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Introduction

Since first described in 1991, laparoscopic surgery has been 
increasingly advocated as a safe and efficient technique 
for the treatment of colorectal cancer (1). In comparison 
with conventional open surgery, laparoscopic colorectal 
resection was shown to be associated with reduced blood 
loss, less postoperative pain and a shorter hospital stay (2-5). 
However, laparoscopic colorectal surgery requires special 
instruments and costly disposables. It is associated with a 
steep learning curve and longer operation time (6-8).

Although instrumentation, surgical skills and techniques 
in laparoscopic surgery have evolved, it is often necessary 
to extract the surgical specimen and perform the bowel 
anastomosis through a small skin incision. Recent studies 
reported that a minilaparotomy (incision ≤7 cm) was 
technically feasible and safe for colorectal cancer resections 
and was associated with a rapid postoperative recovery (9-12).  
In addition, this technique did not increase operating time 
and the learning curve was less steep as compared with 
laparoscopic colorectal surgery.

A study by Nakagoe et al. suggested that minilaparotomy 
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technique for resection of rectal cancer was an attractive 
alternative in non-overweight patients (12). Very few 
studies have compared short and long term outcomes of 
minilaprotomy surgery for the treatment of rectal cancer (13).  
Hence, the oncological adequacy of minilaparotomy 
approach in rectal cancer remains to be determined. The 
aim of our study was to assess the long-term clinical and 
oncological outcome after laparoscopic and minilaparotomy 
surgery in patients with rectal cancer.

Patients and methods

Definition of minilaparotomy

The minilaparotomy approach for the resection of rectal 
cancer is defined as a resection performed through a skin 
incision ≤7 cm in length.

Patients

All patients with a rectal cancer with the edge ≤12 cm 
from the anal verge without other concurrent or previous 
malignant disease treated by minilaparotomy and laparoscopic 
surgery were compared retrospectively. Evaluation included 
physical examination, colonoscopy with biopsy, anorectal 
ultrasonography, pelvic magnetic resonance and thoracic and 
abdominal computed tomography (CT). The mobility and 
the location of the tumor from the anal verge were assessed 
by digital examination by the surgeon and radiological 
imaging. Patients were staged using the clinical tumor node 
metastasis (TNM) classification. Exclusion criteria were 
patients who refused to consent for the study, and patients 
with tumors infiltrating to adjacent organs (cT4). Patients 
who had associated gastrointestinal diseases that required 
additional extensive operative intervention or evaluation 
were excluded. Patients with evidence of synchronous 
metastatic disease were also excluded. The choice between 
minilaparotomy and laparoscopic surgery was based on a 
joint decision by the patients and doctors. This study was 
approved by our local research ethics committee. Written 
informed consent was obtained from all patients.

Preoperative preparation and neoadjuvant chemoradiotherapy

All patients had bowel preparations, including a fluid diet 
and administration of a polyethylene glycol electrolyte 
solution, one day before the operation unless there were 
contraindications against bowel preparation. Intravenous 

antibiotic prophylaxis was given on induction of anesthesia 
for the operation.

The basic indications for neoadjuvant chemoradiotherapy 
included rectal cancers (T3) and/or node-positive disease, lack 
of prior radiation therapy to the pelvis, and age <75 years.  
Neoadjuvant treatment with chemotherapy and radiation 
therapy was as follows: 45 Gy in f ive weeks with 
concomitant 5-fluorouracil. The operation was carried 
out six to eight weeks after the end of the neoadjuvant 
treatment.

Operation techniques

All operations were performed by the same surgical team, 
which included TZ, GZ, and ZL and all of whom had 
experience in minilaparotomy and laparoscopic approaches 
to rectal cancer.

All patients underwent TME with preservation of the 
hypogastric nerves. Abdominoperineal resection (APR) was 
performed when the tumor infiltrated the anal canal or when 
it was impossible to obtain a distal margin of more than  
1 cm. For low anterior resection (LAR), stapled end-to-end  
colorectal anastomoses were constructed. The rectal 
resection via minilaparotomy approach started with a midline 
skin incision from the pubis towards the umbilicus less than 
or equal to 7 cm long (12) (Figures 1,2). In case a laparoscopic 
operation was performed, a five-port technique was used 
as described previously (14). Both approaches adhered to 
the principles of total mesorectal excision. Procedures were 
carried out using the medial-to-lateral approach. The root of 
the main mesenteric vascular pedicles was initially dissected 
with lymphadenectomy, and the mesentery and diseased 
segment of bowel were mobilized from the retroperitoneum.

