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Laparoscopic versus open surgery for rectal cancer:
Results of a systematic review and
meta-analysis on clinical efficacy
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Abstract. Colorectal cancer is one of the main malignant
tumors threatening human health. Surgery plays a pivotal
role in treating colorectal cancer. The present study aimed
to compare the clinical effect in patients with rectal cancer
undergoing laparoscopic versus open surgery by meta-analysis
of the randomized controlled trials (RCTs) published in the
past 20 years. The data showed that 14 RCTs comparing
laparoscopic surgery with conventional open surgery for
rectal cancer matched the selection criteria and reported on
2,114 subjects, of whom 1,111 underwent laparoscopic surgery
and 1,003 underwent open surgery for rectal cancer. Blood
loss (P<0.00001), days to passage of flatus (P=0.0003), first
bowel movement (P=0.0006), fluids intake (P<0.00001),
walking independently (P<0.00001), length of hospital dura-
tion (P=0.003) and the rate of wound infection (P=0.04) were
all significantly reduced following laparoscopic surgery. The
incidence of complications, such as ureteric injury (P=0.33),
urinary retention (P=0.43), ileus (P=0.05), anastomotic
leakage (P=0.09) and incisional hernia (P=0.88), were not
significantly different between the two groups. There were
no significant differences in lymph nodes harvested (P=0.88),
length of specimen (P=0.60), circumferential resection margin
(CRM) (P=0.86), regional recurrence ((P=0.08), port site or
wound metastasis (P=0.67), distant metastasis (P=0.12),
3-year overall survival (OS) (P=0.42), 3-year disease-free
survival (DFS) (P=0.44), 5-year OS (P=0.60) and 5-year DFS
(P=0.70). Therefore, laparoscopy for the treatment of patients
with rectal cancer has the advantage of recovery and the same
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complications and prognosis as laparotomy, which indicates
that laparoscopy may provide a potential survival benefit for
patients with rectal cancer.

Introduction

Colorectal cancer (CRC) is the third commonly diagnosed
malignancy and leading cause of cancer-related mortality.
More than 1.2 million patients are diagnosed with colorectal
cancer each year. The mortality rate is decreased by 2-3%
annually (1) owing to improvements in treatment. Despite
the notable progress achieved in the treatment of colorectal
cancer, surgery remains the best management for patients,
compared to chemotherapy, radiation and even target therapy.
Open surgery used to be the only option available, however,
laparoscopic resection has developed as an alternative.
Compared to open surgery, laparoscopic surgery has advan-
tages, including reduced blood loss during surgery, slight
pain, faster postoperative recovery and it does not affect
the appearance of the skin following the surgery. Therefore,
it has been rapidly applied to the surgical treatment of a
variety of benign and malignant diseases. With regards to
colorectal cancer surgery, certain randomized controlled
trials (RCTs) have confirmed the safety and long-term effects
of laparoscopic surgery (2,3). The present study conducted a
meta-analysis of laparoscopic surgery RCTs in treating rectal
cancer compared to laparotomy between January 1991 and
December 2012 to evaluate the clinical effect of laparoscopic
surgery.

Materials and methods

Literature retrieval. Published literature between January 1991
and December 2012 on RCTs comparing laparoscopic and
traditional open surgery in the treatment of rectal cancer
was retrieved. The searchable database was PubMed and
the key words were colorectal neoplasms, colorectal cancer,
rectal neoplasms, rectal cancer, laparoscopy, laparoscopic
and randomized controlled trial. In order to ensure the recall
rate and to maximize the sample size, the retrieval method
of combining the keywords with free words was used.
Subsequent to retrieving the titles, full texts were downloaded
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and printed and when necessary the studies were obtained
from the authors.

Inclusion criteria. The following criteria were identified for
inclusion in the analysis: i) RCT comparing laparoscopic to
open group in the treatment of colorectal or rectal cancer;
ii) recording at least one of the following: Surgical data, the
number of dissected lymph nodes, postoperative recovery,
complications and prognosis; and iii) language was limited to
English and Chinese.

