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EMBASE, PubMed, SCOPUS, and Web of Science were searched for randomized controlled tri-
als (RCTs) comparing LS and RS. Eight RCTs including 1305 patients were identified. Pooled
conversion rate was reported in 49 (11.89%) of 412 patients who underwent LS and in 23
(5.72%) of 402 patients who underwent RS (95% Cl, 1.357 to 3.613; P = .001). However,
shorter operative time was noted in LS group than RS group (95% Cl, —43.106 to —3.876;
P = .019). No significant difference in other outcomes was observed. Finally, in further anal-
ysis, the mean age in trial-level was found to be positively associated with operative time
(point estimate = 2.598; 95% Cl, 1.584 to 3.612; P <.001) and negatively with length of hos-
pital stay. Robot-assisted surgery in rectal cancer showed lower conversion rate in compar-
ison with that of laparoscopic surgery. Secondly, the laparoscopic surgery has shorter
operative time compared with robot-assisted approach. The results also showed similar
pathological outcomes between these two modalities. Future studies are needed to clarify
the relationship between mean age and outcomes of surgery.

© 2018 Asian Surgical Association and Taiwan Robotic Surgery Association. Publishing ser-
vices by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Colorectal cancer is the third most common cancer in men
and women in developed countries, with rectal cancer ac-
counting for around 30% of the total colorectal cancer
incidence.! It has long been technically challenging to
perform laparoscopic total mesorectal excision (TME) for
rectal cancer in the middle to lower position. With the
introduction of minimal invasive surgery to the surgical
field, results from several randomized controlled trials have
demonstrated that the long-term oncological safety of
laparoscopic approach is equivalent to that of open resec-
tion for rectal cancer, in terms of local recurrence and
overall survival.?~> With increasing application of laparo-
scopic procedures using long and straight instruments, its
native limitations for the surgical resection of rectal can-
cers have gradually being exposed through daily practices
due to limited range of motion, loss of dexterity, and poor
fulcrum effect of straight laparoscopic instruments in pa-
tients with large tumors or a narrow and deep pelvis.
Conversely, robotic instruments may enable more meticu-
lous TMEs because of the endo-wristed instruments, fixed
third-arm retraction, and a magnified and controlled 3-
dimensional view.

The surgical treatment of rectal cancer has always been
more challenging, especially through a minimally invasive
approach. With the development of robotic surgical system
in the early 1990s, the first case series of robotic-assisted
colectomies by Weber et al. was reported in 2002, various
colorectal procedures have then been assisted by robotic
system.® Robotic surgery using the Da Vinci surgical system
(Intuitive Surgical Inc., Sunnyvale, CA) has been recognized
among robotic surgeons to be able to break the limitations
of laparoscopic surgery, especially in rectal surgery per-
formed in confined space of pelvis. Many pros and recom-
mendations of the small studies of using robotic Da Vinci S
surgical system have seemed to show advantages towards
practicing surgeons rather than focusing on the benefits of
patients in terms of real oncological difference between
insurance-covered traditional laparoscopic surgery and
costly self-payed robotic surgery.”-®

Over the past decade, there has been an increased
adoption of robotic surgery for pelvic procedures and its
application to colorectal surgery. Many surgeons still
remain concerned about oncological equivalence between
robotic and laparoscopic rectal cancer surgery. However,
little concrete evidence exists in support of robotic surgery
for colorectal cancer. As nearly all countries are experi-
encing growth in the number and proportion of geriatric
people in their populations. There were 901 million people
aged 60 years or over in 2015 globally. The number is ex-
pected to grow to 1.4 billion in 2030.° The data on the types
of surgical therapy for rectal cancer to be used in geriatric
patients are limited. It is therefore important to find out
which type of minimal invasive surgery best suits the aging
population.’® Major concern about robotic surgery remains
on the capital cost and maintenance fees. Studies have
even shown that the cost of robotic rectal cancer surgery is
higher than for conventional laparoscopic surgery.'"'?
Inspite of this, robotic rectal cancer surgery has
continued to gain acceptance worldwide. Many colorectal
surgeons have expected that robotic surgery would resolve
technical difficulties associated with laparoscopic surgery,
such as steep learning curve.

