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Abstract
AIM: To investigate the short-term outcome of laparo-
scopic total mesorectal excision (TME) in patients with 
mid and low rectal cancers.

METHODS: A consecutive series of 138 patients with 
middle and low rectal cancer were randomly assigned 
to either the laparoscopic TME (LTME) group or the 
open TME (OTME) group between September 2008 
and July 2011 at the Department of Colorectal Can-
cer of Shanghai Cancer Center, Fudan University and 
pathological data, as well as surgical technique were 
reviewed retrospectively. Short-term clinical and onco-
logical outcome were compared in these two groups. 
Patients were followed in the outpatient clinic 2 wk 
after the surgery and then every 3 mo in the first year 
if no adjuvant chemoradiation was indicated. Statistical 
analysis was performed using SPSS 13.0 software.

RESULTS: Sixty-seven patients were treated with LTME 
and 71 patients were treated with OTME (sex ratio 1.3:1 

vs  1.29:1, age 58.4 ± 13.6 years vs  59.6 ± 9.4 years, 
respectively). The resection was considered curative 
in all cases. The sphincter-preserving rate was 65.7% 
(44/67) vs  60.6% (43/71), P  = 0.046; mean blood loss 
was 86.9 ± 37.6 mL vs  119.1 ± 32.7 mL, P  = 0.018; 
postoperative analgesia was 2.1 ± 0.6 d vs  3.9 ± 1.8 d, 
P  = 0.008; duration of urinary drainage was 4.7 ± 1.8 
d vs  6.9 ± 3.4 d, P  = 0.016, respectively. The conver-
sion rate was 2.99%. The complication rate, circum-
ferential margin involvement, distal margins and lymph 
node yield were similar for both procedures. No port 
site recurrence, anastomotic recurrence or mortality 
was observed during a median follow-up period of 21 
mo (range: 9-56 mo).

CONCLUSION: Laparoscopic TME is safe and feasible, 
with an oncological adequacy comparable to the open 
approach. Further studies with more patients and longer 
follow-up are needed to confirm the present results.   

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Rectal cancer accounts for approximately half  of  all colo-
rectal cancer cases in China. Significant advances have 
been achieved in the treatment of  rectal cancer in the past 
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few decades. With the introduction of  total mesorectal 
excision (TME), laparoscopic technique, as well as pre- 
and postoperative chemo-radiotherapy, the local control 
rate and survival of  rectal cancer patients have dramati-
cally improved. The TME principles, which were first 
described by Heald et al[1], are currently considered the 
standard practice for mid and low rectal cancer as lo-
cal recurrence is reduced to less than 5%[2]. A complete 
TME consists not only of  the routine excision of  intact 
mesorectum, but also preservation of  the autonomic 
nervous system and the sphincters. 

Laparoscopic surgery has been used in the treatment 
of  colorectal cancer since the end of  the 1990s with the 
purpose of  ameliorating postoperative recovery without 
compromising oncological adequacy. Although laparos-
copy in colon cancer has gained acceptance due to its 
proven benefits[3,4], which include fewer perioperative 
complications, faster postoperative recovery and com-
parable survival rates, laparoscopy in rectal cancer is still 
not recommended as the treatment of  choice by National 
Comprehensive Cancer Network guidelines. Laparoscopic 
rectal surgery is more complex and technically demand-
ing, especially for mid and low rectal cancer. As surgical 
techniques and equipment have developed, the feasibility 
and safety of  laparoscopic TME (LTME) have been re-
ported by many institutes[5,6]. Moreover, long-term survival 
following LTME seems to be comparable to open TME 
(OTME)[7,8]. However, there are few well-designed studies 
which have addressed this particular issue. Most of  the 
randomized clinical trials on rectal cancer were performed 
in the early 2000s when the laparoscopic rectal surgical 
technique was still being developed, and the majority of  
these studies included both colon and sigmoid cancer[9,10]. 
Thus it is inclusive whether laparoscopic surgery for rectal 
cancer is comparable to open surgery.