Exclusion criteria. Exclusion from the study was determined
as follows: i) Non-RCT; ii) for inflammatory bowel disease,
emergency surgery was performed due to intestinal perfora-
tion or obstruction; iii) palliative surgery; and iv) study was
lacking the required research data.

Evaluation of literature quality. The risk of bias table was
used for quality evaluation. With reference to the recom-
mended methods of ‘The Cochrane Collaboration's tool for
assessing risk of bias’ in the Cochrane Handbook (4), seven
indicators of RCT were analyzed and evaluated: Random
sequences generating, allocation concealment, blinding of
participants and implementers, blinding of outcome evalua-
tion, incomplete result data studies, selective studies and bias
from other sources.

Data extraction. The table was used to extract relevant data
in the studies and when repetitive data were published by
the same author or institution, the latest study was selected.
Extraction indicators included: i) Baseline data, such as age,
gender, American Society of Anesthesiologists grade, body
mass index (BMI; kg/m?), the ratio of tumor stage II-IIT
(tumor-node metastasis), tumor location (the distance from
the lower end of the tumor to the anal verge; cm), history of
abdominal surgery and anterior resection ratio. ii) Surgical
data included surgery time (min), the cases of blood transfu-
sion, the amount of blood loss (ml) during surgery, specimen
length (cm), the number of dissected lymph nodes, tumor
location (the distance from the lower end of the tumor to
the lower resection margin; cm) and the positive rate of
circumferential resection margin (CRM). iii) Postoperative
recovery included the first exhaust time (day), the first intes-
tinal peristalsis time (day), the first time of consuming liquid
food (day), the time of independent ambulation (day) and the
hospital duration (day). iv) Complications included ureteral
injury, urinary retention, intestinal obstruction, anastomotic
leakage, wound infection and incisional hernia. v) Prognosis
included local recurrence rate, distant recurrence rate, inci-
sion or puncture implantation metastasis rate, 3-year overall
survival (OS), 3-year disease-free survival (DFS), 5-year OS
and 5-year DFS.

Statistical analysis. For the binary variables, the relative risk
or odds ratio was obtained as the combined statistics; for
the continuous variables, the weighted mean difference was
obtained as the combined statistics; and for the survival rate,
hazard ratio (HR) was acquired as the combined statistics. All
the three variables were expressed with point estimation, 95%
confidence intervals and the test level was P<0.05. P<0.05 was
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considered to indicate a statistically significant difference.
Funnel plot analysis was employed for the potential publica-
tion bias. Prior to merging the statistics, y* test was used to first
test for heterogeneity, the fixed-effect model was used if there
was homogeneity and the random-effect model was used if the
heterogeneity was significant (P<0.1). The method introduced
by Hozo et al (5) was used to extract the standard deviation
(SD) and variance for the studies with median and range
continuous variables, and log (HR) and standard error were
extracted with the method by Tierney et al (6). The continuous
variables only provided four quantile so that the mean and SD
could not be extracted and these were excluded. The statistical
analysis was performed using the Cochrane Collaboration's
Review Manager 5.1 software (4).

Results

Evaluation of included literature quality and general data. A
total of 14 RCTs were selected for the meta-analysis, including
one in Chinese and 13 in English, three multicenter studies
and 11 single-center studies. The study by Jayne et al (7) was
a 3-year follow-up result of the study by Guillou et al (8). The
literature quality evaluation is shown in Table I. The number
of statistical cases in the laparoscopic group was 1,111 patients
and in the open group it was 1,003. The statistical baseline
data, including age, male ratio, anesthesia grade, BMI and
other indicators, were relatively balanced (Table II).

Surgical data. The meta-analysis showed that compared to
the open group, surgical time was prolonged for 31.42 min,
the amount of blood loss during the surgery was reduced by
108.95 ml and the proportion of blood transfusion was reduced
in the laparoscopic group, and the differences were statisti-
cally significant (P<0.05). However, there was no significant
difference in the specimen length, the number of dissected
lymph nodes, the distance from the lower end of the tumor
to the resection margin and the CRM-positive rate (P>0.05)
(Table IIT) (Fig. 1A and B).