Previous meta-analyses have failed to show superiority
for robotic-assisted surgery over conventional laparoscopic
surgery in short-term outcomes due to intrinsic design
limitations of the included studies but recent reports from a
few centers claim the outcome benefits with robotic
approach.”™ " With the latest study results coming out
from kim’s phase Il open label prospective randomized
controlled trial, and the multicenter, randomized ROLARR
trial showing a reduced need to convert to open surgery
with the robotic approach,'® ' there is a need to include
most recent and largest trial data in line with currently
available randomized clinical studies to evaluate the safety
and efficacy of rectal cancer surgery in adults through ro-
botic surgery in comparison with traditional laparoscopic
surgery, by short-term clinical and pathological outcomes.
This will further explore the real benefits either solely to
surgeons or to patients and also clarifying the role of ro-
botic surgery in geriatric patients.


http://creativecommons.org/licenses/by-nc-nd/4.0/

Robotic versus laparoscopic surgery for rectal cancer

659

2. Methods

The flow diagram of evidence identification in this sys-
tematic review was presented according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.?® This systematic review was exemp-
ted from institutional review board approval, because it
used published data.

2.1. Search and study selection

Relevant randomized controlled trials (RCTs) comparing LS
and RS for rectal cancer resection were searched in the
Cochrane Library (including the Cochrane Central Register
of Controlled Trials), EMBASE, PubMed, SCOPUS, and Web of
Science by using relevant keywords of rectal cancer, lapa-
roscopic, robotic, and randomization. The comprehensive
literature searches were conducted to identify RCTs pub-
lished before March 2018 without language or publication
date restrictions. The search strategy involved natural
language, medical subject headings (MeSH in PubMed and
Emtree in EMBASE), and truncation in appropriate Boolean
algebras.

Two investigators (Y.J.H and Y.N.K) The flow diagram of
evidence identification in this systematic review was pre-
sented according to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines.?°
This systematic review was exempted from institutional
review board approval, because it used published data.

2.2. Search and study selection

Relevant randomized controlled trials (RCTs) comparing LS
and RS for rectal cancer resection were searched in the
Cochrane Library (including the Cochrane Central Register
of Controlled Trials), EMBASE, PubMed, SCOPUS, and Web of
Science by using relevant keywords of rectal cancer, lapa-
roscopic, robotic, and randomization. The comprehensive
literature searches were conducted to identify RCTs pub-
lished before March 2018 without language or publication
date restrictions. The search strategy involved natural
language, medical subject headings (MeSH in PubMed and
Emtree in EMBASE), and truncation in appropriate Boolean
algebras.

Two investigators (Y.J.H and Y.N.K) screened potential
citation records after comprehensive searches. Any
disagreement during evidence identification was resolved
by discussion with the third author (P.L.W.). The inclusion
criteria were defined a priori and were as follows: (1) RCTs;
(2) articles that recruited patients with rectal cancer; and
(3) articles that compared laparoscopic surgery versus ro-
botic surgery for mesorectal excision.

2.3. Quality assessment of included studies

The two investigators individually assessed the risk of bias
of the included RCTs using the Cochrane risk of bias tool.
This appraisal tool assesses selection, performance,
detection, attrition, and reporting biases. The tool com-
prises seven evaluation items, and it assesses four meth-
odologic bias. The seven items as follow: (1) random

sequence generation; (2) allocation concealment; (3)
blinding of participants and personnel; (4) blinding of
assessment; (5) incomplete outcome data; (6) selective
reporting; and (7) other sources of bias. Disagreement of
bias assessment were discussed with and resolved by the
third author.

2.4, Data extraction and analysis

Two authors extracted and examined the data; they iden-
tified and verified data on the conversion rate, operative
time, length of hospital stay, return to bowel function,
circumferential resection margin, macroscopic mesorectal,
distal resection margin, proximal resection margin, and
lymph nodes harvested for meta-analysis.

Risk ratio (RR) was calculated for dichotomous data
without zero-cell. Peto odds ratio (POR) was calculated for
dichotomous data with zero-cell. Weighted mean differ-
ence (WMD) was calculated for continuous data. If the
included RCT reported continuous data in mean and stan-
dard error (SE), we estimated the standard deviation (SD)
based on the sample size (SE = SD/+/N). If the included RCT
reported continuous data in median with the minimum and
maximum values, we estimated the mean and SD based on
the sample size, median, and range. All meta-analysis
except POR was conducted in random-effects model. Re-
sults were performed with 95% confidence intervals (Cls)
and I-square. |-square presents the percentage of hetero-
geneity among the included RCTs in a meta-analysis. Ac-
cording to relevant literature, this study defined I-square of
25%, 50%, and 75% as low, moderate, and high heteroge-
neity, respectively.?’ This study set p-value < 0.05 for
statistical significance in all analyses. Results of this study
were expressed as forest plots that were generated by
Comprehensive Meta-Analysis version 2 for Microsoft Win-
dows in all analyses.

