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Advantages of robotic right colectomy over laparoscopic right
colectomy beyond the learning curve: a systematic review and
meta-analysis
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Background: With the widespread application of robotic systems and the increasing number of studies
comparing robotic right colectomy (RRC) and laparoscopic right colectomy (LRC), there is a need for an
up-to-date systemic review and meta-analysis assessing the advantages of this technique.

Methods: The systemic review was performed in Medline, Scopus, Embase, Cochrane Oral Health Group
Specialized Register and Google Scholar databases searching for studies comparing RRC and LRC, with
no date restriction but limited to English and French literature. Two independent reviewers performed data
extraction and qualitative synthesis. Random-effects models were used to summarize the risk ratio (RR) and
mean differences (MD) with 95% confidence interval (CI).

Results: Twenty-six non-randomized clinical trials (NRCTs) and 1 RCT were included. Overall, 2,314
patients underwent RRC and 17,791 LRC. Operative time was significantly longer for RRC with a MD of
45.36 min (95% CI: 31.75-58.97; P<0.00001). Conversion rate was significantly lower in the RRC group
with a RR of 0.47 (95% CI: 0.27-0.81; P=0.007, I’=33%). Also, the number of harvested lymph node
was significantly higher in the RRC group than the LRC group, with a MD of 2.03 (95% CI: 0.45-3.61;
P=0.01, I’=68%). Estimated blood loss favored RRC, with a MD of -8.68 (95% CI: -17.27 to -0.08; P=0.05,
I’=46%). There was no difference in the overall complication rate, mortality, anastomotic leakage, and time
to first flatus. However, a significantly shorter hospital stay was associated with RRC, with a MD of -0.60
(95% CI: -1.01 to -0.19; P=0.004, I’=64%). No quantitative analysis could be performed for oncological
outcomes. RRC was associated with significantly higher costs (MD 3,185.50 USD; 95% CI: 720.98-5650.02;
P=0.01, P=94%).

Conclusions: RRC is a safe procedure that may offer certain advantages over LRC as lower conversion
rate, blood loss, hospital stay. However, this should be balanced out with increased operative time and higher

costs.
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Introduction

Over the last two decades robotic surgery has gained
a solid place for colorectal procedures. The first tele-
robotic-assisted laparoscopic colorectal surgeries were
described in 2002 by Weber ez 4/. (1) when he performed
a right hemicolectomy and sigmoid colon resection for
diverticulitis. Since 2007, studies comparing robotic and
laparoscopic approaches have been reporting encouraging
data on the safety and feasibility of robotic right colectomy
(RRC). However, the application of robotic surgery is still
associated with several drawbacks (mainly cost-related) in
routine clinical practice. Recently, the introduction of the
latest of robotic platforms, such as the da Vinci Xi robotic
system, enhanced the interest towards this technique.
Indeed, the new generation of surgical robot has been
designed to overcome the previous limitations and it
is now adapted for multi-quadrant surgeries (2,3). Since
2015, the publication rate on RRC has multiplied rapidly
with 2 publications in 2005, 6 in 2010, 20 in 2015, 26 in
2018 and 36 in 2019. We found it essential to reevaluate the
existing literature and analyze the reported outcomes by
performing an up-to-date meta-analysis comparing RRC
and LRC. More than 10 new studies have been published
since the latest meta-analyses on the topic (4,5).

Therefore, the aim of the present article was to perform
a systematic review and meta-analysis of randomized and
non-randomized studies comparing the operative and
postoperative outcomes of RRC vs. laparoscopic right
colectomy (LRC). We present the following article in
accordance with the PRISMA reporting checklist (available
at http://dx.doi.org/10.21037/ales-20-36).

Methods

A systematic review was performed following the
Cochrane collaboration specific protocol (6) and
reported according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
checklist (7). Studies comparing operative, postoperative,
and oncological outcomes (for cancer patients) between
laparoscopic and robotic right hemicolectomies were
searched in the following databases without date
restrictions: Medline (through PubMed), Scopus, Embase,
Cochrane Oral Health Group Specialized Register and
Google Scholar. A specific research equation was used for
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each database using the following keywords and Mesh
Terms: right colectomy, robotic, robotics, laparoscopy,
laparoscopic. The most commonly used search equation
was: ((right[All Fields] AND (“colectomy”[MeSH Terms]
OR “colectomy”[All Fields])) AND (“robotics”[MeSH
Terms] OR “robotics”[All Fields] OR “robotic”[All Fields]))
AND (“laparoscopy”[MeSH Terms] OR “laparoscopy”[All
Fields] OR “laparoscopic”[All Fields]).

Literature review was completed by an extensive
search using the “related articles” function in PubMed.
Moreover, the reference lists of the eligible records and of
pertinent review articles, not included in this study, were
double-checked in order to identify potential additional
articles. Results were limited to human research, with
review articles and case report being excluded. Articles
were selected and reviewed if written in English or
French. Literature search and selection were performed
independently and blindly by two reviewers (LL and NB).
Records were removed from the selection if both reviewers
excluded the articles at the title/abstract screening levels.
Disagreement was resolved with a discussion with a third
reviewer (NdeA). Overall, the concordance rate between
the two reviewers was 95%.

