (87.0)
	

	Postoperative length of hospital stay,d
	6.5 ± 3.1
	7.5 ± 4.4
	0.296

	Readmission within 90 d
	
	
	0.524

	Yes
	3 (7.7)
	1 (4.3)
	

	No
	36 (92.3)
	22 (95.7)
	


1Severe complications are defined as perioperative complications of Clavien-Dindo grade 3a or higher. 

Table 2 Comparisons of the perioperative variables between two groups (n = 62)
	Variables
	No. (%) or mean ± SD
	

	
	Massive-lesion, 
n = 24
	Smaller-lesion, 
n = 38
	P value

	Age, yr
	36.6 ± 13.5
	39.3 ± 11.8
	0.426

	BMI, kg/m2
	22.8 ± 3.1
	22.7 ± 2.8
	0.07

	Type 2 diabetes mellitus
	
	
	0.289

	Yes
	3 (12.5)
	1 (2.6)
	

	No
	21 (87.5)
	37 (97.4)
	

	Hypertension
	
	
	0.927

	Yes
	4 (16.7)
	6 (15.8)
	

	No
	20 (83.3)
	32 (84.2)
	

	ASA classification
	
	
	0.678

	Class I
	17 (70.8)
	25 (65.8)
	

	 Class II
	7 (29.1)
	13 (34.2)
	

	Previous abdominal surgery
	
	
	0.660

	 Yes
	14 (58.3)
	20 (52.6)
	

	 No
	10 (41.7)
	18 (47.4)
	

	Previous treatment
	
	
	0.027a

	 Yes
	7 (29.2)
	3 (7.9)
	

	 No
	17 (70.8)
	35 (92.1)
	

	Symptomatic
	
	
	0.416

	 Yes
	12 (50.0)
	15 (39.5)
	

	 No
	12 (50.0)
	23 (60.5)
	

	Digital rectal examination
	
	
	0.924

	 Positive
	20 (83.3)
	30 (78.9)
	

	 Negative
	4 (16.6)
	8 (21.1)
	

	Tumor location
	
	
	0.258

	 Above-S3
	13 (54.2)
	26 (68.4)
	

	 Under-S3
	11 (45.8)
	12 (31.6)
	

	Tumor size, cm
	11.5 ± 2.3
	6.2 ± 1.5
	0.000a

	Operation duration, min
	183.6 ± 57.5
	104.7 ± 43.7
	0.000a

	Blood loss, mL
	117.1 ± 175.7
	30.3 ± 36.7
	0.004a

	Perioperative complications
	
	
	0.027a

	 Yes
	17 (70.8)
	16 (42.1)
	

	 No
	7 (29.2)
	22 (57.9)
	

	Severe complicationsa
	
	
	0.022a

	 Yes
	6 (25.0)
	1 (2.6)
	

	 No
	18 (75.0)
	37 (97.4)
	

	Postoperative length of hospital stay,d
	7.7 ± 4.6
	6.3 ± 2.9
	0.111

	Readmission within 90 d
	
	
	0.019a

	 Yes
	4 (16.6)
	0 (0.0)
	

	 No
	20 (83.3)
	38 (100.0)
	


1Severe complications are defined as perioperative complications of Clavien-Dindo grade 3a or higher. 
aP value < 0.05 indicates the statistical difference.


Table 3 Univariate and multivariate analyses of factors associated with perioperative complication in all patients (n = 62)
	Variates
	Univariate analysis
	Multivariate analysis

	
	OR
	95%CI
	P
	OR
	95%CI
	P value

	Sex
	
	
	
	
	
	

	 Male
	Reference
	
	
	
	
	

	 Female
	5.125
	0.538-48.718
	0.155
	
	
	

	Age, yr
	
	
	
	
	
	

	 ≤ 60
	Reference
	
	
	
	
	

	 > 60
	0.559
	0.087-3.605
	0.541
	
	
	

	BMI, kg/m2
	
	
	
	
	
	

	 ≤ 23
	Reference
	
	
	
	
	

	 > 23
	1.700
	0.621-4.657
	0.302
	
	
	

	ASA
	
	
	
	
	
	

	Class I
	Reference
	
	
	
	
	

	Class II
	0.826
	0.284-2.400
	0.726
	
	
	

	Type 2 diabetes mellitus
	
	
	
	
	
	

	No
	Reference
	
	
	
	
	

	Yes
	3.954
	0.306-51.098
	0.292
	
	
	

	Hypertension
	Reference
	
	
	
	
	

	No
	
	
	
	
	
	

	Yes
	0.591
	0.126-2.774
	0.505
	
	
	

	Tumor diameter, cm
	
	
	
	
	
	

	 < 10
	Reference
	
	
	Reference
	
	

	 ≥ 10
	3.339
	1.122-9.938
	0.030a
	3.286
	1.020-10.587
	0.046a

	Tumor location
	
	
	
	
	
	

	 S3↑
	Reference
	
	
	Reference
	
	

	 S3↓
	2.187
	0.755-6.341
	0.149
	1.991
	0.655-6.054
	0.225

	Operation duration, min
	
	
	
	
	
	

	 < 121 min
	Reference
	
	
	
	
	

	 ≥ 121 min
	1.670
	0.611-4.568
	0.318
	
	
	

	Blood loss, ml
	
	
	
	
	
	

	 < 25 mL
	Reference
	
	
	
	
	

	 ≥ 25 mL
	1.923
	0.699-5.285
	0.205
	
	
	

	Previous abdominal surgery
	
	
	
	
	
	

	 No
	Reference
	
	
	Reference
	
	

	 Yes
	0.750
	0.274-2.051
	0.575
	0.667
	0.227-1.963
	0.462

	Previous treatment
	
	
	
	
	
	

	 No
	Reference
	
	
	Reference
	
	

	 Yes
	1.389
	0.350-5.505
	0.640
	0.938
	0.208-4.226
	0.933


aP value < 0.05 indicates the statistical difference.
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