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Abstract
BACKGROUND
[bookmark: _Hlk56193254][bookmark: _Hlk57977973]Transanal total mesorectal excision (taTME) is a new technique with many potential technical advantages. Laparoscopy-assisted taTME is also known as transabdominal taTME or hybrid-natural orifice transluminal endoscopic surgery taTME. Laparoscopy-assisted taTME is a combination of techniques such as minimally invasive surgery, intersphincter-assisted resection, natural orifice extraction, ta minimally invasive surgery, and ultralow-level preservation of the anus.

AIM
To verify the feasibility and safety of an innovative technique of taTME for treatment of cancer located in the lower rectum.

METHODS
From January 2016 to March 2018, we attempted to perform laparoscopy-assisted taTME surgery in 24 patients with lower rectal cancer.

RESULTS
The new technique of laparoscopy-assisted taTME was successfully performed in all 24 patients. Mean operating time was 310.0 min and mean intraoperative blood loss was 69.1 mL. The mean time to passing of first flatus was 3.1 d, and mean postoperative hospital stay was 9.2 d. Two patients were given postoperative analgesics due to anal pain. Twenty-three patients were able to walk in first 2 d, and five patients had postoperative complications.

CONCLUSION
Laparoscopy-assisted taTME is suitable for selected patients with lower rectal cancer, and this technique is worthy of further recommendation.
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Core Tip: We report our initial experience with transanal total mesorectal excision for distal rectal cancer, with a 100% success rate of intraoperative preservation of the anal sphincter. The patients in this study had a narrow pelvis, mild obesity, and distal rectal lesions, making the operation extremely difficult. Most of the patients had undergone neoadjuvant chemoradiation. We believe that this procedure is feasible for selected patients with lower rectal cancer, and is worthy of further recommendation.

INTRODUCTION
The introduction of total mesorectal excision (TME) in combination with advanced neoadjuvant and adjuvant oncological treatment regimens has improved overall survival and local recurrence in rectal cancer patients[1]. Although minimal invasive procedures are being used more frequently and generally add to this positive development, dissection in the pelvic cavity remains a technical challenge[2,3]. Concerns about adequate distal resection margin, bulky tumors and inadequate view of the operating field in the lower pelvis may negatively affect the surgical as well as oncological quality of the procedure, which reduces the advantages of laparoscopy-assisted approaches[4]. Laparoscopy-assisted transanal (ta) TME has been developed as a means of reducing the above disadvantages. This approach is reasonable in lower rectal cancer patients with a strong desire for preserving anus, pelvic stenosis, or obesity, or male patients[5-8]. Between January 2016 and March 2018, patients with lower rectal cancer were treated by laparoscopy-assisted taTME.

MATERIALS AND METHODS
Patients
[bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5]From January 2016 to March 2018, we attempted to perform laparoscopy-assisted taTME for 24 patients with lower rectal cancer (Table 1). Currently, there is no international standard surgical indication for taTME. The suggested indications are: Low rectal cancer, distance 0-8 cm from anal verge (defined by magnetic resonance imaging [MRI]), histological biopsy showing adenocarcinoma stage I-III (by MRI and abdominal computed tomography). All patients underwent a standard clinical examination including rigid proctoscopy, MRI of the rectum, and thoracoabdominal computed tomography. Distant metastasis was excluded by imaging examination. All operations were performed by a stationary surgical team. The patients were selected to have a detailed understanding of the taTME surgical procedure and risks, have a strong desire to retain the anus and choose the surgical method, and take risks.
The training phase included cadaver dissection, technical and practical courses, and participation as an assistant in a human taTME procedure.
All patients received standard mechanical bowel preparation and followed a standard postoperative enhanced recovery program for colorectal resection.