The aim of  this study was to compare the short-
term outcomes of  LTME and OTME in mid and low 
rectal cancers in a series of  unselected patients. The pri-
mary endpoints were operative details (operating time, 
blood loss, sphincter preservative rates and conversions), 
perioperative complications (anastomotic leak, obstruc-
tion, and wound infections) and postoperative recovery 
(urinary function, use of  analgesics, and return of  bowel 
movement). The secondary endpoints were pathologi-
cal evaluations (positive margin involvement, number of  
lymph nodes harvested and length of  inferior margin).

MATERIALS AND METHODS
Patients 
Between September 2008 and July 2011, a consecutive 
series of  138 patients diagnosed with middle and low 
rectal cancer underwent surgical treatment at the Depart-
ment of  Colorectal surgery of  Shanghai Cancer Center, 
Fudan University. The diagnosis in these patients was 
confirmed by a full colonoscopy plus a biopsy. The in-
clusion criteria were: patients diagnosed with rectal can-
cer with the tumor located ≤ 10 cm from the anal verge. 

All patients received a systematic preoperative assess-
ment including physical examination, biochemical analy-
sis and a five-marker panel (carcinoemb- ryonic antigen, 
carbohydrate antigen 19-9, cancer antigen 724, cancer 
antigen 242 and cancer antigen 125 for female patients) 
assay. Chest, abdominal and pelvic computed tomogra-
phy scans were performed to rule out any pulmonary or 
liver metastasis. In addition, magnetic resonance imaging 
or endorectal ultrasound was performed to evaluate the 
preoperative staging. Patients staged at cT3/4 cTxN+ 
were assigned to neoadjuvant treatment in the absence 
of  contraindications, and therefore were excluded from 
this series. The exclusion criteria also comprised patients 
with a former history of  radiotherapy or chemotherapy, 
patients with distant metastases and patients with contra-
indication to laparoscopic surgery. An American Society 
of  Anesthesiologists (ASA) grade was assigned to each 
patient by an anesthetist before surgery. Low molecu-
lar weight heparin was administered subcutaneously as 
prophylactic anticoagulant treatment and D-dimer was 
monitored regularly at day 1, 4 and 7 postoperatively. 

Follow-up 
Patients were routinely followed in the outpatient clinic 2 
wk after e surgery and every 3 mo for the first year, then 
every 6 mo for the second year, and every year thereaf-
ter. If  there was an indication for adjuvant chemoradia-
tion, follow-up data was complemented by phone con-
tact with the patients as well as contact with the patients’ 
current treating physicians. Data were collected and 
reviewed retrospectively, including patients’ demograph-
ics, preoperative staging, surgical technique, pathological 
evaluations and postoperative recovery. 

Surgical technique
All patients underwent low anterior resection (LAR) 
or abdominoperineal resection (APR) according to ac-
cepted TME principles. All surgeries were performed 
by the same team of  surgeons with proven expertise in 
colorectal cancer surgeries who perform more than 100 
laparoscopic and open colorectal surgeries annually. All 
patients were operated on under general anesthesia. 

Four trocars were introduced after CO2 pneumoperi-
toneum was established at 12 to 15 mmHg. A 10-mm 
port was positioned 0.5 cm above the umbilicus for 
observation. Another 10-mm port was introduced one-
third of  the distance from the right anterior superior 
iliac spine to the navel as the major operative site. Two 
additional 5-mm ports were placed for assistance. One 
port was set one-third of  the distance from the left ante-
rior superior iliac spine to the navel. The other was posi-
tioned at a digit inferior to the umbilicus crossing the left 
parasternal line reserved for possible colostomy.

