[bookmark: OLE_LINK1896][bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK388][bookmark: OLE_LINK670][bookmark: OLE_LINK458][bookmark: OLE_LINK439][bookmark: OLE_LINK967][bookmark: OLE_LINK968][bookmark: OLE_LINK991][bookmark: OLE_LINK1040][bookmark: OLE_LINK1041][bookmark: OLE_LINK1042][bookmark: OLE_LINK446][bookmark: OLE_LINK486][bookmark: OLE_LINK520][bookmark: OLE_LINK563][bookmark: OLE_LINK565][bookmark: OLE_LINK566][bookmark: OLE_LINK617][bookmark: OLE_LINK618][bookmark: OLE_LINK619][bookmark: OLE_LINK620][bookmark: OLE_LINK622][bookmark: OLE_LINK648][bookmark: OLE_LINK697][bookmark: OLE_LINK515][bookmark: OLE_LINK684][bookmark: OLE_LINK753][bookmark: OLE_LINK773][bookmark: OLE_LINK804][bookmark: OLE_LINK815][bookmark: OLE_LINK836][bookmark: OLE_LINK854][bookmark: OLE_LINK855][bookmark: OLE_LINK870][bookmark: OLE_LINK891][bookmark: OLE_LINK920][bookmark: OLE_LINK666][bookmark: OLE_LINK828][bookmark: OLE_LINK930][bookmark: OLE_LINK956][bookmark: OLE_LINK957][bookmark: OLE_LINK1071][bookmark: OLE_LINK1072][bookmark: OLE_LINK1120][bookmark: OLE_LINK1121][bookmark: OLE_LINK1204][bookmark: OLE_LINK1205][bookmark: OLE_LINK1002][bookmark: OLE_LINK1055][bookmark: OLE_LINK1056][bookmark: OLE_LINK1058][bookmark: OLE_LINK1096][bookmark: OLE_LINK1097][bookmark: OLE_LINK1013][bookmark: OLE_LINK1050][bookmark: OLE_LINK1083][bookmark: OLE_LINK1093][bookmark: OLE_LINK1110][bookmark: OLE_LINK1111][bookmark: OLE_LINK1174][bookmark: OLE_LINK1176][bookmark: OLE_LINK1216][bookmark: OLE_LINK1237][bookmark: OLE_LINK1257][bookmark: OLE_LINK1296][bookmark: OLE_LINK1299][bookmark: OLE_LINK1347][bookmark: OLE_LINK1370][bookmark: OLE_LINK1397][bookmark: OLE_LINK1398][bookmark: OLE_LINK1411][bookmark: OLE_LINK1426][bookmark: OLE_LINK1448][bookmark: OLE_LINK1472][bookmark: OLE_LINK1473][bookmark: OLE_LINK1495][bookmark: OLE_LINK1496][bookmark: OLE_LINK1151][bookmark: OLE_LINK1330][bookmark: OLE_LINK1229][bookmark: OLE_LINK1489][bookmark: OLE_LINK1834][bookmark: OLE_LINK1507][bookmark: OLE_LINK1513][bookmark: OLE_LINK1514][bookmark: OLE_LINK1515][bookmark: OLE_LINK1500][bookmark: OLE_LINK1501][bookmark: OLE_LINK1505][bookmark: OLE_LINK1506][bookmark: OLE_LINK1526][bookmark: OLE_LINK1564][bookmark: OLE_LINK1576][bookmark: OLE_LINK1577][bookmark: OLE_LINK1608][bookmark: OLE_LINK1609][bookmark: OLE_LINK1610][bookmark: OLE_LINK1627][bookmark: OLE_LINK1628][bookmark: OLE_LINK1633][bookmark: OLE_LINK1665][bookmark: OLE_LINK1667][bookmark: OLE_LINK1680][bookmark: OLE_LINK1681][bookmark: OLE_LINK1697][bookmark: OLE_LINK1698][bookmark: OLE_LINK1706][bookmark: OLE_LINK1713][bookmark: OLE_LINK1742][bookmark: OLE_LINK1753][bookmark: OLE_LINK1754][bookmark: OLE_LINK1755][bookmark: OLE_LINK1760][bookmark: OLE_LINK1813][bookmark: OLE_LINK1850][bookmark: OLE_LINK1851][bookmark: OLE_LINK1874][bookmark: OLE_LINK1892][bookmark: OLE_LINK1893][bookmark: OLE_LINK1891][bookmark: OLE_LINK1958][bookmark: OLE_LINK2006][bookmark: OLE_LINK2007][bookmark: OLE_LINK2008][bookmark: OLE_LINK2009][bookmark: OLE_LINK2059][bookmark: OLE_LINK2060][bookmark: OLE_LINK1863][bookmark: OLE_LINK1914][bookmark: OLE_LINK1954][bookmark: OLE_LINK37][bookmark: OLE_LINK220][bookmark: OLE_LINK221][bookmark: OLE_LINK231][bookmark: OLE_LINK718][bookmark: OLE_LINK719]Name of journal: World Journal of Gastroenterology
ESPS Manuscript NO: 3270
[bookmark: OLE_LINK1617][bookmark: OLE_LINK1618]Columns: BRIEF ARTICLE

[bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK25][bookmark: OLE_LINK285][bookmark: OLE_LINK286][bookmark: OLE_LINK337][bookmark: OLE_LINK297][bookmark: OLE_LINK298][bookmark: OLE_LINK327][bookmark: OLE_LINK182][bookmark: OLE_LINK183]Transanal natural orifice specimen extraction for laparoscopic low/ultralow anterior resection in rectal cancer
[bookmark: _GoBack] 
[bookmark: OLE_LINK420][bookmark: OLE_LINK421][bookmark: OLE_LINK1046][bookmark: OLE_LINK528][bookmark: OLE_LINK627][bookmark: OLE_LINK699][bookmark: OLE_LINK742][bookmark: OLE_LINK1015][bookmark: OLE_LINK1178][bookmark: OLE_LINK1179][bookmark: OLE_LINK1180][bookmark: OLE_LINK1181][bookmark: OLE_LINK1182][bookmark: OLE_LINK1183][bookmark: OLE_LINK1184][bookmark: OLE_LINK1260][bookmark: OLE_LINK1280][bookmark: OLE_LINK1300][bookmark: OLE_LINK1371][bookmark: OLE_LINK1449][bookmark: OLE_LINK1450][bookmark: OLE_LINK1474][bookmark: OLE_LINK1412][bookmark: OLE_LINK1596][bookmark: OLE_LINK1714][bookmark: OLE_LINK1790][bookmark: OLE_LINK1876][bookmark: OLE_LINK1877][bookmark: OLE_LINK326]Han FH et al. Transanal NOSE for L-AR/TME 