Patients undergoing LAR received a 5 cm incision 
for the removal of the specimen and placement of the 
stapler head. For patients undergoing APR or coloanal 
anastomosis, specimens were removed through the 
perineum with no need for an abdominal incision. The 
protective colostomy was not performed in all patients. 
Splenic flexure mobilization was conducted when necessary 
in the laparoscopic approach, but was not performed in 
the minilaparotomy approach because of small incision. 
Conversion to open surgery was needed if the surgeon was 
unable to complete the laparoscopic resection.

Postoperative care

Patients in both groups were managed by the same 
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postoperative protocol, which included removal of the 
nasogastric tube at the end of the operation and oral 
liquids on postoperative day 1. Oral diet was resumed once 
there were passage of flatus and return of bowel function 
clinically. Pethidine 1 mg/kg was administered parenterally 
every 4 h on demand. The patients were discharged when 
they were fully ambulatory, were passing stools and flatus, 
could drink and eat solid foods and had no postoperative 

Figure 2 The skin incision of minilaparotomy technique for the 
resection of rectal cancer.

Figure 1 Low anterior resection with the minilaparotomy technique 
in a male patient with rectal cancer. Automatic abdominal retractor 
was locked into place by a supporting device to maintain an 
optimal view of the operating field. Surgical Incision Protective 
Film (Cheerain Medical Co., Ltd., Shandong, China) was used for 
laparotomy incisions to protect the minilaparotomy wound from 
bacterial infection and from contamination by tumour cells.

discomfort. After laparoscopy and open surgery, stage III 
patients received postoperative adjuvant chemotherapy with 
5-fluorouracil and leucovorin for six months.

Follow up

Operative time, blood loss, time to first bowel movement, 
time to normal diet, length of stay, pain score using visual 
analogue scale ranging from zero to ten, and complications 
were recorded. Postoperative complications were classified 
according to the Clavien-Dindo classification of surgical 
complications and the grades of complication were 
recorded. Bladder evacuation disorder was defined as 
urinary incontinence or incomplete evacuation necessitating 
catheterization >4 weeks after surgery. Postoperative 
sexual dysfunction was defined as new onset erectile 
and/or ejaculatory dysfunction in male patients and as 
impairment of vaginal lubrication in female patients. The 
data was collected using the European Organization for 
Research and Treatment of Cancer (EORTC) QLQ-CR38 
questionnaire at 24 months after initial surgery. The costs 
of the two operations were estimated by summing up the 
market value of theater time, disposable instruments used, 
and hospitalization service charge.

After discharge, follow-up was arranged regularly 
for clinical examination and carcinoem-bryonic antigen 
(CEA) test at 3-month intervals in the first two years and 
at 6-month intervals thereafter. The ultrasonography 
or imaging was not routinely performed. This was only 
indicated when there was a clinical suspicion of disease 
recurrence or when CEA level increased over time.

Local recurrence of cancer was defined as the radiologically 
evidence of tumor recurrence and/or histologically proven 
tumor within the operation field. Local recurrence in 
combination with distant recurrence was also considered as 
a local recurrence event. Distant metastases were defined as 
any recurrence occurring outside the pelvis.

Pathological evaluation

The rectal specimen was examined in the operation room 
by the surgeon to assess the distal resection margin and 
was then sent fresh to the histopathological department, 
where it was pinned on a cork board. The surface of 
the mesorectum was inked before slicing to assess the 
circumferential resection margin. Microscopic assessment 
included tumour infiltration through the bowel wall (T), 
the presence of positive lymph nodes (N), and analysis 
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of the distal and circumferential resection margins. The 
circumferential resection margin was considered to be 
positive if it was <1 mm.

Statistical analysis

Data were analyzed using the SPSS 16.0 software (SPSS, 
Chicago, IL, USA). The chi-square test was used for 
categorical variables. The Student t test or Mann-whitney U 
test were used for parametric and nonparametric continuous 
variables. Survival was calculated using the Kaplan-Meier 
method, and comparison between survival curves was 
performed using the log-rank test. Statistical significance 
was defined as P<0.05.