TaTME technique 
After induction of general anesthesia, proctoscopy was performed to ensure adequate preoperative bowel preparation and to perform washout of the rectum with cetrimide.
An Olympus Exera II, 10 mm 30° Endoeye and a standard Olympus insufflator were used for the entire procedure.
The procedure started with the laparoscopic transabdominal part of the dissection according to TME principles and high tie central ligation of the inferior mesenteric artery. To ease the ta extraction of the specimen, the splenic flexure was mobilized entirely to the midline in all patients. The mobilization continued caudally/posteriorly to the sacral promontory and anteriorly to the peritoneal reflection of the rectum. Anteriorly, we identified the top of the vagina/seminal vesicles, respectively (Figure 1).
[bookmark: OLE_LINK1][bookmark: OLE_LINK10]We commenced by inserting an Applied Medical STARPORT Path Trans Anal Access Platform and closed the rectum with a purse string suture under direct visualization of the tumor (Figure 2). This provided optimal conditions for identifying the appropriate distal margin at least 1 cm below the tumor.
A full thickness incision of the entire circumference of the rectum provided access to the embryonic planes. Mobilization of the mesorectum started posteriorly and was then continued anteriorly. Finally, the dissection progressed laterally, to avoid the specimen blocking the operating field during the posterior dissection and to ensure the correct lateral plane to avoid nerve injury (taTME video).
When communication to the peritoneal cavity was achieved and the ta and transabdominal dissection planes were united, one surgeon returned to the abdominal site and assisted with the final mobilization of the rectum. Depending on the tumor size, the specimen was extracted either via a Pfannenstiel incision or ta, using the Wound Protector.
The remaining part of the colonic mesentery was divided extracorporeally above the division of the inferior mesenteric artery, testing the marginal artery for sufficient blood flow by division and subsequent ligation. The colon was now divided over a purse string forceps and the anvil of the circular stapler was inserted and fastened. The end of the colon could now be repositioned into the abdomen and the anal canal was closed with a purse string suture around a surgical tube drain. The center rod of the end-to-end anastomosis stapling device was inserted with the aforementioned surgical drain as a guide and finally the anvil was connected and stapling performed around the anal purse string suture. The anastomosis was performed as end-to-end or side-to-end using a 28-33 mm circular stapling device depending on the colonic caliber.
All anastomoses were protected by a diverting loop ileostomy. We did not perform any leak test, but the excellent ta access allowed for full visualization of the anastomosis. In case of a low anastomosis, we applied reinforcement sutures. Anastomotic leaks were graded according to the classification system proposed by the International Study Group of Rectal Cancer and complications by the Clavien-Dindo classification. The quality of the specimens was assessed by the surgeon and pathology department.

Follow-up
We followed up patients every 3 mo with physical examination and laboratory tests, including tumor markers (carcinoembryonic antigen and carbohydrate antigen 19-9). Abdominal computed tomography was performed every 6 mo after the operation, and endoscopy was performed 1 year postoperatively. To evaluate the ano(neo)rectal function after taTME, the low anterior resection syndrome (LARS) questionnaire[9] was used. The LARS questionnaire of taTME group was sent 6 mo after ileostomy closure. The LARS score was categorized into no LARS (0-20 points), minor LARS (21-29 points), and major LARS (30-42 points) (Table 2)[9]. The follow-up time was 3-13 mo, and the last follow-up date was March 30, 2018.

RESULTS
We successfully completed the technique of laparoscopy-assisted taTME in 24 patients with lower rectal cancer. Among the 24 patients in whom laparoscopy-assisted taTME was completed, one underwent additional lateral lymph node dissection and one Hartmann surgery. In 24 patients, mean operation time was 310.0 min, mean intraoperative blood loss was 69.1 mL, and mean time to passing of first flatus was 3.1 d. The mean postoperative hospital stay was 9.2 d. Postoperative pain associated with taTME surgery was scored by the patient according to the subjective simulated pain scale (numeric rating scale) ranging from 0 to 10, with 0 representing no pain at all and 10 the worst pain imaginable. Pain was also assessed by a rehabilitation physician at 24 h and 72 h after surgery. Patients suffering from 4-7 score pain were given analgesics. No patients received prophylactic analgesics after operation. Twenty patients experienced slight anal pain after operation, and only 4 patients received analgesics. Twenty-three patients were able to walk within 2 d. Five patients had postoperative complications. One patient had anastomotic fracture, followed by Hartmann operation (the patient developed an anastomotic rupture followed by a pelvic infection. Despite the prophylactic ileostomy, the patient developed proximal colonic retraction, which was followed by Hartmann operation). One patient had intestinal obstruction, which was confirmed by abdominal X-ray on the postoperative day 8, and he was cured by indwelling gastric tube methods. Three patients developed fever within 7 d after taTME operation, and were diagnosed as pelvic infection. After antibiotic treatment, pelvic infection was cured. No patient had cancer recurrence during the follow-up period. Two of the 24 patients had fecal incontinence after the operation; the other patients could control their defecation easily.

