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Abstract

Background This study was designed to evaluate the
feasibility and safety of total laparoscopic sigmoid and
rectal surgery without abdominal incision in combination
with transanal endoscopic microsurgery (TEM).

Methods From May 2010 to October 2011, 34 patients
with colon and rectal tumors were treated by total laparo-
scopic surgery without abdominal incision, and the clinical
data of these patients were reviewed.

Results All operations could be successfully accom-
plished without conversion to open surgery. No diverting
ileostomy was created. The average operative time was
151.60 (range, 125-185) minutes. The average blood loss
was 200.20 (range, 55-450) ml. All resection margins were
negative. Six patients developed postoperative anastomotic
leakage. There were no reports of other complications in all
patients.

Conclusions This preliminary study indicated that total
laparoscopic sigmoid and rectal surgery in combination
with TEM was a safe, feasible, and minimally invasive
technique. This advanced surgical technique was devel-
oped by combining laparoscopy with the concept of natural
orifice transluminal endoscopic surgery.
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Laparoscopic procedures have developed increasingly
during the past 20 years. Compared with open surgery,
minimally invasive colorectal procedures, such as laparo-
scopic-assisted colectomy, have been shown to have better
outcomes, such as faster recovery, improved cosmetic
results, and less postoperative pain, and can simultaneously
offer safe and proper tumor resection in cases of colon and
rectal cancer [1-7]. However, during the conventional
laparoscopic-assisted colectomy, an additional abdominal
incision needs to be made for specimen retrieval and
anastomosis, which negates some of the advantages offered
by laparoscopy and increases the possibility of incision-
and implantation-related complications. In sphincter-pre-
serving surgery for low rectal cancer, it is difficult to assess
the adequate surgical margins and perform ultra-low rectal
cross-clamping using conventional laparoscopy.

Since the concept of natural orifice transluminal endo-
scopic surgery (NOTES) was first presented, transanal
removal of the specimen during laparoscopic colorectal
procedures is an appealing concept in terms of its mini-
mally invasive nature and its similarity to the concept of
NOTES. Cheung et al. [8] have reported laparoscopic
colectomy without minilaparotomy for left-sided colonic
tumors by extracting the specimen via the anus, Leroy et al.
[9] have evaluated a prospective study for 16 laparoscopic
resections with transanal specimen extraction for sigmoid
diverticulitis, and Lacy et al. [10] have completed a
transvaginal minilaparoscopic-assisted natural orifice sur-
gery (MA-NOS) for radical sigmoidectomy. Recently, we
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performed total laparoscopic sigmoid and rectal resection
in combination with transanal endoscopic microsurgery
(TEM). Using this procedure, we could determine the distal
resection margin and perform resection under direct visu-
alization by TEM; the resected specimen was extracted via
the natural orifice, which helped us avoid an abdominal
incision.

Materials and methods
Inclusion and exclusion criteria

The inclusion criteria for this study were: (1) Tumor
location in the rectum and sigmoid colon with diameter
>1 cm, but <4 cm; (2) Local spread restricted to the sig-
moid/rectal wall (T1-T3) as determined by preoperative
CT, MRI, or endorectal ultrasonography for the cancer in
sigmoid and upper rectum, local spread restricted to
internal sphincter (T1/T2) for lower rectal cancer; (3)
Absence of synchronous distant metastasis.

The exclusion criteria were: (1) Patients with history of
pelvic operation; (2) Patients with synchronous distant
metastasis; (3) Tumor diameter >4 cm, which is the
diameter of TEM resectoscope shaft; (4) Tumors located
>30 cm from the anal verge, which are difficult for
transanal end-to-end anastomosis by circular stapler; (5)
Tumors located <4 cm from the anal verge, which require
abdominoperineal resection.