Eligibility criteria

According to the PICOS schema, the following
criteria were used for literature search and selection.
P: population: adult patients who underwent surgical
treatment for pathology of right colon (right colectomy);
I: intervention: robotic (full or laparoscopy assisted)
right colectomy with intracorporeal or extracorporeal
anastomosis; C: comparisons: LRC with intracorporeal
or extracorporeal anastomosis; O: outcomes: operative
variables (operative time, conversion rate, estimated blood
loss, number of retrieved lymph nodes), postoperative
variables (morbidity, mortality, readmission, reoperation 30
days after surgery, time to first flatus, length of hospital
stay), oncological outcomes (3 and 5 years overall survival
and disease-free survival), costs (total, surgery related,
hospital stay related); S: study design: randomized (RCT)
and non-randomized controlled trials (NRCT).

Patients with both oncological and non-oncological
pathologies were included. Studies with hybrid procedures
involving laparoscopic and robotic procedural steps were
not eligible.
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Data extraction

Two independent reviewers (LL and NB) performed
the full-text analysis and data extraction by filling in an
electronic database. Extracted data included first author
name, year of publication, study design and type, number
of included patients, study period, demographic variables
(age, sex, BMI, ASA score, previous abdominal surgery),
anastomosis type (intracorporeal or extracorporeal),
operative and postoperative variables, oncological outcomes
(see “outcomes” in eligibility criteria) and cost.

Study quality assessment and risk of bias

Two independent reviewers (LL and NB) carried out
the study risk of bias evaluation of the selected articles.
RCTs were assessed using the Revised Cochrane risk-of-
bias tool for randomized trials (RoB 2) (8). NRCTs were
assessed using the Risk of Bias in Non-randomized Studies
of Interventions (ROBINS-I) tool (9). Both tools were used
as recommended in Cochrane Handbook for Systematic
Reviews of Interventions 2nd edition (6).

Statistical analysis

Data from the included studies were processed for the
qualitative and quantitative analyses. For dichotomous
outcome data, the risk ratio (RR) and 95% confidence
interval (CI) were estimated using the Mantel-Haenszel
method. For continuous data, the mean differences
(MD) and 95% CI were estimated using inverse variance
weighting. Whenever available, outcome measures [mean
(SD) and median (interquartile range) or (range) values]
were extracted for each surgical approach. If necessary and
possible, outcome variables were calculated based on
data available in the individual selected studies. In studies
in which the mean or SD was not reported, these values
were estimated from the median, range or interquartile
range (6,10). Heterogeneity was assessed by the I’ statistic
and values of 25%, 50%, and 75% were considered
low, moderate, and high, respectively (11). The pooled
estimates of the mean differences were calculated using
random-effects models to take into account potential
interstudy heterogeneity and to adopt a more conservative
approach. The pooled effect was considered significant if
P<0.05. The meta-analysis was performed using RevMan
software (version 5.3; Cochrane Collaboration).
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Results
Literature search and selection

The initial search identified 129 articles that were screened
for eligibility based on title and abstract evaluation. Ninety-
two articles were rejected and the remaining 37 underwent
full-text evaluation. No additional studies were identified
through manual search, or cross-check of reference lists.

After full-text evaluation, 27 were selected for qualitative
synthesis. Studies selection process and reasons for
exclusion are shown in the PRISMA flow chart (Figure I).
Finally, only 25 studies were included in quantitative
synthesis.

Studies characteristics

The selected 27 studies were published between
October 2007 and October 2019 with a total number of
20,478 patients included. They included 2,314 patients
undergoing RRC and 17,791 patients undergoing LRC
between 2002 and 2019. There was only 1 RCT, whereas
the remaining 26 studies were NRCTs. All NRCTs had a
retrospective design. General characteristics of included
studies are reported in Table 1.

The mean age (SD) in the RRC group was 68.43 (6.95)
years, with 52% of the patients being males. In the LRC
group, the mean age was 68.47 (3.25) years with 51.27%
of male patients.

There was no significant difference between groups
regarding age (MD -0.24; 95% CI: -2.11, 1.63; P=0.80),
gender (RR 1.04; 95% CI: 0.97, 1.11; P=0.32), previous
abdominal surgeries (RR 0.80; 95% CI: 0.59, 1.08; P=0.15),
BMI (MD 0.21; 95% CI: -0.37, 0.79; P=0.48), and ASA
score (RR 1.11; 95% CI: 0.97, 1.26; P=0.12).

Nine studies (12-20) included patients who underwent
robotic and laparoscopic surgeries for right, left or
rectal pathologies. Only data from subgroup analysis
comparing RRC and LRC were extracted and used for
this qualitative synthesis. Three studies (21-23) compared
open, laparoscopic and robotic right colectomies. Subgroup
analysis of laparoscopic and robotic approach was used for
this synthesis.

One study by Trastulli ez /. (24) described a subgroup of
patients that received full RRC, whereas in the remaining
studies laparoscopically assisted technique was performed
(meaning the use of an assistant laparoscopic port).