Fang-Hai Han, Li-Xin Hua, Zhi Zhao, Jian-Hai Wu, Wen-Hua Zhan

[bookmark: OLE_LINK170][bookmark: OLE_LINK211][bookmark: OLE_LINK212][bookmark: OLE_LINK169][bookmark: OLE_LINK138][bookmark: OLE_LINK213][bookmark: OLE_LINK214][bookmark: OLE_LINK202][bookmark: OLE_LINK203]Fang-Hai Han, Li-Xin Hua, Zhi Zhao, Jian-Hai Wu, Wen-Hua Zhan, Department of Gastrointestinal Surgery, The First Affiliated Hospital of Sun Yat-Sen University, Guangzhou 510080, Guangdong Province, China
 
[bookmark: OLE_LINK425][bookmark: OLE_LINK561][bookmark: OLE_LINK562][bookmark: OLE_LINK534][bookmark: OLE_LINK948][bookmark: OLE_LINK1206][bookmark: OLE_LINK1109][bookmark: OLE_LINK1747][bookmark: OLE_LINK1749][bookmark: OLE_LINK1766][bookmark: OLE_LINK597][bookmark: OLE_LINK598][bookmark: OLE_LINK499][bookmark: OLE_LINK633][bookmark: OLE_LINK701][bookmark: OLE_LINK1499][bookmark: OLE_LINK1339][bookmark: OLE_LINK1341][bookmark: OLE_LINK781][bookmark: OLE_LINK782][bookmark: OLE_LINK840][bookmark: OLE_LINK893][bookmark: OLE_LINK759][bookmark: OLE_LINK838][bookmark: OLE_LINK1129][bookmark: OLE_LINK1130][bookmark: OLE_LINK1016][bookmark: OLE_LINK1112][bookmark: OLE_LINK1188][bookmark: OLE_LINK1239][bookmark: OLE_LINK1262][bookmark: OLE_LINK1281][bookmark: OLE_LINK1301][bookmark: OLE_LINK1352][bookmark: OLE_LINK1374][bookmark: OLE_LINK1451][bookmark: OLE_LINK770][bookmark: OLE_LINK1220][bookmark: OLE_LINK1272][bookmark: OLE_LINK1413][bookmark: OLE_LINK1527][bookmark: OLE_LINK1579][bookmark: OLE_LINK1580][bookmark: OLE_LINK1683][bookmark: OLE_LINK1716][bookmark: OLE_LINK1725][bookmark: OLE_LINK1792][bookmark: OLE_LINK1815][bookmark: OLE_LINK1853][bookmark: OLE_LINK1909][bookmark: OLE_LINK1933]Author contributions: Han FH and Zhan WH designed research; Han FH, Hua LX and Zhan WH performed research; Zhao Z contributed new reagents or analytic tools; Wu JH analyzed data; Han FH and Hua LX wrote the paper. 

Correspondence to: Wen-Hua Zhan, Professor, Department of Gastrointestinal Surgery, The First Affiliated Hospital of Sun Yat-sen University, Guangzhou 510080, Guangdong Province, China. 
fh_han@163.com

[bookmark: OLE_LINK599][bookmark: OLE_LINK600][bookmark: OLE_LINK540][bookmark: OLE_LINK634][bookmark: OLE_LINK734][bookmark: OLE_LINK895][bookmark: OLE_LINK1132][bookmark: OLE_LINK1114][bookmark: OLE_LINK1282][bookmark: OLE_LINK1354][bookmark: OLE_LINK331][bookmark: OLE_LINK429][bookmark: OLE_LINK724][bookmark: OLE_LINK601][bookmark: OLE_LINK570][bookmark: OLE_LINK788][bookmark: OLE_LINK978][bookmark: OLE_LINK503][bookmark: OLE_LINK542][bookmark: OLE_LINK636][bookmark: OLE_LINK659][bookmark: OLE_LINK567][bookmark: OLE_LINK737][bookmark: OLE_LINK786][bookmark: OLE_LINK842][bookmark: OLE_LINK858][bookmark: OLE_LINK873][bookmark: OLE_LINK924][bookmark: OLE_LINK761][bookmark: OLE_LINK848][bookmark: OLE_LINK1020][bookmark: OLE_LINK1066][bookmark: OLE_LINK1085][bookmark: OLE_LINK1115][bookmark: OLE_LINK1162][bookmark: OLE_LINK1243][bookmark: OLE_LINK1264][bookmark: OLE_LINK1283][bookmark: OLE_LINK1311][bookmark: OLE_LINK1360][bookmark: OLE_LINK1383][bookmark: OLE_LINK1430][bookmark: OLE_LINK1453][bookmark: OLE_LINK913][bookmark: OLE_LINK1228][bookmark: OLE_LINK1356][bookmark: OLE_LINK1359][bookmark: OLE_LINK1629][bookmark: OLE_LINK1630][bookmark: OLE_LINK1631][bookmark: OLE_LINK1632][bookmark: OLE_LINK1837][bookmark: OLE_LINK1532][bookmark: OLE_LINK1533][bookmark: OLE_LINK1534][bookmark: OLE_LINK1535][bookmark: OLE_LINK1525][bookmark: OLE_LINK1567][bookmark: OLE_LINK1728][bookmark: OLE_LINK1768][bookmark: OLE_LINK1857][bookmark: OLE_LINK1968][bookmark: OLE_LINK1969][bookmark: OLE_LINK1970][bookmark: OLE_LINK1971][bookmark: OLE_LINK1904][bookmark: OLE_LINK951][bookmark: OLE_LINK955]Telephone: +86-20-28823388    Fax: +86-20-28823388 
[bookmark: OLE_LINK145][bookmark: OLE_LINK364][bookmark: OLE_LINK444][bookmark: OLE_LINK501][bookmark: OLE_LINK572][bookmark: OLE_LINK573][bookmark: OLE_LINK756][bookmark: OLE_LINK757][bookmark: OLE_LINK805][bookmark: OLE_LINK806][bookmark: OLE_LINK958][bookmark: OLE_LINK1018][bookmark: OLE_LINK1059][bookmark: OLE_LINK1122][bookmark: OLE_LINK1123][bookmark: OLE_LINK1402][bookmark: OLE_LINK1750][bookmark: OLE_LINK1751][bookmark: OLE_LINK1832][bookmark: OLE_LINK1878][bookmark: OLE_LINK1917][bookmark: OLE_LINK1918][bookmark: OLE_LINK1985][bookmark: OLE_LINK1986][bookmark: OLE_LINK1927][bookmark: OLE_LINK1928][bookmark: OLE_LINK2044][bookmark: OLE_LINK2352][bookmark: OLE_LINK2220][bookmark: OLE_LINK2344][bookmark: OLE_LINK2347][bookmark: OLE_LINK2626][bookmark: OLE_LINK2390][bookmark: OLE_LINK358][bookmark: OLE_LINK359][bookmark: OLE_LINK362][bookmark: OLE_LINK69]Received: April 17, 2013    Revised: May 13, 2013 
[bookmark: OLE_LINK1382][bookmark: OLE_LINK2188][bookmark: OLE_LINK2189][bookmark: OLE_LINK2615]Accepted: July 17, 2013
               Published online: 




