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Abstract
AIM: To investigate whether transanal natural orifice 
specimen extraction (NOSE) is a better technique for 
rectal cancer resection. 

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 intracorporeal 
anastomosis was made on the basis of tumor size and 
distance of rectal lesions from the anal verge. Demo-
graphic data, operative parameters, and postoperative 
outcomes were assessed.

RESULTS: None of the patients was converted to 
laparotomy. Respectively, there were 16 cases in the 
low anastomosis and five in the ultralow anastomosis 
groups. 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 
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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 performed 
D2 lymph node dissection in 13 cases and D3 in eight. 
Mean lymph nodes harvest was 17.8, and the number 
of positive lymph nodes was 3.4. Median hospital stay 
was 6.7 d. No serious postoperative complication oc-
curred except for one anastomotic leakage. All patients 
remained disease free. Mean Wexner score was 3.7 at 
11 mo after the operation.

CONCLUSION: Transanal NOSE for total laparoscopic 
low/ultralow anterior resection is feasible, safe and on-
cologically sound. Further studies with long-term out-
comes are needed to explore its potential advantages.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Natural orifice specimen extraction (NOSE) is 
an emerging technique that has been recently applied 
to the field of rectal cancer resection. However, which 
is the better approach for rectal cancer remains contro-
versial. In this paper, we present our surgical technique 
and short-term outcomes of transanal NOSE in total 
laparoscopic low/ultralow anterior resection (L-AR) for 
patients with rectal cancer. Based on our limited experi-
ence, transanal NOSE in L-AR for rectal cancer is fea-
sible, safe and oncologically sound.
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INTRODUCTION
The incidence of  rectal cancer is higher in Asia compared 
with western countries[1]. Technically, resection of  low 
rectal cancer may be the most difficult among all colorec-
tal operations.

At present, traditional colorectal surgery has increas-
ingly given way to laparoscopic anterior resection with 
total mesorectal excision (L-AR/TME). Evidence-based 
medicine has established that L-AR/TME is a feasible 
surgical approach for managing rectal cancer. There 
were similar results in recent short-term therapeutic ef-
fects, local recurrence rate and postoperative survival rate 
between laparoscopic surgery (LS) and traditional open 
surgery for radical colon cancer[2]. Meanwhile, the mean 
estimated blood loss, discharge time after operation, and 
postoperative hospital stay were significantly reduced in 
the LS[3]. However, incision of  the abdomen is still neces-
sary in order to remove the specimens in LS, which could 
cause incision infection and increase the incidence of  
incisional hernia[4]. 

Natural orifice specimen extraction (NOSE) may 
be an effective way to address the challenge. NOSE is 
feasible and safe technically for radical colorectal cancer 
surgery by traditional laparoscopic techniques, and for 
removal of  the specimens through a natural orifice[5,6] 

Total laparoscopic hemicolectomy has been per-
formed successfully by transvaginal NOSE[7]. However, 
due to its innate limitations, transvaginal NOSE is dif-
ficult for radical rectal cancer surgery, especially in low 
rectal cancer. Here, we introduce a technique used for 
the laparoscopic radical rectal surgery with TME, and 
the specimen was removed and anastomosis was accom-
plished through the anus.

MATERIALS AND METHODS
This study was approved by the ethics committee of  
the hospital and written informed consent was obtained 
from the patients. Twenty-one patients with rectal adeno-
carcinoma underwent the procedure from March 2011 to 
February 2012 (Table 1). All patients with preoperative 
diagnosis of  rectal cancer were confirmed by endoscopic 
colonoscopy, pathology, endosonography, and staged by 
specialized oncologists at our hospital, and preoperatively 
managed following the guidelines of  the National Com-
prehensive Cancer Network (NCCN). All operations 
were performed by a single surgeon who was proficient 
in various laparoscopic colorectal procedures and lapa-
rotomy at our hospital.