Three studies (12,14,21), with the largest patient
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Records identified through
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through other sources
(n=0)
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Records after duplicates removed

(n=129)
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(n=92)

\4

A4

for eligibility
(n=37)

Full-text articles assessed
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» (n=10)
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Hybrid robotic technique (n=2)
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qualitative synthesis

together (n=2)

Oral presentations (n=2)
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No subgroup analysis (n=1)

\

No laparoscopic group (n=1)
Update of the same population (n=1)

(meta-analysis)
(n=25)

Studies included in
quantitative synthesis

Figure 1 PRISMA Diagram. The flowchart shows the literature search and study selection process according to the PRISMA guidelines.

number (RRC n =790, LRC n=15,899) were performed
as a retrospective data collection from national registries.
While there was no information about the type of
anastomosis in each group, these studies were selected for
further qualitative synthesis. Similarly, three monocentric
studies (13,22,25) did not specify the anastomosis type
but were included in the analysis. Five studies (26-30)
included patients only with intracorporeal anastomosis and
six studies (15,18,19,23,31,32) only with extracorporeal;
in the rest of the studies both types of anastomosis were
performed.

In the study of Trastulli er /. (24) patients in LRC
group received both— intracorporeal and extracorporeal—
anastomosis, only patients with intracorporeal anastomosis
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(n=40) wereincluded in the quantitative synthesis.

Studies quality assessment

The assessment of the included RCT (33) classified the study
as having “some concerns” according to RoB 2 tool (8).
Three NRCTs were assessed as having moderate risk
of bias (18,26,30). Twenty-one NRCTs were classified at
serious risk of bias (13-16,19-25,27-29,31,32,34-38), all due
to potential risks of confounding as none of these studies
matched the laparoscopic group to robotic group before
inclusion of the patients. Two NRCTs were classified at a
critical risk of bias (12,17); in both studies it was due
to critical bias of confounding that was assessed to be
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Table 1 General characteristics of included studies
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Authors, year

Study period  Study design

No. of patients (total)

No. of patients (RRC)

No of patients (LRC)

Pathology

Gerbaud et al.,
2019

Merola et al., 2019

Yozgatli et al.,
2019

Blumberg, 2019
Park et al., 2019

Megevand et al.,
2019

Khorgami et al.,
2019

Solaini et al., 2019

Spinoglio et al.,
2018

Haskins et al.,
2018

Nolan et al., 2018
Ngu et al., 2018

Widmar et al.,
2017

Lujan et al., 2018
Kang et al., 2016
Dolejs et al., 2017

Widmar et al.,
2016

de'Angelis et al.,
2016

Ferrara et al., 2016

Guerrieri et al.,
2015

Trastulli et al.,
2015

Davis et al., 2014

Casillas et al.,
2014

Lujan et al., 2013

Deutsch et al.,
2012
deSouzaet al.,
2010

Rawlings et al.,
2007

2013 to 2019

2012 to 2017
2015 t0 2017

2013 t0 2018
2010 to 2011
2010 to 2015

2012 to 2014

2007 to 2017

2005 to 2015

2012 to 2014

2011 to 2016
2015 to 2017

2012 to 2014

2009 to 2015
2007 to 2011
2002 to 2004
2009 to 2014

2012 to 2015

2008 to 2014
2013 to 2014

2005 to 2014

2009 to 2011
2005 to 2012

2008 to 2011
2004 to 2009

2005 to 2009

2002 to 2005

NRCT, Mono

NRCT, Multi
NRCT, Multi

NRCT, Mono
RCT, Mono
NRCT, Mono

NRCT, Multi

NRCT, Multi

NRCT, Mono

NRCT, Multi

NRCT, Mono
NRCT, Mono

NRCT, Mono

NRCT, Mono
NRCT, Mono
NRCT, Multi
NRCT, Mono

NRCT, Mono

NRCT, Mono
NRCT, Mono

NRCT, Multi

NRCT, Multi
NRCT, Mono

NRCT, Mono
NRCT, Mono

NRCT, Mono

NRCT, Mono

101

188
96

122
70
100

7,685

389

200

2,494

106
32

282

224
63
6,780
276

80

28
29

238

414
162

47
65

175

32

42

94
35

21
35
50

442

305

100

89

10
16

119

89
20
259
69

30

13
18

102

207
52

22
18

40

17

59

94
61

101
35
50

7,243

84

100

2,405

96
16

163

135
43
6,251
207

50

15
11

136

207
110

25
47

135

15

Cancer, adenomas

Cancer

Cancer

Cancers, polyps
Cancer

Cancer

All

Cancer and benign
lesions

Cancer

All

All

Cancer, sealed
perforations

Cancer

All
Cancer
All
All

Cancer

Cancer

Cancer

Cancer, adenomas

All

Neoplasms

All
All

All

All

RRC, right robotic colectomy; LRC, laparoscopic right colectomy; NRCT, non-randomized control trial; Mono, monocentric; Multi,
multicentric; RCT, randomized control trial.
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A. Operative time (min).

RRC LRC Mean Difference Mean Difference
Study or Subgroup Mean SD_Total _Mean SD_Total Weight _IV.Random. 95%Cl_Year IV, Random, 95% C1

Rawlingsetal 2007 2199 446 17 1682 375 15 42% 5070[22.2579.15] 2007
deSouzaetal 2010 16893 3669 40 11808 3811 135 40%  40.85[27.79,5391] 2010 =

Deutschetal 2012 1347 298 18 1403 423 47 47% -660[2382,1277) 2012 ==
Lujanetal 2013 183 393 22 107 367 25 45% 8200(6017,103.83] 2013 -
Casillas etal 2014 143 251435 51 79 264588 110 50%  64.00[5556,7244] 2014 =
Trastull et al 2015 274 784 102 2043 619 40 45% 83.10[6123,10497] 2015 —_
Widmar etal 2016 180 3778 69 128 4222 207 48%  3200[21.39,4261] 2016 =
deAngelisetal 2016 2005 295 30 2041 267 50 49%  -360[16.49,929 2016 &

