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Abstract
Purpose Although intracorporeal anastomosis (IA) appears to guarantee a faster recovery compared to extracorporeal anasto-
mosis (EA), the data are still unclear. Thus, we performed a systematic review of the literature with meta-analysis to evaluate the

recovery benefits of intracorporeal anastomosis.
Materials and methods A systematic search was performed in electronic databases (PubMed, Web of Science, Scopus,
EMBASE) using the following search terms in all possible combinations: “laparoscopic,” “right hemicolectomy,”
“right colectomy,” “intracorporeal,” “extracorporeal,” and “anastomosis.” According to the pre-specified protocol,
all studies evaluating the impact of choice of intra- or extracorporeal anastomosis after right hemicolectomy on time
to first flatus and stools, hospital stay, and postoperative complications according to Clavien-Dindo classification were
included.
Results Sixteen articles were included in the final analysis, including 1862 patients who had undergone right
hemicolectomy: 950 cases (IA) and 912 controls (EA). Patients who underwent IA reported a significantly shorter time
to first flatus (MD =—0.445, p=0.013, Z=—2.494, 95% CI1 —0.795, 0.095), to first stools (MD =—0.684, p <0.001, Z=
—4.597, 95% CI —0.976, 0.392), and a shorter hospital stay (MD =—0.782, p<0.001, Z=-3.867, 95% CI —1.178, —
0.385) than those who underwent EA. No statistically significant differences in complications between the IA and EA
patients were observed in the Clavien-Dindo I-II group (RD =—0.014, p=0.797, Z=-0.257, 95% CI —0.117, 0.090,
number needed to treat (NNT) 74) or in the Clavien-Dindo IV-V (RD =—0.005, p=0.361, Z=—0.933, 95% CI1 —0.017,
0.006, NNT 184). The IA procedure led to fewer complications in the Clavien-Dindo III group (RD =—0.041, p =0.006,
=—2.731, 95% CI — 0.070, 0.012, NNT 24).
Conclusions Although intracorporeal anastomosis appears to be safe in terms of postoperative complications and is potentially
more effective in terms of recovery after surgery, further ad hoc randomized clinical trials are needed, given the heterogeneity of
the data available in the current literature.
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Introduction

It is well known that the laparoscopic approach for colon
resection improves short-term outcomes compared to open
surgery [1].

Although currently considered a feasible and effective sur-
gery, in terms of short- and long-term results, laparoscopic
right colectomy is performed by a small number of surgeons
[1-5]; in the vast majority of cases, this technique is per-
formed with an extracorporeal anastomosis (EA) [6] due to
technical difficulties and the frequent need to perform laparo-
scopic hand-sewn sutures.

Several studies have been published that compare
intracorporeal anastomosis (IA) versus EA in laparoscopic
right colectomy and most are very recent. Although
intracorporeal anastomosis appeared to guarantee a faster re-
covery after surgery, the data are still unclear. The primary aim
of the study is to evaluate recovery benefits after total laparo-
scopic right colectomy. Thus, we have performed a systematic
review with a meta-analysis of the literature.

Methods

A protocol for this review was prospectively developed de-
tailing the specific objectives, the criteria for study selection,
the approach to assess study quality, the outcomes, and the
statistical methods.

Search strategy

To identify all available studies, a detailed search pertaining to
laparoscopic right hemicolectomy with total intracorporeal
anastomosis and extracorporeal anastomosis was conducted
according to PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines [7].

A systematic search was performed in electronic databases
(PubMed, Web of Science, Scopus, EMBASE) using the fol-
lowing search terms in all possible combinations:
“laparoscopic,” “right hemicolectomy,” “right colectomy,”
“intracorporeal,” “extracorporeal,” and “anastomosis.” The
search strategy was developed without any language restric-
tions. Additionally, the reference lists of all retrieved articles
were manually reviewed. In the case of missing data, study
authors were contacted by e-mail to try to retrieve original
data. The “related article” function from PubMed was used
to broaden the search, and the reference lists of all potential
eligible studies published between January 1995 and
March 2017 were manually reviewed.