These patients with tumor stage T4, tumor covering 
over half  of  the circumference of  the rectum, metastasis 
in the liver or lungs on preoperative imaging assessment, 
or body mass index > 28 were excluded.

Three patients whose tumor-node-metastasis 

classification of  T3 was confirmed by endosonography, 
magnetic resonance imaging (MRI) and computed to-
mography (CT) received three cycles of  chemotherapy 
prior to surgery. Radiotherapy followed by resection was 
conducted based on the national guidelines. The feasibil-
ity of  the surgery was reappraised at 2 wk after the treat-
ment. All three patients had symptom relief, the tumor 
was reduced in size, and there were limited side effects of  
neoadjuvant chemotherapy. 

The day before the operation, all patients underwent 
systemic bowel preparation, and used prophylactic anti-
biotics. 

Surgical procedure
Laparoscopic phase. The patient was positioned in a 
modified lithotomy position, and the abdomen was then 
insufflated with 10-12 mmHg CO2. Four ports were used 
in the following procedure. The first port was a 12-mm 
blunt-tip for the laparoscope, which was placed in the 
umbilicus using the minilaparotomy technique. The sec-
ond to fourth ports were 10-mm operating ports in the 
right lower quadrant, and two 5-mm ports in the right 
middle abdomen and left lower quadrant, respectively. 

Colon mobilization, lymph node dissection, and mes-
enteric excision were performed laparoscopically in the 
usual manner. First, the sacral promontory was separated 
by ultrasonic scalpel (Harmonic ACE; Ethicon Endo-
Surgery, OH, United States) from the right side of  the 
rectum. Second, before the tumor was mobilized, the in-
ferior mesenteric artery was ligated at its point of  pedicle 
from the aorta with a large or oversized Hem-o-lock. 
The Ⅰ-Ⅲ branches of  artery and vein of  sigmoid were 
cut off  while the marginal artery of  the proximal colon 
was preserved. Next, the inferior mesenteric vein was 
ligated at the corresponding height to the artery. We mo-
bilized the splenic flexure in two patients because there 
were existing tensions in the anastomosis. Third, the pos-
terior mesorectal fascia was identified and the dissection 
was extended to the level of  the sacral promontory in 
the avascular plane. The rectum was fully dissociated to 
the levator ani muscle plane as far as possible along the 
Denonvillier’s fascia. The fragment of  the distal rectum 
that was located 2 cm above the tumor was clamped with 
a detachable clip.

We preserved the inferior hypogastric nerves as far as 
possible during the procedure.

Perineal phase. The anus was dilated gently until it 
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Table 1  Patient demographic data

Patient demographic data Value

Age (yr) 45.4 ± 3.6
Body mass index 23.1 ± 2.8
Sex (male/female ratio)  12/9
Mean wexner score   3.7 ± 1.6

Wexner Score was obtained in follow-up at 6 mo.



could accommodate four fingers. A home-made anus 
dilator and fine silk traction sutures were placed into the 
proximal lip of  the exposed mucosal edge at a vertical 
orientation, in order to expand the anus and expose the 
rectum (Figure 1A and B). The level of  intended tran-
section had to maintain a margin of  2 cm distal from 
the tumor[8]. After irrigating the rectum with 1 L diluted 
povidone-iodine solution, we sutured two parallel circle-
purse-strings in the distal rectal wall with 2-0 prolene 
lines through the dilated anus. The upper one maintained 
a minimal margin of  1-1.5 cm distal from the tumor, 
while the lower was located in the rectal mucosa at 1 cm 
above the dentate line. Between the two circle-purse-
strings, full-thickness rectal circumferential dissection was 
extended by ultrasonic scalpel. At this point, the perito-
neal cavity was extended circumferentially cephalad as far 
as possible, and then joined the perineal and laparoscopic 

