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Abstract
AIM: To investigate how complete laparoscopic ante-
rior resection with natural orifice specimen extraction 
(NOSE), as a novel minimally invasive surgery, com-
pares to conventional laparoscopic surgery.

METHODS: Twenty patients who underwent complete 
laparoscopic anterior resection with NOSE and 50 pa-
tients who underwent laparoscopic assisted anterior re-
section by the conventional method between 2011 and 
2012 were studied. Selection for complete laparoscopic 
anterior resection with NOSE was decided on the basis 
of tumor size, localization of the tumor, and body mass 
index. Outcomes related to surgery, including opera-
tion time, postoperative wound pain, hospital stay after 
surgery, the number of totally dissected lymph nodes, 
postoperative complications (suture failure and wound 
infection), and anal function, were reviewed retrospec-
tively. Anal function was assessed at 3 and 6 mo after 
surgery using the Wexner fecal incontinence scoring 
system.

RESULTS: Complete laparoscopic resection with NOSE 
was performed to completion in all 20 patients. There 
was no patient emergency that required conversion 
to conventional laparoscopic surgery or open surgery. 
The comparison between complete laparoscopic resec-
tion with NOSE and conventional laparoscopic surgery 
showed no significant differences in the maximal diam-
eter of the tumor, number of totally dissected lymph 
nodes, bleeding volume, mean operation time, time to 
start of oral ingestion, postoperative hospital stay, and 
postoperative complications. On the other hand, with 
regard to pain after epidural anesthesia, the total usage 
of analgesia in this novel surgical technique was 1.85 ± 
1.8 times, whereas it was 5.89 ± 2.86 in conventional 
laparoscopic surgery (P  < 0.001). The postoperative 
pain period was 1.9 ± 1.9 d in this novel surgical tech-
nique, whereas it was 3.43 ± 1.41 d in conventional 
laparoscopic surgery (P  < 0.004). In complete lapa-
roscopic surgery with NOSE, the mean postoperative 
follow-up period was 20 mo (range: 12-30 mo). Neither 
local recurrence nor remote metastasis was observed 
during the follow-up period.

CONCLUSION: Complete laparoscopic anterior resec-
tion using NOSE does not require any incision and has 
excellent cosmetic properties, with mitigated postop-
erative pain.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Natural orifice specimen extraction (NOSE) 
has been reported as a less invasive surgery to avoid 
the problems arising from small incisions. In this study, 
we present details of a surgical technique for NOSE 
and the outcomes of complete laparoscopic anterior 
resection using NOSE are compared with conventional 
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laparoscopic anterior resection. Complete laparoscopic 
anterior resection using NOSE has more advantages 
in terms of cosmetic outcomes and mitigating postop-
erative pain compared with conventional laparoscopic 
anterior resection. Based on our study, we consider 
complete laparoscopic anterior resection using NOSE as 
an acceptable and novel minimally invasive surgery.
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INTRODUCTION
With the recent advances in minimally invasive surgery, 
laparoscopic anterior resection for rectal cancer has be-
come a common practice. However, an incision of  about 
5-6 cm is still made in the abdomen for resection of  the 
lesion or insertion of  the anvil head of  the automatic 
anastomosis device. This incision, though small, carries 
risks of  postoperative wound pain, infections, adhesions 
after surgery, or abdominal incisional hernia. For this 
reason, an even less minimally invasive surgical technique 
is required. In such a situation, natural orifice specimen 
extraction (NOSE) has been introduced as a less invasive 
surgery to solve the problems arising from small inci-
sions. However, these surgical techniques have not yet 
become widespread.

Therefore, we have performed complete laparoscopic 
anterior resection in 20 patients through transanal ex-
traction of  the lesion without making any incision in the 
abdomen, and herein describe the surgical techniques and 
outcomes of  this treatment.