This study conducted meta-regression analysis by mean
age in trial-level. Small study bias in this study was detec-
ted by funnel plot with Egger’s regression intercept and
Begg and Mazumdar rank correlation.

3. Results

3.1. Literature search and selection

The comprehensive searches of this systematic review
identified 778 potential citation records, of which 533 were
excluded based on the title and abstract screening. This
systematic review retrieved and reviewed the full-text of
the remaining 26 citation records, and the present study
excluded 12 articles that met exclusion criteria. The
remaining 14 articles were from eight RCTs. These eight
RCTs were included for qualitative and quantitative syn-
thesis.'®%22727 The flow diagram of study selection is
shown in Fig. 1 according to the PRISMA.

3.2. Characteristics of included studies

The included eight RCTs were published between 2008 and
2018. Among the included RCTs, one was conducted in
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Fig. 1

multi-area (United Kingdom, Italy, Denmark, United States,
Finland, South Korea, Germany, France, Australia, and
Singapore),' two in China,">?”"?° one in Denmark,?**°
another one in Italy,?* two in South Korea,'”?? and one in
Spainbib23.2% Overall, the quality of the RCTs was accept-
able. The summary of risk of bias is shown in the eFigure 1.
These RCTs randomized 1305 patients with rectal cancer
into LS (n = 658) and RS (n = 647) groups for mesorectal
excision from March 2004 through March 2017. The avail-
able data showed that the mean age of patients in each RCT
was from 59.08 through 68.56. These available data
included 679 (70.92%) male and 278 (29.08%) female.
Further information is shown in Table 1.

3.3. Primary outcomes

Conversion rate was descripted in 6 of the included
RCTs.'®1922725 pooled conversion rate was reported in 49
(11.89%) of 412 patients who underwent LS and in 23
(5.72%) of 402 patients who underwent RS; the POR was
2.215 (95% Cl, 1.357 to 3.613; P = .001) with moderate
heterogeneity (/> = 50.134%) (Fig. 2A). No small study bias
was observed in meta-analysis of conversion rate (Egger’s
regression intercept = 0.430; P = .726). Sensitivity anal-
ysis also showed similar trends when each study was
removed from pairwise meta-analysis of conversion rate
(eFile 1).

Operative time was descripted in 7 of the included
RCTs'318:19.2225 pooled data showed shorter operative
time (minutes) in LS comparing to RS (MD, —23.491; 95% Cl,
—43.106 to —3.876; P = .019) with high heterogeneity
(* = 96.811%) (Fig. 2B). No small study bias was observed
in meta-analysis of operative time (Egger’s regression
intercept = 1.997; P = .451). The pooled effect sizes in
sensitivity analysis had similar trends with the effect size in
overall pooling (eFile 2).

Flowchart of this systematic review.

Length of hospital stay was descripted in 6 of the
included RCTs.'®%27% Pooled data showed no significant
difference in length of hospital stay (days) between LS and
RS (MD, 0.677; 95% Cl, —0.332 to 1.69; P = .188) with low to
moderate heterogeneity (1> = 42.853%) (Fig. 2C). No small
study bias was observed in meta-analysis of length of hos-
pital stay (Egger’s regression intercept = —1.388;
P = .188). Sensitivity analysis also showed similar trends
when each study was removed from pairwise meta-analysis
of Length of hospital stay (eFile 3).

Return of bowel function was descripted in 3 of the
included RCTs.'”?%23 Pooled data showed no significant
difference in return of bowel function (days) between LS
and RS (MD, 0.219; 95% CI, —0.095 to 0.533; P = .172) with
very low heterogeneity (* = 8.005%) (Fig. 2D). No small
study bias was observed in meta-analysis of return of bowel
function (Egger’s regression intercept = 6.302;
P = .30.14). In sensitivity analysis, the trends of effect size
were similar to overall pooling (eFile 4).

