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Abstract

Background There are a variety of surgical approaches for the management of right-sided colonic neoplasms. To date, no
method has been shown superior in terms of surgical and perioperative outcomes. This meta-analysis compared open (ORH),
laparoscopic-assisted (LRH), total laparoscopic (TLRH), and robotic right hemicolectomy (RRH) to assess surgical outcomes
and perioperative morbidity and mortality.

Study design We conducted an electronic systematic search using PubMed, EMBASE, and Web of Science that compared
RRH, TLRH, LRH, and ORH. Forty-eight studies met the inclusion criteria: 5 randomized controlled trials, 25 retrospective,
and 18 prospective studies totalling 5652 patients were included.

Results The overall complication rate was similar between RRH and TLRH (RR 1.0; Crl 0.66-1.5). The anastomotic leak
rate was higher in LRH and ORH compared to RRH (RR 1.9; Crl 0.99-3.6 and RR 1.2; Crl 0.55-2.6, respectively), whereas
it was lower in TLRH compared to RRH (RR 0.88 Crl 0.41-1.9). The risk of reoperation was significantly higher in ORH
compared to TLRH (RR 3.3; Crl 1.3-8.0). Operative time was similar in RRH compared to LRH (RR —27.0; Crl —61.0
to 5.9), and to TLRH (RR —24.0; Crl —70.0 to 21.0). The hospital stay was significantly longer in LRH compared to RRH
(RR 3.7; Cr1 0.7-6.7).

Conclusion The surgical management of right-sided colonic disease is evolving. This network meta-analysis observed
that short-term outcomes following RRH and TLRH were superior to standard LRH and ORH. The adoption of more
advanced minimally invasive techniques can be costly and have associated learning phases, but will ultimately improve
patient outcomes.
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Colorectal is the third most common malignancy affecting
the population worldwide. Surgery remains the cornerstone
of treatment. In contemporary times, the optimal surgical
approach for right resections is often debated [1]. Increas-
ingly, there is focus on the incidence of postoperative com-
plications, quality of life, and oncological outcomes [2].
Laparoscopic colonic resection was first introduced
in 1991 [3]. Currently, laparoscopy is the most common
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utilized approach across colorectal surgery, as it is associ-
ated with reduced complications, shorter length of hospi-
tal stay, due to earlier mobilization, and return to normal
bowel function, with comparable oncological outcomes [4].
Nevertheless the standardization of the technique, particu-
larly pertaining to the ileocolic anastomosis (extracorporeal
[laparoscopic-assisted right hemicolectomy (LRH)] versus
intracorporeal [total laparoscopic hemicolectomy (TLRH)]),
has not been internationally agreed [5]. This represents a
considerable confounder when comparing operative tech-
niques across the literature [6].

Recent developments, most notably the introduction of
the robotic platforms (da Vinci robot Intuitive Surgical Inc,
Sunnyvale, CA, USA) [7], have increased focus on mini-
mally invasive approaches to both colonic and rectal dis-
section and anastomosis. Robotic technology is proposed to
overcome ergonomical issues associated with laparoscopic
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surgery especially regarding intracorporeal anastomosis.
However, this assumption has not been supported by strong
data in the literature so far [8].

To date, the gold standard for right hemicolectomy in
most centers is LRH when feasible [9]. This network meta-
analysis aims to compare outcomes between RRH and
TLRH and RRH, and ORH. In addition, it also intends to
compare ORH to TLRH, which have not been directly com-
pared to date.

Materials and methods
Search strategy

A systematic review was performed according to the guide-
lines from the preferred reporting items for systematic
reviews and meta-analyses checklist (PRISMA-NMA) [10].
Institutional review board approval was not required for this
type of study.

We conducted an electronic systematic search using Pub-
Med, EMBASE, and Web of Science. The last date of search
was the March 1, 2018. We searched for papers published
in English using the following search strategy: (“laparo-
scopic right hemicolectomy”[tiab] OR “laparoscopic hand-
assisted right hemicolectomy”[tiab] OR “laparoscopic
colectomy”’[tiab]) AND (“robotic right hemicolectomy’[tiab]
OR *“telerobotic right hemicolectomy “[tiab] OR “robot-
assisted right hemicolectomy “[tiab]); (“laparoscopic right
hemicolectomy”’[tiab] OR “laparoscopic hand-assisted right
hemicolectomy”’[tiab] OR “laparoscopic colectomy”[tiab])
AND (“laparotomic right hemicolectomy”’[tiab] OR “open
right hemicolectomy”[tiab] OR “open colectomy’’[tiab]);
(“laparotomic right hemicolectomy”’[tiab] OR “open
right hemicolectomy”[tiab] OR “open colectomy”’[tiab])
AND (“robotic right hemicolectomy”[tiab] OR “telero-
botic right hemicolectomy“[tiab] OR “robot-assisted right
hemicolectomy”[tiab]).