dissection planes.
The stump of  the proximal rectosigmoid was exte-

riorized through the dilated anus and opened stump of  
the distal rectum (Figure 1C). After clamping with purse 
string forceps, the section of  proximal colon, which had 
to be maintained at a minimal margin of  10 cm above the 
tumor, was transected under direct vision. After purse-
string suturing, an anvil shaft was placed into the stump 
of  the proximal colon, then it was pushed gently back 
into the peritoneal cavity (Figure 1D). The purse-string 
suture was tied to the anvil shaft before connecting it to 
the central shaft of  the circular stapler (CDH 29; Ethicon 
Endo-Surgery, OH, United States). After tightening the 
lower circle-purse string, the anastomosis was placed into 
the anus (Figure 1E). Then the anastomat was fired to 
create an end-to-end coloanal anastomosis in the usual 
manner[9]. An air test was conducted through the anus. 
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Figure 1  Surgical procedure. A, B: Dilating the anus with a home-made dilator in which the bottom can be folded; C: Exteriorizing the specimen through the anus; 
D: Placing the anvil shaft into the stump of the proximal colon; E: Placing the anastomosis body into the anus; F: Completion of manual anastomosis procedure; G: 
Postoperative appearance of the anus; H: Appearance of abdominal wall 3 mo after surgery.
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scoring system (0 = perfect continence, 20 = complete 
incontinence). The mean Wexner score was 3.7 (range 0-5) 
at > 11 mo after the operation.

DISCUSSION
In the past 10 years, L-AR has been performed at our 
hospital according to the principle of  TME for patients 
with low rectal cancer. Traditional large abdominal inci-
sion has been replaced gradually by small abdominal inci-
sion. L-AR benefits patients not only in terms of  cosmet-
ics and postoperative rehabilitation, but also in reducing 
surgical interference, maintaining immune function and 
homeostasis, rapid recovery, and relieving psychological 
stress after surgery. However, L-AR is still considered im-
perfect due to the requirement for abdominal incision of  
5-7 cm at minimum to remove the specimen completely. 
There are still some complications, such as abdominal in-
cision infection, postoperative somatic pain, and incision-
al hernia[12]. According to bulk analysis of  cases, wound 
infections occurred in 13.5% of  patients after L-AR (2.7% 
trocar and 10.8% extraction site), and incisional hernias 
developed in 24.3%, and extraction sites accounted for 
85.7% of  all wound complications[13]. 

In order to reduce the impact of  L-AR incision and 
eliminate abdominal incision completely, natural orifice 
transluminal endoscopic surgery (NOTES) has increased 
in recent years, which can avoid incisional infection and 
hernia, and achieve better cosmetic results[14,15]. 

Recently, transvaginal (posterior fornix incision) has 
been the main approach of  NOTES in most colectomy 

The stitching was reinforced by bioabsorbable suture if  
necessary. A pelvic drain was inserted.

We performed the procedure successfully in 16 pa-
tients. Due to the low position of  the stump of  the distal 
rectum, we performed manual anastomosis and protec-
tive loop ileostomy in 5 patients (Figure 1F). 

The negative margins were confirmed in all patients 
by intraoperative frozen biopsy. The mesorectal integri-
ty[10] and circumferential situation[11] of  the resected speci-
mens were evaluated by a senior surgeon and qualified 
pathologist macroscopically and microscopically, in order 
to ensure that the tumor had been resected completely. 
The status of  the mesorectal specimens was graded into 
three categories. We differentiated them as complete 
(intact mesorectum > 5 cm, while defect of  mesentery 
< 5 mm); nearly complete (intact mesorectum > 5 cm, 
while defect of  mesentery > 5 mm); and incomplete (in-
complete mesorectum). We defined a positive margin if  
the circumferential margin from the tumor was < 2 mm 
under microscopy. 

