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Abstract

AIM: To conduct a meta-analysis to determine the
relative merits of robotic surgery (RS) and laparoscopic
surgery (LS) for rectal cancer.

METHODS: A literature search was performed to identi-
fy comparative studies reporting perioperative outcomes
for RS and LS for rectal cancer. Pooled odds ratios and
weighted mean differences (WMDs) with 95% confi-
dence intervals (95% CIs) were calculated using either
the fixed effects model or random effects model.

RESULTS: Eight studies matched the selection criteria
and reported on 661 subjects, of whom 268 underwent
RS and 393 underwent LS for rectal cancer. Compared
the perioperative outcomes of RS with LS, reports of RS
indicated favorable outcomes considering conversion

(49

Boiehidengs  WIG | www.wjgnet.com

(WMD: 0.25; 95% CI: 0.11-0.58; £ = 0.001). Mean-
while, operative time (WMD: 27.92, 95% CI: -13.43 to
69.27; P = 0.19); blood loss (WMD: -32.35, 95% CI:
-86.19 to 21.50; P = 0.24); days to passing flatus (WMD:
-0.18, 95% CI: -0.96 to 0.60; P = 0.65); length of stay
(WMD: -0.04; 95% CI: -2.28 to 2.20; P = 0.97); com-
plications (WMD: 1.05; 95% CI: 0.71-1.55; P = 0.82)
and pathological details, including lymph nodes har-
vested (WMD: 0.41, 95% CI: -0.67 to 1.50; P = 0.46),
distal resection margin (WMD: -0.35, 95% CI: -1.27
to 0.58; £ = 0.46), and positive circumferential resec-
tion margin (WMD: 0.54, 95% CI: 0.12-2.39; P = 0.42)
were similar between RS and LS.

CONCLUSION: RS for rectal cancer is superior to LS
in terms of conversion. RS may be an alternative treat-
ment for rectal cancer. Further studies are required.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Over the past 30 years, laparoscopic surgery (LS) has
revolutionized general surgical practice, above all affecting

December 21, 2011 | Volume 17 | Issue 47 |



surgery of the gastrointestinal (GI) tract’™”, However, with

regard to rectal cancer, there are several technical draw-
backs to LS, including limited range of motion of instru-
ments in a narrow pelvic cavity, related loss of dexterity,
and an inadequate visual field associated with unstable
camera view and assistant’s traction, which are not under
the surgeon’s control™. Technical advantages of the da
Vinci robotic system could overcome the limitations of LS
for rectal cancer, by giving the surgeon a 3D view, better
ergonomics, enhanced dexterity, precision and control due
to the 3D optical system and EndoWrist” Instruments.
Although surgical robots have been successfully ap-
plied to a number of disciplines, most notably urological
and cardiac procedures™, robotic rectal surgery remains
in its infancy. Most studies have been limited by small
sample size and a single institution design. To overcome
these limitations, a meta-analysis of studies comparing
robotic surgery (RS) and LS for rectal cancer should be
performed. The aim of this meta-analysis was to deter-
mine the relative merits of RS and LS for rectal cancer.

MATERIALS AND METHODS

Study selection

The Pubmed, Embase, Cochrane Library, Ovid, and Web
of Science databases were searched systematically for all
articles published before June 2011 to compare RS and
LS for rectal cancer. The terms used for the search were:
“robotic” and “rectal cancer”. Only studies in the English
language were considered for inclusion. Reference lists of
all retrieved articles were manually searched for additional
studies. Two reviewers independently extracted the data
from each study. All relevant text, tables and figures were

reviewed for data extraction. Discrepancies between the
two reviewers were resolved by discussion and consensus.

Criteria for inclusion and exclusion

For inclusion in the meta-analysis, a study had to fulfill
the following criteria: (1) compare the outcomes of RS
and LS, regardless of other diseases; (2) report on at least
one of the outcome measures mentioned below; and (3)
if dual (or multiple) studies were reported by the same
institution and/or authors, either the one of higher qual-
ity or the most recent publication was included in the
analysis.