Abstract 
[bookmark: OLE_LINK222][bookmark: OLE_LINK223][bookmark: OLE_LINK26][bookmark: OLE_LINK266][bookmark: OLE_LINK270]AIM: To investigate that whether the transanal approach of natural orifice specimen extraction is the better approach for rectal cancer resection, the authors present their surgical technique and short-term outcomes.

[bookmark: OLE_LINK106][bookmark: OLE_LINK107][bookmark: OLE_LINK273][bookmark: OLE_LINK276]METHODS: A prospectively designed database of a consecutive series of patients undergoing laparoscopic low anterior resection for rectal cancer with various tumor–node–metastasis classiﬁcations from March 2011 to February 2012 at the First Affiliated Hospital of Sun Yat-Sen University was analyzed. Patient selection for transanal specimen extraction and intra-corporeal anastomosis was made on the basis of size of thepathology and distance of rectal lesions from the anal verge. Demographic data, operative parameters, and postoperative outcomes were assessed.

[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK61][bookmark: OLE_LINK178][bookmark: OLE_LINK177][bookmark: OLE_LINK12][bookmark: OLE_LINK11][bookmark: OLE_LINK527][bookmark: OLE_LINK396][bookmark: OLE_LINK395][bookmark: OLE_LINK75][bookmark: OLE_LINK99][bookmark: OLE_LINK101][bookmark: OLE_LINK100][bookmark: OLE_LINK372][bookmark: OLE_LINK373][bookmark: OLE_LINK30][bookmark: OLE_LINK28][bookmark: OLE_LINK66][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK385][bookmark: OLE_LINK10][bookmark: OLE_LINK9][bookmark: OLE_LINK105][bookmark: OLE_LINK23][bookmark: OLE_LINK34][bookmark: OLE_LINK24]RESULTS: None of these cases was converted to laparotomy. Respectively, there were 16 cases in low and 5cases in ultra-low anastomosis. Mean age of the patients was 45.4 years, and mean body mass index was 23.1 kg/m2. Mean distance of the lower edge of the lesion from the anal verge was 8.3 cm. Mean operating time was 132 min, and mean intraoperative blood loss was 84 mL. According to the principle of rectal cancer surgery, we had D2 lymph nodes dissection in 13 cases and D3 in 8 cases. Mean lymph nodes harvest was 17.8, and the positive lymph nodes was 3.4. Median hospital stay was 6.7 d. No serious postoperative complication occurred except for one anastomotic leakage. All patients remained disease free. Mean Wexner score was 3.7 at 11 mo after the operation.

[bookmark: OLE_LINK312][bookmark: OLE_LINK313][bookmark: OLE_LINK13][bookmark: OLE_LINK29][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK22][bookmark: OLE_LINK108][bookmark: OLE_LINK109][bookmark: OLE_LINK349][bookmark: OLE_LINK350][bookmark: OLE_LINK236][bookmark: OLE_LINK237][bookmark: OLE_LINK238]CONCLUSION: In our limited experience, transanal specimen extraction in totally laparoscopic low/ultralow anterior resection is feasible, safe, and oncologically sound for selected cases. Further studies with long-term outcomes are needed to explore the potential advantages of this technique.
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INTRODUCTION
[bookmark: OLE_LINK2476][bookmark: OLE_LINK2477][bookmark: OLE_LINK324]The incidence of rectal cancer is higher in Asia comparing with western countries [1]. Technically, the resection of low rectal cancer may be one of the most difficult one among all colorectal surgeries.
[bookmark: OLE_LINK2481][bookmark: OLE_LINK2482][bookmark: OLE_LINK248][bookmark: OLE_LINK249][bookmark: OLE_LINK382][bookmark: OLE_LINK356][bookmark: OLE_LINK360][bookmark: OLE_LINK330][bookmark: OLE_LINK336][bookmark: OLE_LINK121][bookmark: OLE_LINK122][bookmark: OLE_LINK131][bookmark: OLE_LINK150][bookmark: OLE_LINK151][bookmark: OLE_LINK128][bookmark: OLE_LINK132][bookmark: OLE_LINK146][bookmark: OLE_LINK139][bookmark: OLE_LINK143]At present, the traditional colorectal surgery has increasingly given way to laparoscopic anterior resection with total mesorectal excision (L-AR/TME). Evidence-based medicine has set forth that L-AR/TME is a feasible surgical approach for managing rectal cancer. There were similar results among in the recent short-term therapeutic effects, local recurrence rate and postoperative survival rate between laparoscopic surgery (LSC) and traditional open surgery for radical colon cancer[2]. Meanwhile, the mean estimated blood loss, discharge time after operation, and postoperative length of hospitalization were significantly reduced in the LSC[3]. However, the incision of the abdomen is still necessary in order to remove the specimens in LSC, which could cause incision infection and increase the incidence of incisional hernia[4]. 
[bookmark: OLE_LINK348][bookmark: OLE_LINK355][bookmark: OLE_LINK199][bookmark: OLE_LINK332][bookmark: OLE_LINK137][bookmark: OLE_LINK144]The advent of natural orifice specimen extraction (NOSE) may be an effctive way to deal with the challenge. The NOSE is a feasible and safe technically to complete a radical colorectal cancer surgery by traditional laparoscopic techniques, and then remove the specimens through natural orifice[5,6] 
[bookmark: OLE_LINK200][bookmark: OLE_LINK201][bookmark: OLE_LINK361][bookmark: OLE_LINK198][bookmark: OLE_LINK338]Totally laparoscopic hemicolectomy has been implemented successfully by transvaginal access NOSE[7]. However, due to its innate limitations, the transvaginal approach NOSE is difficult to complete radical rectal cancer surgery, especially in low rectal cancer. Here we introduce a surgery technique which can complete the laparoscopic radical rectal surgery with total mesorectal excision (TME), then removing the specimen and performing anastomosis through the anus.