Postoperative recovery. The meta-analysis showed that for
the postoperative recovery in the laparoscopic group, the first
exhaust time was 0.32 days earlier, the intestinal peristalsis
time was 0.94 days earlier, the time of consuming liquid
food was 1.04 days earlier, the independent ambulation time
was 0.69 days earlier, the hospital duration was reduced by
2.66 days compared to that of the open group and the differ-
ences were statistically significant (P<0.05) (Table III).

Postoperative complications. The meta-analysis showed
that the wound infection rate in the laparoscopic group was
significantly lower compared to the open group, and there was
no significant difference in ureteral injury, urinary retention,
intestinal obstruction, anastomotic leakage and incisional
hernia between the two groups (Table III).

Prognosis. The meta-analysis showed that there was no statis-
tical difference in local recurrence, distant metastasis, incision
or puncture implantation metastasis, 3-year OS, 3-year DFS,
5-year OS and 5-year DFS between the laparoscopic and the
open groups (P>0.05) (Table III) (Fig. 1C).
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Table I. Quality evaluation of the studies.
Random Outcome  Incomplete
Publication  sequence Allocation  evaluation outcome Selective  Other
Authors year generation concealment  blinding data studies biases (Refs.)
Araujo et al 2003 ? ? ? ? + - 9
Zhou et al 2004 ? ? ? ? ? - (10)
Guillou et al 2005 + + ? + + + ®)
Arteaga Gonzélez et al 2006 ? ? ? + + - (11)
Braga et al 2007 + + - + + + (12)
Pechlivanides et al 2007 + ? ? + + + (13)
Jayne et al 2007 + + ? + + + (7
Pan et al 2007 + + ? + + - (14)
Ngetal 2008 + + ? + + ? (15)
Lujan et al 2009 + + ? + + + (16)
Ng et al 2009 + + ? + + ? 17)
Kang et al 2010 + + ? + + + (18)
Liang et al 2011 + + + + - - (19)
Veenhof et al 2011 ? ? + + + - (20)
+, low risk of bias; -, high risk of bias; ?, unknown risk.
Table II. Clinicopathological features of patients in the two groups.
Heterogeneity test
Laparoscopic ~ Open _— Combined effect size

Indicators RCT group, n group, n Q P-value (95% CI) P-value
Age 11 836 857 8.96 0.54 WMD -0.25 (-1.34t00.84)  0.65
Male ratio 12 858 875 9.29 0.59 RR -0.25 (-1.34 t0 0.84) 0.79
ASAT-1I 3 293 291 0.33 0.85 RR 1.01 (0.95 to 1.07) 0.79
BMI 3 203 205 335 0.19 WMD -0.20 (-0.85t0 0.44)  0.54
TNM II-111 ratio 3 664 682 9.83 0.46 RR 0.99 (0.95 to 1.03) 0.66
Tumor location 6 384 387 2485 0.0001 WMD-0.13(-0.88t00.62) 0.74
History of abdominal surgery 5 120 112 1.97 0.74 RR 1.09 (0.88 to 1.34) 043
Anterior resection ratio 12 760 698 7.51 048 RR 1.00 (0.95 to 1.04) 0.83

RCT, randomized controlled trial; 95% CI, 95% confidence interval; WMD, weighted mean difference; RR, relative risk; ASA, American
Society of Anesthesiologists; BMI, body mass index; TNM, tumor-node metastasis.

Discussion

Colorectal cancer ranks second in the number of cancer
mortalities in Western countries (21). With the change to the
diet structure, especially high-fat diet, the incidence rate of
colorectal cancer continues to rise in China and the patients
show a younger age trend. In recent years, a study has reported
that the incidence rate of colorectal cancer in young patients
continued to rise (22). Thus far, surgery remains the primary
means for colorectal cancer treatment. Laparoscopic surgery
of colorectal cancer has been applied for more than 20 years.
Single-center RCTs of laparoscopic surgery for the treatment
of colorectal cancer compared to traditional open surgery
have been reported in China, however, multicenter RCTs are
limited.