Patients

From May 2010 to October 2011, we performed total
laparoscopic sigmoid and rectal resection in combination
with  TEM (Richard Wolf TEM Instrument System,
Shanghai, China) in 34 patients (19 men, 15 women;
average age, 56.5 (range, 41-78) years) with colorectal
tumors. The data of these patients are reviewed in Table 1.
The study had been approved by the ethics committee of
our institution. The main symptoms at the time of diagnosis
were hematochezia (25 patients), altered bowel habits (5
patients), and abdominal pain (1 patient). Colorectal tumor
was identified during physical examination in one patient,
tumor recurrence after endoscopic polypectomy was
observed in one patient, and a salvage operation had to be
performed in one patient after pathological diagnosis con-
firmed the adenocarcinoma after local excision. The aver-
age BMI of the patients was 24.6 (range, 19.8-30.3). The
average distance of the tumors from the anal verge was
11.5 (range, 4-30) cm. The tumors were located in the
upper rectum in 15 patients, the sigmoid colon in 6
patients, and the mid or lower rectum in 13 patients. (The
upper rectum is regarded as rectum above the peritoneal
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Table 1 Characteristic of the patients
Characteristic Our group
Age (mean), yr 41-78 (56.5)
Sex (n)

Male 19

Female 15
Location of the tumors (n)

Upper rectum 15

Median or lower rectum 13

Sigmoid colon 6

BMI (mean) 19.8-30.3 (24.6)

reflection, above 8 cm from the anal verge; and the mid or
lower rectum is below the peritoneal reflection, within
8 cm from the anal verge.) The preoperative clinical
staging was T1-2NOMO in nine patients, T1-2NIMO in
three patients, T3ANOMO in ten patients, T3NIMO in six
patients, and adenoma in five patients.

Preoperative preparation

Before performing the operation, the patients’ complete
medical records and history were reviewed. All patients
were subjected to digital rectal examination, colonoscopy,
which was important for tumor biopsy, chest radiograph,
and abdominal and pelvic computed tomography (CT)
scan. Patients with tumors in the lower rectum underwent
additional examination by endorectal ultrasonography or
magnetic resonance imaging to determine the possibility of
anal sphincter-preserving operation. Polyethylene glycol
electrolyte solution was administered 1 day before opera-
tion for bowel preparation. Prophylactic antibiotics
(cefuroxime, 2.25 g; metronidazole, 200 mg) were intrave
nously administered before the operation.

Details of the technique
Operative posture and location of trocar

Patients were placed in a modified lithotomy position with
the head tilted downward and general anesthesia was
administered, after which a pneumoperitoneum was cre-
ated. Five-port technique is the standard approach for
laparoscopic LAR/sigmoid resection in our institute.
A 12-mm camera port was created in the supraumbilical
region and the 10-mm laparoscope was inserted via this
port; three 5-mm surgical ports were created on the upper
right, upper left, and lower left abdominal quadrants;
a 12-mm surgical port was created on the right lower
quadrant. Under laparoscopic guidance, routine intra-
abdominal exploration was performed.
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Mobilization

Complete mobilization of the sigmoid and left colon and
dissection of the inferior mesenteric artery close to its
origin and the inferior mesenteric vein at the inferior border
of the pancreas were performed. Subsequently, partial or
total mesorectal excision (TME) was performed according
to the tumor location. The resectoscope shaft (diameter,
40 mm) for TEM was inserted into the rectum through the
anus after gentle dilatation, and the intestine was main-
tained in an extended state by insufflation (carbon dioxide;
pressure, 12—-15 mmHg). The distal resection margin was
endoscopically confirmed. After trimming the proximal
and distal mesocolon, a circumferential incision of the
rectum at least 2 cm below the tumor was made by using a
harmonic scalpel (Johnson & Johnson, Ethicon, Shanghai,
China) laparoscopically and sometimes helped by using a
monopolar cautery transanally. The end of the proximal
bowel was ligated laparoscopically using hemp rope to
occlude the bowel and prevent the outflow of intestinal
contents and prevent contamination in the abdominal
cavity.

Resection and anastomosis

On the basis of the tumor location, we used different
methods to deliver mobilized rectum and sigmoid colon
through the resectoscope and finish the anastomosis:

(1) For tumors in the upper rectum, the mobilized colon
and rectum were carefully packed into a specimen
bag and exteriorized through the TEM resectoscope
shaft (Fig. 1), and proximal colonic resection was
performed transanally by first creating a pursestring
suture and then inserting a circular stapling anvil into
the proximal end of the bowel. The colon was then
replaced in the abdominal cavity, after which we
performed iodine solution lavage of the abdominal
and pelvic cavity. The distal stump of the rectum was
transversely clamped using a stapler (Covidien,
AutoSuture, Endo GIA Roticulator™ 60-3.5 Sulu;
Fig. 2). Then, a circular stapler (Covidien, AutoSu-
ture, DST series™ EEA™ 31 mm or Johnson
& Johnson, Ethicon, DST series™ EEA 33 mm)
was inserted transanally, and an end-to-end anasto-
mosis was laparoscopically created under direct
visual control (Fig. 3).