MATERIALS AND METHODS
[bookmark: OLE_LINK452][bookmark: OLE_LINK243][bookmark: OLE_LINK166][bookmark: OLE_LINK242][bookmark: OLE_LINK127][bookmark: OLE_LINK79]After obtaining approval from the institutional ethics committee and written informed consent from the patients, 21 cases with rectal adenocarcinoma underwent the procedure from March 2011 to February 2012. All cases of clinical preoperative diagnosis of rectal cancer disease confirmed by electronic endoscopic colonoscopy, pathology biopsy, endosonography, and staged by specialized oncologists at our center, and preoperatively managed following the guideline from the National Comprehensive Cancer Network (NCCN). All operations were performed by a single surgeon who is proficient in various laparoscopic colorectal procedures and laparotomy at our institute.
The cases with tumor stage T4, tumor covered over half of the circumference of the rectum, metastasis found in liver or lung in the preoperative imaging assessment or BMI over 28 were excluded in our study.
[bookmark: OLE_LINK379][bookmark: OLE_LINK261][bookmark: OLE_LINK267][bookmark: OLE_LINK268][bookmark: OLE_LINK156][bookmark: OLE_LINK157][bookmark: OLE_LINK493][bookmark: OLE_LINK410][bookmark: OLE_LINK411]Three cases in which (TNM) classiﬁcations as T3 that were comfirmed by endosonography, magnetic resonance imaging (MRI) and computed tomography (CT) examination, who all had received three cycles of chemotherapy prior to surgery. Radiotherapy followed by resection surgery was conducted as established by national guidelines. The feasibility of the operation was reappraised at two weeks after the treatment. All of three cases had experienced the symptom was reliving and the tumour was downsizing, and with limited side-effects of neoadjuvant chemotherapy. 
The day before the operation, all patients underwent the systemic bowel preparation, and the use of prophylactic antibiotics. 

[bookmark: OLE_LINK68][bookmark: OLE_LINK72][bookmark: OLE_LINK76]Surgical procedure
Laparoscopic phase: The patient was positioned in modiﬁed lithotomy position, and the abdomen is then insufﬂated with 10–12 mmHg Carbon Dioxide. Four ports are used as following procedure. First port is a 12-mm blunt-tip for a laparoscope that is placed in the umbilicus using the minilaparotomy technique. The second to fourth ports are a 10-mm surgeon’s operating port in the right lower quadrant, two 5-mm ports respectively in the right middle abdomen and left lower quadrant. 
[bookmark: OLE_LINK31][bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK163][bookmark: OLE_LINK173][bookmark: OLE_LINK141][bookmark: OLE_LINK47][bookmark: OLE_LINK67]Mobilization of the colon, lymph node dissection, and excision of the mesentery are performed laparoscopically in the usual manner. Detail steps are as following. Firstly, the sacral promontory is separated by ultrasonic scalpel (Harmonic ACE, Ethicon Endo-surgery, LLC) from the right side of the rectum. Secondly, the inferior mesenteric artery is ligated at its point of pedicle from the aorta with large or oversized Hem-o-lock before the tumor is mobilizing. The arterial and venous I-III branches of sigmoid are cut off while the marginal artery of the proximal colon is preserving. The next, the inferior mesenteric vein is ligated at corresponding height. We mobilized the splenic flexure in two cases in which there are tensions in the anastomosis. Thirdly, the posterior mesorectal fascia is identified and the dissection is extended to the level of the sacral promontory in the avascular plane. Then the rectum is fully dissociated to the levator ani muscle plane as far as possible along the Denonvillier’s fascia. The fragment of the distal rectum which is in 2 cm above the tumor is clamped with a detachable clip.
Among the above steps, we must be pay attattion to preservation of inferior hypogastric nerves as far as possible. 