Two independent authors analyzed each article and per-
formed the data extraction independently. In case of disagree-
ment, a third investigator was consulted. Discrepancies were
resolved by consensus.
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Data extraction and quality assessment

According to the pre-specified protocol, all studies evaluating
the impact of choice of intra- or extracorporeal anastomosis
after right hemicolectomy on recovery, including the time to
first flatus, stools, mobilization and length of hospital stay, and
postoperative complications, according to Clavien-Dindo
classification, were included. Case reports, case series without
a control group, and animal studies were excluded.

To be included in the analysis, the study had to provide
values (mean with standard deviation or standard error or p
value) of the time to first flatus and/or stools and length of
hospital stay for each procedure (intra- or extracorporeal
anastomosis after right hemicolectomy) and/or the prevalence
of complications, according to Clavien-Dindo classification.
In each study, data regarding sample size and major clinical
and demographic variables were extracted. Data expressed as
medians (with range) were converted to means (with standard
deviation) according to Hozo [8].

Formal quality score adjudication was not used, since pre-
vious investigations failed to demonstrate its usefulness [9].

Statistical analysis and risk of bias assessment

Statistical analysis was carried out using Comprehensive
Meta-analysis [Version 2.2, Biostat Inc., Englewood, NJ,
USA, 2005].

Differences among cases and controls were expressed as
the mean difference (MD) with pertinent 95% confidence in-
tervals (95% CI) for continuous variables and as risk differ-
ence (RD) with pertinent 95% CI for dichotomous variables,
according to Messori et al. [10]. In this case, number needed to
treat (NNT) was calculated to assess the number of patients
who should be treated in order to obtain one patient more with
good outcomes, in line with the standard procedure according
to Citrome et al. [11].

The overall effect was tested using Z scores and signifi-
cance was set at P <0.05. Statistical heterogeneity between
studies was assessed with the chi square Cochran’s Q test
and with the I statistic, which measures the inconsistency
across study results and describes the proportion of total var-
iation in study estimates that is due to heterogeneity rather
than sampling error. An / value of 0% indicates no heteroge-
neity, a value of 25% indicates low heterogeneity, 25-50%
indicates moderate heterogeneity, and 50% indicates high
heterogeneity.

Publication bias was assessed by Egger’s test and repre-
sented graphically by funnel plots of the standardized mean
differences versus the standard error. Visual inspection of fun-
nel plot asymmetry was performed to address possible small-
study effects, and Egger’s test was used to assess publication
bias over and above any subjective evaluation. A p <0.005
was considered statistically significant [12]. In the case of
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significant publication bias, Duval and Tweedie’s trim and fill
method was used to allow for the estimation of an adjusted
effect size [13].

To be as conservative as possible, the random-effect meth-
od was used for all analyses to take into account the variability
among included studies.

Meta-regression analyses

We hypothesized that differences among included studies may
be affected by demographic variables (mean age, male gender,
BMI) and clinical data (American Society of
Anesthesiologists (ASA) score, tumor T status and its locali-
zation or previous abdominal surgery). To assess the possible
effect of such variables in explaining different results ob-
served across studies, we planned to perform meta-
regression analyses after implementing a regression model
with changes in the time to first flatus and/or stools and length
of hospital stay or postoperative complications according to
Clavien-Dindo classification as dependent variables (y),
expressed as MD or RD, and mean age, male gender, BMI,
mean ASA score, previous abdominal surgery, localization of
tumor, and tumor stage T as independent variables (x). This
analysis was performed with Comprehensive Meta-analysis
[Version 2.2, Biostat Inc., Englewood, NJ, USA, 2005].
Moreover, to avoid false positive correlations between inde-
pendent and dependent variables, Monte Carlo simulation was
performed. This analysis was performed with Stata [Version
12, Stata Corp., Lakeway Drive College Station, Texas, USA,
2010].