(2) For tumors in the sigmoid colon, in case the colon
could not be sufficiently mobilized to be pulled out
through the anus, the proximal colon was resected
transversely using a harmonic scalpel, and the
specimen was exteriorized through the TEM resecto-
scope shaft in a specimen bag. The anvil of the
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Fig. 1 TEM resectoscope shaft for delivering mobilized rectum and
sigmoid colon

Fig. 2 Distal stump of the rectum was transversely clamped by using
a Endo GIA stapler

circular stapler was then inserted into the abdominal
cavity through the TEM resectoscope, and pursestring
sutures were made circumferentially at the proximal
end of the bowel and the anvil was inserted into it
laparoscopically (Fig. 4). The distal stump of the
rectum was clamped using an Endo GIA stapler, after
which a circular stapler was inserted transanally and
end-to-end anastomosis was created.

(3) For tumors in the mid and lower rectum, the mobilized
rectum, and sigmoid colon were carefully packed into a
specimen bag and exteriorized through the TEM
resectoscope shaft and the proximal colon was tran-
sected transanally. Pursestring sutures were made on
the proximal end of the colon, and the anvil of the
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Table 2 Results of surgery
Our group

Operative time (min) 151.6 £ 25.93
Blood loss (ml) 200.2 £+ 114.69
Rate of RO resection (%) 100 %
No. of lymph nodes harvested (n) 1292 £ 2.2
Distal resection margin (cm) 243 + 1.34
First bowel movement (d) 2 4+ 0.49
Parenteral analgesics (d) 1.44 + 0.66
Length of postoperative hospitalization 9 (7-66)

Fig. 3 Circular stapler was inserted transanally, the anvil was
attached in position, and an end-to-end anastomosis was laparoscop-
ically created

Fig. 4 Purse-string sutures were made circumferentially at the
proximal end of the bowel and the anvil was inserted into it
laparoseopically

stapler was inserted into it. After replacing the colon
into the abdominal cavity, the TEM resectoscope was
removed and the anus was effaced using Lone-Star
Retractor. We performed transanal pursestring sutur-
ing of the distal stump of the rectum using 2-0
monofilaments, because the sutured area was too short
to be laparoscopically closed using an Endo GIA
stapler. Then, a circular stapler was inserted transa-
nally, and the pursestring sutures were tightened to
secure the stapler in place. The anvil was attached in
position and the end-to-end anastomosis was created.
(4) For cases of ultra-low rectal cancer, which is
approximately 2 cm within the dentate line, a
circumferential, handsewn, end-to-end anastomosis

(d) [median (range)]

was created after partial intersphincteric resection
technique was performed.

Results

All 34 operations were successfully performed laparo-
scopically, and none of the cases required conversion to
open surgery. No diverting ileostomy was created during
the procedure. The average operative time was 151.6
(range, 125-185) minutes. The average blood loss was
200.2 (range, 55—450) ml. The final pathological diagnoses
were carcinoma in 30 patients (pTis in 1 patients, stage I or
Il in 16 patients, and stage III in 13 patients), adenoma in 3
patients, and no residual tumor tissue in 1 patient, who was
initially diagnosed as adenocarcinoma after local excision.
All resection margins were negative (Table 2).

There was no operation-related mortality. Six patients
developed postoperative anastomotic leakage; all of them
had tumors in the mid or lower rectum. Among these 6
patients, 5 were among the first 17 patients on whom this
surgery was performed. However, as we gained experience
in performing the surgeries, the outcomes improved and
among the next 17 patients who underwent surgery, only 1
patient showed postoperative anastomotic leakage. Among
the patients who had anastomotic leakage, five were con-
servatively treated with pelvic lavage, fasting, and total
parenteral nutrition for 2-6 weeks, only one patient
underwent secondary ileostomy. There were no other
complications in all patients. The median postoperative
hospitalization was 9 (range, 7-66) days.