[bookmark: OLE_LINK56][bookmark: OLE_LINK55][bookmark: OLE_LINK116][bookmark: OLE_LINK117][bookmark: OLE_LINK204][bookmark: OLE_LINK234][bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK129][bookmark: OLE_LINK130][bookmark: OLE_LINK43][bookmark: OLE_LINK309][bookmark: OLE_LINK310][bookmark: OLE_LINK44][bookmark: OLE_LINK162][bookmark: OLE_LINK125][bookmark: OLE_LINK126][bookmark: OLE_LINK50][bookmark: OLE_LINK54][bookmark: OLE_LINK14][bookmark: OLE_LINK17][bookmark: OLE_LINK240][bookmark: OLE_LINK51][bookmark: OLE_LINK147][bookmark: OLE_LINK161][bookmark: OLE_LINK342][bookmark: OLE_LINK343][bookmark: OLE_LINK344][bookmark: OLE_LINK345]Perineal phase: The anus is gently dilated till it can accommodate four fingers. A home-made anus dilator and fine silk traction sutures are placed in the proximal lip of the exposed mucosal edge in a vertical orientation, in order to everting the anus and exposing the rectum (Figure 1A and B). The level of intended transaction must be maintaining a margin 2 cm at minimum distal from the tumor[8]. After irrigated the rectum with 1 liters diluted povidone-iodine solution, we sutured two parallel circle-purse-string with 2-0 prolene lines in distal rectal wall through the anus under direct vision as following: the upper one must be maintain a margin 1-1.5 cm at minimum distal from the tumor, while the lower another is in 1 cm above the dentate line in the rectal mucosa. Between two circle-purse-strings, a full-thickness rectal circumferential dissection is extended using ultrasonic scalpel. At this point, the peritoneal cavity is extended circumferentially as far cephalad as possible, and then joined the perinea and laparoscopic dissection planes thoroughly.  
[bookmark: OLE_LINK49][bookmark: OLE_LINK48][bookmark: OLE_LINK164][bookmark: OLE_LINK165][bookmark: OLE_LINK62][bookmark: OLE_LINK63][bookmark: OLE_LINK171][bookmark: OLE_LINK172][bookmark: OLE_LINK287][bookmark: OLE_LINK288][bookmark: OLE_LINK71][bookmark: OLE_LINK254][bookmark: OLE_LINK255][bookmark: OLE_LINK278][bookmark: OLE_LINK279][bookmark: OLE_LINK289][bookmark: OLE_LINK290][bookmark: OLE_LINK64][bookmark: OLE_LINK65][bookmark: OLE_LINK179][bookmark: OLE_LINK180][bookmark: OLE_LINK181][bookmark: OLE_LINK295][bookmark: OLE_LINK296][bookmark: OLE_LINK291][bookmark: OLE_LINK292][bookmark: OLE_LINK293][bookmark: OLE_LINK294][bookmark: OLE_LINK42][bookmark: OLE_LINK41][bookmark: OLE_LINK307][bookmark: OLE_LINK308][bookmark: OLE_LINK282][bookmark: OLE_LINK280][bookmark: OLE_LINK281]The stump of proximal rectosigmoid was exteriorized through the dilated anus and the opened stump of distal rectum (Figure 1C). With a purse string forceps clamped the section of the colon in which must maintain a margin at minimum 10 cm above the tumor. The proximal colon was transected under direct vision. After a purse-string sutured and put the anvil shaft into it (Figure 1D), the stump of proximal colon was pushed back gently to peritoneal cavity. The purse-string suture was tied to the anvil shaft before connecting it to the center shaft of the circular stapler (Ethicon Endo-surgery, Johnson&Johnson, China). After tighten up the lower circle-purse-string, the anastomat is put into the anus (Figure 1E), the instrument is then fired to creating end-to-end coloanal anastomosis in usual manner[9]. The next, an air test is undertaken through the anus, and reinforced stitching with bioabsorbable suture if it was necessary. A pelvic drain is inserted.
[bookmark: OLE_LINK57][bookmark: OLE_LINK97][bookmark: OLE_LINK98][bookmark: OLE_LINK45][bookmark: OLE_LINK191][bookmark: OLE_LINK306][bookmark: OLE_LINK371][bookmark: OLE_LINK78][bookmark: OLE_LINK77][bookmark: OLE_LINK283][bookmark: OLE_LINK284]We successfully performed 16 cases in this way. Due to the low position of stump of distal rectum, we used manual anastomosis fashion in 5 cases (Figure 1F), and the protective loop ileostomy fashion was applied in these cases. 
[bookmark: OLE_LINK135][bookmark: OLE_LINK136][bookmark: OLE_LINK321][bookmark: OLE_LINK86][bookmark: OLE_LINK85][bookmark: OLE_LINK257][bookmark: OLE_LINK258][bookmark: OLE_LINK89][bookmark: OLE_LINK88][bookmark: OLE_LINK311][bookmark: OLE_LINK301][bookmark: OLE_LINK302][bookmark: OLE_LINK303][bookmark: OLE_LINK333][bookmark: OLE_LINK334][bookmark: OLE_LINK335][bookmark: OLE_LINK304][bookmark: OLE_LINK305][bookmark: OLE_LINK380][bookmark: OLE_LINK381][bookmark: OLE_LINK315][bookmark: OLE_LINK316][bookmark: OLE_LINK317][bookmark: OLE_LINK318][bookmark: OLE_LINK319][bookmark: OLE_LINK339][bookmark: OLE_LINK340]The intraoperative frozen biopsy which confirmed negative margins is applied in all cases. The mesorectal integrity[10] and circumferential situation[11] of the resection specimens was evaluated under micro and macro by the senior surgeon and the qualified pathologist, in order to ensuring that the tumor has been resected thoroughly. Mesorectal specimens were graded into 3 categories: complete (intact of mesorectum > 5 cm, while defect of mesentery < 5 mm), nearly complete (intact of mesorectum > 5 cm, while defect of mesentery > 5 mm), and incomplete (incomplete of mesorectum) categories. We defined it as positive margin if circumferential margin from the tumour is less than 2 mm in microscopy. 