3.4. Pathological outcome

Circumferential resection margin was described in 3 of the
included RCTs, but one of them reported no event in both
LS and RS.'®'92* Therefore, there were only two RCTs
contributed to the meta-analysis of circumferential resec-
tion margin. Pooled circumferential resection margin was
reported in 18 (6.08%) of 296 patients who underwent LS
and in 16 (5.33%) of 300 patients who underwent RS; the RR
was 1.139 (95% Cl, 0.592 to 2.191; P = .697) with very low
heterogeneity (* = 0%) (Fig. 3A and eFile 5).

Macroscopic mesorectal was described in 2 of the
included RCTs."®?? Pooled macroscopic mesorectal events
was reported in 53 (22.18%) of 239 patients who underwent
LS and in 56 (22.31%) of 251 patients who underwent RS; the
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Characteristics and risk of bias of included studies.

Table 1
Study

Conversion To Open Follow-up
LS

TNM(I/11:11/1V)

LS

Gender (male)

LS

Age (year)

Inclusion criteria

Study size
(RS)

Period (mo)

RS

RS

RS

RS

LS

14 9/9 9/9

12

14
17

57.3 £ 6.3

68 + 9.1

Rectal cancer 62 +9

36 (18)
56 (28)

Baik et al. 2008

2

10/18

12/16

65.5 + 15

Sigmoid/Rectal

cancer

Jimenez et al. 2011
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LS, laparoscopic surgery; RS, robotic-assisted surgery.

RR was 1.122 (95% Cl, 0.485 to 2.595; P = .788) with low
heterogeneity (1> = 22.566%) (Fig. 3B and eFile 6).

Distal resection margin was described in 4 of the
included RCTs.">?27%* Pooled data showed no significant
difference in distal resection margin (cm) between LS and
RS (MD, —0.581; 95% CI, —1.165 to 0.003; P = .051) with
moderate to high heterogeneity (1* = 60.262%) (Fig. 3C). No
small study bias was observed in meta-analysis of distal
resection margin (Egger’s regression intercept = 2.489;
P = .161). Sensitivity analysis also demonstrated similar
trends when each study was removed from pairwise meta-
analysis of distal resection margin (eFile 7).

Proximal resection margin was described in 2 of the
included RCTs."%? Pooled data showed no significant dif-
ference in proximal resection margin (cm) between LS and
RS (MD, 0.209; 95% Cl, —1.651 to 2.069; P = .826) with low
to moderate heterogeneity (/> = 46.908%) (Fig. 3D and
eFile 8).

Lymph nodes harvested was described in 6 of the
included RCTs [ 13, 18, 19,22—24]. Pooled data showed no
significant difference in lymph nodes harvested between LS
and RS (MD, —0.154; 95% Cl, —1.398 to 1.090; P = .808)
with low heterogeneity (> = 10.592%) (Fig. 3E). Although
Egger’s test detected small study bias in meta-analysis of
lymph nodes harvested (Egger’s regression
intercept = —2.236; P = .046), Begg and Mazumdar rank
correlation did not show the small study bias (Z, 0.751;
P = .452). The most of pooled effect sizes in sensitivity
analysis of lymph nodes harvested had similar trends with
the effect size in overall pooling, but two effect sizes of
sensitivity analysis differed from the overall pooing. How-
ever, the two effect sizes showed a favorable trend of RS in
lymph nodes harvested without statistical significance
(eFile 9). Moreover, funnel plot showed that adjusted
pooled result was similar to unadjusted. Therefore, the
pooled result of lymph nodes harvested was not seriously
influenced by small study bias.

3.5. Further analysis

To explore the associations between mean age and our
outcomes in trial-level, we applied meta-regression for
further analysis. There were only two outcomes that were
associated with mean age. One of these two outcomes was
operative time, and the other one was length of hospital
stay. Mean age in trial-level was positively associated with
operative time (point estimate = 2.598; 95% Cl, 1.584 to
3.612; P < .001) (eFile 2). In contrast, mean age in trial-
level was negatively associated with length of hospital
stay (point estimate = —0.277; 95% ClI, —0.493 to —0.061;
P < .012) (eFile 3).