Fermara etal 2016 230 348 13 1677 357 15 43%  6230[36.10,8850) 2016 -
Kang etal 2016 2303 593 20 2364 618 43 40%  280[28.95,3478] 2016 —p—

Dolejs etal, 2017 173 6741 250 133 5407 B251 50%  AD.00[31.68,4832) 2017 =
Widmaretal 2017 126 3778 119 148 5185 163  50% -2200[3246-1154] 2017 o

Ngu et al 2018 230 4375 16 1825 4125 16 41%  4750(18.047696] 2018 ———
Haskinsetal 2018 1872 @14 83 1425 B33 2405 47%  4470[27.60.6180] 2018 St
Spinoglio et al. 2018 279 60 100 236 68 100 48%  42.00[2242,6358 2018 T
Nolan et al 2018 1305 7441 10 137 5222 9 33%  -65051.78,3879] 2018 ——

Merola etal 2019 2075 449 04 1355 339 04 40%  7200(60.63,8337] 2019 =
Solaini etal. 2019 20 7141 306 160 5185 84 4.0% 90.00(75.34,10368] 2019 —-—
Blumberg 2013 B/ 1w N m2 66 101 33% 118.00[7334,16256) 2013 —t—
Megevand etal 2019 04 3704 50 180 2863 50 48%  4400(30.85.5715 2018 ==
Parketal 2013 195 435 4287 432 35 46%  B530[45.57,8503) 2018 =
Gerbaud etal 2019 197 253 42 137 19 59 50% 6000 (50946906 2018 -
Total (95% CI) 1523 10141 1000% 4536 [31.75,58.97] >
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B. Conversion.

Helerogenelly Tau"= 945,41, O = 392,01, df= 21 (P < 0.00001), "= 95%
Testfor overall effect Z= 6.53 (P < 0.00001)

100 -50 a0 100
Favours RRC Favours LRC

C. Lymph node harvest.

RRC LRC Mean Difference Mean Difference
Study or Subgroup __ Mean _ SD Total Mean  SD Tolal Weight IV, Random, 95% CI_Year IV, Random, 95% CI
Lujan etal. 2013 25 0 12 183 103 15 Notestimable 2013
Casilas et al. 2014 28 1437 52 24 1588 110 52%  4.00(081,891] 2014 b
Trastulli et al. 2015 03 77 102 18 100 40 7.0%  130F217,477) 2015 G
Guerrler et al. 2015 14 889 18 14 B15 11 39%  000F633,633 2015 —
Kang etal. 2016 322 181 20 323 165 43 23% -0.10[9.44,924] 2016 e —
Ferara etal. 2016 242 134 13 18 64 15 29% B20F177,1417] 2016 -
Wiidmar et al. 2017 3¢ 17 118 28 14 163 66% 5000127873 2017 ——
Spinoglio etal 2018 282 106 100 304 131 100 7.2% -220(550,110] 2018 =
Lujan etal. 2018 141 121 88 118 97 135 76%  2200.80,520) 2018 T
Nou etal. 2018 4775 1725 16 3025 B75 16 22% 17.50(8.02,26.98] 2018 —b
Haskins etal. 2018 18 9 83 18 11 2405 91% 100282097 2018 -
Park etal. 2019 209 147 35 308 133 35 37% -090(747,567 2019 ———
Gerbaud etal. 2019 2% 11 42 23 7T 59 66% 3.00(078,678 2019 T
Solaini et al. 2019 22 815 305 19 B8Y 84 B89%  300[089,511] 2019
Merola et al. 2019 2191 588 94 2232 381 94 97% -041(183,101] 2019
Blumberg 2019 19 1121 14 8 101 52%  500[004,0.98 2019
Megevand etal. 2019 205 444 S0 23 1333 50 64% -250(6.39,1.39] 2019 =1
Yozgatii etal. 2019 4 12 3 EEd 10 61 55%  0.00[3.30,1270] 2019 S
Total (95% C1) 1222 3547 100.0%  203[045,361) >
Heterogeneity: Tau® = 6.17; Chi*= 50.46, df= 16 (P < 0.0001); F=68%