Results

Characteristics of patients

Between January 2005 and January 2008, 197 patients 
with rectal cancer were deemed eligible for participation 
in the study. Seventy five patients were excluded. The 
remaining 122 patients were allocated to rectal resection via 
a minilaparotomy (n=65) or via the laparoscopic approach 
(n=57). The consort flow chart is presented in Figure 3.

There were no differences between the two groups with 

regard to age, gender, ASA class, history of prior abdominal 
surgery and tumor location (Table 1).

Operative details

As shown in Table 2, operative time was longer in the 
laparoscopic group, but the time to resumption of normal 
diet was significantly shorter in the laparoscopic group as 
compared to the minilaparotomy group (median 4 vs. 5 days, 
P=0.024). Both groups were comparable for postoperative 
pain score. There were no differences between the two 
groups for the time to first bowel movement (median 3 vs. 
4 days, P=0.056).Length of hospital stay was lower in the 
laparoscopic group (median 7 vs. 8 days, P=0.043).

The rate of conversion was 8.8% (5/57). The reasons 
for conversion were bleeding (n=1), pelvic adhesion (n=1) 
and difficulty in obtaining distal length to accomplish the 
anastomosis (n=3).The costs in the laparoscopic group were 
significantly higher than the minilaparotomy group (mean 
USD 5,532 vs. USD 3,913, P<0.001) (Table 2).

Mortality and morbidity

There were no postoperative mortality in the laparoscopic 
group, and two deaths occurred in the minilaparotomy 

Rectal cancer
 (n=197) Exclusions:

Tumors infiltrating to adjacent organs (n=19)
Synchronous metastatic diseases (n=26)
Associated gastrointestinal diseases (n=7)
Refused to consent for the study (n=23)

Laparoscopic group 
 n=57

Lost to follow-up n=4

57 patients analyzed for clinical 
outcomes
The lose patient was censored 
during survival analysis

Patients assigned for 
curative rescetion (n=122)

Minilaparotomy group  
n=65

Lost to follow-up n=4

65 patients analyzed for clinical 
outcomes
The lose patient was censored 
during survival analysis

Figure 3 The consort diagram of patient flow.
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Table 1 Patient demographics

Minilaparotomy (n=65) Laparoscopy (n=57) P

Age (years) 59.123±10.711 58.158±11.291 0.629

BMI (kg/m2) 23 (18.9-26.1) 23.4 (19.3-27.3) 0.117

Sex 0.465

Male 38 37

Female 27 20

ASA score 0.211

1 10 9

2 39 41

3 16 7

Type of resection 0.580

LAR 51 47

APR 14 10

Distance of tumor from anal verge 0.402

0-4 cm 18 22

4.1-8 cm 33 23

8.1-12 cm 14 12

Neoadjuvant chemoradiotherapy 0.682

Yes 40 33

No 25 24

Previous operation 0.374

Yes 8 4

No 57 53

LAR, low anterior resection; APR, abdominoperineal resection.

Table 2 Perioperative outcomes

Minilaparotomy [n=65] Laparoscopy [n=57] P

Operative time (minutes, mean ± SD)

LAR 145.784±46.619 167.064±48.842 0.030

APR 193.571±53.039 249.500±78.332 0.048

Blood loss (mL, mean ± SD) 188.662±172.622 138.842±123.844 0.073

Visual analogue pain score on postoperative day 1 (mean ± SD) 4.785±1.556 4.351±1.598 0.132

Time to first bowel movement (days, median and range) 4 [1-9] 3 [1-8] 0.056

Time to normal diet (days, median and range) 5 [3-11] 4 [3-10] 0.024

Hospital stay (days, median and range) 8 [6-31] 7 [5-22] 0.043

Conversion — 5 [8.8]

Direct cost (US $ , mean ± SD) 3913.111±840.279 5532.971±886.936 <0.001

LAR, low anterior resection; APR, abdominoperineal resection.
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group due to pulmonary embolism and myocardial 
infarct ion respect ively.  Twenty one pat ients  had 
complications in the laparoscopic group (36.8%) and  
29 patients had complications in the minilaparotomy 
group (44.6%). The total number of adverse events were 
29 (50.9%) and 42 (64.6%), respectively (Table 3).In the 
minilaparotomy group, reoperation was required in two 

Table 3 Comparison of postoperative complications between 
two groups

Grade
Minilaparotomy 

(n=65)