Results

After excluding duplicate results, the search retrieved 490 ar-
ticles. Of these studies, 339 were excluded because they were
off the topic after scanning the title and/or the abstract, and
128 were excluded because they were reviews/comments/case
reports or they lacked data of interest. Another 7 studies were
excluded after full-length paper evaluation. Thus, 16 articles
were included in the final analysis, encompassing 1862 pa-
tients who underwent right hemicolectomy, including 950
cases (patients who had undergone IA) and 912 controls (pa-
tients who had undergone EA) (Fig. 1).

Study characteristics

Six studies had a prospective design [14—19] and the other ten
were retrospective [20-29] (Table 1). The only randomized
controlled trial study analyzing the role of intracorporeal
stapled versus extracorporeal stapled anastomosis after
laparoscopic right colectomy was the one from Vignali et al.
[17]. Major characteristics of study populations are shown in

Table 2. The number of patients ranged from 30 to 512, the
mean age ranged from 59 to 74.5 years, and the prevalence of
male gender ranged from 28.57 to 69.57%. Mean BMI ranged
from 20.3 to 28.64 kg/m?. The prevalence of malignant disease
ranged from 60.7 to 100%. Only eight studies reported the
exact localization of the cancer [14, 15, 17-19, 21, 22, 28],
and only six studies reported the complete TNM [14, 15, 18,
20-22]. Technical aspects of each surgical technique are
summarized in Supplementary Table T1. In all studies, the
anastomosis is performed using a stapler in a side-to-side fash-
ion. Regarding the closure of enterotomies, there is large vari-
ation among published series. Regarding site extraction, most
authors prefer to extract the specimen using a Pfannenstiel in-
cision in patients with IA. Only one group [14] used the right
lower quadrant trocar site for this purpose, and the other three
studies [16, 18, 28] used the periumbilical median incision. On
the other hand, in the case of EA, there is larger variation. Most
authors reported that the specimen was extracted using a
periumbilical median incision [16, 17, 23, 24, 27-29]; Roscio
[22] used the upper right quadrant for this purpose; Scatizzi [14]
used the right flank incision; and Vergis [24] used the midline
incision. Fabozzi [20] did not report these data.

Postoperative recovery outcomes

Postoperative recovery outcomes are shown in Fig. 2. The
time to first flatus was analyzed by nine studies [14, 15, 17,
18, 20, 21, 24, 26, 28], encompassing 1148 patients (581 A
and 567 EA); this value was significantly different between
the two groups, in favor of IA (MD =—0.445, p=0.013, Z=
—2.494,95% CI —0.795, 0.095). Heterogeneity among these
studies was statistically significant (/* = 94.042%; p < 0.001).

The time to first stools was reported by five studies [17, 18,
20, 22, 29], encompassing 342 patients (177 IA and 165 EA);
there was a statistically significant difference between the two
groups in favor of TA (MD =—0.684, p <0.001, Z=—4.5971,
95% CI —0.976, 0.392), and there was significant heteroge-
neity among the studies (> = 68.112%; p = 0.014).

The time to first mobilization was analyzed only by Milone
et al. [15], and thus, it was not possible to meta-analyze these
data.

Length of hospital stay was analyzed by 15 studies [14-16,
18-29], encompassing 1802 patients (920 IA and 882 EA);
the length of hospital stay was significantly shorter in the IA
group than in the EA group (MD =-0.782, p<0.001, Z=—
3.867,95% CI —1.178, —0.385).

Postoperative complications
Postoperative complications according to Clavien-Dindo
score were reported by five studies [15, 16, 18, 22, 23],

encompassing 914 patients (482 IA and 432 EA); these data
are shown in Fig. 3.
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Fig. 1 PRISMA flow chart of
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No statistically significant differences in postoperative
complications between the IA and EA procedures were
observed in the Clavien-Dindo I-II group (RD =—0.014,
p=0.797, Z=-0.257, 95% CI —0.117, 0.090, NNT =
74), the Clavien-Dindo III group (RD =-0.041, p=
0.006, Z=-2.731, 95% CI —0.070, —0.012, NNT =24),
or the Clavien-Dindo IV-V group (RD =-0.005, p=
0.351, Z=-10.933, 95% CI —0.017, 0.006, NNT = 184).