Test for overall effect Z=252 (P= 0.01) N it Fa\muérs fre

RRC LRC Risk Ratio Risk Ratio
Study or Subgroup __ Events Total Events Total Weight M.H,Random.95%Cl Year M.H, Random, 95% C1
Rawiings etal 2007 [T 2 15 3% 0.18(001,343] 2000 @ ————————
desouza et al 2010 1o 1135 35%  338(022,527%] 2010 —
Deutsch etal. 2012 2 18 0 4F 30% 1263(0.64,251.07] 2012 -
Lujan etal. 2013 022 025 Notestimable 2013
Casillas etal. 2014 2 52 12 110 88% 0.35[0.08, 1.5 2014 ——
Trastuli et al. 2015 4 102 6 40 109% 0.25 [0.08, 0.86] 2015
Widmar etal. 2016 2 69 47 Ta% 1.60(0.28,8.01] 2016
Kang etal 2015 0 143 27%  070[003,1643] 2016
de'Angelis et al 2016 03 150 0% 033(002,663] 2016
Widmar etal. 2017 3 118 33 163 114% 0.12(0.04,040] 2017
Dolejs etal. 2017 16 259 656 6251 19.2% 0.59(0.36,095] 2017 ~=
Lujan et al. 2018 2 88 9 135 85% 0.34(0.07,152] 2018 — =
Spinoglio etal, 2018 0 100 7100 33% 0.07[0.00,1.45] 2018 ————————
Gerbaud et al. 2019 0 42 180 27% 0470021115 2019 —_—
Yozgati et al. 2019 03 [ Notestimable 2019
Solaini etal. 2019 3 305 0 84 31%  194010,37.28] 2019 1=
Blumberg 2019 [T 5 101 3% 042(002,735] 2019 —_—
Parketal 2019 0 3 0 35 Notestimable 2019
Merola etal. 2019 3 @ 0 84 31% 70003713368 2019 —
Megevand etal. 2019 0 5 750 33% 0.07[0.00,1.14] 2019 ———————
Total (95% CI) 1519 7805 100.0% 047 [0.27,0.81] >
Total events 38 746
Tau = 0.36; Chi*= 24.02, 0= 16 (F= 0.08), F'= 33% 1
Testfor overall eflect Z=2.69 (F = 0.007) R BT, e
D. Estimated blood loss (ml).
RRC LRC Mean Difference Mean Difference
Study or Subgroup __ Mean __SD Total Mean __SD Total Weight IV, Random,95% Cl_Year v, Random, 95% CI
Rawiings et al. 2007 40 249 17 863 607 15 3% -26.30[5456,1.06 2007
deSouza etal. 2010 60 575 40 50 9833 135 7.6% 00024342434 2010 ——
Deutsch et l. 2012 764 489 1B 1232 097 47  4.8% -46.80 }60.98,-1263] 2012
Lujan etal. 2013 608 713 22 702 259 25 54% -8.40(4088,2208 2013 — =
Gaslllas et al. 2014 63 8976 52 57 10054 110 56%  6.00[24.80,36.80 2014 L
Trastull et al. 2015 30 40 102 10 85 40 65% 200017464746 2015 T=—
dengelisetal 2016 1486 3159 30 164 248 50 134% -1540[2863,-217) 2016 ——
Kanget al. 2016 187 2052 20 101.3 1104 43 0.8% 8570(10.09,161.49] 2016 -/
Lujan etal, 2018 37 541 89 607 60 135 122% -2370(38.83,-857] 2018 —_
Blumberg 2019 100 58 21 100 153 101 39%  0.00[33.80,38.80] 2019 —_—
Yozgatii etal, 2019 75 70 35 73 57 61 66%  200[252520.25 2019 —
Park etal 2019 368 383 35 468 313 35 118% -1100-2698,468) 2019 —
Gerbaud etal. 2019 27 26 42 30 29 59 150%  -300[1380,7.80 2019 —
Total (35% CI) 523 856 100.0% -858[17.27, 0.08] <

Heterogeneity: Tau®= 97.62; ON= 2221, df= 12 (P= 0.04), F = 46%
Testfor overall effect Z= 1.98 (P = 0.05)

<100 100

-50 50
FavoursRRC Favours LRC

Figure 2 Forest plots of operative variables. Risk ratio (RR) and 95% CI were calculated using the random-effects Mantel-Haenszel
method. (A) Operative time; (B) conversion; (C) lymph node harvest; (D) estimated blood loss. Mean difference (MD) and 95% CI were

calculated using random-effects inverse variance weighting. Different size markers indicate study weight. RRC, robotic right colectomy;

LRC, laparoscopic right colectomy.

problematic to provide any useful evidence on the effects
of RRC and LRC. These two studies were excluded from

quantitative synthesis.

Outcomes

Operative variables

All included studies reported comparison of one or more
operative variables. Quantitative synthesis of data about
operative time (O'T) was performed from twenty-two studies.
Meta-analysis revealed that the OT was significantly longer
for RRC with a MD of 45.36 minutes (95% CI: 31.75,
58.97; P<0.00001). The considered studies had very high
heterogeneity (I’=95%) (Figure 24). Data about conversion
rate were available from 21 study. Conversion rate was
significantlylower in the RRC group with 38 events over
1519 RRC (2.5%) vs. 746 conversions over 7,805 LRC
(9.56%). The estimated RR was 0.47 (95% CI: 0.27, 0.81;
P=0.007, I’=33%) (Figure 2B). Twenty-one study included

© Annals of Laparoscopic and Endoscopic Surgery. All rights reserved.

data on lymph node harvesting. The studies by deSouza
et al. (31) and Deutsch et 4/. (19) were excluded from the
analysis as mean and SD could not be calculated. The study
by de’Angelis et al. (32) was not included because the mean
values for each group were not reported. Meta-analysis
from 18 studies showed that the number of harvested
lymph node was significantly higher in the RRC group
with a MD of 2.03 (95% CI: 0.45, 3.61; P=0.01, '=68%)
(Figure 2C).

Estimated blood loss for RRC and LRC groups was
calculated from 13 studies. Quantitative synthesis showed
more favorable outcomes for RRC with a MD of -8.68 (95%
CI: -17.27, -0.08; P=0.05, P=46%) (Figure 2D).