RESULTS
We successfully performed the procedure in all 21 pa-
tients, and none of  them was converted to laparotomy 
(Table 2). There were 16 and five patients in the low or 
ultralow anastomosis groups, respectively. According to 
macroscopic specimen assessment of  TME, the status 
was complete for 18 patients, while nearly complete for 
three patients. In addition, the circumferential resection 
margin was negative in all patients (Table 3). 

The mean maximum tumor diameter was 4.6 ± 1.7 
cm. According to the principle of  rectal cancer surgery 
and no-touch isolation technique, we performed D2 
lymph node dissection in 13 patients and D3 dissection 
in eight patients. The postoperative course was unre-
markable in most patients, with prompt return of  bowel 
activity and short postoperative stay, except for one pa-
tient who was complicated by anastomotic leakage (Table 
4). Anastomotic leakage was confirmed by stools leaking 
from a drain. He was treated with nil by mouth, decom-
pression of  the rectum by transanal drainage, and antibi-
otic infusion until the leak healed spontaneously. He was 
discharged on the postoperative day 15.

According to the guidelines of  NCCN, all patients 
with T3/T4 or postoperative node-positive tumors un-
derwent postoperative chemotherapy for 6-9 cycles. The 
follow-up period ranged from 11 to 23 mo. Follow-up 
examinations were scheduled at 2 wk and 1, 2, 3, 6, 9 
and 12 mo, and every 6 mo thereafter until 5 years. All 
patients underwent CT of  the chest, abdomen, and pel-
vis every 6 mo and colonoscopy at 12 mo, but remained 
disease free. All five patients who had handsewn coloanal 
anastomosis with a diverting ileostomy had their ileosto-
mies reversed at 3-6 mo after the operation, based on the 
diagnosis of  free from tumor recurrence and anastomotic 
stenosis, which were confirmed by endoscopic colonos-
copy, barium enema, MRI, and CT. Anal continence was 
measured with the validated Wexner fecal incontinence 

Table 2  Intraoperative information

Intraoperative information Value

Mean operation time (min) 132 ± 85
Mean intraoperative blood loss( mL)   84 ± 15
Mean tumor diameter (cm)   4.6 ± 1.7
Distance of lesion from anal verge (cm)   8.3 ± 3.5
Protective ileostomy 5 (23.8)
Defecation time after operation (d)   2.5 ± 1.4

Table 3  Patient pathological parameters

Items Number of cases

Pathological diagnoses
   Well differentiated 10
   Poorly differentiated   7
   Myxoadenocarcinoma   4
   Specimen macro-assessment of TME 21 (radical resection)
   Circumferential resection margin 21 (Negative)
Postoperative pathology staging (TNM)
   T1-4N0M0   7
   T1-2N1M0   5
   T3-4N1M0   6
   T3-4N2M0   3
   Lymph nodes harvest (mean) 17.8 ± 4.6
   Metastatic lymph nodes (mean)   3.4 ± 1.8

TME: Total mesorectal excision; TNM: Tumor node metastasis
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procedures[16-18]. However, there are still some negative 
factors in low/ultralow rectal cancer which hinder the ap-
plication of  transvaginal approach NOTES. First, there 
are technical shortcomings, such as lack of  experience 
and technical complexity, additional adjacent organ injury, 
extended operation time, and specialized equipment re-
quirement, which account for the increased cost of  the 
operation. Second, it is sometimes difficult to remove a 
larger tumor specimen through the posterior vaginal for-
nix incision. Third, there are many technical difficulties in 
achieving sphincter preservation for low/ultralow rectal 
cancer by the transvaginal approach. Finally, the trans-
vaginal approach is obviously limited to female patients, 
which is a major hindrance for widespread use of  the 
technique in clinical practice. 