All titles were initially evaluated and suitable abstracts
were extracted. Besides, each of the eligible publication ref-
erence list was also screened for further potential articles.
The study protocol was registered at PROSPERO (Interna-
tional prospective register of systematic reviews), accessible
at http://www.crd.york.ac.uk/prospero/ (Registration Num-
ber: CRD42018091308).

Inclusion/exclusion criteria

As suggested by Stroup et al. [11] only randomized con-
trolled trials (RCTs) or controlled clinical trials (non-RCTs)
were considered for this analysis. To be included in the
analysis, (a) studies comparing surgical outcomes for either
ORH and LRH or TLRH and LRH or RRH and LRH for

either malignant or benign diseases; (b) articles written in
English. (c) articles have the longest follow-up or the largest
sample size when two or more studies were reported by the
same institution.

Studies were excluded if (a) they were not written in Eng-
lish; (b) the methodology was not clearly reported; (c) the
surgical technique was not clearly reported (e.g., intra or
extracorporeal anastomosis).

Data extraction

The following data were retrieved from the selected publi-
cations: author, year of publication, country, study design,
number of patients, proportion of males and females, age,
body mass index (BMI), diagnosis, intraoperative, and early
postoperative outcomes. All data were entered independently
by two investigators (ER, AA) and compared only at the end
of the reviewing process to reduce the selection bias. A third
author (LB) eventually reviewed the database. Duplicates
were erased and the discrepancies clarified.

Quality assessment

For observational studies, the study quality was assessed by
using the Newcastle-Ottawa Scale (NOS), which is a star
rating system [12]. Any disagreements on the NOS score of
the studies were resolved by discussion between the authors.

The methodological quality of the selected RCTs was
appraised by using the Cochrane risk of bias tool [13].
Trials were graded as follows: L =1low risk, H=high risk,
U =unclear risk. Thus, each RCT graded as having low,
moderate, or high risk of bias Disagreements was solved by
discussion. The quality of all included studies is depicted in
Tables 1, 2, and 3.

Outcomes of interest

The following outcomes were used to assess and compare
ORH, LRH, TLRH, and RRH.

Primary outcomes: Early postoperative complications
(overall complications, anastomotic leak, surgical site infec-
tion, reoperation, and 30-day mortality), and 60-day read-
mission rates.

Secondary outcomes: Operative and perioperative data
(operative time, conversion rate, estimated blood loss, blood
transfusion, hospital stay, and lymph node harvest), and
RRH cost analysis.

Statistical analysis
In addition to systematic review, we performed fully Bayes-

ian arm-based random effect network meta-analysis, in par-
ticular mixed treatment comparison. Briefly, the network
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Table 1 Quality assessment of included studies comparing ORH versus LRH

Studies Selection Comparability Outcome Total
score (out
ROS SOC AOE DOI AOU DOF AFU of 9)

Observational studies®
Bokey [21] * * * * ok * * * 9
Leung [22] * * * * * * 6
Lezoch [23] * * * * *E * * * 9
Baker [24] * * * * * * % 7
Zheng [25] * * * * * * * 7
Tong [26] * * * * ek * * 8
Lohsiriwat [27] * * * * * * * 7
Tan [31] * * * * * * 6
Nakamura [32] * * * * ok * * 8
Abdel-Halim [34] * * * * ** * * 8
Khan [40] * * * * ** * * 8
Tanis [43] * * * * * * 6
Kwon [44] # * ® # * # ® 7
Han [56] * * * * ok * 7

1 2 3 4 5 6 7 1

Randomized clinical trial®
Chung [28] H H L L H U L H
Braga [29] H H L U H U L L
Li [42] H H L H H L U U

AFU adequacy of follow-up of cohorts; AOE ascertainment of exposure; AOU assessment of outcome; DOF degree of follow-up was long
enough for outcomes to occur; DOI demonstration that the outcome of interest was not present at start of the study; ROS representativeness of

the exposed cohort; SOC selection of non-exposed cohort

(L low risk, H high risk, U unclear risk). / random sequence generation; 2 allocation concealment; 3 blinding of participants and researches; 4
blinding of outcome assessment; 5 incomplete outcome data; 6 selective reporting; 7 other bias

*The quality of the observational studies was performed using the Newcastle-Ottawa Scale

The quality of the RCT was assessed by Cochrane risk of bias tool

meta-analysis simultaneously synthesizes data from all
available trials within a consistent network and combines
direct evidence (comparison of treatments within head-to-
head trials) with indirect evidence (comparison of treatments
across trials against a common comparator) [14].