Discussion
Since the first laparoscopic-assisted colectomy reported by
Jacobs in 1991, laparoscopic colorectal surgery has been

adopted in a variety of surgical procedures, and its
applications continue to develop. Several randomized,
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controlled trials [1-7] have shown that laparoscopic
colectomy follows the same principles of radical treatment
as laparotomy, namely, length of the specimen, number of
lymph nodes harvested, and margins of resection. Fur-
thermore, the long-term oncological outcome of this pro-
cedure is equivalent to that of open surgery. However,
current techniques still require an additional abdominal
incision to extract the specimen. This incision, although
smaller than an open laparotomy incision, might reduce
some advantages offered by a laparoscopic approach and
increase the possibility of incision- and implantation-
related complications. Creating total intracorporeal anas-
tomosis is still a major challenge in laparoscopic colorectal
surgery. The placement of the anvil of a circular stapler is
particularly difficult, mainly because of the complicated
procedures involved in fixing it to the proximal colonic
stump [11].

Since the concept of natural orifice transluminal endo-
scopic surgery (NOTES) was first presented in 2004 [12], it
has attracted a great deal of interest from surgeons and
endoscopists [13—15] and has been anticipated to represent
the next step in the evolution of minimally invasive sur-
gery. The anus is a natural orifice that is anatomically in
continuation with the colon and the rectum; thus, transanal
removal of the specimen during laparoscopic colorectal
procedures is an appealing concept in terms of its mini-
mally invasive nature and its similarity to the concept of
NOTES. Abdominal incision could be avoided by com-
bining laparoscopy with transanal endoscopic microsurgery
(TEM) [8, 16]. Modeled on the requirements for NOTES,
the TEM device has many desirable features. It is a stable
platform [17] that can help to maintain a continuous
pressure-regulated pneumorectum and has a four-port
multifunction back plate that allows the use of several
instruments simultaneously to permit various surgical
maneuvers, such as accurate dissecting and suturing in the
rectal lumen up to 20 cm from the anal verge [18, 19].
Combining the laparoscopic procedure with TEM in
colorectal surgery allows an optimum surgical view and a
stable pneumorectum/peritoneum throughout the proce-
dure. Above all, the operation can be performed simulta-
neously in the peritoneal cavity and transanally through the
TEM resectoscope.

We have described a new surgical technique for total
laparoscopic sigmoid and rectal surgery in combination
with TEM for completion of the anastomosis created on the
basis of the tumor location. After high ligation of the
inferior mesenteric artery and vein, the sigmoid colon and
left colon are completely mobilized for easy transanal
exteriorization of the colon transanally for resection and
insertion of the anvil of a circular stapler. For tumors in the
sigmoid colon, if colon mobilization is not sufficient to
allow transanal exteriorization, the proximal colon is
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transected laparoscopically and the specimen is exterior-
ized through the TEM resectoscope shaft. The anvil of the
circular stapler is then inserted into the abdominal cavity to
the proximal end of the bowel under laparoscopic guidance
[10]. End-to-end anastomosis is created after closing the
distal stump of the rectum. For tumors in the lower rectum,
the distal stump of the rectum is too short to be closed
using an Endo GIA stapler laparoscopically. In such cases,
anastomosis is created first by transanal pursestring sutur-
ing of the distal stump of the rectum transanally, after
which the circular stapler was inserted and held in position
by tightening the pursestring sutures. We recommend
creating circumferential, handsewn, end-to-end anastomo-
sis in sphincter-preserving surgery for cases of ultra-low
rectal cancer.