4. Discussion

This study examines the outcomes of robotic surgery versus
laparoscopic surgery for rectal cancer on the basis of evi-
dence from only RCTs and includes the most recent 8 RCTs
that randomized 1305 patients into the two mesorectal
excision groups. Therefore, the sample size within this
study is larger than the previous studies. Moreover, the
present study also further explored the associations
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Study name Statistics for each study
Peto  Lower Upper
odds ratio limit limit
Baik et al. 2008 7.837 0471 130464 1435
Jimenez etal. 2011 1.000 0.133  7.506  0.000
Patriti et al. 2009 7.136 1490 34.187 2459
ROLARR 1.574 0.862 2.875 1476
Kim et al. 2018 0.122 0.002 6.165 -1.052
Denmark trial 7368 1.965 27.629  2.962
2215 1357 3.613 3.183

Peto odds ratio and 95% CI

Z-Value p-Value

0.151 |
1.000
0.014
0.140
0293
0.003
0.001

—_—

L

—
<
0.01 0.1 10

1 100

Favours LS Favours RS

A Convert to open (Conversion rate)

Study name Statistics for each study

Difference Standard

Lower Upper
in means

error Variance limit

Baik etal. 2008  -12.800 17.250 297.565 -46.610 21.010 -0.742
Jimenezet al. 2011 -24.300 9912 98241 -43.726 -4.874 -2.452
Patriti et al. 2009  44.100  7.075 50.057 30.233 57.967 6.233
ROLARR -37.500 0268  0.072 -38.025-36.975-139.966
Wangetal. 2016 -39.600  3.038  9.231 -45.555-33.645 -13.034
Kimetal. 2018 -111.400 12372 153.071-135.649-87.151 -9.004
Denmark trial 18.000 14.182 201.119 -9.796 45.796  1.269

-23.491  10.008 100.159 -43.106 -3.876 -2.347

limit Z-Value p-Value

0.458
0.014
0.000
0.000
0.000
0.000
0.204
0.019

-150.00

-75.00

0.00 75.00 150.00

Favours LS Favours RS

B Operative time (minutes)

Statistics for each study

Difference Standard U
in means  error Variance

Study name
Lower

Difference in means and 95% CI

pper
limit limit Z-Value p-Value

Baik et al. 2008 1.800 0433  0.188 0951 2.649 4.154 0.000 -
Jimenez et al. 2011 -0.100 1.999  3.995 -4.017 3.817 -0.050 0.960
Patriti et al. 2009  -2.300 2.044 4179 -6307 1.707 -1.125 0.261
ROLARR 0200 0547 0300 -0.873 1273 0365 0.715
Kim et al. 2018 0.500 0.994  0.989 -1.449 2449 0.503 0.615
Denmark trial 0.600 1.892 3579 -3.108 4.308 0317 0.751 r
0.677 0515 0265 -0332 1.687 1315 0.188
-8.00 -4.00 0.00 4.00 8.00
Favours LS Favours RS
C Length of hospital stay (days)
Study name Statistics for each study Difference in means and 95% CI
DifferenceStandard Lower Upper
inmeans error Variance limit limit Z-Valuep-Value
Baik et al. 2008 0.600 0322 0.104 -0.031 1.231 1.864 0.062
Jimenez etal. 2011 0200  0.243  0.059 -0.277 0.677 0.822 0.411
Kim et al. 2018 0.000  0.250 0.063 -0.490 0.490 0.000 1.000
0219  0.160 0.026 -0.095 0.533 1.365 0.172
-8.00 -4.00 0.00 4.00 8.00

Favours LS Favours RS

D Return to bowel function (days)

Fig. 2 Forest plots

between mean age and our outcomes in trial-level. For
dichotomous data with any zero-cell, this meta-analysis
used PORs rather than RRs. Therefore, the present findings
seem to be more reliable for the use of clinical decision
making.

for primary outcomes.

The present study has more advantages than previous
systematic review and meta-analysis.>' > The advantages
are the involvement of new RCTs, the subgroup of mean
age, and adequacy of statistical methods. Two previous
systematic reviews did not review RCTs.>?*> Another group
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Study name Statistics for each study

Risk Lower Upper

ratio limit limit Z-Value p-Value

ROLARR 1.224 0579 2589 0.529 0.597
Kimetal. 2018  0.903 0.235 3.464 -0.149 0.881
1.139 0592 2.191 0389 0.697

Ris} . 195% CI

0.01 0.1 1 10 100

Favours LS Favours RS

A Circumferential resection margin (rate)

Study name Statistics for each study

Risk Lower Upper

ratio limit limit Z-Value p-Value

Baik etal. 2008 3.375 0.389 29.284 1.103  0.270
0.950 0.679 1329 -0.300 0.764
1.122  0.485 2.595 0268 0.788