We preferred the Bayesian approach because that takes
into account all sources of variation and reflects these
variations in the pooled result. Furthermore, the Bayesian
approach can provide more accurate estimates for small sam-
ples. An ordinary consistency model was adopted with the
binomial/log model as likelihood was used. Non-informative
priors distribution included in this analysis were normal
(0, 1000) for log of relative risk (RR) and relative effects,
gamma (0.001, 0.001) distribution for random effect preci-
sion. Pairwise comparison was performed using unrelated
mean effects model [15]. To provide valid indirect infer-
ences, we considered the transitivity assumption (i.e., stud-
ies comparing different sets of interventions needed to be
sufficiently similar). To assess transitivity, we generated
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descriptive statistics and we compared the distributions of
baseline participant characteristics across studies and treat-
ment comparisons. We assumed a common heterogeneity
parameter across the various treatment comparisons. To
evaluate statistical heterogeneity, we calculated between-
trial variances and /’-index, assuming a common estimate
for the heterogeneity variance across the different compari-
sons. I*-index value of 25% was defined as low heterogene-
ity, 50% as moderate heterogeneity, and 75% as high hetero-
geneity [16]. To assess local inconsistencies, we used the
node-splitting method [17].

The inference was performed using mean and relative
95% credible intervals (Crl), based on draws from marginal
posterior distribution in Monte Carlo Markov chain, simu-
lating 350,000 iterations after a burn-in period of 30,000
iterations. We consider the estimated parameter significance
when its 95% Crl encompasses null hypothesis value. Sen-
sitivity analysis regarding the choice of prior distribution of
random effect precision was considered.
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Table 2 Quality assessment of included studies comparing LRH versus TLRH

Studies Selection Comparability Outcome Total
score (out
ROS SOC AOE DOI AOU DOF AFU of 9)

Observational studies®
Hellan [33] * * * * * * 6
Vogel [35] * * * * * * 6
Scatizzi [36] * * * * * * * 7
Chaves [37] * * * * *E * * * 9
Fabozzi [38] * * * * * * * 7
Papaconstantinou [41] * * * * Hk * * 8
Roscio [45] * * * * * * 6
Anania [47] * * * * * * * 7
Erguner [48] * * * * * * 6
Marchesi [51] * * * * * * * 7
Lee [52] * * * * ET] * * 8
Magistro [53] * * * * * * * 7
Bae [57] * * * * * * * 7
Vergis [58] * * * * * * * 7
Milone [59] * * * * *E * * 8
Shapiro [61] * * * * wk * * 8
Hanna [62] * * * * * * * 7
Martinek [65] * * * * * * * 7

1 2 3 4 5 6 7

Randomized clinical trial®

Ng [46] H H L L H U L

AFU adequacy of follow-up of cohorts; AOE ascertainment of exposure; AOU assessment of outcome; DOF degree of follow-up was long
enough for outcomes to occur; DOI demonstration that the outcome of interest was not present at start of the study; ROS representativeness of

the exposed cohort; SOC selection of non-exposed cohort

(L low risk, H high risk, U unclear risk). / random sequence generation; 2 allocation concealment; 3 blinding of participants and researches; 4
blinding of outcome assessment; 5 incomplete outcome data; 6 selective reporting; 7 other bias

The quality of the observational studies was performed using the Newcastle-Ottawa Scale

The quality of the RCT was assessed by Cochrane risk of bias tool

Model convergence was assessed by analyzing history,
running means density, and Brooks—Gelman—Rubin diag-
nostic plots In addition, autocorrelation plots were assessed
to detect the presence of autocorrelation in the chains [18].
We plotted rank probabilities against the possible ranks for
all competing treatments. All statistical analyses were car-
ried out using Jags [18] and R-Cran [19].

Cost analysis was performed using Stata Data Analysis
and Statistical Software (Ver. 12 StataCorp LLC USA).
Outcome data were reported standardized mean differences
(SMD) and 95% Crl were estimated using random effects
models. SMD was calculated as SMD = (new treatment
improvement — standard treatment improvement)/pooled
standard deviation. In our analysis, the new treatment was
robotic right hemicolectomy, compared to laparoscopic
right hemicolectomy as the standard treatment. An SMD

equal to zero denotes equivalent effects between robotic and
laparoscopic resection. For continuous data, the mean and
standard deviation (SD) were estimated the median, range,
and the size of the sample using validated techniques (if
needed) [20].

Review of network geometry

We investigated the spectrum of comparisons among the
different surgical techniques for right hemicolectomy within
the network of published studies. We appraised the geom-
etry of the networks for each outcome separately and pro-
vided network graphs with nodes reflecting the competing
surgical approaches and two nodes linked together by an
edge, if at least one study compared the two corresponding
surgical techniques. We analyzed the connection between
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Table 3 Newcastle-Ottawa

o e Studies Selection Comparability ~ Outcome Total score
Scale .of bias risk for individual (out of 9)
study in LRH versus RRH ROS SOC AOE DOI AOU DOF AFU
group
Trastulli [8] * * * ok * * * 9
Rawlings [30] * * * * * 6
deSouza [39] * * * * * * 7
Deutsch [49] * * * * * 6
Shin [50] * * * sk * * 8
Casillas [54] * * * * * * 7
Morpurgo [55] % * * * * * 7
de’Angelis [60]  * * * * * * 7
Kang [63] * * k ok k * 8
Lujan [66] #* * * * * * 7

AFU adequacy of follow-up of cohorts; AOE ascertainment of exposure; AOU assessment of outcome;
DOF degree of follow-up was long enough for outcomes to occur; DOI demonstration that the outcome of
interest was not present at start of the study; ROS representativeness of the exposed cohort; SOC selection

of non-exposed cohort

surgical approaches (i.e., those compared head-to-head in
the selected studies and those, which were only connected
indirectly by one “common comparators” and the amount of
evidence informing each comparison).