DISCUSSION
Our primary aim for the taTME technique was to gain experience with this novel surgical approach, especially in patients with lower and mid‑rectal cancer, as we believe the technique will potentially improve the surgical and oncologic outcome in selected cases (obesity, male patients, narrow pelvis, neoadjuvant therapy). TaTME is a new technique that seems to provide technical advantages. Laparoscopy-assisted taTME is also known as trans-abdominal taTME or hybrid-natural orifice transluminal endoscopic surgery (NOTES) taTME. Laparoscopy-assisted taTME is a combination of techniques, such as minimally invasive surgery, intersphincteric resection (ISR), natural orifice specimen extraction (NOSE), ta minimally invasive surgery, and ultralow-level preservation of the anus[6].
The quality of our specimens seems to be equivalent to the series by Nagtegaal et al[10]. All the specimens were intact and achieved good quality. Short‑term results were satisfactory with a low morbidity and consequently a median length of stay of 9.2 d and no mortality.
The results of our initial cases presented in this paper were obtained during our learning curve and as we continue to learn by each procedure performed, we do not expect to have reached the top of the curve yet. Our initial experience confirmed our impression during the preparation phase that the technique presents many challenges both operatively and in the use of the necessary equipment. Having tried out the procedure in more recent cases with an instrument that provides continuous low flow carbon dioxide gas inflation, we found that it eases the procedure remarkably.
We presented the case of a young patient with lower bulky rectal cancer who highlighted the possibility of abdominoperineal resection (Figure 3). A 30-year-old stout man was diagnosed in October 2017 with stage IIIA lower rectal bulky mucinous adenocarcinoma and treated with preoperative chemoradiotherapy and subsequently with four cycles of capecitabine and oxaliplatin. After neoadjuvant therapy, the tumor size remained unchanged with mucus components. It was difficult to preserve the anus using the routine surgical technology. However, if the anus is removed, the pathology may be pathological complete remission (PCR), and the young patient will lose the anus permanently. We successfully completed taTME operation for this patient, and found that the tumor was 3 cm from the anus and the anus was retained. Postoperative evaluation of the anal pressure function and urinary and sexual function was normal. Postoperative pathology indicated PCR of the tumor. Recently, the patient had reversal of an ileostomy operation. The advantages of taTME for patients with lower rectal cancer are significant, especially those with obesity, male sex, narrow pelvis and neoadjuvant therapy. TaTME is helpful for preservation of the anal sphincter.
TaTME can be relatively easy to complete free and low rectum and mesorectum excision to guarantee the quality of TME-resected specimens, and may have advantages of NOTES, NOSE without abdominal incision, ISR, and single-arch laparoscopic minimally invasive technique[11,12]. However, the technological requirements of taTME are high, the learning curve is long, and the operation is difficult. It has been reported that taTME has an effect on postoperative short-term voiding function and anal function[13,14]. Whether there are long-term effects needs further observation. Notably, the longest duration of taTME surgery in this study was 402 min. The main reason is that the operation was performed by a group of doctors in the sequence of intraperitoneal-anal-abdominal operation procedure, and the operation platform was constantly changed. However, theoretically taTME can be performed by the transabdominal group and the ta group at the same time, so it is possible to reduce the operation time. After we adjusted the procedure (Figure 4), the overall operation time was reduced. In the abdominal operation group pelvic autonomic nerve preservation was performed, and the nerves were better protected than using the pure NOTES taTME. According to the 24 patients with operation time, average operation time was 310 min. After optimizing the operation process and adjusting the surgical approach, the average operation time was shortened to 240 min, and the learning curve was stable.
Reservations about this technique focus on bacterial contamination and tumor cell contamination[15,16]. However, several studies can help to remove these doubts[12,16]. For example, it has been confirmed that intracorporeal bowel opening for anastomosis completion does not increase the risk of infection during colorectal surgery. Tumor cell contamination can be prevented by suturing predetermined margins and closing the intestinal cavity to isolate the tumor. From our follow-up data, we confirmed that surgical procedures on the anus had no influence on bacterial and tumor cell contamination.
As a new technique applied in clinic, safety is the most important. Even at the beginning of the learning curve, when the risk of complications is high, safety is particularly important. The same is true for taTME. In this study, the safety of taTME was verified by the amount of blood loss, postoperative complications, postoperative mortality and postoperative hospital stay. In the taTME group, the average blood loss of patients undergoing surgical treatment was less than 100 mL, which was not significantly different from the traditional laparoscopic surgery group and the open surgery group. In the first 20 taTME surgeries performed by Atallah et al[15], the average patient lost 153 mL of blood. In 720 samples enrolled study, 61.2% of patients had intraoperative blood loss less than 100 mL, and 1% had intraoperative blood loss greater than 1 L[11]. From the perspective of complications, there were 5 complications in this group. The most serious patient had anastomotic rupture and therefore received sigmoidostomy (Hartmann operation) for treatment; 1 patient had postoperative intestinal obstruction which was improved by conservative treatment and 3 patients had fever and other infection symptoms which were controlled by antibiotic treatment. Burke et al[14] studied 50 patients in their early taTME study and found that 12% needed a second operation within 30 d of surgery. The main causes of secondary operation were ileostomy dysfunction, pelvic effusion and anastomotic leakage[15]. In this study, no postoperative death occurred in the taTME group. Penna et al[11] conducted a study with 720 samples, showing that the postoperative mortality rate was 0.5%, suggesting that taTME is a safe surgical method.
At present, taTME is mainly suitable for malignant tumors requiring accurate anatomy and resection of the middle and lower rectum and mesangial. The indications of taTME for the treatment of malignant rectal tumors should be limited to low and medium rectal cancers, especially low rectal cancers. TaTME may be more advantageous for rectal cancer patients with “difficult pelvis,” such as male, prostatic hypertrophy, obesity, tumor diameter of > 4 cm, rectal mesangial hypertrophy, lower anterior rectal wall tumor, pelvic stenosis, and unclear tissue plane caused by neoadjuvant radiotherapy.