MATERIALS AND METHODS
The ethics committee of  Tokyo Medical University Hos-
pital approved the study and written informed consent 
was obtained from patients who would receive complete 
laparoscopic anterior resection with NOSE. Patients 
diagnosed with rectal cancer were selected for complete 
laparoscopic anterior resection with NOSE using several 
criteria. The indications for complete laparoscopic an-
terior resection with NOSE were as follows: (1) tumor 
located at the distal side of  the sigmoid colon to the up-
per side of  the rectum; (2) a tumor diameter less than 5 
cm and no serosal exposure, as evaluated by computed 
tomography; (3) lymph node metastasis less than cN1; 
and (4) no bulky mesorectum, as evaluated by a body 
mass index less than 30 kg/m2. A massive tumor, sur-
rounding lymph nodes depicted on CT, or obese patients 
were excluded. A team that was proficient in various 
laparoscopic colorectal procedures at our hospital since 
2004 performed all the operations. NOSE surgery was 

performed since 2010. If  drawing the resected bowel 
intracorporeally was impossible or critical damage to 
the residual rectum occurred during the drawing, the 
operative procedure was converted to conventional lapa-
roscopic surgery using the double stapling technique or 
to open surgery. All patients underwent oral magnesium 
citrate bowel preparation twice, 2 d before the opera-
tion. Twenty patients who underwent complete laparo-
scopic anterior resection with NOSE and 50 patients 
who underwent laparoscopic assisted anterior resection 
by the conventional method between 2011 and 2012 
were studied. Parameters including the operation time, 
postoperative wound pain, hospital stay after surgery, the 
number of  totally dissected lymph nodes, postoperative 
complications, and anal function were evaluated. The anal 
function was assessed at 3 and 6 mo after surgery using 
the Wexner fecal incontinence scoring system. Statistical 
differences were examined using the t-test and Fisher’s χ 2 
test. A P value < 0.05 indicated a statistically significant 
difference. The statistical analysis software used was Dr. 
SPSS II for Windows.

Surgical techniques
Five ports were created (Figure 1), and a pneumoperito-
neum was created at 8-10 mmHg. One 12 mm camera 
port was inserted in the umbilical region or its adjacent 
area, another 12 mm port was used for the lower right 
abdomen, and 5 mm ports for the right and left upper 
abdomen and lower left abdomen were created. The 
mesosigmoid adjacent to the right common iliac artery 
was exfoliated from the inside. Exfoliation was continued 
cephalad, and the inferior mesenteric root was identified. 
To treat the inferior mesenteric artery, high ligation was 
performed; however, in some cases, the left colic artery 
was preserved by low ligation, depending on the stage of  
progression. The back side of  the mesentery was exfoliat-
ed toward the outside as usual, and the lateral side of  the 
sigmoid colon was exfoliated and communicated with the 
medial exfoliated layer. The descending colon should be 
manipulated as much as possible; otherwise the transanal 
extraction of  the bowel becomes difficult or the tension 
after anastomosis may cause the risk of  suture failure. At 
this time, the oral dissection line at 10 cm or more from 
the tumor is determined, as the guidelines indicate, to 
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facilitate transanal extraction, and the marginal artery is 
totally dissected in a preserving manner, confirming the 
blood flow in the reconstruction bowel. The mesentery is 
dissected along the superior rectal artery and vein (Figure 
2), and the oral dissection line is confirmed to sufficiently 
reach the pelvic floor.

Although it depends on the position of  the tumor, 
the rectum is exfoliated sufficiently measuring 5 cm or 
longer from the tumor toward the anus. The dissection 
line of  the bowel towards the anal side is determined and 
e trimming treatment of  the mesorectum is performed.

The bowel should be closed at the tumor towards 
the anal side with a 1-0 loop needle. First, the needle is 
inserted in the anterior wall of  the bowel up to the se-

romuscular level, and turned to the posterior wall of  the 
bowel. Seromuscular suturing is performed in the con-
tralateral bowel, and the closing ligation is made through 
the loop. After tightening the loop, a Hem-o-lok clip is 
attached to the thread on the needle side and the bowel 
side is tightened for bondage (Figure 3). Rectal irrigation 
is performed from the anus with 500 mL of  physiological 
saline containing povidone-iodine, and then the rectum 
is opened by laparosonic coagulating shears (LCS) (Fig-
ure 4). A nylon bag is then inserted to protect the tumor 
from the 12 mm port in terms of  implantation or infec-
tions, and a 1-0 loop needle thread is pierced through it 
(Figure 5). To exteriorize the resected bowel, the straight 
grasping forceps are inserted transanally, followed by 
grasping a 1-0 loop thread, and drawing it into the re-
sidual rectum (Figure 6). In doing this, butyl scopolamine 
is administered intravenously, if  necessary, to prevent the 
residual rectum from developing a spasm. The tumor is 
removed and the bowel is reconstructed from the body 
transanally. The tumor is dissected towards the oral side 
and the marginal artery is treated by inserting the anvil 
head of  the automatic anastomosis device, repositioning 
the reconstructed bowel inside the body cavity (Figure 
7). After sufficient irrigation of  the rectal stump and pel-
vic cavity, purse-string suturing of  the rectal stump with 
a 2-0 monofilament is performed laparoscopically, and 
then the anvil from the rectum is inserted and ligated for 
closure, keeping the central rod out (Figure 8a and b). 
When reefing of  the rectal stump seems insufficient, oc-
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Figure 5  Protecting the tumor using a nylon bag. 