Firstly, the peritoneal cavity was inspected carefully 
for any metastasis or tumor implantation. Adopting a 
median-to-lateral approach, the sigmoid was held by the 
assistant to the left and the right mesorectum was dis-
sected starting from the sacral promontory. Sharp dis-
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section continued along the “yellow-white boundary”, 
that is, between the adipose tissue in the sigmoid colon 
mesorectum and left peritoneum to the junction of  the 
mesorectum. Dissection then proceeded as far as the 
origin of  the inferior mesenteric artery (IMA). Care was 
taken not to injure the left ureter while dissecting the 
IMA (Figure 1A). The IMA and its concomitant vein 
were skeletonized and ligated using endoscopic clips 
close to the origin of  the IMA. The left colic artery and 
vein were preserved (Figure 1B). It should be noted that 
the superior hypogastric plexus and sympathetic hypo-
gastric nerves were at risk at this level (Figure 1C).

The next phase of  surgery was pelvic dissection. 
The peritoneum was incised from the level of  the sacral 
promontory posterior to the rectum down to the apex 
of  the coccyx. It was important to recognize the loose 

avascular plane between the parietal and visceral pelvic 
fascia before initiating sharp dissection of  the presacral 
area. Anterior dissection occurred in the retrovesical 
septum in males and in the retrovaginal space in fe-
males. The rectosacral ligament and anococcygeal liga-
ment were divided and incised at the level of  the fourth 
sacral vertebra. The mesorectum was circumferentially 
mobilized while kept intact. A linear endoscopic cutting 
stapler was introduced to transect the rectum 2-5 cm 
below the tumor. Depending on the size of  the lesion, 
a transverse incision of  3-4 cm was made to extract the 
specimen through a wound protector. The distal colon 
was transected 10 cm above the lesion. Before re-estab-
lishing the pneumoperitoneum, an anvil of  the circular 
stapler was placed in the proximal colon and was fixed 
by a purse-string suture. The bowel was then returned to 
the peritoneal cavity, and the incision was sutured. The 
pneumoperitoneum was re-established. The last step of  
the procedure was to perform a low or ultra low rectal 
anastomosis with a circular stapler inserted transanally. 
The two tissue donuts created by the circular stapler 
were verified for integrity. The distal donut was sent for 
pathological examination as the circumferential margin.

For patients who have a deep, narrow pelvis, laparo-
scopic rectal transection is difficult. To guarantee a micro-
scopically clear distal margin, the rectum was transected 
under direct vision with an assistant pulling the rectum 
outwards via the anus. Preservation of  the sphincters was 
pursued based on the ability to achieve radical tumor re-
moval. In patients with a very low tumor, the sphincters 
were unable to be preserved. The specimen was removed 
from the perineal incision and a permanent colostomy 
was performed at the anterolateral port.

Conversion was defined as performing any procedure 
using an open technique, other than extracting the speci-
men or transection of  rectal cancer via the anus. The 
decision to convert was made when major complications 
occurred or when radical removal was impossible.

Patients in the OTME group underwent routine 
operation according to the TME principles. All patients 
were stratified based on tumor-node-metastasis classifi-
cation. The duration of  postoperative analgesia was as 
needed and was monitored. According to the National 
Comprehensive Cancer Network guidelines, patients 
who could possibly benefit received adjuvant chemo-
therapy or radiotherapy. 

This study was approved by the Ethical Committee 
of  Shanghai Cancer Center, Fudan University and all pa-
tients gave informed consent.

Statistical analysis
The statistical analysis was carried out using the SPSS 
software package version 13.0 (Chicago, IL, United 
States) and Windows 7. Parametric variables were ex-
pressed as mean ± SD. The Student’s t test was used 
to assess differences between the LTME and OTME 
groups. The χ 2 test (or Fisher’s exact test where appro-
priate) and exact tests were performed to compare vari-
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Posterior side of rectum

Figure 1  Surgical technique. A: Care must been taken not to injure the left 
ureter (arrow) while dissecting the inferior mesenteric artery; B: Careful pres-
ervation of the left colic artery (arrow); C: Preservation of bilateral sympathetic 
hypogastric nerves (arrows).
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ables between the two groups. A P value less than 0.05 
was considered statistically significant.