CONCLUSION
Laparoscopy-assisted taTME is suitable for selected patients with lower rectal cancer. Bulky tumor, obesity, male patients, narrow pelvis, neoadjuvant therapy, and the lower position of the tumor may be the indications to perform this technique. The short-term outcomes of this technique are adjudged to be satisfactory. Laparoscopy-assisted taTME is safe and feasible for patients with lower rectal cancer, and this technique is worthy of further recommendation. Of course, our data are preliminary and the clinical effect of taTME technology must be confirmed through more cases.

ARTICLE HIGHLIGHTS
Research background
Transanal total mesorectal excision (taTME) is a new technique that might have many technical advantages. Laparoscopy-assisted taTME is also known as transabdominal taTME or hybrid-natural orifice transluminal endoscopic surgery taTME. Laparoscopy-assisted taTME is a combination of techniques, such as minimally invasive surgery, intersphincter-assisted resection, natural orifice extraction, ta minimally invasive surgery, and ultralow-level preservation of the anus.

Research motivation
Laparoscopy-assisted taTME surgery was reported by literature with relatively small amount of cases. However, there has been little published data on laparoscopy-assisted taTME surgery on the Chinese population. The safety and feasibility of laparoscopy-assisted taTME is still lack of evidence.

Research objectives
This study was designed to investigate the utility of laparoscopy-assisted taTME technique with both favorable and unfavorable factors.

Research methods
Laparoscopy-assisted taTME surgery was done by a standard laparoscopic platform (STARPORT Port). Patients’ characteristics, surgery duration, pathological diagnosis and postoperative complications (Clavien-Dindo classification) were collected.

Research results
Laparoscopy-assisted taTME could be safe and feasible technique to rectal tumor. Laparoscopic surgeons would be proficient for laparoscopy-assisted taTME with approximately 20 cases. Laparoscopy-assisted taTME may provide an alternative to traditional surgical methods for accurate anal retention. This study demonstrated the first piece of evidence of peri-operative data and short-term outcome in patients treated with laparoscopy-assisted taTME in Chinese tertiary hospital.