We encountered three main technical difficulties during
the surgery: the first was with regard to complete mobili-
zation of the sigmoid and descending colon, simulta-
neously ensuring adequate blood supply to the proximal
colon, for easy exteriorizing of the colon for extracorporeal
resection and insertion of the anvil of the circular stapler.
In case of insufficient mobilization, we had to perform
pursestring suturing and insert the anvil to the proximal end
of the bowel under laparoscopic guidance, which increased
the operation difficulty and time. The second was with
regard to closure of the distal stump of the rectum and
reliable completion of the anastomosis. To ensure these, we
needed to set aside an adequate length of the stump of the
distal rectum for closure using an Endo GIA stapler. If the
closure of the distal stump of the rectum is not intact,
postoperative anastomotic leakage is inevitable. According
to our experience, for lower rectal tumors, it is better to
pursestring sutures to the distal stump of the rectum
transanally or to construct handsewn end-to-end anasto-
mosis rather than mere stapling. The third was with regard
to exteriorize the specimen through anus and avoid tumor
cell seeding. To ensure these, we pack the specimen into a
plastic bag and extract it through the TEM resectoscope
shaft. Furthermore, in cases where specimen extraction is
difficult because of large tumors, we suggest performing an
additional abdominal incision to remove specimen, which
can help to avoid injury by repeated extracting.

Bowel open is inevitable during this operation. Avoiding
the outflow of intestinal contents and potential tumor
spillage and decreasing the incidence of intraperitoneal
infection are the key points for the successful completion
of this procedure. To achieve these, first, adequate preop-
erative workup and bowel cleansing and administration of
prophylactic antibiotics need to be strictly implemented.
Second, an economical method of ligation of the end of the
proximal bowel should be performed using hemp rope to
prevent the outflow of intestinal contents and subsequent
contamination of the peritoneal cavity. Third, iodine
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Fig. 5 No abdominal incision after surgery

solution lavage of the abdominal and pelvic cavity should
be performed after specimen retrieval. In our study group,
there were no reports of postoperative intraperitoneal
infection after employing these measures.

Our technique has the following advantages over con-
ventional laparoscopic-assisted colorectal resection: (1)
The specimen is exteriorized through a natural orifice.
Besides the trocar sites, the patients have no additional
abdominal incisions (Fig. 5), which considerably reduces
surgical trauma, provides better cosmetic outcomes, and
reduces incision-related complications; (2) Our surgical
approach is a totally laparoscopy-guided procedure that
requires no-touch probing. The specimen is extracted
transanally in a specimen bag through the TEM resecto-
scope shaft, which ensures no tumor cell seeding on the
abdominal wall and anus; (3) The distal resection margin
for mid and lower rectal tumors are identified under direct
visualization by using TEM, which may reduce the inci-
dence of positive distal resection margin.

The main complication of this procedure is the high
incidence of anastomotic leakage. As we gained experience
in the surgical technique, we encountered only one case of
anastomotic leakage in the second batch of 17 patients,
which was much better than the results in the first batch of
17 patients, of which 5 showed anastomotic leakage. In
addition, we observed that all anastomotic leakages
developed in patients with mid or lower rectal cancer.
Thus, we assume that if the stump of the distal rectum is
not adequately long, it is not safe to clamp it using only an
Endo GIA stapler; if the closure is not intact, postoperative
anastomotic leakage is inevitable. Our overall experience
showed that using laparoscopic surgery in combination
with TEM, removal of sigmoid and upper rectal tumors in
patients have the best outcome. In addition, the tumor
diameter should not exceed 4 cm, which is the diameter of

the TEM resectoscope shaft. In case of patients whose
sigmoid colon is longer, it is convenient to extract the
specimen using our technique and then insert the anvil of a
circular stapler. While performing sphincter-preserving
surgery for lower rectal cancer, the distal resection margin
can be identified more accurately under direct visualization
using TEM. Furthermore, in cases where the stump of the
distal rectum was not adequately long, we employed
transanal pursestring suturing or constructed handsewn
end-to-end anastomosis, rather than attempting closure
using an Endo GIA stapler. Additionally, when the situa-
tion required it, we performed a diverting ileostomy via the
port on the upper right abdomen as a means to offset the
impact of anastomotic leakage.

Patient safety should be a prime focus in our endeavor to
develop new surgical techniques for scarless colectomies
by combining laparoscopy with TEM. The preliminary
evaluation of the results of our study shows that our
technique, which represents a surgical advancement by
amalgamating the concept of NOTES with laparoscopic
techniques, is safe and feasible with no notable increase in
operative difficulty. However, we have not assessed the
long-term oncologic implications and functional outcomes.
Among the many advantages of this technique, improved
cosmetic outcome is noteworthy. We believe that further
advancements in this technique may enable more patients
to benefit from this minimally invasive surgery.
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