ROLARR

0.01 0.1 1 10 100

Favours LS Favours RS

B Macroscopic mesorectal (rate)

Statistics for each study

Difference Standard Lower Upper

inmeans error Variance limit limit Z-Value p-Value
Baik et al. 2008 -0.300 0.367 0.134 -1.019 0419 -0.818 0413
Jimenezetal. 2011 -1.000 0330  0.109 -1.647 -0.353 -3.030 0.002
Patriti et al. 2009 2.400 1347 1815 -0241 5041 1781 0.075
Kim et al. 2018 -0.800 0201  0.041 -1.195 -0.405 -3.971 0.000
-0.581 0298  0.089 -1.165 0.003 -1.949 0.051

Study name

Difference in means and 95% CI

-8.00 -4.00 0.00 4.00 8.00

Favours LS Favours RS

C Distal resection margin (cm)

Study name Statistics for each study

Difference Standard Lower Upper
inmeans error Variance limit limit Z-Value p-Value

Baik et al. 2008  -0.700 0.938  0.881 -2.539 1.139 -0.746 0.456
Kimetal. 2018  1.200 1.018 1.036 -0.795 3.195 1.179 0.238
0.209 0.949 0901 -1.651 2.069 0220 0.826

Difference in means and 95% CI

=

-8.00 -4.00 0.00 4.00 8.00

Favours LS Favours RS

D Proximal resection margin (cm)

Statistics for each study

Difference Standard Lower Upper
inmeans error Variance limit limit Z-Value p-Value

Study name

Baik et al. 2008 -2.600 3293 10.843 -9.054 3.854 -0.790 0.430
Jimenez et al. 2011  -2.700 2393 5726 -7390 1990 -1.128 0.259
Patriti et al. 2009 0.900 1138 1296 -1.331 3.131 0.791 0.429
ROLARR 0.900 1153 1329 -1360 3.160 0.781 0435
Wangetal. 2016  -0.100 1.079 1164 -2215 2015 -0.093 0.926
Kim et al. 2018 -3.000 1907 3.638 -6.738 0.738 -1.573 0.116

-0.154 0635 0403 -1.398 1.09 -0.243 0.808

Difference in means and 95% CI

-
__._

<

-8.00 -4.00 0.00 4.00 8.00

Favours LS Favours RS

'E Lymph nodes harvested (volume)

Fig. 3  Forest plots for pathological outcomes.
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conducted meta-analysis of RCTs, but only estimated RRs in
fixed-effect model.>' Within that study 5 RCTs were
included that randomized 671 patients into LS and RS re-
ported similar effects on length of hospital stay, circum-
ferential resection margin, macroscopic mesorectal, and
lymph nodes harvested between LS and RS. These results
did not take into consideration the difference between
young-aged group and geriatric population.

With the released information from WHO, between 2015
and 2030, the number of geriatric people on earth is pro-
jected to grow by 56 per cent, from 901 million to more
than 1.4 billion.” The present systematic review and meta-
analysis focuses firstly on the conversion rate and secondly
on the pathologic outcomes of laparoscopic versus robotic
resections for rectal cancer.

The conversion rate is a valuable item to assess the its
influence on early postoperative morbidity of rectal sur-
gery.®® The result demonstrates that the overall pooled
conversion rate was significantly lower for patients who
underwent RS than those undergoing LS. Pooled conversion
rate was reported in 49 (11.89%) of 412 patients who un-
derwent LS and in 23 (5.72%) of 402 patients who under-
went RS; the POR was 2.215 (95% Cl, 1.357 to 3.613;
P = .001). Patients with rectal cancer over the age of 50
are reported to have more advanced disease when
compared to patients younger than 50.%” Many colorectal
surgeons are reluctant to perform laparoscopic surgery in
geriatric patients, due to poor cardiopulmonary function,
unstable perioperative hemodynamics, hypercapnia during
long-hour operation, and the steep Trendelenburg position.
Seishima et al. reported that minimal invasive surgery in
comparison with open surgery was significantly associated
with a decreased risk of perioperative mortality and post-
operative complications.>® Robotic instruments designed to
work best in confined spaces, have been reported as an
option to provide more patients the advantages of mini-
mally invasive surgery through a lower conversion rate.*’
Operative time was described in 7 of the included
RCTs'>1819.22-25 pooled data showed shorter operative
time (minutes) in LS comparing to RS (MD, —23.491; 95% Cl,
—43.106 to —3.876; P = .019). Interestingly, mean age at
trial-level was positively associated with operative time
(point estimate = 2.598; 95% ClI, 1.584 to 3.612; P < .001).
This means as patients get older the operative time dif-
ference between laparoscopic and robotic approach di-
minishes. This finding may provide a direction to which
clinicians may choose the best candidates for the high-cost
robotic surgery and clearly in the best interest of patients.
Adding to the maintaining costs of the robotic machine
especially when occupation of operating room and
personnel overtime is taken into consideration, how to put
the robotic machine into its best use becomes an important
topic of investigation. Recent review shows that the
learning curve of both operative time and conversion rate
in robotic surgery might decrease when 25 to 30 cases of
experience has been reached.*