The pelvic anatomy space is narrow and therefore, exposure
and manipulation for traditional open surgery are difficult. As
one direction for the future development of minimally inva-
sive surgery, laparoscopic technology not only increases the
surgical field, but also has more advantages for low pelvic or
even ultra-low presacral anastomosis. Laparoscopic technology
can significantly increase the rate of anal preservation and thus
improve the life quality of patients. The meta-analysis showed
that the laparoscopic group had clear advantages, including
less bleeding during surgery, faster postoperative recovery and
shorter hospital duration. However, concerns remain regarding
the radical curative effect of complete tumor resection, lymph
node dissection and puncture implantation metastasis by lapa-
roscopic surgery (23). The number of dissected lymph nodes
is an important indicator in evaluating the radical curative
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Table III. Meta-analysis results for the surgical data, postoperative recovery and prognosis.

Heterogeneity test

Laparoscopic  Open Combined effect size
Indicators RCT  group,n group,n Q P-value (95% CI) P-value
Surgical data
Surgical time 10 811 821 7275 <0.00001  WMD 3142 (19.75t043.08)  <0.00001
Blood transfusion cases 5 455 464 1.64 0.80 OR 0.28 (0.15 to 0.50) <0.0001
Blood loss amount 9 642 647 37.52  <0.00001 WMD -108.95 (-142.50 to -75.41) <0.00001
Specimen length 3 211 212 4.35 0.11 WMD 0.12 (-0.34 to 0.59) 0.60
Lymph node 9 593 601 8.94 0.35 WMD 0.05 (-0.63 to 0.73) 0.88
Distance from incised 2 189 194 19.36  <0.0001 WMD 1.10 (-0.77 to 2.97) 0.25
edge to tumor
CRM-positive rate 6 45 29 1.33 0.93 RR 1.14 (0.66 to 1.64) 0.86
Postoperative recovery time
First exhaust 3 257 259 344 0.18 WMD -0.32 (-0.49 to -0.14) 0.0003
Intestinal peristalsis 5 398 408 28.12  <0.0001 WMD -0.94 (-1.48 to -0.4) 0.0006
Consuming liquid food 4 354 368 36.70  <0.00001 WMD -1.04 (-1.77 to -0.32) <0.005
Independent ambulation 4 333 336 392 0.27 WMD -0.69 (-0.87 to -0.51) <0.00001
Hospital duration 8 472 477 3342 0.0001 WMD -2.66 (-4.40 to -0.91) 0.003
Postoperative complications
Ureteral injury 6 544 425 5.74 0.22 OR 0.59 (0.20 to 1.70) 0.33
Urinary retention 8 34 28 3.81 0.80 OR 1.23 (0.73 to 2.08) 043
Intestinal obstruction 10 811 821 948 0.39 OR 0.64 (0.41 to 0.99) 0.05
Anastomotic leakage 7 21 34 4.09 0.66 OR 0.63 (0.36 to 1.08) 0.09
Wound infection 9 59 64 8.42 0.39 OR 0.68 (0.46 to 0.99) 0.04
Incisional hernia 4 192 197 4.15 0.25 OR 0.93 (0.38 to 2.29) 0.88
Prognosis
Local recurrence 5 239 238 1.64 0.80 OR 0.44 (0.17 to 1.09) 0.08
Distant metastasis 4 245 239 0.61 0.89 OR 0.61 (0.32to 1.14) 0.12
Incision or puncture 2 118 118 1.66 0.20 OR 148 (0.25 to 8.79) 0.67
implantation
3-year OS 5 619 504 742 0.12 HR 0.89 (0.66 to 1.19) 042
3-year DFS 3 197 202 0.39 0.82 HR 1.28 (0.68 to 2.40) 044
S-year OS 4 366 376 227 0.52 HR 1.10 (0.77 to 1.58) 0.60
5-year DFS 5 197 202 1.08 0.58 HR 1.12 (0.63 to 1.98) 0.70