Figure 4  Opening the rectum using laparosonic coagulating shears.

Figure 6  Grasping a 1-0 loop thread for drawing. 
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after 1 h. With regard to pain after epidural anesthesia, 
the total postoperative usage of  analgesia in this surgical 
technique was 1.85 ± 1.8 times, whereas it was 5.89 ± 2.86 
in conventional laparoscopic surgery, showing a signifi-
cant decrease (P = 0.001). The postoperative pain period 
was 1.9 ± 1.9 d for this surgical technique, whereas it was 
3.43 ± 1.41 d in conventional laparoscopic surgery, show-
ing a significant decrease (P = 0.004).

Postoperative complications in this surgical technique 
included suture failure in one patient, which was conser-
vatively mitigated, and one patient each with ischemic 
enteritis in the anastomotic part and anal pain, which were 
observed early after the surgery and were conservatively 
mitigated, without occurrence of  surgical site infection 
(SSI). In the conventional laparoscopic surgery cases, su-
ture failure was found in four patients, and one of  them 
underwent colostomy. SSI was observed in 8 patients. The 
postoperative follow-up period for this surgical technique 
ranged from 12 to 30 mo, with a mean of  20 mo. Patients 
at stage 3a and above underwent postoperative chemo-
therapy. Neither local recurrence nor remote metastasis 
was observed during the follow-up period. In conven-
tional laparoscopic surgery, the postoperative follow-up 
period ranged from 13 to 32 mo, during which time anas-
tomotic recurrence and remote metastasis were found in 
one patient each. This surgical technique draws the tumor 
from the anus; therefore, those with a low T factor were 
selected, and there may be no difference in terms of  radi-
cal cure between these surgical techniques, although the 
background factors may vary with the patients.

Anal function was evaluated using the Wexner fecal 

casionally additional reefing may be performed with an 
end loop. Finally, after sufficient irrigation of  the pelvic 
cavity, anastomosis is performed with the single staple 
technique (SST), using an automatic anastomosis device.

RESULTS
Information concerning the 20 patients undergoing this 
surgical technique is shown in Table 1. Patients comprised 
12 men and 8 women. No patient required conversion to 
conventional laparoscopic surgery or open surgery. The 
maximal diameter of  the tumor ranged from 10 mm to 
50 mm, with a mean of  27 ± 9 mm. The comparison 
with conventional laparoscopic surgery is shown in Table 
2. In laparoscopic surgery, the tumor diameter ranged 
from 10 mm to 90 mm, with a mean of  38.5 ± 18 mm. 
Although there was no significant difference between the 
new surgical technique and laparoscopic surgery, the tu-
mor diameter was slightly smaller. The number of  totally 
dissected lymph nodes was 17.7 ± 7.7 in the new surgical 
technique, whereas it was 17.5 ± 8.8 in conventional lapa-
roscopic surgery, showing no significant difference.

The bleeding volume ranged from 10 mL to 245 mL 
with a mean of  114 ± 72 mL. The bleeding volume in 
conventional laparoscopic surgery was 120 ± 56 mL, 
denoting no significant difference between the new tech-
nique and conventional laparoscopic surgery. The mean 
operation time was 278 ± 39 min; the time required for 
purse-string suturing was 15 ± 4 min; the mean operation 
time in conventional laparoscopic surgery was 240 ± 77 
min. There were no statistically significant differences be-
tween the techniques in procedure times.