Postoperative pain according to a visual analogue scale
(VAS) was analyzed only by Fabozzi et al. [20]; therefore, it
was not possible to analyze this aspect.

Meta-regression analyses

Regression models showed that the time to first flatus was
influenced by age (p <0.001; Z=5.44), male gender
(»p<0.001; Z=5.47), BMI (p<0.001; Z=5.33), previous
abdominal surgery (p <0.001; Z=5.07), localization of
the tumor in the caecum/right colon/appendix (p <0.001;
Z=5.28) or in hepatic flexure/proximal transverse
(»<0.001; Z=-15.22), tumor stage TO (p<0.001; Z=
3.83), TI-T2 (p<0.001; Z=-5.02), and T3-T4
(p<0.001; Z=5.08). The time to first stool was influ-
enced by age (p=0.02; Z=2.19), male gender (p=
0.005; Z2=2.79), BMI (p=0.02; Z=2.17), and previous
abdominal surgery (p =0.01; Z=2.39). Hospital stay was
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influenced by age (p<0.001; Z=4.47), BMI (p =0.004;
Z=2.87), ASA score (p<0.001; Z=4.14), previous ab-
dominal surgery (p<0.001; Z=3.64), tumor stage TO
(»p=0.001; Z=3.23), T1-T2 (p<0.001; Z=—4.42), and
T3-T4 (p<0.001; Z=4.58). Clavien-Dindo I-II complica-
tions were influenced by ASA score (p=0.04; Z=1.97)
and previous abdominal surgery (p=0.002; Z=3.00),
while none of the clinical and demographic variables in-
fluenced the complications in the Clavien-Dindo III and
IV-V groups. All the other covariates tested did not im-
pact the outcomes analyzed. The results of Monte Carlo
simulation confirmed that hospital stay was influenced by
BMI (p=0.021) and ASA score (p=0.025), while the
other covariates tested did not impact the outcome
analyzed.

Publication bias

Since publication bias is known to affect the results of
meta-analyses, we attempted to assess this potential bias
using funnel plot analysis. Visual inspection of funnel
plots of effect size versus standard error for studies eval-
uating selected outcomes suggested a symmetric distribu-
tion of studies around the effect size (Supplementary Fig.
F1), and Egger’s test confirmed the absence of publication
bias (p always > 0.05).
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Table 1 Types of study
Author Year Type of analysis Number Fashion of anastomosis Number of
of patients patients
Lee et al. 2013 Retrospective 86 Intracorporeal 51
Extracorporeal 35
Chaves et al. 2011 Retrospective 60 Intracorporeal 35
Extracorporeal 25
Roscio et al. 2012 Retrospective 72 Intracorporeal 42
Extracorporeal 30
Fabozzi et al. 2009 Retrospective 100 Intracorporeal 50
Extracorporeal 50
Scatizzi et al. 2010 Prospective 80 Intracorporeal 40
Extracorporeal 40
Milone et al. 2014 Prospective 512 Intracorporeal 286
Extracorporeal 226
Shapiro et al. 2015 Prospective 191 Intracorporeal 91
Extracorporeal 100
Hanna et al. 2015 Retrospective 195 Intracorporeal 86
Extracorporeal 109
Vergis et al. 2011 Retrospective 50 Intracorporeal 21
Extracorporeal 29
Erguner et al. 2013 Retrospective 30 Intracorporeal 15
Extracorporeal 15
Vignali et al. 2016 Prospective 60 Intracorporeal 30
Extracorporeal 30
Magistro et al. 2013 Prospective 80 Intracorporeal 40
Extracorporeal 40
Anania et al. 2012 Retrospective 72 Intracorporeal 39
Extracorporeal 33
Marchesi et al. 2013 Prospective 55 Intracorporeal 28
Extracorporeal 27
Cheng et al. 2016 Retrospective 85 Intracorporeal 56
Extracorporeal 29
Trastulli et al. 2014 Retrospective 134 Intracorporeal 40
Extracorporeal 94

Discussion

Laparoscopic colonic resection is increasingly regarded as
the gold standard for benign and malignant colonic le-
sions [25-31]. Thanks to the use of the circular stapler,
total laparoscopic colectomy is now a common practice in
laparoscopic surgery of the left colon and rectum. On the
other hand, in laparoscopic right colon surgery,
intracorporeal anastomosis (IA) is rarely performed due
to technical difficulties and the need to perform laparo-
scopic hand-sewn sutures [30].