RCT, randomized controlled trial; 95% CI, 95% confidence interval; WMD, weighted mean difference; OR, odds ratio; CRM, circumferential
resection margin; RR, relative risk; OS, overall survival; DFS, disease-free survival; HR, hazard ratio.

effect of colorectal cancer surgery and CRM has notable
significance for the evaluation of the prognosis of colorectal
cancer surgery (24,25). Huang et al (26) and certain studies
performed in China (27,28) have reported that there was no
significant difference in lymph node dissection and other
indicators between laparoscopic and laparotomy of colorectal
cancer. The results of the meta-analysis in the present study
showed that there was no statistical difference in the number
of dissected lymph nodes (P=0.88) or the CRM-positive rate
(P=0.86). Compared to traditional open surgery, concern is
focused on the long-term survival rate of colorectal cancer
patients following laparoscopic surgery. The results showed
no statistical difference in 3- or 5-year OS and 3-or 5-year
DEFS between the two groups (P>0.05).

The rectum is located in the pelvic cavity and colorectal
cancer surgery inevitably has a certain impact on the urogenital
system. Quah et al (29) and Jayne et al (30) have reported that
the impact of laparoscopic surgery of colorectal cancer on
male sexual function was more evident compared to traditional
open surgery, but there was no significant difference for the
impact on female sexual function and on bladder function. In
the present study, the meta-analysis results showed that there
was no statistical difference in the incidence of urinary reten-
tion between the two groups. The reason for the impact on
male sexual function remains unclear and whether this is due
to iatrogenic damage of the pelvic autonomic nerves caused
by laparoscopic surgery lacks relevant evidence. The surgical
time of laparoscopic surgery of colorectal cancer is longer
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A laparoscopic surgey open surgery Mean Difference Mean Difference
Study/ Subgroup  Mean SD  Total Mean _ SD Total Weight IV Fixed 95%CI Year IV Fixed 95%CI
Arteaga Gonzalez 6.5 5.1 20 7.8 6 20 3.8% -1.30 [-4.75,2.15] 2006 7
Pechlivanides 19.2  8.25 34 19.2 10 39 2.6% 0.00 [-4.19,4.19] 2007 T
Braga 127 73 8 136 69 85 9.9%-0.90 [-3.051.25] 2007 y
Pan 11.3 6.5 37 106 6.8 37 5.0% 0.70 [-2.33,3.73] 2007 T
Ng 2008 12.4 6.7 51 13 7 48 6.3% -0.60 [-3.30,2.10] 2008 1
Ng 2009 1.5 7.9 76 12 7 77 82% -0.50 [-2.87,1.87] 2009 1
Lujan 13.63 626 101 11.57 5.1 103 18.6% 2.06 [0.49,3.63] 2009 :
Veenhof 11.5 5 22 11.25 5.25 18 4.5% 0.25 [-2.95,3.45] 2011 T
Liang 7.05 505 169  7.44 4.89 174 41.2% -0.39 [-1.44,0.66] 2011 L
Total 593 601 100.0% 0.05 [-0.63,0.73] . , .

Heterogeneity: Chi*=8.94 df=8 (P=0.35)
Test for overall effect: Z=0.15 (P=0.88)