 As a result, more surgeons have been trying to find 
new approaches for NOTES in low rectal cancer. With 
regard to the applicability of  NOTES in colorectal sur-
gery, the transanal access route of  NOTES is intuitively 
the optimal one. First, rather than creating an opening 
through an otherwise healthy organ to perform the rectal 
anterior resection, enterotomy is carried out on the dis-
eased organ itself. Second, the enterotomy is ultimately 
closed by incorporating it into a standard colorectal anas-
tomosis, which is the requirement of  surgery regardless 
of  whether it is achieved via NOTES or standard surgery. 
Finally, transanal NOTES could have substantial benefits 
over standard transabdominal approaches[19]. 

At present, transanal access NOTES in radical 
colorectal cancer surgery has been completed success-
fully in animal models, but few surgeons have put it into 
clinical practice due to potential technical difficulties, 
such as intra-abdominal intestinal fecal contamination, 
or increased possibility of  infection through the colon 
lumen. All of  these factors may affect the safety of  the 
procedure. For example, clinical reports have confirmed 
that common complications included wound infection 
(56.7%), septicemia (31.7%), and enterocutaneous fistula 
(16.7%) in patients who sustained penetrating colon in-
juries[20]. However, with the improvement in anatomical 
techniques and equipment, transanal NOTES has been 
performed for resection of  the rectum in pig models in 
vivo or fresh cadavers[21], as well as laparoscopy-assisted 

transanal NOTES for left-sided colorectal resection[22] 
and sigmoidectomy[23]. Unfortunately, these techniques 
require expensive equipment, which limits the clinical ap-
plication of  NOTES, especially in developing countries.

As a development of  NOTES, transanal NOSE is 
an emerging technique that has been recently applied to 
the field of  rectal excision. Darzi et al[24] have described 
a technique of  total laparoscopic left-sided colonic re-
section and transanal specimen delivery. Franklin et al[25] 
have reported that laparoscopic colectomy in patients 
with stage Ⅲ colorectal cancer is oncologically adequate. 
Fukunaga et al[26] have performed radical rectal cancer 
surgery with removal of  the specimens through the anus, 
thus avoiding abdominal incision. Transanal specimen 
extraction can also resolve the problems found in obese 
patients with short or hypertrophic mesentery, or deep 
abdominal wall, which have been challenges for transab-
dominal specimen removal[27]. It has been confirmed that 
transanal NOSE is technically feasible. It may be a bridge 
between NOTES and the conventional laparoscopic ap-
proach for radical colorectal cancer surgery. 

Our current experience showed that transanal NOSE, 
combined with TME and L-AR techniques for rectal 
cancer, could be adapted for radical tumor resection and 
minimally invasive surgery. Its technical feasibility and 
oncological principles have been demonstrated by many 
surgeons[28]. The rectal stump is a “necessary” trauma. We 
can accurately determine the distal cutting edge of  the 
rectum through the full use the rectal stump. Combina-
tion of  traditional laparoscopic techniques and removal 
of  specimens through a natural orifice can minimize sur-
gical injury[29]. Traditional laparoscopic surgical techniques 
provide a large operating space, mature technology and 
broad vision, which allows one to dissect accurately the 
mesorectal, pelvic visceral and parietal fascia. We can 
ensure that the inferior mesenteric artery is ligated at 
the root, in order to block the tumor blood supply and 
venous drainage, and minimize the chance of  metastasis. 
Care is required to avoid any injury to the mesenteric ar-
cades so as to guarantee an adequate blood supply to the 
descending colon. The operation was carried out follow-
ing the “holy plane”, which is placed between the pelvic 
visceral fascia and rectal fascia propria, and then to the 
anterior Denonvillier’s fascia. The mesorectum should be 
completely mobilized while the pelvic autonomic nerve is 
preserved. 

After the anus was fully dilated, we used a home-made 
anal dilator and fine silk traction sutures to evert the anus 
and expose the rectum, then placed a protective bag into 
the anus. In the premise of  protecting blood supply of  
the residual colon, the pre-cut specimen was fully freed in 
the peritoneal cavity, then gently pulled out through the 
anus.