Laparoscopy 

(n=57)
P

Grade I

Wound infection 5 2

Anastomotic bleeding 1 0

Grade II

Chest infection 2 1

Urinary tract infection 1 2

Urinary retention 1 3

Deep vein thrombosis 0 2

Paralytic ileus 4 2

Incontinence 4 2

Sexual dysfunction 9 6

Bladder dysfunction 4 6

Grade IIIa

Anastomotic leakage by 

pelvic tube drainage

1 1

Abdominal abscess by 

percutaneous drainage

1 0

Anastomotic stenosis 2 1

Grade IIIb

Reoperation due to  

anastomotic leakage

1 0

Reoperation due to 

incisional hernia

1 0

Grade IV

Respiratory failure 1 0

Congestive heart failure 2 0

Renal failure 0 1

Grade V

Mortality 2 0

Total number of 

complications

42 (64.6) 29 (50.9) 0.125

Total number of patients 29 (44.6) 21 (36.8) 0.384

patients due to anastomotic leak (n=1) and incisional hernia 
(n=1).

Oncological outcome

The pathological tumor stage was similar in both groups 
(Table 4). There was no significant difference in the 
tumor-free distal margin between the groups, but the 
positive circumferential margin rate was slightly higher 
in the laparoscopic group although the difference was not 
statistically significant (Table 4).

The mean follow up was 56.6 months (range, 10-84 months).  
There was no difference in local recurrence (5.3% vs. 1.5%, 
P=0.520) and distant recurrence (8.8% vs. 15.4%, P=0.267) 
between the two groups. Overall 5-year survival was 87.1% 
in the laparoscopic group and 82.5% in the minilaparotomy 
group (Figure 4; P=0.425). Disease-free survival in both 
groups is shown in Figure 5.

Discussion

This study comparing laparoscopic with open rectal cancer 
resection showed that the minilaparotomy approach was 
similarly safe and oncologically equivalent to laparoscopic 
approach, and performed with a shorter operative time and 
lower in-hospital costs than laparoscopic approach.

A previous study showed that the laparoscopic 
procedure for rectal cancer was associated with a more 
rapid postoperative recovery and better cosmetic results 
without compromising oncological outcomes as compared 
to open surgery (2). Our results also showed that the 
laparoscopic approach for rectal cancer was associated with 
an earlier resumption of normal diet and shorter hospital 
stay, and the time to first bowel movement was shorter in 
laparoscopic group, but not significant. Contrary to what 
has been reported previously, the present study failed to 
demonstrate lower pain scores for the laparoscopic group 
(15,16). An explanation could be the use of five ports and 
an about 5 cm abdominal incision for specimen retrieval 
in the laparoscopic group that might produce more wound 
pain. The more analgesic consumption might also limit 
postoperative recovery.

The postoperative complication rate was less in the 
laparoscopic group, but the difference did not reach 
significance. Anastomotic leak rate was 1.8% in the 
laparoscopic group and 3.1% in minilaparotomy group. 
This leak rate was similar to the results in other studies in 
the literature (1-13.5%) (4,16-19). Most of the long-term 
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complications such as anastomotic stenosis, incisional hernia 
and urogenital dysfunctions were minor and the reoperation 
rate was low in both arms. This study therefore suggests that 
the minilaparotomy approach is as safe as the laparoscopic 

approach and does not lead to higher morbidity.
In the present study, the number of lymph nodes 

harvested was not different between the two groups. The 
distance between the tumor and distal resection margin was 

Table 4 Oncological results

Minilaparotomy [n=65] Laparoscopy [n=57] P

Tumour stage 0.647

I 8 6

II 26 19

III 31 32

Grade of differentiation 0.508

Well 18 20

Moderate 32 28

Poor 15 9

Distal margin (mm, median and range) 24 [5-60] 18 [4-55] 0.072

Positive circumferential margin 3 [4.6] 5 [8.8] 0.576

Number of lymph nodes harvested 15.354±6.802 13.737±7.738 0.222

5-year local recurrence 1 [1.5] 3 [5.3] 0.520

5-year distant metastases 10 [15.4] 5 [8.8] 0.267

Time from operation (months)

Numbers at risk 0 12 24 36 48 60

Laparoscopic group 57 56 54 53 46 25

Minilaparotomy group 65 63 60 57 49 21

Time from operation (months)

Numbers at risk 0 12 24 36 48 60

Laparoscopic group

Minilaparotomy group

57 55 53 48 41 22

65 62 58 52 43 17

Figure 4 Overall survival rate of patients with laparoscopic and 
minilaparotomy rectal cancer surgery.