RESULTS
 
[bookmark: OLE_LINK153][bookmark: OLE_LINK160][bookmark: OLE_LINK346]In this prospectively study, we were successfully performed the procedure in all cases, and no patient was converted to laparotomy. Respectively, there were 16 and 5 cases in low and ultra-low anastomosis. According to specimen macro assessment of TME, complete in 18 cases while nearly complete in 3 cases. What is more, circumferential resection margin were negative in all cases. 
[bookmark: OLE_LINK391][bookmark: OLE_LINK378][bookmark: OLE_LINK518]The mean maximum diameter of tumor is 4.6 ± 1.7 cm. According to the principle of rectal cancer surgery and no-touch isolation technique, we had D2 lymph node dissection in 13 cases and D3 lymph node dissection in 8cases.The postoperative course was unremarkable in the most of cases, with prompt return of bowel activity and short postoperative stay, except for one case was complicated by anastomotic leakage. Anastomotic leakage was confirmed by stools leaking from a drain. He was treated with nil per oral, decompression of the rectum by transanal drainage, and antibiotic infusion until the leak healed spontaneously. He was discharged on the 15th postoperative day.
[bookmark: OLE_LINK341][bookmark: OLE_LINK475][bookmark: OLE_LINK277][bookmark: OLE_LINK383][bookmark: OLE_LINK384][bookmark: OLE_LINK300][bookmark: OLE_LINK314][bookmark: OLE_LINK366][bookmark: OLE_LINK367][bookmark: OLE_LINK368][bookmark: OLE_LINK369][bookmark: OLE_LINK370][bookmark: OLE_LINK241][bookmark: OLE_LINK194][bookmark: OLE_LINK197][bookmark: OLE_LINK299]According to NCCN guidelines, all cases in which the post-operation (TNM) classiﬁcations as T3/T4 or node-positive were underwent postoperative chemotherapy for 6-9 circles. The follow-up period ranged from 11 to 23 mo. Follow-up examinations were scheduled at 2 wk, 1, 2, 3, 6, 9, and 12 mo, and every 6 mo thereafter until 5 years. All patients underwent the CT of chest, abdomen, and pelvis every 6 mo and colonoscopy at 12 mo, but remained disease free. All of five patients, who underwent coloanal handsewn anastomosis with a diverting ileostomy, had received their ileostomies reversed at three to six mo after the operation, based on the diagnosis of free from tumor recurrence and anastomotic stenosis, which is confirmed by electronic endoscopic colonoscopy, barium enema examination, MRI, and CT examination. Anal continence was measured using the validated Wexner fecal incontinence scoring system (0 = perfect continence, 20 = complete incontinence). The mean Wexner score was 3.7 (range 0–5) at over 11 mo after the operation.
[bookmark: OLE_LINK174][bookmark: OLE_LINK187] 
DISCUSSION
[bookmark: OLE_LINK82][bookmark: OLE_LINK81][bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK195][bookmark: OLE_LINK196][bookmark: OLE_LINK87][bookmark: OLE_LINK148][bookmark: OLE_LINK149]In the past 10 years, laparoscopic L-AR has been practiced at our institute according to the principle of TME for patients with low rectal cancer. Traditional large abdominal incision has been gradually replaced by small abdominal incision. L-AR benefits patients not only in cosmetology and postoperative rehabilitation, but also in reducing surgical interference, maintaining the immune function and homeostasis, achieving rapid recovery, and relieving patients’ psychological stress after surgery. However, L-AR is still considered as imperfect due to the requirement of a minimum 5-7 cm abdominal incision in order to remove specimen entirely. There are still some existing complications, such as abdominal incision infection, postoperative somatic pain, and incisional hernia[12]. According to the statistics of bulk of cases, wound infections occurred in 13.5% of patients after L-AR (2.7% trocar, 10.8% extraction sites), incisional hernias developed in 24.3% of patients, and extraction sites accounted for 85.7% of all wound complications[13]. 
In order to reduce the impact of incision in the L-AR to the body and eliminate the abdominal incision completely, the natural orifice translumennal endoscopic surgery (NOTES) is booming in recent years, in which incisional infection and incision hernia can be avoided and better cosmetic results can be achieved[14,15]. 
[bookmark: OLE_LINK205][bookmark: OLE_LINK404][bookmark: OLE_LINK405][bookmark: OLE_LINK406][bookmark: OLE_LINK155][bookmark: OLE_LINK154][bookmark: OLE_LINK140][bookmark: OLE_LINK142][bookmark: OLE_LINK407][bookmark: OLE_LINK206]Recently, transvaginal (posterior fornix incision) is the main approach of NOTES in most colectomy[16-18]. However, there are still some negative factors in low/ultra-low rectal cancer which hindered the use of transvaginal approach of NOTES. First of all, there are some existing technical shortcomings, such as lack of experience and technical complexity, additional adjacent organ injury, extended operation time and specialized equipment requirement that increased operation cost. Secondly, it is difficult to remove the large tumor specimens through the posterior vaginal fornix incision sometimes. Thirdly, there are many technical difficulties in proceeding TME in low (ultra-low) sphincter-preserving rectal cancer with transvaginal approach. Last but not the least, transvaginal approach of NOTES is applicable only to female patients, which is major hinder to popularize in clinical practice. 
[bookmark: OLE_LINK46][bookmark: OLE_LINK52]As a result, more and more surgeons try to find a new way as approach of NOTES in low rectal cancer. With regards to the applicability of NOTES in colorectal surgery field, transanal access of NOTES is intuitively the optimum one. First, rather than creating an opening through an otherwise healthy organ to perform the rectal anterior resection, the enterotomy is created through the diseased organ itself. Second, the enterotomy created is ultimately closed by incorporating into a standard colorectal anastomosis, which the surgery requirement regardless whether it is achieved via NOTES or standard surgery. Finally, the approach of NOTES could be anticipated to have substantial benefits over a standard transabdominal approach[19]. 
[bookmark: OLE_LINK409][bookmark: OLE_LINK320][bookmark: OLE_LINK323][bookmark: OLE_LINK152][bookmark: OLE_LINK352][bookmark: OLE_LINK351]At present, transanal access NOTES in radical colorectal cancer surgery has completed successfully in animal model, but fewer surgeons put it into clinic practice, due to potential technical difficulties, such as intra-abdominal intestinal fecal contamination, increasing possibility of infection through colon lumen approach etc. All of these factors may affect the safety of the surgery. For example, clinical reports confirmed that common complications included wound infection (56.7%), septicemia (31.7%), and enterocutaneous fistula (16.7%) in patients who sustained penetrating colon injuries[20]. However, with the improvement in anatomical techniques and equipment, there are not only few transanal of NOTES for resection of rectum which were performed in vivo porcine model or fresh cadaver being reported[21], but also there have been several reports on laparoscopic-assisted transanal NOTES performed for left-sided colorectal resections[22] and sigmoidectomy[23]. Unfortunately, expensive equipment is fundamental to these studies, which is limits the clinical application of NOTES, especial in developing countries.