RESULTS
Patients’ characteristics 
Between September 2008 and July 2011, a total of  138 
patients were randomly assigned to either the LTME 
group or the OTME group. Sixty-seven patients under-
went LTME and 71 patients underwent OTME. The 
sex ratio (male: female) was 1.3:1 and 1.29:1 for LTME 
and OTME, respectively. The mean age was 58.4 ± 13.6 
years in the LTME group, and 59.6 ± 9.4 years in the 
OTME group. The two groups were well matched for 
age, sex ratio, body mass index, ASA, pathological tumor 
staging and differentiation grades as shown in Table 1. 

Surgery and postoperative recovery 
As shown in Table 1, there was no statistical difference 
in the types of  surgical procedures chosen, including 
LAR and APR. The resection was considered curative 
in all cases. The sphincter-preserving rate was 65.7% 
(44/67) for LTME and 60.6% (43/71) for OTME and 
the difference was statistically significant. No protective 
diverting stoma was fashioned in either groups. Conver-

sion to an open procedure was required in 2 cases (2.99%) 
due to ureter damage and severe adhesion, respectively.

Despite the fact that the operating time was signifi-
cantly longer for LTME than OTME, there was signifi-
cantly less hemorrhage in the LTME group than in the 
OTME group. Patients in the LTME group also enjoyed a 
significantly faster postoperative recovery, including lower 
requirement for analgesia and urinary drainage, faster re-
turn of  bowel movement and earlier hospital discharge. 

Complications 
One patient (1.5%) suffered an anastomotic leakage in 
both the LTME group and in the OTME group (1.4%). 
A total of  4 patients suffered an obstruction, 1 (1.5%) 
in the LTME group and 3 (4.2%) in the OTME group. 
In addition, 1 patient and 2 patients in the LTME group 
and OTME group, respectively, suffered a wound infec-
tion. These differences were not statistically significant. 
There was no perioperative mortality (Table 2).

Oncological outcome and follow-up
With regard to oncological adequacy, the length of  the 
specimen, distal margin of  the tumor, number of  har-
vested lymph nodes and positive circumferential margin 
were all comparable between the two groups. Short-term 
follow-up was available for all patients, with a median 
follow-up period of  21 mo (range: 9-56 mo). No port 
site recurrence, anastomotic recurrence or mortality was 
observed during the follow-up period.

DISCUSSION
Although laparoscopic surgery for colon cancer has been 
widely accepted due to its proven benefits, this technique 
for rectal cancer is controversial. In this report, we com-
pared laparoscopic surgery to open surgery following 
TME principles in a consecutive series of  patients who 
were operated on by a team of  surgeons extensively ex-
perienced in laparoscopic colorectal surgery.

There is a growing body of  literature reporting simi-
lar outcomes following LTME and OTME. Our results 
did not differ from the conclusion drawn from other 
publications that LTME was safe and feasible. Patients 
who underwent LTME benefited from a faster recovery, 
including less bleeding, less pain, faster return of  urinary 
function and bowel movement, similar to that found in 
previous studies[11].

However, there is still debate on whether LTME can 
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LTME OTME 
P  value

(n  = 67) (n  = 71)

  Characteristics
     Age (yr)    58.4 ± 13.6     59.6 ± 9.4 0.910
     Sex ratio (male:female)      1.3:1       1.29:1 0.918
     BMI    23.6 ± 2.6     23.4 ± 1.8 0.886
     ASA 0.846
        I    57     63
        II      9       7
        III      1       1
     pTNM classification 0.892
        I      7       9
        II    46     49
        III    14     13
     Differentiation grades 0.964
        Well-moderately differntiated    63     65
        Poorly differentiated      4       6
     Distal margin (cm)      3.6 ± 1.9       3.3 ± 1.7 0.648
  Comparisons
     Sphincter-preserving surgery (%)    44 (65.7)     43 (60.6) 0.046
     Operating time (min)  216.4 ± 68.3   162.7 ± 42.5 0.032
     Blood loss (mL)    86.9 ± 37.6   119.1 ± 32.7 0.018
     Postoperative analgesia (d)      2.1 ± 0.6       3.9 ± 1.8 0.008
     Duration of urinary drainage (d)      4.7 ± 1.8       6.9 ± 3.4 0.016
     Time to pass flatus (h)    46.9 ± 14.8     95.6 ± 54.8 0.004
     Postoperative hospital stay (d)    10.4 ± 4.3     13.8 ± 5.9 0.036
     Length of specimen (cm)    18.4 ± 4.2     19.7 ± 6.1 0.786
     Number of lymph nodes harvested    20.3 ± 8.3     21.1 ± 6.7 0.924
     Positive circumferential margin (%)      1.5       2.8 0.068