Results
Literature search and study characteristics

Four thousand three hundred twenty-one publications
were found by using the aforementioned search criteria.
After removing duplicates, 973 publications were further
reviewed. Further screening found that 48 studies [8, 21-67]
met the inclusion criteria. The selection process is reported
in Fig. 1. Among the included studies, 43 were non-RCTs
[8,21-27,30-41, 4345, 47-66] (25 were retrospective [8,
24-27, 30, 32, 34, 37-39, 41, 43-45, 47-50, 52, 56-58,
62, 66] and 18 prospective [21-23, 31, 33, 35, 36, 40, 51,
53-55, 59-61, 63-65]), and 5 RCTs [28, 29, 42, 46, 67].
Forty-seven studies reported the primary outcomes (Fig. 2).
Of the 4 studies [30, 39, 63, 67] included in the RRH cost
analysis, Park et al. was excluded from the assessment of the
other outcomes because the laparoscopic group did not dif-
ferentiate whether laparoscopic surgery was LRH or TLRH
[67]. At this study level, we tried out to ensure transitivity
by applying narrow inclusion criteria and making popu-
lations as similar as possible within and across treatment
comparisons.

Patient characteristics

Five thousand six hundred fifty-two patients were included in
the selected studies. Of these, 2847 (50.3%) were treated with

@ Springer

LRH, 1324 (23.4%) with TLRH, 1067 (18.8%) with ORH,
and 414 (7.5%) with RRH, respectively. The mean age was
66.6 years. The gender was clarified in 5480 patients: 2807
patients (51.2%) were males and 2673 (48.8%) females. Body
mass index (BMI) was investigated in 37 studies; the median
BMI was 25.5. The vast majority had surgery for malignancy
(87.2%). Three thousand nine hundred sixty-three patients were
graded according to the American Society Anaesthesiologists
(ASA) classification: 2669 patients (67.3%) were classified
ASA I-II and 1294 (32.7%) ASA TII-IV. Characteristics of all
patients according to the surgical treatment are listed in Table 4;
notably, the potential measured effect modifiers were distrib-
uted similarly across the available direct comparisons. This
helps to understand that transitivity assumption should hold.

Primary Outcomes
Overall complication rate

Pooled network analysis showed that the risk of overall
complication was similar between RRH and TLRH (RR
1.0; Crl 0.6-1.5), higher in LRH versus RRH, though not
statistically significant (RR 1.3; Crl 0.9-1.9), and signif-
icantly higher in ORH compared to RRH (RR 1.9; Crl
1.2-2.9). Furthermore, indirect comparison showed that
the RR of overall complication was significantly higher in
ORH compared to TLRH (RR 1.9; Crl 1.3-2.7) (Fig. 3A).
A rank plot illustrating empirical probabilities for overall
complication in each surgical approach ranked 1st through
4th (left to right) is depicted in Fig. 4A. The global hetero-
geneity was low, I>=19.8%. Comparing RRH to ORH, the
direct inconsistency was 0.3 (Crl 0.0-1.7) and the indirect
inconsistency 0.5 (Crl 0.3-0.8) (p value =0.6). Compar-
ing RRH to TLRH, the direct inconsistency was 0.7 (Crl
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Fig. 1 Flowchart of studies
retrieved from literature search 1549 records identified

through PUBMED

1374 records identified
through EMBASE

1398 records identified
through WEB OF SCIENCE

!

973 records after
duplicates removed

!

98 records screened

875 records excluded

-
.

!

58 full-text articles
comparing ORH, LRH,
TLRH, and RRH

l

48 studies in the network
meta-analysis

=
J

IR
AT

10 studies, which did not
report either the surgical
technique or the surgical
outcomes

Fig.2 Network geometry for studies reporting: A overall complication, B anastomotic leak, C surgical site infection, D reoperation, E 30-day

mortality, and F 60-day readmission in the four surgical approaches
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Table 4 Demographic and