[bookmark: OLE_LINK207][bookmark: OLE_LINK208][bookmark: OLE_LINK167][bookmark: OLE_LINK168][bookmark: OLE_LINK209][bookmark: OLE_LINK210]As a transition of NOTES, transanal approach of NOSE is an emerging concept which has been recently applied to the field of rectal excision. Darzia et al[24] describe a technique of totally laparoscopic left-sided colonic resection and transanal specimen delivery. Franklin et al[25] reported that laparoscopic colectomy in patients with stage III colorectal cancer is oncologically adequate. Fukunaga et al[26] performed a radical rectal cancer surgery which removing the specimens through the anus and avoided the abdominal incision. Transanal specimen extraction can also resolve the problems found in obese patients with short or hypertrophy mesentery, or deep abdominal wall, all of which have been challenged for the process of transabdominal specimen delivery[27]. It is convinced that transanal approach NOSE is technically feasible, and may be a bridge of the NOTES and the conventional laparoscopic approach for radical colorectal cancer surgery. 
[bookmark: OLE_LINK175][bookmark: OLE_LINK176]Our current experience has proven that transanal approach NOSE, combined with TME and LAR techniques in rectcal cancer, not only adapted to the principle of radical tumor resection, but also in line with the principle of management information systems. It has been introduced and demonstrated the feasibility in techniques and oncology principles by many surgeons[28]. The full use of the “necessary” trauma of the rectal stump can accurately determine the distal cutting edge of the rectum. Combination of the traditional laparoscopic techniques and removing the specimens through the natural orifice can minimize the surgical injury[29]. Traditional laparoscopic surgical techniques provides with large operation space, mature technology and broad vision, which can accurately dissect the mesorectal, pelvic visceral and parietal fascia. We can make sure that the inferior mesenteric artery is ligated at the root, in order to blocked the blood supply of tumor and venous drainage, and minimized the chance of metastasis. In the meantime, care is required to avoid any injury for the mesenteric arcades so that to guarantee adequate blood supply of the descending colon. The operation was followed the “holy plane”, which is placed between the pelvic visceral fascia and the rectal fascia propria, to the anterior of Denonvillier’s fascia. The mesorectum should be completely mobilized while preserving the pelvic autonomic nerve supply.
[bookmark: OLE_LINK505][bookmark: OLE_LINK506][bookmark: OLE_LINK92][bookmark: OLE_LINK93][bookmark: OLE_LINK95][bookmark: OLE_LINK96][bookmark: OLE_LINK113][bookmark: OLE_LINK114][bookmark: OLE_LINK115][bookmark: OLE_LINK104]After the anus is fully dilated, we used a home-made anus dilator and fine silk traction sutures to evert the anus and expose the rectum, then put a protective bag into anus. In the premise of protecting vascular nutrition, the region of specimen is fully free in the peritoneal cavity, then retrieval gentle from the anus.
[bookmark: OLE_LINK123][bookmark: OLE_LINK124][bookmark: OLE_LINK250][bookmark: OLE_LINK251][bookmark: OLE_LINK119][bookmark: OLE_LINK120][bookmark: OLE_LINK158][bookmark: OLE_LINK159]According to the techniques in anus sphincter and microrelation, we precede a standard radical resection of rectal cancer. Even as the specimen is a relatively large one, for example, the hypertrophic mesorectum, can be remove smoothly from the fully dilated anus routinely without tearing in the rectum or damaging to the anal sphincter. The anus and rectum can be shrinking back to the normal diameter after operation (Figure 1H). 
[bookmark: OLE_LINK184][bookmark: OLE_LINK189][bookmark: OLE_LINK190][bookmark: OLE_LINK188][bookmark: OLE_LINK247][bookmark: OLE_LINK252][bookmark: OLE_LINK253]When the stump of proximal rectum was exteriorized through the dilated anus and the opened stump of distal rectum, we transected the proximal colorectum under direct vision[30]. After with 2/0 prolene intracorporeal purse-string sutures, we use the anastomat to create end-to- end coloanal anastomosis under usual manner. Although some researchs stated that J-pouch is superior to end-to-end reconstruction fashion for low rectal cancer[9,31], but the latter had received acceptable annal function in follw-up at six months in our study, due to the careful protection in anus sphincter, no tension and well blood supply in anastomotic stoma.
[bookmark: OLE_LINK110]In order to prevent peritoneal seeding and trocar-site metastasis, we integrated the general rules for laparoscopic surgery, such as no-touch technique, appropriate resection margins, early bagging of resected specimen, and wound protection in our laparoscopic colorectal procedures. Comparing to the traditional laparoscopic techniques, it has good cosmetic results and reduced the chance of metastasis in abdominal wall without increasing complications[32]. 
Laurent et al[33] reported that the convertion rate of the laparoscopic radical resection for low rectal cancer is 15.5%. The convertion rate is higher due to the difficulties might be experienced in fixing colorectal, separating the pelvic, unexpected intraoperative bleeding, and failures in closure device or anastomosis. However, such difficulties can hardly jeopardize our treatment due to the elasticity and compliance in tissue while we apply the mature laparoscopic techniques to removing the specimens through the anus. With the full use of the “natural” orifice of the anus and rectum, the application of total laparoscopic rectal resection technique is feasible and safe. Such technique not only decreased abdominal surgery complications but also maintained the operation time and the cost of surgery as standard L-AR do. It also provides an important clinical significance of improving the traditional laparoscopic techniques.
[bookmark: OLE_LINK94][bookmark: OLE_LINK2483][bookmark: OLE_LINK2484]However, the present surgical indications are limited for patients with the early cancer. Mesorectal invasion and tumor diameter above 6 cm is not included here due to the lack of large randomized controlled study for this procedure. The operation field is narrowed and the vision is not clear through the anal approach in some conditions, such as the narrow pelvis or huge tumor. Although there are applications of microsurgical resection techniques through the anus being reported[34], there is no specialized surgical instrument to complete the anus dilating, specimen removing and distal suturing. There is an urgency to develop better adapted tools such as a modified flexible transanal endoscopic platform, longer and more flexible dissecting instruments, and staplers and hemostatic devices to permit safe completion of these procedures without any transabdominal assistance. This technique is needs further regulation and improvement.
[bookmark: OLE_LINK90][bookmark: OLE_LINK91][bookmark: OLE_LINK2478][bookmark: OLE_LINK2479][bookmark: OLE_LINK2480][bookmark: OLE_LINK353][bookmark: OLE_LINK354]In our limited experience, transanal specimen extraction in totally laparoscopic low/ultralow anterior resection is feasible, safe, and oncologically sound for selected cases. The majority of patients have an acceptable functional outcome. Further studies with long-term outcomes are needed to explore the potential advantages of this technique.
[bookmark: OLE_LINK902][bookmark: OLE_LINK903][bookmark: OLE_LINK904][bookmark: OLE_LINK905][bookmark: OLE_LINK1827][bookmark: OLE_LINK1828][bookmark: OLE_LINK1829][bookmark: OLE_LINK2351][bookmark: OLE_LINK2353][bookmark: OLE_LINK2354][bookmark: OLE_LINK2355]
COMMENTS
[bookmark: OLE_LINK614][bookmark: OLE_LINK615][bookmark: OLE_LINK843][bookmark: OLE_LINK844]Background
The incidence of rectal cancer is higher in Asia comparing with western countries. Technically, the resection of low rectal cancer may be one of the most difficult one among all colorectal surgeries.