Table 1  Patients’ clinical-pathological characteristics and 
comparisons of operative and perioperative data between 
laparoscopic and open total mesorectal excision

LTME: Laparoscopic total mesorectal excision; OTME: Open total meso-
rectal excision; BMI: Body mass index; pTNM: Pathologic tumor-node-
metastasis; ASA: American Society of Anesthesiologists.

  Complications LTME OTME

  Ureter damage 1 0
  Anastomotic leak 1 1
  Obstruction 1 3
  Wound infection 1 2

Table 2  Comparison of complications

LTME: Laparoscopic total mesorectal excision; OTME: Open total meso-
rectal excision.
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deliver an equally satisfying oncological radicality, allowing 
tumor-free margin and sufficient lymph node yield, while 
being minimally invasive[12]. There is a lack of  multicenter 
randomized trials addressing this particular issue. While 
we are still waiting for the results of  the COLOR Ⅱ tri-
als, CLASICC remains the only randomized controlled 
trial available[13,14]. The early results of  CLASICC reported 
higher, but non-significant, rates of  positive circumferen-
tial resection margin involvement, which did not translate 
into a difference in 3-year local recurrence rates. The 
5-year follow-up results of  the CLASICC trial were un-
able to show a difference in local recurrence, suggesting 
that this was probably the result of  a learning curve ef-
fect. Not surprisingly, most investigations have reported 
different results. According to a meta-analysis conducted 
by Anderson et al[15], the positive radical margin involve-
ment rate of  rectal cancer was not significantly different 
between laparoscopic surgery and open surgery. Similar 
results were obtained for distal margin involvement. 

With regard to lymph node yield, our study reported 
a mean number of  20.3 lymph nodes for LTME and 21.1 
for OTME with no statistical difference. This was slightly 
less than that found be Dulucq et al[16]. They retrieved an 
average of  24.5 lymph nodes. However, our results were 
superior to most other studies where the mean number 
of  lymph nodes harvested varied from 8 to 14[17]. 

 Due to the complicated nature of  the TME proce-
dure for middle and low rectal cancer, there are only a 
few publications which compare sphincter-preserving 
rates between laparoscopic and open approaches. It is 
worth noting that in our series, the sphincter-preserving 
rate was significantly higher in the LTME group. This 
may have been due to the fact that LTME provides the 
surgeon with a much more flexible operating space and 
allows them to dissect more easily down to the pelvic 
floor especially in patients with a deep, narrow pelvis. 
This clear, magnified and direct view is not available 
during OTME[18,19]. Nonetheless, this study showed that 
having a deep, narrow pelvis with a large tumor compli-
cated the LTME procedure and prolonged the operating 
time, but did not affect postoperative outcomes[20]. The 
introduction of  a linear endoscopic cutting stapler also 
guarantees a more satisfactory distal transection. Even 
when sphincter resection was inevitable, these advan-
tages still facilitated pelvic surgery. Similar results were 
reported by Gezen et al[21] who had a higher rate of  neo-
adjuvant chemoradiation-treated patients in the LTME 
group. However, these advantages were not found in the 
largest series of  rectal laparoscopic surgery, involving 612 
patients, led by Zheng et al[22]. It is noteworthy that an 
increased rate of  APR was observed in the LTME group 
in a relatively small series of  Greek patients with mid and 
rectal cancer. This might be explained by the significantly 
lower location of  the tumors in the LTME patients[23].