Abstracts, letters, editorials and expert opinions, re-
views without original data, case reports and studies lack-
ing control groups were excluded. The following studies
or data were also excluded: (1) the outcomes and param-
eters of patients were not clearly reported (e.g., with no
cleatly reported outcomes of SD; (2) it was impossible to
extract the appropriate data from the published results;
and (3) there was overlap between authors or centers in

the published literature.

Outcomes of interest
The following outcomes were used to compare the two
operative techniques: (1) intraoperative data, which in-
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cluded operative time, blood loss and conversion; (2)
postoperative data, which included complication, days
to passing flatus, and length of stay; and (3) pathologi-
cal details, which included lymph nodes harvested, distal
resection margin (DRM), and positive circumferential
resection margin (PCRM) which was defined as a cir-
cumferential resection margin (CRM) of < 1 mm.

Data extraction

Two reviewers independently extracted the following
parameters from each study: (1) first author and year of
publication; (2) study population characteristics; (3) num-
ber of subjects operated on with each technique; and (4)
intraoperative data, postoperative data, and pathological
details.

Statistical analysis

The meta-analysis was performed using the Review
Manager (RevMan) software, version 4.2.2. We analyzed
dichotomous variables using estimation of odds ratios
with a 95% confidence interval (95% CI) and continuous
variables using weighted mean difference (WMD) with
a 95% CI. Pooled effect was calculated using either the
fixed effects model or random effects model. Heteroge-
neity was evaluated by ;(2 and I. We considered heteroge-
neity to be present if the I statistic was > 50%. P < 0.05
was considered significant.

RESULTS

Selection of trials

The initial search strategy retrieved 154 publications, af-
ter screening all titles, abstracts, and full-text. A total of
eight studies met our entry criteria and were retrieved
for more detailed evaluation. The characteristics of these
eight studies are summarized in Table 10, Eight studies
[six non-randomized controlled trials (NRCTS), two ran-
domized controlled trials (RCTs)] included a total of 661
patients: 268 in the RS group and 393 in the LS group.
Two studies were conducted in United States”™"”, three in
Korea®®'" two in Italylw’m, and one in Romania”. The
sample size of each study varied from six to 123 patients.
In the included studies, six were considered as level of
evidence 3, and the remaining 2 as level of evidence 2
(according to the grading of the Centre of Evidence-
Based Medicine, Oxford, United Kingdom; http:/ /www.
cebm.net/index.aspx?0=5653).

In these studies, patients in the two groups were
matched for operation time®”'"'"* blood loss™"", conver-
sion™"! complications[()m, days to passing flatus™?, len
of stay[()’“’lzj, lymph nodes harvested®”'""? DRM™""' and
PCRM[6,7,]0J.

Meta-analysis of intraoperative data

In four studies, operative time showed that there was no
significant difference between the two groups. Analysis
of the pooled data revealed that the two groups did not
differ significantly in this regard (WMD: 27.92, 95% CI:
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Table 1 Characteristics of included studies

Study Country  Group No. of Mean age (yr) Gender Level of
patients (M/F) evidence

Park Korea RS 52 57.3(x123) 28/24 3

et al LS 123 651 (£10.3) 70/53

Baek United States RS 41 63.6(48-87) 25/16 3

et al” LS 41 637 (42-88) 25/16

Kwak Korea RS 59 60 (53-68)  39/20 3

et al LS 59 59 (53-69)  42/17

Popescu Romania RS 38 53 (£11.27) 23/15 3

et al”! LS 84 60 (+1227) 51/33

Bianchi Ttaly RS 25 69 (33-83)  18/7 2

et al"” LS 25 62 (42-77)  17/8

Patriti Ttaly RS 29 68 £10 NA 3

et al™ LS 37 69+ 10 NA

Baik Korea RS 18 57.3+6.3 14/4 2

et al™ LS 18 62.0+9.0 14/4

Pigazzi United States RS 6 60 (42-78) 4/2 B

et al™ LS 6 70 (57-88) 2/4

NA: Not available; RS: Robotic surgery; LS: Laparoscopic surgery.