Research frontiers
At present, the traditional colorectal surgery has increasingly given way to laparoscopic anterior resection with total mesorectal excision (L-AR/TME). Evidence-based medicine has set forth that L-AR/TME is a feasible surgical approach for managing rectal cancer. There were similar results among in the recent short-term therapeutic effects, local recurrence rate and postoperative survival rate between laparoscopic surgery and traditional open surgery for radical colon cancer.

Innovations and breakthroughs
[bookmark: OLE_LINK1860][bookmark: OLE_LINK1861]In their limited experience, transanal specimen extraction in totally laparoscopic low/ultralow anterior resection is feasible, safe, and oncologically sound for selected cases. The majority of patients have an acceptable functional outcome. 

Applications 
There is an urgency to develop better adapted tools such as a modified flexible transanal endoscopic platform, longer and more flexible dissecting instruments, and staplers and hemostatic devices to permit safe completion of these procedures without any transabdominal assistance. This technique is needs further regulation and improvement.

[bookmark: OLE_LINK2204][bookmark: OLE_LINK2135][bookmark: OLE_LINK2585][bookmark: OLE_LINK2586]Peer review
This manuscript is interesting and highly innovative in colorectal surgical technique especially more in surgical than gastroenterological audience.
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[bookmark: OLE_LINK118][bookmark: OLE_LINK133][bookmark: OLE_LINK134]Figure 1 Surgical procedure. A, B: Dilating anus with a home-made dilator in which of the bottom can be folded; C: Exteriorizing specimen through anus; D:  Putting the anvil shaft into stump of proximal colon; E: Putting the the anastomat body into the anus; F: Manual anastomosis fashion was completed; G: The appearance of the anus postoperative; H: The appearance of abdominal wall three months after surgery.
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[bookmark: OLE_LINK192][bookmark: OLE_LINK193]Table 1 Patient demographic data
	Patient demographic data
	[bookmark: OLE_LINK239][bookmark: OLE_LINK244]Value

	Age (yr)
	45.4 ± 3.6

	BMI
	23.1 ± 2.8

	[bookmark: OLE_LINK529][bookmark: OLE_LINK530][bookmark: _Hlk347185571]Sex (male/female ratio)  
	12/9

	Mean Wexner score
	3.7 ± 1.6








Wexner Score was obtained in follow-up at six months. BMI: Body mass index.

[bookmark: _Hlk361148409][bookmark: OLE_LINK523][bookmark: OLE_LINK524][bookmark: OLE_LINK235]Table 2 Intraoperative information
	Intraoperative information
	Value

	Mean operation time (min)
	[bookmark: OLE_LINK427][bookmark: OLE_LINK428]132 ± 85

	Mean intraoperative blood loss( ml)
Mean tumor diameter (cm)               
	84 ± 15

	
	4.6 ± 1.7

	[bookmark: _Hlk359170082]Distance of lesion from anal verge (cm)
	8.3 ± 3.5

	Protective ileostomy
	5 (23.8)

	[bookmark: OLE_LINK389]Defecation time after operation (d)
	2.5 ± 1.4




[bookmark: OLE_LINK457]Table 3 Patient pathological parameters
	Item
	Value

	Pathological diagnose
	

	Well-differentiated
	10

	Poorly-differentiated
	7

	Myxoadenocarcinoma
	4

	[bookmark: OLE_LINK245][bookmark: OLE_LINK246]Specimen macro assessment TME
	21 (radical resection)

	Circumferential resection margin 
	21 (Negative)

	[bookmark: OLE_LINK459]Postoperative pathology 
[bookmark: OLE_LINK460][bookmark: OLE_LINK461][bookmark: OLE_LINK256][bookmark: OLE_LINK260]Staging (TNM)
	

	T1-4N0M0
	7

	T1-2N1M0
	5

	T3-4N1M0
	6

	T3-4N2M0
	3

	Lymph nodes harvest
	[bookmark: OLE_LINK376][bookmark: OLE_LINK377]17.8±4.6

	Metastatic lymph nodes
	3.4±1.8










TME: Total mesorectal excision; TNM: Tumor node metastasis.

[bookmark: OLE_LINK329][bookmark: OLE_LINK357]Table 4 Postoperative complications n (%)
	Postoperative complications
	Value

	Length of hospitalization
	[bookmark: OLE_LINK374][bookmark: OLE_LINK375]6.1 ± 2.7 d

	Postoperative complications
	

	UTI 
Anastomotic leakage                
Anastomotic bleeding                                      
Incision infection
Intestinal obstruction          
	2 (9.5)
[bookmark: OLE_LINK275][bookmark: OLE_LINK322][bookmark: OLE_LINK328]1 (4.7)
0 (0.0)
0 (0.0)
0 (0.0)

	Impotence
Fecal incontinence
Anal stenosis
	1 (4.7)
0 (0.0)
0 (0.0)

	Total
	4 (18.9)


UTI: Urinary tract infection. The data of fecal incontinence, impotence, and anal stenosis was obtained in one-year follow-up.
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