Under the theme of minimally invasive surgery, the su-
periority of laparoscopic surgery to open surgery, clinically
as well as physiologically, has been reported.*"*? Rectal
cancer patients receiving either robotic or laparoscopic
approach for surgery from this meta-analysis shows no sig-
nificant difference in their hospital stay or return of bowel

function. This corresponds well with the reported benefits
of minimally invasive surgery.

From the pathological point of view, the completeness
of the circumferential mesorectal excision (CRM) and distal
resection margin are two essential items for assessing the
oncological outcome of rectal surgery and an important
predictor of recurrence in the pelvis.*** Achieving nega-
tive CRM is challenging in surgical practice even through
laparoscopic approach in the case of low rectal cancer,
with a rate of CRM positivity reaching 15% of TME despite
optimal resections.*>*¢ However, the cutoff value for
defining positive CRM remained controversial, with the
threshold of 1 mm or less as the most frequently used in the
literature. We found no significant difference between RS
and LS with regarding to CRM involvement. Although this
compares well with large laparoscopic trials,”” lack of
reporting CRM is an important issue, with only 3 out of 8
studies describing this outcome. As a matter of fact, unable
to preserve the integrity of the posterior surface of the
mesorectum was an important factor for local recurrence in
patients with no CRM involvement. This was described in 2
of the included RCTs.'®

Pooled macroscopic mesorectal events was reported in
53 (22.18%) of 239 patients who underwent LS and in 56
(22.31%) of 251 patients who underwent RS; the RR was
1.122 (95% Cl, 0.485 to 2.595; P = .788) with low hetero-
geneity (1> = 22.566%)

The importance of inability to obtain a distal margin of
1 mm is associated with worse oncologic results in rectal
cancer surgery.“® Distal resection margin was mentioned in
4 of the included RCTs.'”?272* Overall pooled data showed
no significant difference in distal resection margin (cm)
between LS and RS. The number of retrieved lymph nodes
has a strong impact on prognosis but may be influenced by
neoadjuvant CCRT or RT only, factors such as the difference
in high or low vascular ligations of the mesentery or on the
type of minimally invasive surgery.”® Based on current
literature, lymph nodes harvested was described in 6 of the
included RCTs.'> 181922724 Final results showed no signifi-
cant difference in lymph nodes harvested through either LS
or RS approach.

Current evidence supporting a significantly faster re-
covery of bowel function in RS is pretty weak and mainly
driven by a study conducted under enhanced recovery
program.’® The results came from our meta-analysis
showed no significant difference in either duration of hos-
pital stay nor early return of bowel function through either
LS or RS approach.

4.1. Limitations

This meta-analysis collects solely RCTs; this type of study is
currently considered to provide the best level of clinical
evidence. However, potential bias cannot be completely
ruled out, such as unstandardized protocols of neoadjuvant
chemoradiotherapy of the included studies, different level
of expertise in surgical procedures and various surgical
procedures involved. The short-term follow-up (periopera-
tive, 30 days) for the outcomes is also considered a limit for
the conclusions of this review. Despite these limitations,
the solidness and consistency of the analyzed results were
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supported by our random-effect model analyses and the
low heterogeneity observed.

5. Conclusions

Based on the available data pooled from the most recent
RCTs, overall conversion rate seems to be statistically sig-
nificant lower with robotic surgery. Shorter operative time
was also observed in patients undergoing laparoscopic
surgery but further analysis showed diminished trend of
correlation as patients get older. There were no significant
differences in immediate oncologic results between LS and
RS group and they were comparable. The need for more
randomized data is critical to determine the effect of age
on operative time and hospital stay.
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