-13.43 to 69.27; P = 0.19) (Figure 1A).

In two studies, blood loss did not differ significantly
between the two groups. Analysis of the pooled data re-
vealed that the two groups did not differ significantly in
this regard (WMD: -32.35, 95% CI: -86.19 to 21.50; P =
0.24) (Figure 1B).

In all eight studies, conversion was found to be sig-
nificantly lower in the RS group than in the LS group.
Moreover, analysis of the pooled data revealed that con-
version for RS was significantly lower by 0.25-fold (WMD:
0.25; 95% CI: 0.11-0.58; P = 0.001) (Figure 1C).

Meta-analysis of postoperative outcomes

In two studies, number of days to passing flatus was sig-
nificantly lower in the RS group »s the LS group. Mean-
while, analysis of the pooled data revealed that the two
groups did not differ significantly in this regard (WMD:
-0.18, 95% CI: -0.96 to 0.60; P = 0.65) (Figure 1D).

In three studies, length of stay was found to be no
different in the RS group and the LS group. Meanwhile,
analysis of the pooled data revealed that the two groups
did not differ significantly in this regard (WMD: -0.04;
95% CI: -2.28 to 2.20; P = 0.97) (Figure 1E).

In all eight studies, complications were found to be no
different in the RS group and the LS group. Meanwhile,
analysis of the pooled data revealed that the two groups
did not differ significantly in this regard (WMD: 1.05;
95% CI: 0.71-1.55; P = 0.82) (Figure 1F).

Meta-analysis of pathological details
In the four studies, lymph nodes harvested showed that
there was no significant difference between the two
groups. Analysis of the pooled data revealed that the two
groups did not differ significantly in this regard (WMD:
0.41, 95% CI: -0.67 to 1.50; P = 0.46) (Figure 1G).

In three studies, DRM was found to be significantly
lower in the RS group than the LS group. Meanwhile,
analysis of the pooled data revealed that the two groups
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did not differ significantly in this regard (WMD: -0.35,
95% CI: -1.27 to 0.58; P = 0.46) (Figure 1H).

In three studies, PCRM showed that there was no
significant difference between the two groups. Analysis
of the pooled data revealed that the two groups did not
differ significantly in this regard (WMD: 0.54, 95% CI:
0.12-2.39; P = 0.42) (Figure 11I).

Heterogeneity

A significant heterogeneity was recognized in the follow-
ing two factors: operative time, blood loss, days to pass-
ing flatus, length of stay and DRM.

DISCUSSION

Meta-analysis could be used to evaluate the existing li-

terature in both qualitative and quantitative ways by
comparing and integrating the results of different stud-
ies and taking into account variations in characteristics
that could influence the overall estimate of the outcome
of interest", Although meta-analysis has traditionally
been applied and best confined to RCTs, meta-analytical
techniques using NRCTs might be a good method in
some clinical settings in which either the number or the
sample size of RCTs was insufficient’”. To the best of
our knowledge, this was the first comprehensive meta-
analysis comparing RS versus LS for rectal cancer.

RS is often perceived as being more time-consuming,
because of the additional set-up time requiredm’]. It usu-
ally requires two steps for rectal cancer' ™", After dis-
section of the left colon and sigmoid colon and division
and ligation of the inferior mesenteric vessels, the da
Vinci system must be moved for the next step. However,
moving the da Vinci system is a time-consuming and dif-
ficult procedure because the robotic devices are heavy
and bulky. This meta-analysis revealed that there was no
significant difference in operative time between RS and
LS. This finding could be attributable to the shortened
learning curve, and it has been suggested that the intui-
tive controls of robotic systems, more comparable with
open surgery, could shorten the learning curve, even in
the hands of relatively inexperienced laparoscopic sut-
geonsm]. As we overcame the learning curve with experi-
ence and prevented collisions by propetly positioning the
robotic ports, the operation time decreased. There was
no significant difference in blood loss when comparing
RS and LS.