Postoperative variables

Based on 18 studies that reported overall postoperative
complications, 16 were included in the meta-analysis.
Two studies (28,32) that were reporting 90-day morbidity
were excluded. There was no difference in the overall
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A. Complications, Grade 23 by Clavien-Dindo classification B. Anastomotic leakage 30-days after surgery.
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Figure 3 Forest plots of postoperative variables. Risk ratio (RR) and 95% CI were calculated using the random-effects Mantel-Haenszel

method. (A) Complications, Grade 23 by Clavien-Dindo classification (30-day after surgery); (B) anastomotic leakage 30-day after surgery;
(C) 30 days mortality; (D) length of hospital stay (days). Mean difference (MD) and 95% CI were calculated using random-effects inverse

variance weighting. Different size markers indicate study weight. RRC, robotic right colectomy; LRC, laparoscopic right colectomy.

complication rate between RRC and LRC (RR 0.91; 95%
CI: 0.80, 1.04; P=0.18, I’'=0%). Similarly, comparing severe
complications [i.e., grade 3 or more by Clavien-Dindo
classification (39)] as reported in 7 studies, there was no
significant difference between the two groups with thirteen
patients over 427 in RRC group (3.04%) and 30 over 562
in LRC group (5.34%). The RR was 0.69 without reaching
the significant threshold (95% CI: 0.36, 1.34; P=0.28,
IP=0%) (Figure 3A4).

Reoperation and readmission at 30 days after surgery
were analyzed in 12 and 9 studies respectively. There was
no significant difference between RRC and LRC groups
with an RR for reoperation of 0.76 (95% CI: 0.41, 1.41;
P=0.38, I’=0%) and an RR for readmission of 1.46 (95% CI:
0.71,3.01; P=0.31, I’=33%).

Data about anastomotic leak (AL) were extracted
and analyzed only from 16 studies in which the type of
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anastomosis was clearly described for each group. Rate of
AL did not differ significantly between RRC and LRC
with an RR of 0.86 (95% CI: 0.52, 1.41; P=0.55, I’=0%)
(Figure 3B). The quantitative synthesis of surgical site
infection and postoperative ileus rates was not performed as
the case definition for these complications was not consisted
throughout the included studies.

Sixteen studies reported 30 days mortality. With 6
events over 1,051 patients (0.57%) in RRC group and 40
events over 9,759 patients (0.04%) in LRC, no significant
difference was observed in the pooled data analysis (RR 1.84;
95% CI: 0.84, 4.01; P=0.12, ’=0%) (Figure 3C).

For the time to flatus, studies describing the outcome as
“first flatus” were included, studies using other descriptions
(e.g., first bowel movement) were excluded. The time to
first flatus after surgery was reported in 11 studies, and
was comparable between RRC and LRC with a MD
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Figure 4 Forest plot of total costs. Mean difference (MD) and 95% CI were calculated using random-effects inverse variance weighting.

Different size markers indicate study weight. RRC, robotic right colectomy;

of -0.16 (95% CI: -0.61, 0.29; P=0.49). However, a high
heterogeneity was found (I’=95%).

Data about the length of hospital stay (LOS) was available
and analyzed only from 22 studies. The meta-analysis
showed a significantly shorter LOS in the RRC group. The
MD was -0.60 (95% CI: ~1.01, -0.19; P=0.004, ’=64%)
(Figure 3D).

Costs

Six studies compared the total cost per patient
(19,23,26,27,31,32). de’Angelis er al. (32) reported the
average costs per group and thus these data were not included
in meta-analysis. Merola er al. (26) reported the mean
cost in euros thus it was converted in American dollars
(USD) according to actual conversion rate on February
2020. The USD value from two studies published more
than 10 years ago (20,31) was converted to actual USD
value as in February 2020. Total costs were significantly
higher in the RRC group with a MD of 3,185.50 USD
(95% CI: 720.98, 5,650.02; P=0.01, ’=94%) (Figure 4).

No subgroup analysis was performed analyzing surgical
and hospitalization cost separately due to the lack of
consistency in the calculations and descriptions of these
costs in each study.

Oncological outcomes

Three studies reported 3-year and/or 5-year OS and
DES for operated colon cancer patients (23,29,33). Meta-
analyses on these outcomes were not performed due
to insufficient statistical data provided in these studies.
However, in all three studies oncological outcomes were
comparable between the two surgical groups. Park ez
al. (33) reported a 91.1% (95% CI: 78.8-100%) 5-year
OS for all tumor stages in the RRC group and 91.0%
(95% CI: 81.3-100%) in the LRC group (P=0.678). Five
years DFS for all tumor stages were 77.4% (95% CI:
60.6-92.1%) for RRC and 83.6% (95% CI: 72.1-0.97.0%)
for LRC (P=0.442). In the study by Spinoglio et al. (29), the
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S-year OS for RRC was 77% and for LRC 73% (P=0.64).
The 5-year DFS for RRC and LRC was 85% and 83%
respectively (P=0.36). No statistical difference was found in
the study of Kang ez a/. (23)who reported a 5-year OS for
RRC of 73.1% and for LRC of 79.2%, whereas the 5-year
DFS was 89.5% and 84% respectively.