50 25 0 25 50
Favours experimental Favours control

B laparoscopic surgery open surgery Risk Ratio Risk Ratio
Study/ Subgroup Events  Total Events Total Weight M-H Fixed 95%CI Year  M-H Fixed 95%CI
Guillou 30 193 14 97  55.4% 1.08 [0.60,1.93] 2005
Braga 1 83 2 85 5.9% 0.51[0.05,5.54] 2007
Ng 2008 3 51 2 48 6.1% 1.41[0.25,8.09] 2008 I
Ng 2009 2 76 1 77 3.0% 2.03[0.19.21.88] 2009
Lujan 4 101 3 103 8.8% 1.36 [0.31,5.92] 2009 T
Kang 5 170 7 170 20.8% 0.71 [0.23,2.21] 2010 -
Total 45 674 29 580 100% 1.04 [0.66,1.64] L 4
Heterogeneity: Chi*=1.33, df=5 (P=0.93) 0.005 0.1 1 10 200
Test for overall effect: Z=0.18 (P=0.86) Favours experimental Favours control
C Hazard Ratio Hazard Ratio
Study/ Subgroup log [ Hazard Ratio] SE  Weight IV Fixed 95%CI Year IV Fixed 95%CI
Ng 2008 -0.09 049 14.3% 0.91 [0.35,2.39] 2008 '
Ng 2009 -0.43 046 16.2% 0.65 [0.26,1.60] 2009 S
Lujan 0.09 039 225%  1.09[0.51,2.35] 2009 -
Liang 034 027 47.0% 1.40 [0.83,2.38] 2011
Total 100.0% 1.10 [0.77,1.58]

Heterogeneity: Chi*=2.27 df=3 (P=0.52)
Test for overall effect: Z=0.53 (P=0.60)

L]
0.01 0.1 1 10 100
Favours experimental Favours control

Figure 1. Meta-analysis results between laparoscopic and open surgery treatment of rectal cancer. There were no significant differences (A) in the number
of lymph nodes and (B) circumferential-resection margin positive ratios for the two groups (P>0.05). (C) Laparoscopic surgery can not improve the overall
survival and disease-free survival, compared to laparotomy (P>0.05). SD, standard deviation; 95% CI, 95% confidence interval; SE, standard error.

compared to laparatomy, and laparoscopic surgery has higher
requirements for surgeons. The laparoscopic surgery time in
different areas are shown in Table I1I, which has clear heteroge-
neity, indicating that the proficiency of laparoscopic surgeons
in various areas was different. However, the surgeons undergo
rigorous training and development for a period of time, which
improves the surgical procedure. Bujko et al (31) reported in a
review, which included 10 RCTs and the statistical analysis of
4,596 colerectal cancer patients, that preoperative radiotherapy
and chemotherapy could not improve the anal preservation rate
and therefore, whether the anus could be preserved depended
on the tumor characteristics and the individual techniques of
the surgeon. This indicates higher requirements for surgeons,
including improved surgical techniques that enhance the
life quality of patients and employing the principle of the

non-neoplasma technique during surgery. This technique is the
same as in the open surgery, which involves the injection of
chemotherapy drugs in the intestinal cavity, the flushing and
soaking of the basin with warm distilled water, the placement
of a protective cover in the incision and avoiding the ‘chimney
effect’.

The method for the quality evaluation with digital score
that was used previously may cause bias (32). The scoring
method was not used in the present study to evaluate RCTs,
however ‘The Cochrane Collaboration's tool for assessing
risk of bias’ from the Cochrane Handbook and the method
recommended by Lundh and Ggtzsche (32) were applied to
evaluate the seven indicators generated by random sequence.
The critical points of evaluation of the RCT methodology were
utilized to reduce potential bias.
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The present study has certain limitations. The total meso-
rectal excision (TME) for the treatment of colorectal cancer has
been recognized previously (33), however, the included RCTs
did not clearly state TME as a surgical approach. Considering
that TME may be applied in the implementation of the surgery
and that the study did not perform subgroup analysis, there may
be bias.

In conclusion, laparoscopic surgery of colorectal cancer is
quicker in the recovery of intestinal peristalsis and the time for
consuming liquid food compared to traditional open surgery,
however, there was no significant difference in the tumor
resection effects, including lymph node dissection, CRM and
long-term survival rate. Therefore, laparoscopic surgery can
be used as a standard procedure for the treatment of colorectal
cancer and it should be promoted for clinical practice.
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