Conversion to open surgery and complications are
critical in minimally invasive rectal cancer surgery, be-
cause converted patients have higher complication rates””
and, in one series at least, worse oncological outcomes'"
Conversion rate was significantly lower in the RS group
than in the LS group. Lower conversion with RS might
have been due to superior exposure and visualization
of the operating field in the pelvis, thanks to the ability
of the fixed fourth arm to grip and maneuver organs;
the ability of the surgeon to move the 3D camera as re-
quired; and the greater ease of dissection afforded by the
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Review: Meta-analysis of robotic and laparoscopic surgery for treatment of rectal cancer

Comparison: 01 Intraoperative data
Outcome: 01 Operative time

Study or sub-category N RS N LS WMD (random) Weight WMD (random)
mean (SD) mean (SD) 95% CI % 95% CI
Baik et a/** 2008 18 217.10 (51.60) 18 204.30 (51.90) 22.58 12.80 (-21.01, 46.61)
Patriti et a/'"! 2009 29 202.00 (12.00) 37 208.00 (7.00) -~ 26.49  -6.00 (-10.92, -1.08)
Popescu et a/” 2010 38 212.00 (47.23) 84 182.00 (37.23) > 25.45  30.00 (13.00, 47.00)
Park et a/®' 2011 52 232.60 (52.40) 123 158.10 (49.20) > 25.49  74.50 (57.81, 91.19)
Total (95% CI) 137 262 — 100 27.92 (-13.43, 69.27)
Test for heterogeneity: y* = 93.41, df = 3 (P < 0.00001), /* = 96.8%
Test for overall effect: 27 = 1.32 (P = 0.19) ‘ ‘ ‘ ‘
-10 -5 5 10
Favours RS Favours LS
B
Review: Meta-analysis of robotic and laparoscopic surgery for treatment of rectal cancer
Comparison: 01 Intraoperative data
Outcome: 02 Blood loss
Study or sub-category N RS N LS WMD (random) Weight WMD (random)
mean (SD) mean (SD) 95% CI % 95% CI
Patriti et a/'! 2009 29 137.40 (156.00) 37 127.00 (169.00) 29.23  10.40 (-68.27, 89.07)
Popescu et 2/ 2010 38  100.00 (50.00) 84 150.00 (50.00) < 70.77  -50.00 (-69.16, -30.84)
Total (95% CI) ' 627 121 . — 100 -32.35 (-86.19, 21.50)
Test for heterogeneity: y° = 2.14, df = 1 (P = 0.14), I" = 53.2%
Test for overall effect: Z = 1.18 (P = 0.24)
1 1 1 1
-10 -5 5 10
Favours RS Favours LS
Cc
Review: Meta-analysis of robotic and laparoscopic surgery for treatment of rectal cancer
Comparison: 01 Intraoperative data
Outcome: 03 Conversion
Study or sub-category RS LS OR (fixed) Weight OR (fixed)
/N /N 95% CI % 95% CI
Pigazzi et al"* 2006 0/6 0/6 Not estimable
Baik et a'? 2008 0/18 2/18 - 9.17 0.18 (0.01, 3.99)
Patriti et a/"! 2009 0/29 7/37 - 24.51 0.07 (0.00, 1.26)
Bianchi et a/'” 2010 0/25 1/25 = 5.54 0.32 (0.01, 8.25)
Popescu et a/*! 2010 2/38 9/84 & 20.01 0.46 (0.10, 2.25)
Baek et a/” 2011 3/41 9/41 ‘—_'7’ 31.42 0.28 (0.07, 1.13)
Kwak et a/* 2011 0/59 2/59 " 9.34 0.19 (0.01, 4.11)
Park et a/® 2011 0/52 0/123 Not estimable
Total (95% CI) . 100 0.25 (0.11, 0.58)
Total events: 5 (RS), 30 (LS)
Test for heterogeneity: ;° = 1.46, df = 5 (P = 0.92), I = 0%
Test for overall effect: Z = 3.20 (P = 0.001) ‘ ‘ ‘ ‘ ‘ ‘
0.1 0.2 05 1 2 5 10
Favours RS  Favours LS
D
Review: Meta-analysis of robotic and laparoscopic surgery for treatment of rectal cancer
Comparison: 02 Postoperative data
Outcome: 01 Days to passing flatus
Study or sub-category N RS N LS WMD(random) Weight WMD (random)
mean (SD) mean (SD) 95% CI % 95% CI
Baik et a/** 2008 18 1.80 (0.40) 18  2.40 (1.30) 4761  -0.60 (-1.23, 0.03)
Park et a/ 2011 52 3.20 (1.80) 123 3.00 (1.10) 52.39 0.20 (-0.33, 0.73)
Total (95% CI) 70 141 100 -0.18 (-0.96, 0.60)
Test for heterogeneity: ;° = 3.66, df = 1 (P = 0.06), I* = 72.7%
Test for overall effect: Z = 0.45 (P = 0.65)
Il Il Il Il
-10 -5 5 10
RS LS
59
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Review: Meta-analysis of robotic and laparoscopic surgery for treatment of rectal cancer