The time to start oral ingestion after surgery was 4 ± 
1.4 d for this surgical technique, which was not signifi-
cantly different to the 4.3 ± 0.9 d for the conventional 
technique. Postoperative hospital stay was 11.8 ± 1.6 d 
for this surgical technique, which was not significantly 
different to the 11 ± 3.2 d for conventional laparoscopic 
surgery.

Regarding postoperative analgesia, in both groups, 
0.75% ropivacaine was used for epidural anesthesia, and 
when pain occurred, 15 mg pentazocine mixed in 100 mL 
of  physiological saline was administered intravenously 

Figure 7  Removing the tumor transanally.

Figure 8  Purse string suture of the rectal stump (A) and ligation for clo-
sure of the rectal stump (B).
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incontinence scoring system. Evaluations at 3 mo after 
surgery were Score 6 in one patient, Score 1 in two pa-
tients, and Score 0 in the remaining seven patients. The 
patient with Score 6 developed postoperative ischemic 
change in the anastomotic part, and was improved to 
Score 1 about 6 mo after surgery. At 6 mo post surgery, 
only one patient had Score 1, and the other nine had 
Score 0.

All patients underwent intraoperative cytodiagnosis 
and culture: no floating cancer cells or bacteria were de-
tected.

DISCUSSION
Laparoscopic surgery has become widely accepted as a 
minimally invasive surgery. With the occasional adoption 

of  surgical methods such as single port surgery, natural 
orifice translumenal endoscopic surgery, or NOSE, the 
latter two of  which do not involve making an incision in 
the abdomen, minimally invasive surgery is expected to 
be further developed in the future. For NOSE, the trans-
vaginal technique has been described in terms of  prob-
lems such as elasticity of  the tissue or wound healing[1-5]. 
However, there are few reports on the transanal method. 
The reasons include a cumbersome procedure to transa-
nally draw the lesion and to reconstruct it. Wolthuis et al[6] 
reported that they inserted the separation bag transanally 
and drew the lesion for left colon cancer. However, it is 
also reported that the resected specimen gets folded in 
the bag using this method, making the diameter of  the 
specimen larger than that of  the rectum, leading to dam-
age to the residual rectum or the anus, which is the route 
by which the tumor is removed. To solve this problem, 
there is a report of  a procedure to insert the wound 
retractor transanally and facilitate the extraction of  the 
lesion[7]. The surgical technique that we have devised and 
reported uses a 1-0 loop thread for closure of  the tumor 
towards the anal side, forming the supporting thread, and 
the tumor is drawn into the rectum, thereby allowing the 
tumor to be removed in the longitudinal direction against 
the rectal stump, leading to easy extraction. This method 
is contrary to the method of  resecting the bowel after in-
version, as reported by Hara et al[8] According to Katsuno 
et al[9], oral dissection is done after the tumor is extracted; 
thus it becomes possible to dissect directly after confirm-
ing the positional relation between the tumor and the 
vessels in the mesentery. After tumor resection, the anvil 
head is mounted in the reconstructed bowel extracorpo-
really, and is repositioned in the body cavity. Purse-string 
suturing of  the dissected rectum is then performed lapa-

Table 1  Patient information

Case Age Gender Tumor size 
(mm)

TNM stage Operation 
time (min)

Suturing 
time (min)

Blood loss Complication Wexner incontinence  score
3 mo          6 mo

1 63 F 30 T2N0 214 13   10 - 0 0
2 72 F 22 T1N0 252 20   90 - 0 0
3 47 F 35 T3N0 315 24   10 Anal pain 0 0
4 70 M 38 T3N0 343 20 150 Ischemic 

colitis
6 1

5 62 M 20 T1N0 312 23 228 - 0 0
6 77 M 35 T3N0 256 17 200 - 1 0
7 65 M 38 T3N1 260 13   35 Leakage 1 0
8 72 F 15 T1N0 345 15 203 - 0 0
9 65 M 26 T2N0 262 13   27 - 0 0
10 66 M 23 T2N0 280 18 120 - 0 0
11 70 F 20 T1N0 247 13 118 - 0 0
12 46 M 18 T1N0 277 18   92 - 0 0
13 56 F 22 T1N0 250 14   30 - 0 0
14 68 F 18 T1N0 291 11 145 Anastomotic 

ulcer
0 0

15 57 F 33 T2N0 267   8   95 - 0 0
16 40 M 15 T1N0 281 10   30 - 0 0
17 65 M 22 T1N1 355   9 245 - 0 0
18 77 M 50 T3N0 277 15 150 - 0 0
19 63 M 35 T3N0 215 13 192 - 0 0
20 60 M 25 T2N0 271 11 116 - 0 0