Discussion
Operative outcomes and learning curve

The present systemic review and meta-analysis provides
the latest and the most comprehensive literature analysis
on the comparison between robotic and LRC including 27
studies in the qualitative synthesis and 25 studies in the
quantitative one. Overall, 13 studies (48%) (12,13,21,26-
30,33,34,36-38) were published between 2018 and 2019,
including the only RCT (33), highlighting the rising
interest in the outcomes and potential benefits of RRC as
compared to conventional laparoscopy.

In the present meta-analysis, we demonstrated
significantly better operative outcomes for RRC regarding
conversion rate and estimated blood loss, which confirm
the safety of the robotic approach. Similar results have
been reported in other meta-analyses published in last 5
years (4,5,40); however, this is the first meta-analysis to
report a significantly higher number of harvested lymph
node in the RRC group. The number of retrieved lymph
node during an oncological colon resection has been widely
discussed as one of the prognostic factors for oncological
results. Recent studies (41,42) have reported that lymph
node harvesting has a significant association with
survival outcomes for both lymph node negative (stage 1
and II) and positive (stage III) colon cancers, confirming
the lymph node harvesting as one of the quality criteria
for oncological resection.

Operative time was significantly longer in RRC group
as it has been shown in previous meta-analyses (4,5,40,43).
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As suggested by Solaini et 4l. (4) the type of anastomosis
(intracorporeal or extracorporeal) could be one the factors
impacting on the operative time. They performed a
subgroup analysis on extracorporeal anastomosis and found
no significant difference in the operative time between RRC
and LRC. This finding suggests that future comparisons
of RRC and LRC should be carried out only when the
same type of anastomosis is performed, especially when
the aim is to evaluate the impact of the surgical technique
on operative time. This more consistent evaluation may
potentially even demonstrate a benefit of the robotic
technique when performing an intracorporeal anastomosis.
Another important factor that affects operative time is
surgeon’s and surgical team’s knowledge and experience
with the robotic platform. The docking and targeting of
the robotic system is most of the time included in the
operative time count as these procedures are performed
after the skin incision. Surgeon’s control and familiarity with
the robotic console as well as the scrub nurse’s knowledge
of the robotic instruments and their replacement also has
a great impact on the overall operative time. Three studies
(29,32,38) included in this systemic review took into account
the possible impact of the learning curve on the operative
time; in each of these studies the RRC was performed
by a single surgeon. Spinoglio ez al. (29) and Megevand ez
al. (38) reported a significant decrease in the operative time
during the learning curve of the RRC with a mean operative
time of 329 min in the earlier RRC procedures and 266 min
in latest RRC series (P<0.001) (29). de’Angelis er al. (32)
performed subgroup analyses categorizing RRC and LRC
patients in 3 groups: cases 1-10, cases 11-20, cases 21+.
They showed a trend toward a significant difference in the
11-20 case series, in favor of RRC with a mean operative
time of 193.8 min (SD 24.24) in RRC group and 214.5 min
(12.57) in LRC group (P=0.07). It could be expected that
once RRC will have become a routine procedure in many
centers where surgeons and surgical teams have overpassed
the learning curve, future studies will report substantially
shorter operative time.

There are two studies published in 2017 that analyzed the
learning curve for RRC. Parisi er al. (44) reported a series
of 108 patients undergoing RRC with intracorporeal
anastomosis. Based on a cumulative sum (CUSUM)
analysis, 3 phases of learning curve were detected: cases 1-44:
initial learning phase; cases 45-90: consolidation phase;
cases 91-108: mastery phase. Meanoperative time in phase 1
was 313.2 min (SD 72.8), in phase 2-285.8 min (62.1) and in
phase 3-216.4 min (37.2); a significant difference was found
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between both phase 1 and phase 2 and between phase 2 and
phase 3 (P<0.0001). Similar results but with shorter learning
curve were presented by Raimondi ez 4. (45). In a series
of 23 RRC with intracorporeal anastomosis, the CUSUM
analysis detected 2 phases of learning curve: cases 1-13:
acquisition phase and cases 14-23: consolidation phase.

Mean operative time differed significantly: it was 281.5
min (SD 6.59) in the acquisition phase and 244.3 (8.959)
in the consolidation phase (P=0.0026).

Postoperative and oncological outcomes

In the present meta-analysis, we did not find any differences
regarding 30 days morbidity (total and Grade >3
complications), anastomotic leak rate, mortality, reoperation
and readmission rates. Only meta-analysis by Ma ez al. (5)
has reported a decrease in overall complications in RRC
group (P=0.05). However, when the analysis was performed
regarding the postoperative ileus, bleeding and anastomotic
leakage rates, no differences were found between RRC and
LRC. There exists an important inconsistency of definitions
of postoperative complications as well as a wide range of
non-surgical complications included in the total morbidity
that may explain differences in study results. Although
no decrease of morbidity was detected in our quantitative
synthesis, we found a significantly shorter LOS in the RRC
group as was previously described by Ma er al. (5). Two
other meta-analyses have reported significantly shorter
time to first flatus; our analysis did not show differences
between the groups. This could be explained by different
study selection for this outcome; we strictly included only
studies where postoperative bowel activity was defined as
“time to (first) flatus”, studies with other descriptions, e.g.,
first bowel movement or return of bowel activity, were
not considered.