Another advantage of  laparoscopic surgery is greater 
magnification and better illumination of  the surgical 
field, thus allowing better exposure of  the autonomic 
nerves and their protection. Our study showed that pa-

tients in the LTME group required a significantly shorter 
period of  urinary drainage. Considering the mean age in 
this series, patients were predisposed to possible sexual 
dysfunction before surgery. However, the incidence of  
postoperative sexual dysfunction was not taken into ac-
count in this study.

Conversion has always been a major concern of  laparo-
scopic rectal surgery. Studies in the early 2000s n reported 
a conversion rate as high as 20%. The CLASICC study 
also associated conversion with a clear survival disadvan-
tage. However, researchers in the CLASICC trial were un-
able to attribute this disadvantage to advanced tumor stage 
or to surgeon-related factors. Conversion was found to be 
associated with poor prognosis[24]. The latest studies report 
a conversion rate of  3%-22%, suggesting the involvement 
of  patient selection and surgeons. In the present study, our 
conversion rate was 2.99%, and was closer to that found by 
Leroy et al[25] and Milsom et al[26]. This may be explained by 
the exclusion of  patients staged at cT3/4 cTxN+ or with a 
former history of  pelvic radiotherapy. With regard to post-
operative complications, the distribution and incidence was 
similar between the 2 groups. Furthermore, a recent meta-
analysis led by Lin et al[27] concluded that robotic surgery 
was superior to laparoscopic surgery in terms of  conver-
sion, and could be an alternative in patients who are more 
likely to undergo conversion.

Admittedly, a clear limitation of  our study was that 
selection bias cannot be completely, even though the two 
groups were well balanced in terms of  demographics 
and tumor statistics. However, by prospectively enrolling 
a consecutive series of  patients operated on by the same 
team of  surgeons, we hoped to avoid the learning curve 
effect. The follow-up period was too short to draw any 
conclusions as to the long-term outcome of  LTME ver-
sus OTME, however, by continuing to enroll and follow-
up patients, we hope to deliver more valuable informa-
tion in the future.

Our study demonstrated that laparoscopic TME is 
safe and feasible, with an oncological adequacy compa-
rable to the open approach. From our perspective, lapa-
roscopic TME is performed through laparoscopic ap-
paratus which are thin and long. In this way, tumors can 
be completely removed almost without being touched. 
Further studies with more patients and longer follow-up 
are needed to confirm the present results.   

COMMENTS
Background
Rectal cancer accounts for approximately half of all colorectal cancer cases in 
China. With the introduction of total mesorectal excision (TME), laparoscopic 
technique, as well as pre- and postoperative chemo-radiotherapy, the local con-
trol rate and survival in rectal cancer patients have been dramatically improved. 
Research frontiers
Although laparoscopy in colon cancer has gained acceptance due to its proven 
benefits, laparoscopy in rectal cancer is still not recommended as the treatment 
of choice by National Comprehensive Cancer Network guidelines. In this study, 
the authors demonstrated that laparoscopic TME (LTME) was advantageous 
in terms of clinical outcomes and comparable in oncological outcomes to open 
TME (OTME) in patients with mid and low rectal cancers.
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Innovations and breakthroughs
Recent reports have highlighted similar outcomes following LTME and OTME 
in rectal cancer patients. This is the first study to prospectively compare LTME 
and OTME in a consecutive series of patients with middle and low rectal cancer 
regardless of the preservation of sphincters.
Applications
The present analysis confirmed the short-term benefits and comparable onco-
logical adequacy of laparoscopic TME compared with the open procedure. This 
will be comforting to those surgeons performing the technique and should help 
to promote the laparoscopic TME approach so that a large multicenter random-
ized trial of LTME can be conducted to demonstrate its long-term benefits.
Peer review
The manuscript is generally well written, has an academic highlight that of the 
first study to prospectively compare LTME and OTME in a consecutive series 
of patients with middle and low rectal cancer. It is important that the shape and 
location of the intersigmoid recess for providing surgery of anus and rectum in 
laparoscopic total mesorectal excision and open mesorectal excision.
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