We paid attention to protecting the functions of  anal 
sphincter while performing a standard radical resection 
of  rectal cancer. Even if  the specimen is a relatively large 
one, for example, the hypertrophic mesorectum, it can be 
removed smoothly from the fully dilated anus routinely 

Table 4  Postoperative complications  n  (%)

Length of hospitalization (d) 6.1 ± 2.7 
Postoperative complications
UTI 2 (9.5)
Anastomotic leakage 1 (4.7)
Anastomotic bleeding 0
Incision infection 0
Intestinal obstruction 0
Impotence 1 (4.7)
Fecal incontinence 0
Anal stenosis 0
Total   4 (18.9)

The data of fecal incontinence, impotence, and anal stenosis was obtained 
at 1-year follow-up. UTI: Urinary tract infection.

Han FH et al . Transanal natural orifice specimen extraction
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without tearing the rectum or damaging the anal sphinc-
ter. The anus and rectum can be returned to their normal 
diameter after the operation (Figure 1H). 

When the stump of  the proximal rectum was exte-
riorized through the dilated anus and opened stump of  
the distal rectum, we transected the proximal colorectum 
under direct vision[30]. After intracorporeal purse-string 
sutures with 2/0 prolene, we used an anastomat to create 
an end-to-end coloanal anastomosis in the usual manner. 
Although some studies have found that the J-pouch is 
superior to end-to-end reconstruction for low rectal can-
cer[9,31], the latter resulted in acceptable anal function at 6 
mo follow-up in our study, due to the careful protection 
of  the anal sphincter, with no tension and a good blood 
supply in the anastomotic stoma.

 In order to prevent peritoneal seeding and trocar-
site metastasis, we implemented the general rules for 
laparoscopic surgery, such as the no-touch technique, ap-
propriate resection margins, early bagging of  the resected 
specimen, and wound protection into our laparoscopic 
colorectal procedures. Compared to the traditional lapa-
roscopic techniques, our technique had good cosmetic 
results and reduced the chance of  metastasis in the ab-
dominal wall, without increasing complications[32]. 

Laurent et al[33] reported that the conversion rate of  
laparoscopic radical resection for low rectal cancer was 
15.5%. The conversion rate was higher due to the dif-
ficulties experienced in fixing colorectal, separating in the 
pelvic, unexpected intraoperative bleeding, and failure 
of  the closure device, or anastomosis. However, such 
difficulties did not jeopardize our treatment due to the 
elasticity and compliance of  the tissue while we used 
mature laparoscopic techniques to remove the specimens 
through the anus. With full use of  the natural orifice of  
the anus and rectum, total laparoscopic rectal resection is 
feasible and safe. Such a technique decreases the abdomi-
nal surgery complications, and maintains the operation 
time and the cost of  surgery to those of  standard L-AR. 
It also provides significant improvement of  the tradition-
al laparoscopic techniques.

However, the present surgical indications are limited 
to patients with early cancer. Mesorectal invasion and 
tumor diameter > 6 cm are not included here due to the 
lack of  a large randomized controlled study for this pro-
cedure. The operation field is narrowed and the vision 
is not clear through the anal approach in some condi-
tions, such as a narrow pelvis or large tumor. Although 
there are reports of  microsurgical resection through 
the anus[34], there is no specialized surgical instrument 
to complete the procedures for anus dilation, specimen 
removal, and distal suturing. There is urgency to develop 
better-adapted tools such as a modified flexible transanal 
endoscopic platform, longer and more flexible dissecting 
instruments, staplers and hemostatic devices to permit 
safe completion of  these procedures without any trans-
abdominal assistance. This technique requires further 
regulation and improvement.

In our limited experience, transanal specimen extrac-

tion in total laparoscopic low/ultralow anterior resection 
is feasible, safe, and oncologically sound for selected 
cases. The majority of  patients have an acceptable func-
tional outcome. Further studies with long-term outcomes 
are needed to explore the potential advantages of  this 
technique.
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