Figure 5 Disease-free survival rate of patients with laparoscopic 
and minilaparotomy rectal cancer surgery.
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slightly less in the laparoscopic group and the rate of involved 
circumferential margin was higher, although these differences 
were not statistically significant. This finding is similar to the 
findings in the CLASICC-trial where the circumferential 
margin involvement rate was 12% in the laparoscopic group 
and 6% in the open group (P>0.05) (4,17). The CLASICC 
trial suggested that laparoscopic LAR could be associated 
with a slightly increased risk of local recurrence (4). However, 
recent studies suggested laparoscopic results showed equal 
distal margin length and the rate of margin positivity when 
compared to open surgery (20). A possible explanation 
may be that we did not have a longer learning curve and 
enough experience, and could not obtain enough distal 
length and locate the tumor to accomplish the anastomosis 
in many very low rectal cancer patients. Furthermore, in 
laparoscopic surgery, we used linear stapler which cannot 
bend at the distal shaft. It was very difficult for us to get 
longer distal margin in low rectal patients with narrow pelvis. 
The third reason may be that the tumors were slightly more 
distal and lower in the laparoscopic group compared with 
the minilaparotomy group.

Conversion to an open operation is an important indicator 
for laparoscopic success. The conversion rate was 8.8%, 
which was similar to the rates reported in the literature  
(6-15.5%) (16,21-23). Factors predictive of conversion are the 
size of tumor, bleeding, the experience of the surgeon, and 
the inability to localize small tumors (24). In this study, the 
major cause for conversion was an inadequate laparoscopic 
resection leading to an inadequate excision. Preoperative 
colonoscopic tattooing was a safe and effective method for 
tumor localization in laparoscopic colorectal surgery (25). 
Intraoperative colonoscopy was also a way of definitively 
localizing a lesion (26).

Port site recurrence has been reported after laparoscopic 
resection of colorectal cancer (0-1.4%) (24,27). In the 
present study, there was no port site recurrence. More 
importantly, there was no difference in overall and disease-
free survival between minilaparotomy and laparoscopic 
group, and local and distant recurrence rates were similar in 
both groups. Similar results that supported the equivalence 
of oncologic outcomes have been reported in several single-
institution comparative or randomized controlled studies 
(16,17,28). This study indicates that the minilaparotomy 
approach is oncologically feasible.

In this study, splenic flexure mobilization was conducted 
when necessary in the laparoscopic approach, but could 
not be performed in the minilaparotomy approach because 
of small incision. Some surgeons, especially those in 

Western countries, have suggested that wide splenic flexure 
mobilization was crucial to obtain adequate resection with 
tension-free anastomosis in rectal cancer surgery (29). 
However, we found that most patients need not splenic 
flexure mobilization to complete the anastomosis in the 
minilaparotomy approach, unless some patients with very 
short sigmoid colon and large quantities of mesentery fat. 
Some investigators from Asian countries have shown that 
Laparoscopic and open procedures without routine splenic 
flexure mobilization in the treatment of rectal cancer 
was feasible and did not seem to increase postoperative 
morbidity or oncologic risk (30,31).

The patients in minilaparotomy group were not 
overweight, because obesity was the risk factor preventing the 
success of the minilaparotomy approach in the resection of 
colorectal cancer (32), and almost all surgeons seem to agree 
that obesity reduced the technical feasibility of the minimally 
invasive laparoscopic and minilaparotomy approaches 
(3,10,11). Since the incidence of overweight or morbidly 
obese patients in Asia is probably lower than in Western 
countries (12,33), we feel that minilaparotomy is a suitable 
technique for many Asian patients with rectal cancer.

In conclusion, minilaparotomy approach is comparable 
to the laparoscopic approach in terms of postoperative 
complications and oncological outcomes, demonstrating 
the feasibility and the efficacy of the minilaparotomy 
approach. Laparoscopic approach has an advantage over 
minilaparotomy approach in allowing earlier recovery. 
However, this is at the expense of a longer operating time 
and higher direct costs. The minilaparotomy approach 
for resection of rectal cancer is an attractive alternative in 
highly selected patients. A criticism of the study is the fact 
that allocation of the patients was not random, which may 
present potential biases. A large-scale randomized trial for 
comparison of minilaparotomy and laparoscopic rectal cancer 
surgeries is needed. Careful patient selection is also crucial.
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