In recent years, numerous studies have been published
comparing intracorporeal versus extracorporeal anastomosis
after laparoscopic right colectomy [14-29]. It is important to

highlight that no randomized clinical trials were available
in current literature, excluding the interim analysis provid-
ed by Vignali et al. [17].

Based on these studies, some meta-analyses [30-34]
have been performed focusing on short-term outcomes,
morbidity, and mortality after IA compared to EA.
Based on these initial results, there seems to be an advan-
tage in favor of IA, since it is apparently associated with
the best recovery and shorter hospital stay, without any
increase in major complications.

However, authors failed to draw a final conclusion
about the differences between IA and EA, since data re-
ported about the advantages on recovery were conflicting
and unclear.

@ Springer
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Table2 Demographic data

Author Year Number  Fashion of Demographical characteristics
of patients anastomosis
Mean age Sex BMI Pathology
M F Benign Malign
Lee et al. 2013 86 Intracorporeal 70 (43-90) 25(49.02%) 26 (50.983%) 25.7(18-46.5) 0 51 (100%)
Extracorporeal 66 (48-93) 13 (37.14%) 22 (62.86%) 25.4(18.3-45.3) 0 35 (100%)
Chavesetal. 2011 60 Intracorporeal  62.6+13.4 19 (54.29%) 16 (45.71%) 259+3.1 13 (37.1%) 22 (62.9%)
Extracorporeal 58.9+12.9 14 (56%) 11 (44%) 26.7+3.9 7 (28%) 18 (72%)
Roscio et al. 2012 72 Intracorporeal  63.5+10.3 21 (50%) 21 (50%) 26+4 0 42 (100%)
Extracorporeal 63.7+10.3 12 (28.57%) 18 (71.43%) 263+3.8 0 30 (100%)
Fabozzietal. 2009 100 Intracorporeal  62.1+8.3 21 (42%) 29 (58%) 21.4+23 0 50 (100%)
Extracorporeal 59.4+9.5 17 (34%) 33 (66%) 22.1+1.6 0 50 (100%)
Scatizzietal. 2010 80 Intracorporeal  68.5 (41-85) 18 (45%) 22 (55%) 27 0 40 (100%)
Extracorporeal 70 (47-87) 19 (47.5%) 21 (52.5%) 28 0 40 (100%)
Milone etal. 2014 512 Intracorporeal  67.7+£12.6 145 (50.7%) 141 (49.3%) 252+38 0 286 (100%)
Extracorporeal 65.6+11.4 120 (53.1%) 98 (46.9%) 254+38 0 226 (100%)
Shapiro etal. 2015 191 Intracorporeal 72 (45-90) 38 (41.76%) 53 (58.24%) 27.8+4.6 0 91 (100%)
Extracorporeal 72 (49-90) 48 (48%) 52 (52%) 269+43 0 100 (100%)
Hanna et al. 2015 195 Intracorporeal 66 (53-77) 41 (47.67%) 45(52.33%) 259 (23.1-29.6) 15 (17%) 71 (83%)
Extracorporeal 59 (45-72) 46 (42.2%) 63 (57.8%) 25.1(21.6-30) 38 (35%) 71 (65%)
Vergis et al. 2011 50 Intracorporeal 65 13 (61.9%) 8 (38.1%) 21.67 NR NR
Extracorporeal 69 13 (44.83%) 16 (55.17%) 28.64 NR NR
Erguneretal. 2004 30 Intracorporeal ~ 67.5 (47-80) 7 (46.66%) 8(53.33%) 27 (21-33) 0 15 (100%)
Extracorporeal 63 (41-86) 8 (53.33%) 7 (46.66%) 26 (20-31) 0 15 (100%)
Vignalietal. 2016 60 Intracorporeal  67.4+1.8 16 (54%) 14 (46%) 24.6+43 0 30 (100%)
Extracorporeal 64.7+2.9 14 (46%) 16 (54%) 24.8+34 0 30 (100%)
Magistro etal. 2013 40 Intracorporeal  70.9+13.4 20 (50%) 20 (50%) 248+28 0 40 (100%)
40 Extracorporeal 71.2+10.5 18 (45%) 22 (55%) 239+44 0 40 (100%)
Ananiaetal. 2012 39 Intracorporeal  74.5 (53-89) 24 (61.53%) 15 (38.46%) 26.3 (20-37) 13 (33%) 25 (64%)
33 Extracorporeal 74 (45-96) 20 (60.6%) 13 (39.39%)  28.1(19.9-37) 10 (30%) 28 (67%)
Marchesi et al. 2013 28 Intracorporeal  66.2 13 (46.4%) 15 (53.6%) 26.1 11 (39.2%) 17 (60.7%)
27 Extracorporeal 67.7 11 (40.7%) 16 (59.2%) 26.2 10 (37.03%) 17 (62.9%)
Cheng et al. 2016 56 Intracorporeal  68.0+8.3 32 (57.14%) 24 (42.85%) 20.3+2.0 NR NR
29 Extracorporeal 69.0+6.5 20 (68.9%) 9 (31%) 20.6+1.7 NR NR
Trastullietal. 2014 40 Intracorporeal  71.5+10.3 25 (62.5%) 15 (37.5%) 26.6+4 NR NR
94 Extracorporeal 70.8+10.2 52 (55.31%) 42 (44.6%) 254+3.5 NR NR