Comparison: 02 Postoperative data
Outcome: 02 Length of stay

Study or sub-category N RS N LS WMD (random) Weight WMD (random)
mean (SD) mean (SD) 95% CI % 95% CI
Baik et a/** 2008 18 6.90(1.30) 18  8.70(1.30) - 41.56 -1.80 (-2.65, -0.95)
Patriti ef a/"! 2009 29 11.90(7.50) 37  9.60 (6.90) Y- 21.11 2.30 (-1.22, 5.82)
Park et a/® 2011 52 10.40 (4.70) 123  9.80 (3.80) - 37.34 0.60 (-0.84, 2.04)
Total (95% CI) 99 178 100 -0.04 (-2.28, 2.20)
Test for heterogeneity: z* = 11.49, df = 2 (P = 0.003), * = 82.6% -
Test for overall effect: Z = 0.03 (P = 0.97)
| | | |
-10 -5 5 10
RS LS
F
Review: Meta-analysis of robotic and laparoscopic surgery for treatment of rectal cancer
Comparison: 03 Intraoperative data
Outcome: 03 Complications
Study or sub-category RS LS OR (fixed) Weight OR (fixed)
/N /N 95% CI % 95% CI
Pigazzi et al* 2006 1/6 1/6 1.7 1.00 (0.05, 20.83)
Baik et a/** 2008 4/18 1/18 - 1.58 4.86 (0.49, 48.57)
Patriti et a/' 2009 7/29 9/37 I 12.21 0.99 (0.32, 3.08)
Bianchi et a'” 2010 4/25 6/25 = 10.25 0.60 (0.15, 2.47)
Popescu et a/* 2010 6/38 13/84 —_— 13.87 1.02 (0.36, 2.94)
Baek et a/”! 2011 9/41 11/41 — & 17.47 0.77 (0.28, 2.11)
Kwak et a/® 2011 18/59 20/59 B 28.27 0.86 (0.40, 1.85)
Park et a/® 2011 10/52 15/123 - " 14.65 1.71 (0.71, 4.12)
Total (95% CI) 268 393 s 100 1.05 (0.71, 1.55)
Total events: 59 (RS), 76 (LS)
Test for heterogeneity: * = 4.15, df = 7 (P = 0.76), I’ = 0%
Test for overall effect: Z = 0.22 (P = 0.82)
Il Il Il Il Il Il
0.1 0.2 05 1 2 5 10
RS LS
G
Review: Meta-analysis of robotic and laparoscopic surgery for treatment of rectal cancer
Comparison: 03 Pathologic details
Outcome: 01 Lymph nodes harvested
Study or sub-category N RS N LS WMD (fixed) Weight WMD (fixed)
mean (SD) mean (SD) 95% CI % 95% CI
Baik et a/** 2008 18 20.00 (9.10) 18 17.40 (10.60) . 2.84 2.60 (-3.85, 9.05)
Patriti et a/! 2009 29  10.30 (4.00) 37  11.20 (5.00) — 25.05  -0.90 (-3.07, 1.27)
Popescu et a/*! 2010 38  11.37(3.80) 84  11.07 (3.20) —— 61.25 0.30 (-1.09, 1.69)
Park et a/! 2011 52 19.40(10.20) 123 15.90 (10.10) = 10.86 3.50 (0.20, 6.80)
Total (95% CI) 137 262 100 0.41 (-0.67, 1.50)
Test for heterogeneity: y* = 5.24, df = 3 (P = 0.16), I’ = 42.7% -
Test for overall effect: Z = 0.74 (P = 0.46)
Il Il Il
-10 -5 10
RS LS
H
Review: Meta-analysis of robotic and laparoscopic surgery for treatment of rectal cancer
Comparison: 03 Pathologic details
Outcome: 02 Distal resection margin
Study or sub-category N RS N LS WMD (random) Weight WMD (random)
mean (SD) mean (SD) 95% CI % 95% CI
Baik et a'* 2008 18 4.00 (1.10) 18  3.70 (1.10) 41.56 0.30 (-0.42, 1.02)
Patriti ef a/" 2009 29 2.10(0.90) 37 4.50 (7.20) 12.24 -2.40 (-4.74, -0.06)
Park et a/ 2011 52 2.80(1.90) 123  3.20 (2.10) 45.14 -0.40 (-1.04, 0.24)
Total (95% CI) 99 178 100 -0.35 (-1.27, 0.58)
Test for heterogeneity: * = 5.62, df = 2 (P = 0.06), I’ = 64.4%
Test for overall effect: Z = 0.73 (P = 0.46)
Il Il Il Il
-10 -5 5 10
RS LS
1494
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Review: Meta-analysis of robotic and laparoscopic surgery for treatment of rectal cancer