To our knowledge, the present systemic review is the
first attempt to perform a qualitative and quantitative
synthesis comparing oncological outcomes (OS and DFS)
between robotically and laparoscopically treated colon
cancer patients. Three studies (23,29,33) provided data on
3-year and/or S-year OS and DFS that were comparable
between RRC and LRC groups. Although it was not
possible to perform meta-analysis due to a lack of provided
statistical variables, to date there exist no evidence of
inferiority of RRC and it can be considered as oncologically
safe approach as laparoscopy. Moreover, the finding of
higher number of harvested lymph node during RRC may
translate into improved oncological outcomes observable in
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futures studies. Further well-designed studies with larger
cohort of patients and sufficient follow-up are necessary
to make concrete conclusions regarding this outcome.

Costs

Similarly to other meta-analyses (4,40), the present
quantitative synthesis showed a significant higher costs
for RRC as compared with LRC, with a mean difference
of more than 3,000 USD per patient case. Increased cost
is one of the most important drawbacks for implementing
the robotic systems in routine practice, therefore high-
quality studies comparing expenses for robotic and
laparoscopic approach are crucial. Unfortunately, the
existing studies that were analyzed in the present systemic
review (20,23,26,31,33), showed very high heterogeneity
(I’=95%) and high risk of bias. One of the most important
reasons for heterogeneity is the different variables included
in the cost analyses in each study (e.g., use of surgical
and medical instruments, operating room time, cost of
operating personnel, cost of anesthesia, length of hospital
stay, costs of medicaments and/or consultation received
after operation, laboratory and radiological exams etc.). It
is clear that a cost of RRC can be a burden for its future
implementation despite the increasing evidence of the safety
and feasibility of this approach. However, upcoming years
can make a dramatical change and decrease the cost as new
robotic systems are appearing in the market.

Limitations

The present meta-analysis is based on 24 NRC'Ts, which
were retrospective, and only one RCT.

NRCTs are susceptible for selection, confounding and
reporting bias and in general provide low level of evidence
(46). Twenty-one of NRCTs were evaluated as having serious
risk of bias, mainly due to confounding bias; only two
studies (26,30) performed case matching between RRC and
LRC before the analysis and one study (18) used propensity
score matching.

In some of the outcome analysis, we observed high
heterogeneity among the included studies. It can be
explained by different sample size, study populations,
insufficient or uncomplete data, and interstudy and/or
intergroup differences in the surgical technique. Operative,
postoperative outcomes and cost can be significantly affected
by anastomosis type that varied among the studies or was
not specified in large retrospective cohorts where data
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were extracted from national databases (14,21).

Future directions

The main attention is currently focusing on the
comparison of different types of anastomosis during
RRC. There are four ongoing studies about RRC that
are registered in Clinicaltrials.gov medical library; three
of them aim to compare outcomes of intracorporeal
and extracorporeal anastomosis. Intracorporeal Versus
Extracorporeal Anastomosis in Robotic Right Colectomy
(INEXA) (ClinicalTrials.gov ID: NCT03130166) is a
bicentric Danish RCT with a primary outcome measure:
postoperative recovery. Robotic-assisted and Laparoscopic
Right Colectomy Study (ANCOR) (ID: NCT03312569) is
a multicentric prospective comparison study in USA of both
anastomosis types that has set an incisional hernia rate
as their first outcome measure.

Minimally Invasive Right Colectomy Anastomosis Study
(MIRCAST) (ID: NCT03650517) is a large European
observational, prospective, parallel cohorts study to
compare both anastomosis type for 30 days postoperative
morbidity. Finally, monocentric Danish prospective
single-arm study with historical controls - Prospective Study
of Extended Robotic Right Hemicolectomy With Complete
Mesocolic Excision for Cancer (ID: NCT04190589)—
aims to compare oncological quality of robotic versus open
procedure.

New robotic systems for abdominal surgery

Intuitive da Vinci ® robotic system has been dominating
the market since its invention in 1994.

The latest generation— the da Vinci Xi— was introduced
in 2014 and brought in several technical improvements
compared to the pervious robotic platforms. The first single
site RRC was described by Morelli er . in 2013 (47).
Da Vinci single site technology provides a possibility to
perform single incision surgical procedures by adapted
curved cannulas that triangulates instruments internally
and separate arms externally, 5 lumen ports that can be
introduced by 2.5 cm incision and semi rigid instrument.
Authors of several case series on single site RRC (48-50)
have stated that this approach is safe and feasible.

There is some evidence in the literature of surgical
procedures performed by alternative robotic systems.
Samalavicius ez 4l. (51) has reported a right hemicolectomy
performed with Senhance® Surgical System with Digital
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Laparoscopy. This is a multi-port system with independent
robotic arms that can be moved and docked separately to
standard laparoscopic trocars. Surgeon works at a console
using 3D-HD glasses and using handles that are based
on laparoscopic instrument principles. Instruments
used on the patients work similarly to the fundaments of
laparoscopy.

A more elaborate system names “Micro Hand
S” has been developed in Central South University
in collaboration with Tianjin University (China). It was
produced to overcome the financial limitations that are
often responsible for slow implementation of existing
robotic system in developing countries. It resembles
principles of da Vinci system with a surgeon’s console with
3D stereo image screen, two master manipulators, control
panel and several pedals and a slave cart with three active
slave manipulators (arms). Yi er al. (52) reported a detailed
description on this technology and a first case series of
abdominal procedures, among them— one successfully
performed right colectomy. As stated by the authors, studies
on larger patient series are crucial to confirm safety and
feasibility of this system.
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