. . ORH LRH TLRH RRH
chn.lcal charactepsncs of n=1067 n=2847 n=1324 n=414
patients undergoing the four
surgical approaches for right Median age (years)  67.3 67.9 67.1 67.9
hemicolectomy Median BMI (kg/m?)  23.5 25.1 26 25.7
Gender
Male 542/1001 (54.1%) 1627 (67.7%) 662 (50%) 223 (54.6%)
Female 459/1001 (45.9%) 776 (32.3%) 662 (50%) 185 (45.4%)
Indication
Malignancy
Yes/no 1014/1094 (92.7%) 1384/1580 (87.6%) 1087/1303 (83.4%) 301/408 (73.7%)
ASA score
I-1I 479 (81.1%) 659 (72.8%) 755/1196 (63.1%)  173/250 (69.2%)
-1v 111 (18.2%) 245 (27.2%) 440/1196 (36.9%)  77/250 (30.8%)
Previous surgery
Yes/no 34/75 (45.3%) 203/457 (44.4%) 16/40 (40%) 1107259 (42.5%)
A Risk Ratio (95% Crl) B Risk Ratio (95% Crl)
Compared with RRH Compared with RRH
LRH +— 1.3(0.96,1.9) LRH ——o——— 19(099,36)
ORH ——— 19(12,29) ORH R 12(055,26)
TLRH e , 10(066,15) TLRH — | 088(041,19)
06 1 3 04 1 4
Risk Ratio (95% Crl)
Compared with TLRH Risk Ratio (95% Cr)
ORH —e— 19(13,27) Compared with TLRH
1 3 ORH - —e————  13(070,26)
07 1 3
C D
Risk Ratio (95% Crl) Risk Ratio (95% Crl)
Compared with RRH Compared with RRH
LRH T 1.9(095,4.1) LRH —_—— 088(0.32,25)
ORH ——— D 3(1.2, 5.5) ORH —fpee 1.1 (0.31,3.7)
TLRH o 11(051.25) TLRH —— , 0.33(0.10,1.0)
I 1 0.1 1 Bl
05 1 6

Compared with TLRH

Risk Ratio (95% Crl)

Compared with TLRH
ORH

— —

Risk Ratio (95% C)

" 33(1.3,80)

|
I

9

Risk Ratio (95% Crl)

1.2(042,34)
066 (0.17,28)
0.57 (0.16,2.0)

ORH f————— 21(12.36) 1
1 4
E F
Risk Ratio (95% Crl)
Compared with RRH Compared with RRH
LRH ——to———  1.2(0.54,28) LR':{
ORH —_— 1.1 (0.43,3.0) OR
TLRH s | 0.72(0.29,1.9) TLRH ]
02 1 4 0.1

Compared with TLRH
ORH

Risk Ratio (95% Cri)

r
06

. 1.5(069,3.2)

Compared with TLRH
ORH

-

Risk Ratio (95% Crl)

1.2(0.37,338)

r
03

Fig. 3 Forest plots of network meta-analysis estimates the RR for A overall complication, B anastomotic leak, C surgical site infection, D reop-
eration, E 30-day mortality, and F 60-day readmission in the four surgical approaches
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Fig.4 A rank plot created using
the rankogram function from
the gemtc R package applied

to the four surgical approaches
illustrating empirical prob-
abilities that each treatment is
ranked 1st through 4th (left to
right)
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06
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0.2-1.9) and the indirect inconsistency 1.1 (Crl 0.6-1.7) (p
value =0.4). League table is depicted in Fig. SA.

Anastomotic leak

Pooled network analysis did not show any difference
regarding the rate of anastomotic leak. The point estima-
tion showed that anastomotic leak rate was higher in LRH
and ORH compared to RRH (RR 1.9; Crl 0.99-3.6 and RR
1.2; Crl 0.55-2.6; respectively). In contrast, the point esti-
mation of RR was lower in TLRH compared to RRH (RR
0.88 Crl 0.41-1.9). Furthermore, the indirect comparison
showed that the point estimation of RR was higher in ORH
compared to TLRH (RR 1.3; Crl 1.3-2.6) (Fig. 3B). A rank
plot illustrating empirical probabilities for anastomotic leak
in each surgical approach ranked 1st through 4th (left to
right) is depicted in Fig. 4B. The global heterogeneity was
low, I=0.0%. Comparing RRH to ORH, the direct incon-
sistency was 0.7 (Crl 0.0-8.9) and the indirect inconsist-
ency 0.8 (Crl 0.3-1.8) (p value =0.9). Comparing RRH to
TLRH, the direct inconsistency was 0.2 (Crl 0.0-2.2) and
the indirect inconsistency 1.1 (Crl 0.4-2.9) (p value=0.2).
League table is depicted in Fig. 5B.

1 A

LRH ORH RRH TLRH

-

p=1

<

=]

-

S -

) J 1 ‘

=

N a | A

TLRH LRH ORH RAH TLR=

-

3

-

=

- -

<

pa | .