Research conclusions
Laparoscopy-assisted taTME is suitable for selected patients with lower rectal cancer, and this technique is worthy of further recommendation.

Research perspectives
At present, taTME is mainly suitable for malignant tumors requiring accurate anatomy and resection of the middle and lower rectum and mesangial. The indications of taTME for the treatment of malignant rectal tumors should be limited to low and medium rectal cancers, especially low rectal cancers. TaTME may be more advantageous for rectal cancer patients with “difficult pelvis,” such as male, prostatic hypertrophy, obesity, tumor diameter of > 4 cm, rectal mesangial hypertrophy, lower anterior rectal wall tumor, pelvic stenosis, and unclear tissue plane caused by neoadjuvant radiotherapy. In addition, taTME can be performed in combination with sphincter resection (ISR) for ultra-low rectal cancer patients. TaTME surgery may have indications for the treatment of colorectal benign diseases: Large benign tumors of the middle and lower rectum that cannot be removed locally, inflammatory bowel disease requiring rectal excision, familial adenomatous polyposis, and radioactive proctitis.
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Figure Legends
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Figure 1 Transanal total mesorectal excision surgical procedure presentation. A: Anal exposure (anal and perianal skin suture); B: Place the operation platform (Star port); C: Left mesorectal wall dissociation; D: Right lateral wall of mesorectal dissociation; E: Anterior wall dissociation; F: The specimens were pulled out of the anus and anastomosed; G: Surgical specimens.

[image: ]
Figure 2 Photos of the transanal STARPORT used in transanal total mesorectal excision surgery. The transanal STARPORT consists of an air-tight cover and an anal dilator. A: Positive view; B: Back view; C: Side view.
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[bookmark: OLE_LINK6][bookmark: OLE_LINK9]Figure 3 Surgical photos. A: Magnetic resonance image before neoadjuvant therapy; B: Magnetic resonance image after neoadjuvant therapy; C: Front view of specimen; D: Back view of specimen; E: Specimen profile; F: Abdominal appearance; G: Anal pressure measurement and pressure variation diagram (constriction pressure [121.0 ± 11.6 mmHg], defecation pressure, resting pressure [41.5 ± 8.6 mmHg]).
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[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Figure 4 The laparoscopy-assisted transanal total mesorectal excision was divided into the peritoneal and anal surgery groups. This operation can make full use of the advantages of transabdominal and transanal surgery. Laparoscopic surgery can complete laparoscopic exploration, vascular ligation and lymph node dissection, middle and upper mesentery dissociation, while transanal surgery can complete the lower mesentery migration and specimen removal, and then complete abdominal and transanal anastomosis reconstruction.

Table 1 Patient characteristics
	Cases
	Age in yr
	Gender
	BMI, kg/m2
	Tumor height from anorectal junction in cm
	Clinical stage
	CRT
	Pathological stage
	Tumor site in cm
	Technique
	Operation time in min
	Blood loss in mL
	POHS
	Time to first flatus in d
	Complications

	1
	64
	F
	21.94
	5.0
	T3N2b
	Yes
	ypT0N0
	7.0
	taTME
	198
	100
	9
	2
	N

	2
	48
	M
	30.78
	5.0
	T3N2b
	Yes
	ypT3N1b
	1.5
	taTME
	270
	100
	12
	3
	N

	3
	64
	M
	30.06
	5.0
	T3N2b
	Yes
	ypT3N0
	1.5
	taTME (Hartmann)
	364
	100
	9
	2
	N