Comparison: 03 Pathologic details
Outcome: 03 Positive circumferential resection margin

Study or sub-category RS LS OR (fixed) Weight OR (fixed)
N N 95% CI % 95% CI
Bianchi et a/'” 2010 0/25 1/25 - 28.45 0.32 (0.01, 8.25)
Baek et a/” 2011 1/41 2/41 - 37.73 0.49 (0.04, 5.60)
Park et a/ 2011 1/52 3/123 - 33.82 0.78 (0.08, 7.72)
Total (95% CI) 100 0.54 (0.12, 2.39)
Total events: 2 (RS), 6 (LS) e
Test for heterogeneity: > = 0.21, df = 2 (P = 0.90), I’ = 0%
Test for overall effect: Z = 0.81 (P = 0.42)
01 02 05 1 2 5 10
RS LS

Figure 1 Forest plot displaying the results of the meta-analysis on operative time (A), blood loss (B), conversion (C), days to passing flatus (D), length of
stay (E), complications (F), lymph nodes harvested (G), distal resection margin (H) and positive circumferential resection margin (I). RS: Robotic surgery;

LS: Laparoscopic surgery; OR: Odds ratio; WMD: Weighted mean difference.

highly maneuverable EndoWrist instruments attached to
the robotic arms.

Number of days to passing flatus was lower in the RS
group than the LS group, meanwhile, length of stay was
found to be no different between the two groups. How-
ever, analysis of the pooled data did not reveal any sig-
nificant difference in this regard. These findings implied
that the time required for patients to resume daily activi-
ties might not be shorter after RS than LS. There was no
significant difference in complications when comparing
RS and LS. On the contrary, it has been postulated that
these characteristics of RS could make patients recover
faster and reduce complications, because with the da
Vinci surgical system, robotic arms are used for retrac-
tion and dissection during the total mesorectal excision
procedure, and their use reduces unnecessary procedures
and minimizes iatrogenic tissue injury during retraction.
These findings are difficult to explain, and more ad-
vanced studies are needed before such conclusions can
be drawn.