= ¢ —1

e = : - 2 £

TLRH LRH ORH RRH TLR=~

05

04

03

02

01

LRH ORH RRH TLR=~

Pooled network analysis showed that the RR of surgical site
infection (SSI) was similar between RRH and LRH (RR 1.9;
Crl 0.95-4.1), statistically higher in ORH compared to RRH
(RR 2.3; Crl 1.2-5.5), and comparable between RRH and
TLRH (RR 1.1; Cr1 0.51-2.5). Furthermore, indirect compari-
son showed that the risk of SSI was significantly higher in ORH
compared to TLRH (RR 2.1; Crl 1.2-3.6) (Fig. 3C). A rank
plot illustrating empirical probabilities for overall complica-
tion in each surgical approach ranked Ist through 4th (left to
right) is depicted in Fig. 4C. The global heterogeneity was low,
PP=11.1%. Comparing RRH to TLRH; the direct inconsistency
was 0.3 (Crl 0.0-3.3); and the indirect inconsistency 1.4 (Crl
0.5-3.8) (p value=0.3). League table is depicted in Fig. 5C.

Surgical site infection

Reoperation

Pooled network analysis showed that the RR of reoperation was
similar between RRH and LRH and between RRH and ORH
(RR 0.88; Crl 0.32-2.5 and RR 1.1; Crl 0.31-3.7; respectively).
Moreover, the point estimation of reoperation risk was lower
in TLRH compared to RRH even though it was not statistically
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Fig.5 League tables: A overall
complication, B anastomotic
leak, C surgical site infection,
D reoperation, and E 60-day
readmission in the four surgical
approaches

LRH 0.33 (0.06, 0.61) -0.28 (-0.62, 0.04) -0.28 (-0.53, 0.07) A
-0.33 (-0.61, -0.64) ORH -0.62 (-1.0, -0.19) -0.62 (-0.99, -0.28)

0.28 (-0.04, 0.62) 0.62 (0.19, 1.05) RRH -0.00 (-0.40, 0.38)

0.28 (0.07, 0.53) 0.62 (0.28, 0.99) 0.00 (0.38, 0.40) TLRH

LRH -0.44 (-0.91, 0.00) -1.61 (-1.28, 0.00) -0.74(-1.20,-0.30) B
0.44 (-0.00, 0.91) ORH -0.16 (-0.96, 0.59) -0.29 (-0.94, 0.35)

0.61 (-0.01, 1.28) 0.16 (-0.59, 0.96) RRH -0.12 (-0.89, 0.65)

0.74 (0.30, 1.20) 0.29 (0.35, 0.94) 0.12 (-0.65, 0.89) TLRH

LRH 0.19 (-0.23, 0.59) -1.64 (-1.40, 0.05) -0.54(-0.91,-0.18) C
-0.19 (-0.59, 0.23) ORH -0.84 (-1.69, -0.02) -0.74 (-1.28, -0.17)

0.64 (-0.05, 1.40) 0.84 (0.02, 1.69) RRH -0.10 (-0.67, 0.93)

0.54 (0.18, 0.91) 0.74 (0.17, 1.28) 0.10 (-0.93, 0.67) TLRH

LRH 0.20 (-0.47, 0.88) 0.01 (-0.95, 0.94) -0.92 (-1.50, -0.40) D
-0.20 (-0.88, 0.47) ORH -0.18 (-1.38, 0.96) -1.13 (-2.03, -0.27)
-0.01 (-0.94, 0.95) 0.18 (-0.96, 1.38) RRH -0.94 (-2.01, 0.11)

0.92 (0.40, 1.50) 1.13 (0.27, 2.03) 0.94 (-0.11, 2.01) TLRH

LRH -0.55 (-1.48, 0.35) -0.14 (-1.23, 0.87) -0.70 (-1.42,-0.05) E

0.55 (-0.35, 1.48)
0.14 (-0.87, 1.23)
0.70 (0.05, 1.42)

ORH
-0.40 (-1.79, 1.01)
0.15 (-0.98, 1.33)

0.40 (-1.01, 1.79)
RRH
0.56 (-0.69, 1.80)

-0.15 (-1.33, 0.98)
-0.56 (-1.80, 0.69)
TLRH

significant (RR 3.3; Crl 0.1-1.0). Last, the indirect comparison
showed that the risk of reoperation was significantly higher
in ORH compared to TLRH (RR 3.3; Crl 1.3-8.0) (Fig. 3D).
A rank plot illustrating empirical probabilities for reopera-
tion in each surgical approach ranked 1st through 4th (left to
right) is depicted in Fig. 4D. The global heterogeneity was low,
I*=0.0%. Comparing RRH to TLRH, the direct inconsistency
was 2.1 (Crl 0.0-1.6) and the indirect inconsistency 1.1 (Crl
0.1-9.6) (p value=0.2). League table is depicted in Fig. 5D.

30-Day mortality

Pooled network analysis did not show any statistically differ-
ence in RR when comparing 30-day mortality in RRH versus
LRH (RR 1.2; Cr1 0.5-2.8), ORH (RR 1.1; Crl 0.4-3.0), and
TLRH group (RR —0.7; Crl 0.3-1.9). Indirect comparison
noted that the 30-day mortality rate in TLRH was similar
compared to ORH (RR 1.5; Crl 0.7-3.2) (Fig. 3E). A rank
plot illustrating empirical probabilities for reoperation in
each surgical approach ranked 1st through 4th (left to right)
is depicted in Fig. 4E. The global heterogeneity was low,
I?=2.3%. Comparing RRH to ORH, the direct inconsist-
ency was 0.3 (Crl 0.0-2.4) and the indirect inconsistency 1.3
(Crl 0.6-2.4) (p value =0.2). Comparing RRH to TLRH, the
direct inconsistency was 0.6 (Crl 0.1-2.8) and the indirect
inconsistency 1.1 (Crl 0.5-2.1) (p value=0.5).