Table 2  Comparison with conventional laparoscopic surgery

Conventional LAP Complete LAP

Age 66.3 ± 11 63.7 ± 9
Tumor size (mm) 38.5 ± 18    27 ± 9
Dissected lymph node 
(count)

 17.5 ± 8.8    17.7 ± 7.7

Blood loss (mL) 120 ± 56    114 ± 72
Operation time (min) 240 ± 77    278 ± 39
Count of usage of 
analgesic (times)

  5.89 ± 2.86     1.85 ± 1.8a

Term of pain (d)   3.43 ± 1.41       1.9 ± 1.9a

Orally take (d)   4.3 ± 0.9         4 ± 1.4
Hospital stay (d) 11.2 ± 3.2 11.0 ± 3
Suture failure 4 cases 1 case
SSI 8 cases None

aP < 0.05, complete laparoscopic surgery vs conventional laparoscopic 
surgery. SSI: Surgical site infection; LAP: Laparoscopic. 
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roscopically, and reconstruction using SST is performed. 
SST was reported to have a reduced risk of  suture failure 
compared with the double staple technique (DST) in 
some of  the literature; however, other reports described 
no difference between them. Even though there is no 
established opinion[10,11] on this matter, it was considered 
advantageous for wound healing because no staple-on-
staple anastomosis was involved. The distal margin was 
also considered advantageous because of  homogeneity 
around the entire circumference.

This method necessitates bowel incision within the 
peritoneal cavity; therefore, intraoperative infections may 
occur. However, there is a report stating that bowel ir-
rigation before opening the bowel can decrease the infec-
tion risk and intraoperative opening of  the bowel does 
not lead to the risk of  SSI[12,13].

To prevent local recurrence from opening the bowel, 
we performed rectal irrigation from the anus with 500 mL 
of  physiological saline containing povidone-iodine and 
used intraoperative cytodiagnostic procedures to confirm 
that there were no cancer cells in the irrigation outflow 
from the residual rectum.

We also covered the resected bowel with a nylon bag 
to reduce the risk further. In fact, in patients that we have 
treated, pathogenic bacteria were not detected from the 
intraoperative irrigation fluid. With regard to intraop-
erative floating cancer cells, McKenzie et al[2] reported 
that transvaginal NOSE does not pose a risk for tumor 
implantation, and Ooi et al[14] stated that the protective 
barrier and specimen bag can reduce the risk of  tumor 
implantation or local recurrence. We also performed 
extraction by covering the tumor with a nylon bag to 
completely prevent the risk of  local recurrence, and the 
intraoperative cytodiagnostic procedures performed in all 
the patients indicated that no cancer cells were observed. 
Operation time, bleeding volume, postoperative wound 
pain, postoperative hospital stay, the number of  totally 
dissected lymph nodes, and postoperative complications 
were compared between this method and conventional 
laparoscopic surgery. There were no significant differ-
ences in bleeding volume, postoperative hospital stay, 
the number of  totally dissected lymph nodes, and suture 
failure between both groups, indicating similar results to 
conventional laparoscopic surgery. On the other hand, in 
conventional laparoscopic surgery, the mean operation 
time was 38 min shorter, although this was not a statisti-
cally significant difference. This may reflect the time re-
quired for purse-string suturing of  the rectal stump and 
the time to adequately manipulate the descending colon. 
However, the mean operating time gradually decreased 
with the increase in the number of  treated cases, suggest-
ing the existence of  a learning curve. The postoperative 
complications of  this surgical technique included ischemic 
enteritis of  the anastomosis part and postoperative anal 
pain in one patient each, which were conservatively miti-
gated. SSI was observed in eight patients in conventional 
laparoscopic surgery, whereas there were no occurrences 
in this surgical technique. Although no significant differ-

ence was observed in the incidence of  SSI, it may become 
evident in the future with the accumulation of  cases.

The indications for this method may require several 
conditions, as described below, to perform the extraction 
transanally.