We postulated that specimen quality could be used
as an indicator to predict long-term clinical oncological
results. No significant differences were proved between
RS and LS in the pathological details, including harvested
lymph nodes, DRM and PCRM. The number of har-
vested lymph nodes, DRM, and PCRM did not differ
significantly between the two groups in our meta-analysis.
This demonstrated that RS could be performed safely
and with a high success rate following oncological prin-
ciples compared with LS. However, long-term follow-up
evaluation is necessary to evaluate the exact oncological
outcomes of RS for rectal cancer.

The cost of RS equipment is very high and likely to
be a serious impediment to uptake in the foreseeable fu-
ture™. However, it is important to perform a cost-effec-
tiveness analysis between RS and LS. Only one trial has
reported that the average total hospitalization costs were
higher in the RS group ($83 915) than in the LS group
($62 601), and these differences were not statistically
signiﬁcantm. To the best of our knowledge, total hospi-
talization costs may be due to the greater expense and
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consumption of operating room resources such as space
and the availability of skilled technical staff, and differ
significantly between hospitalsmj. Therefore, insufficient
data and great heterogeneity precluded a meta-analysis of
cost-effectiveness.

Significant heterogeneity in those articles was ob-
served in the operative time, blood loss, days to passing
flatus, length of stay and DRM, which may be explained
by the difference in skill, extension of lymph node dis-
section, and duration of learning curve. Regarding the
heterogeneity between the articles, random-effect models
were used in this meta-analysis.

The results of the present meta-analysis should be
interpreted with caution because of several limitations.
First, some data came from NRCTs, and the overall level
of clinical evidence was low. It has been reported that
NRCTs can either exaggerate or underestimate the mag-
nitude of measured effects in a study of intervention
regardless of quality scotes”. However, Abrahama ef a/*
have found that meta-analysis of well-designed NRCTs
of surgical procedures was probably as accurate as that
of RCTs. In fact, six studies included in the present study
were NRCTs. Second, there was heterogeneity between
the two groups, because it was impossible to match pa-
tient characteristics in all studies. We applied a random-
effect model to take into consideration between-study
variation, and it might have been expected to exert a lim-
ited influence. Finally, authors might be more likely to re-
port positive results, and studies with significant outcomes
were more likely to be published, so potential publication
bias might have been present.

In conclusion, the results of this meta-analysis of
661 patients show that RS is superior to LS for rectal
cancer in terms of conversion. Therefore, RS may be an
alternative treatment for rectal cancer. Further studies are
required to better define its role.

COMMENTS

Background

The da Vinci robotic system was introduced as the next advance in minimally
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invasive surgery to overcome the technical limitations of laparoscopy, but ro-
botic rectal surgery is controversial because of a lack of well-powered trials.

Research frontiers

Meta-analysis was used to evaluate the relative merits of robotic surgery (RS)
and laparoscopic surgery (LS) for rectal cancer in this study.

Innovations and breakthroughs

The meta-analysis reported that RS had favorable outcomes considering con-
version, compared with LS for rectal cancer. Meanwhile, operative time, blood
loss, days to passing flatus, length of stay, complications and pathological
details, including lymph nodes harvested, distal resection margin, and posi-
tive circumferential resection margin were similar between RS and LS. This is
believed to be the first comprehensive meta-analysis comparing RS and LS for
rectal cancer.

Applications

The results of this meta-analysis show that RS is superior to LS in terms of con-
version. Therefore, RS may be an alternative treatment for rectal cancer.
Peer review

This paper addressed superiority of RS for rectal cancer, especially due to su-
perior exposure and visualization of the intrapelvic field. This advantage means
that surgeons complete the operation without conversion. This paper should be
of interest to colorectal surgeons worldwide.
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