@ Springer

60-Day readmission

Pooled network analysis did not show any statistical dif-
ference in RR when comparing the 60-day readmission
among the all the four surgical procedures. The risk of
60-day readmission reoperation was similar between
RRH and LRH (RR 1.2; Crl 0.4-3.4) and between RRH
and ORH (RR 0.6; Crl 0.1-2.8). The point estimation of
60-days readmission risk was lower in TLRH compared to
RRH but not statistically different (RR 0.5; Crl 0.1-2.0).
Indirect comparison showed that the risk of 60-day read-
mission was comparable between TLRH and ORH (RR
1.2; Crl1 0.3-3.8) (Fig. 3F). A rank plot illustrating empiri-
cal probabilities for reoperation in each surgical approach
ranked st through 4th (left to right) is depicted in Fig. 4F.
The global heterogeneity was low, I =5.6%. League table
is depicted in Fig. S5F.

Secondary outcomes
Operative time

Pooled network analysis did not show any difference com-
paring the operative time in RRH to LRH (RR —27.0; Crl
—61.0 to 5.9), ORH (RR —4.1; Crl —52.0 to 44.0), and
TLRH group (RR —24.0; Crl —70.0 to 21.0). Interestingly,
indirect comparison observed that the operative time in
ORH was longer compare to TLRH though not statistically



Surgical Endoscopy (2019) 33:1020-1032

1029

significant (RR 20.0; Crl —29.0 to 70.0). The global hetero-
geneity was high, I>=90%.

Conversion rate

Pooled network analysis showed comparable conversion
rates between RRH and TLRH (RR 1.7; Crl 0.53-5.9). The
global heterogeneity was low, I*=23%.

Estimated blood loss and transfusion rates

Pooled network analysis showed that the estimated blood
loos (EBL) was significantly lower in RRH compared to
ORH (RR 42.0; Crl 10.0-72.0), in contrast it was compa-
rable between RRH and LRH (RR 9.8; Crl —12.0 to 31.0),
and RRH and TLRH (RR 0.4; Crl —28.0 to 28.0). Last, the
indirect comparison showed that the EBL was significantly
higher in ORH compared TLRH (RR 41.0; Crl 11.0-72.0).
The global heterogeneity was high, > =89%.

There was a statistically higher rates of blood transfusion
for LRH patients when compared to RRH group (RR 3.1;
Crl 1.1-13.0) and in ORH compared to RRH (RR 3.7; Crl
1.1-16.0). There was no statistical difference between RRH
and TLRH group (RR 2.5; Crl 0.7-10.0). Indirect compari-
son showed that the blood transfusion between TLRH and
ORH group was similar (RR 1.5; Crl 0.6-3.8). The global
heterogeneity was low, F=0.0%.

Hospital stay
Network analysis noted that hospital stay was significantly

longer in LRH compared to RRH (RR 3.7; Crl 0.7-6.7) and

Fig.6 Forest plot of cost differ-
ences between robotic and lapa-
roscopic right hemicolectomy

in ORH compared to RRH (RR 6.7; Crl 2.9-10.0). Con-
versely, the hospital stay was similar comparing RRH and
TLRH (RR 2.9; Crl —0.7 to 6.5). Last, the indirect compari-
son showed that the hospital stay was significantly longer in
ORH compared to TLRH (RR 3.8; Crl 0.5-7.0). The global
heterogeneity was high, I>=80%.

Lymph node harvest

Pooled network analysis did not show any significant differ-
ence comparing the harvested lymph nodes in RRH to LRH
(RR 1.8; Crl —5.7 t0 2.0), ORH (RR —2.8; Crl = 7.3 t0 1.7),
and TLRH group (RR —2.2; Crl — 6.5 to 2.1) Moreover, the
indirect comparison showed that the harvested lymph nodes
were similar in TLRH and ORH group (RR —0.6; Crl —3.9
to 2.7). The global heterogeneity was high, I =75%.

Cost analysis

Four studies [30, 39, 63, 67] reported total healthcare cost
differences between laparoscopic and robotic right hemi-
colectomy. The median healthcare cost ($) for laparoscopic
versus robotic right hemicolectomy was $10,508 and
$12,413, respectively. All four studies were included in the
pooled analysis. The SMD between laparoscopic and RRH
was 0.60 (95% Crl 0.33-0.86; p=0.001; I =65%) in favor
of robotic colectomy (more expensive) (Fig. 6).