Indications for transanal extraction include: the lo-
cation of  the primary lesion is at the distal side of  the 
sigmoid colon to the upper side of  the rectum; the tumor 
diameter is less than 5 cm; there is no serosal exposure, 
as evaluated by CT; there is little metastasis of  the lymph 
nodes; and there is no bulky mesorectum, as evaluated by 
a body mass index less than 30 kg/m2. Those with a mas-
sive tumor or surrounding lymph nodes depicted on CT 
were excluded because of  the difficulty of  transanal ex-
traction. Sufficient exfoliation and manipulation up to the 
splenic flexure are necessary to remove the tumor and to 
reconstruct the bowel transanally out of  the body. If  the 
sigmoid colon has sufficient length, the surgery becomes 
much easier. If  these conditions are not fulfilled, insuf-
ficient resection of  the proximal margin or damage to 
the mesentery of  the reconstructed bowl from excessive 
traction of  the resected bowel may occur. If  the resection 
line towards the anal side is ≥ 2 cm lower than the peri-
toneal reflection, laparoscopic purse-string suturing may 
be technically difficult; in such cases, sufficient exfoliation 
of  the rectum towards the anal side is necessary.

For these reasons, the difficulty level and the pros and 
cons of  the surgery tend to be dependent on the location 
of  the tumor and the degree of  progression. The best 
indication is for a patient with a tumor of  less volume, 
located in the vicinity of  the rectosigmoid segment, and 
length of  the sigmoid colon has sufficient margins.

Despite the existence of  the above conditions, this 
method, compared with the conventional method, had a 
significantly lower frequency of  postoperative analgesic 
usage and shorter postoperative pain period because it 
does not involve the creation of  an incision. Even though 
no significant difference could be established because of  
the small number of  patients and no complications of  
SSI were observed, it can be inferred that there may be 
a sufficient advantage in not making any incision. With 
regard to the number of  totally dissected lymph nodes or 
postoperative recurrence, no significant differences were 
observed, and with regard to radical curation and safety, 
this method was equivalent to the conventional method 
in these 20 patients. Therefore, we concluded that this 
method can be accepted as a minimally invasive surgery 
for rectal cancer or sigmoid colon cancer.

In conclusion, we have performed complete laparo-
scopic anterior resection using the NOSE method in 20 
patients with rectal cancer. This method does not require 
any incision in the abdomen, and has excellent cosmetic 
properties with mitigated postoperative pain. Therefore, 
we this technique should be accepted as a novel minimal-
ly invasive surgery. This surgical technique may require 
several conditions, and it will be necessary to establish 
this technique and indications based on further examina-
tion and accumulation of  more cases.

Hisada M et al . Complete laparoscopic resection of the rectum



COMMENTS
Background
Recently, laparoscopic anterior resection for rectal cancer has become a com-
mon practice. However, a small incision is still made in the abdomen to resect 
the tumor. This small incision causes postoperative wound pain, and has risks 
of infections, adhesions after surgery, or incisional herniation.
Research frontiers
At present, natural orifice specimen extraction (NOSE) has been reported as a 
less invasive surgery to solve complications caused by creating incisions.
Innovations and breakthroughs
The present study showed that complete laparoscopic anterior resection with 
NOSE is the same as conventional laparoscopic anterior resection in terms of 
safety and oncological outcome, does not require any incision in the abdomen, 
and has excellent cosmetic properties.
Applications
NOSE for colorectal cancer can avoid making any incision to extract the speci-
men. The method of extracting the specimen is the most important process 
in NOSE surgery. We describe an easy way to extract the specimen without 
causing residual rectal injury. This should allow NOSE surgery to be applied in 
treating various diseases.
Terminology
NOSE for colorectal cancer can avoid making incisions to extract the specimen. 
Complete laparoscopic anterior resection with NOSE is the same as conven-
tional laparoscopic anterior resection in terms of surgical outcomes, and had 
a significantly lower frequency of postoperative analgesic usage and shorter 
postoperative pain period, as it does not involve making any incision.
Peer review
This study reported the detailed surgical procedures and benefits of laparo-
scopic rectal surgery with the NOSE technique. This method, as an advanced 
minimally invasive surgery, seems to be quite attractive and may hold a high 
position among previously reported NOSE techniques.
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