	4
	67
	M
	25.24
	6.0
	T3N1
	Yes
	ypT2N1a
	2.0
	taTME
	270
	100
	11
	2
	Fever

	5
	57
	M
	27.11
	5.0
	T3N2
	Yes
	ypT2N0
	2.0
	taTME
	392
	100
	9
	3
	N

	6
	66
	M
	20.44
	3.0
	T3N+
	Yes
	ypT2N0
	1.0
	taTME
	262
	50
	9
	2
	N

	7
	45
	M
	26.67
	4.0
	T3N0
	Yes
	ypT3N0
	1.2
	taTME
	317
	200
	8
	2
	N

	8
	38
	M
	25.82
	3.0
	T3bN2a
	Yes
	ypT2N0
	2.0
	taTME
	266
	200
	9
	2
	N

	9
	47
	M
	24.39
	5.0
	T3N+
	Yes
	ypT2N1
	2.5
	taTME
	375
	100
	14
	10
	Obstruction

	10
	61
	M
	26.20
	4.0
	T3N2b
	Yes
	ypT3N1a
	1.3
	taTME
	293
	100
	9
	3
	N

	11
	62
	M
	29.41
	6.0
	T4aN+
	Yes
	ypT3N2b
	2.0
	taTME
	337
	100
	10
	2
	N

	12
	72
	M
	36.37
	3.0
	T4N+
	Yes
	ypT0N1a
	0.5
	taTME
	405
	200
	12
	2
	[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Fever

	13
	65
	M
	24.0
	7.0
	T3N+
	Yes
	ypT3N1a
	2.0
	taTME
	290
	100
	7
	2
	N

	14
	51
	M
	25.76
	2.0
	T3N2b
	Yes
	ypT1N1b
	2.0
	taTME
	364
	200
	9
	2
	N

	15
	55
	M
	23.66
	8.0
	T3N+
	Yes
	ypT3N0
	4.0
	taTME
	400
	100
	10
	2
	N

	16
	30
	M
	26.17
	3.0
	T3N0
	Yes
	ypT0N0
	0.0
	taTME
	283
	100
	10
	2
	N

	17
	61
	M
	26.99
	5.0
	T2N2
	Yes
	ypT2N0
	1.5
	taTME
	245
	50
	7
	2
	Fever

	18
	49
	F
	26.34
	2.0
	T3N+
	Yes
	ypT2N0
	1.1
	taTME
	226
	100
	7
	2
	N

	19
	58
	M
	20.96
	2.0
	T3N+
	Yes
	ypT3N0
	1.0
	taTME
	342
	200
	10
	2
	N

	20
	60
	M
	26.90
	5.0
	T3N1
	No
	ypT3N0
	5
	taTME
	271
	100
	7
	2
	N

	21
	71
	M
	25.3
	5.0
	T3N1
	Yes
	ypT2N0
	0.5
	taTME
	310
	100
	8
	2
	Anastomotic fracture

	22
	69
	M
	23.9
	3.0
	T3N2
	Yes
	ypTIN0
	1.5
	taTME
	317
	50
	8
	2
	N

	23
	39
	F
	24.2
	4.0
	Neuroendocrine tumor G2
	No
	Neuroendocrine tumor G2
	1.0
	taTME
	235
	50
	12
	2
	N

	24
	59
	M
	23.39
	4.0
	T3N+
	Yes
	ypT2N0
	1.0
	taTME
	266
	50
	8
	2
	N


BMI: Body mass index; CRT: Conformal radio-therapy; POHS: Post-operative hospital stay; F: Female; M: Male; taTME: Transanal total mesorectal excision; N: None.

Table 2 Low anterior resection syndrome questionnaire and scoring[16]
LARS Score: Scoring instructions
Add the scores from each 5 answers to one final score.
Do you ever have occasions when you cannot control your flatus (wind)?
· No, never
· Yes, less than once per week
· Yes, at least once per week

Do you ever have any accidental leakage of liquid stool?
· No, never
· Yes, less than once per week
· Yes, at least once per week

How often do you open your bowels?
· More than 7 times per day (24 h)
· 4-7 times per day (24 h)
· 1-3 times per day (24 h)
· Less than once per day (24 h)

Do you ever have to open your bowels again within 1 hour of the last bowel opening?
· No, never
· Yes, less than once per week
· Yes, at least once per week

Do you ever have such a strong urge to open your bowels that you have to rush to the toilet?
· No, never
· Yes, less than once per week
· Yes, at least once per week

Total Score：

Interpretation:
0-20:       No LARS
21-29:     Minor LARS
30-42:     Major LARS
LARS: Low anterior resection syndrome.
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