%

SMD (95% Crl) Weight
Rawlings 0.14 (-0.65,0.92) 11.03
Kang® 0.77 (0.22,1.32) 22.68
Park®’ 1.14(0.64, 1.65) 2655
deSouza > = 0.26 (-0.16, 0.67) 39.73
Overall (I-squared = 65.6%, p = 0.033) <> 0.60 (0.33,0.86) 100.00

I T
-1.65 0 1.65
Laparoscopic Cost Robotic Cost
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Discussion

This review and network meta-analysis compared the four
surgical approaches available for right hemicolectomy. Over-
all, it observed that both RRH and TLRH have considerable
benefits regarding perioperative outcomes compared to LRH
and ORH. The risk of postoperative complications following
TLRH was significantly lower compared to LRH and ORH,
and similar to RRH. Interestingly, anastomotic leak rate was
lowest in the TLRH group compared to all other surgical
approaches. Again, surgical site infection rate was similar
between RRH and TLRH, statistically better than compared
to ORH. There was no major difference in rates of reopera-
tion, 30-day mortality, or 60-day readmission rates across
the surgical approaches.

In recent years, there has been increased enthusiasm for
robotic approaches for all colon and rectal surgery. There is
growing evidence to show that it has superiority in pelvic
surgery, especially for urological and gynecological indica-
tions [68]. Xiong et al. noted that robotic resection reduced
positivity in circumferential resection margins, and the inci-
dence of erectile dysfunction following rectal surgery [69].
However, there remains issues over cost implications and its
widespread availability.

There has also been debate over its routine use in right-
sided colonic surgery. Main opponents cite that it is asso-
ciated with longer operative times, and overall increased
healthcare cost, with limited data to date on its superiority.
This network meta-analysis observed that RRH has similar
length of operative time, but is associated with increased
overall hospital costs. However, RRH patients had reduced
length of hospital stay, and this may ultimately mitigate
some initial expenditures of acquiring a robotic platform.
There remains a lack of substantial evidence on its impact
on quality of life postoperatively. Potential reasons for RRH
having initial longer operative times may relate to learning-
curve of adapting to a new operative approach and issues
surrounding the efficient setting up (docking) of the robot
[70, 71].

D2 lymphadenectomy remains the gold standard in onco-
logical resection of the right colon [72]. Though some have
advocated complete mesocolon excision and the need for
open resectional surgery to ensure satisfactory clearance,
there remains debate over its impact on improved long-term
oncological outcomes [73]. This review did not observe
any difference in lymph node yields across the four surgical
modalities. If extended lymphadenopathy is shown to have
survival benefits, improved surgical technology will likely
evolve further to ensure minimal invasive approaches are
achievable. The superiority of a minimal invasive approach
when compared open surgery in terms of blood loss, patient
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recovery, and return to function is well established and fur-
ther supported by this study.

We acknowledge that this review does have some limita-
tions relating to possible publication bias due to exclusion
of non-English articles, the sample size, and heterogeneity
of some of the studies included. In addition, the reason for
why each patient had a particular surgical approach is not
reported and may represent some selection bias.

No evidence for significant inconsistency was found using
the node-splitting, but caution is required given the scarcity
of studies for most of the outcomes. According to Cochrane
guidance, we did not analyze publication bias because there
were less than ten studies for each comparison, thus publica-
tion bias cannot be excluded [74]. The imprecision must be
considered for most of the primary outcomes because 95%
Crl encompasses the null hypothesis value.

The confidence interval crosses null value or includes
values favoring either treatment. The inclusion of observa-
tional study could be considered a study limitation; how-
ever, excluding observational studies in systematic reviews
a priori is inappropriate and internally inconsistent with an
evidence-based approach [75].

The confidence in the estimates was assessed using
CINeMA and emerged to range from moderate to very low
primarily due to the quality of the included studies [76].
Regarding the interpretation of the treatment ranking, cau-
tion is needed considering the confidence level. In fact, the
treatment ranking does not consider the magnitude of dif-
ferences in effects between treatments and therefore chance
may explain any apparent difference between treatments.
Therefore, surgeons should choose the most appropriate
surgical approach evaluating the treatment ranking, costs,
and their own expertise.

There remains a disparity in the current literature when
reporting surgical and postoperative outcomes and compar-
ing surgical techniques. In addition, there are limited data on
surgical approaches and impact to quality of life and func-
tion. This study is the first systematic review and network
meta-analysis comparing all four surgical approaches for
right hemicolectomy. Using network meta-analytical tech-
niques, we were able to synthesize data from numerous stud-
ies reporting different interventions and therefore rank the
treatments according to our studied outcomes.

In conclusion, the surgical management of right-sided
colonic disease is evolving. This network meta-analysis
observed that short-term outcomes following RRH and
TLRH were superior to standard LRH and ORH. The adop-
tion of more advanced minimally invasive techniques can
be costly and have associated learning phases, but will ulti-
mately improve patient outcomes.
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