To the best of our knowledge, there is no study focused on
the benefits of IA after right hemicolectomy in terms of recov-
ery. Thus, we performed a systematic review with a meta-
analysis of the literature specifically addressing the recovery
benefits after total laparoscopic right colectomy with
intracorporeal anastomosis.

By pooling together data from 1862 total laparoscopic right
colectomies, we have been able to provide an estimation of
recovery after intracorporeal versus extracorporeal anastomosis.

To evaluate recovery, we have meta-analyzed data about
the restoration of bowel function (time to first flatus and time

@ Springer

to first stool), mobilization, length of hospital stay, pain
scores, and Clavien-Dindo scale.

Concerning bowel function, both the time to first flatus
and the time to first stool were significantly better after
the IA procedure than after the EA procedure. However,
data about the time to first flatus have been collected by
nine studies [14, 15, 17, 18, 20, 21, 24, 26, 28],
encompassing 1148 patients (581 IA and 567 EA), and
the time to first stool was reported in five studies [17,
18, 20, 22, 29], encompassing 342 patients (177 IA and
165 EA).
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S name Statistics for each study Sample size Difference in means and 95% Cl
Difference  Standard Lower Upper
in means error Variance  limit limit Z-Value p-Value TLRC LARC
Anania 2012 1,100 0329 0108 1745 04% -3343 0001 39 33 i
Chaves 2011 -1,000 0,393 0154 1770 0230 -2546 0011 35 25
Fabozz 2009 -1,300 0,130 0017 1,56 1,04  -9971 000 50 50 -0
Magistro 2013 0,400 0,158 0025 0710 000 2530 0011 40 40 —
Mione 2014 0,600 0,082 0007 070 0440 7350 000 28 226 Tk
Scatiza 2010 0,000 0,056 0003 -0,110 0110 0,000 1,000 40 40 .
Trestulli 2014 1,000 0,283 0,080 0,445 1,555 3,531 0,000 40 94 ——
Vergss 2015 0,200 0,143 0021 0,481 0,081 -1,39%6 0,163 21 29 —
Vignali 2016 0,500 0,129 0017 0753 0247 -3873 000 30 30 =
-0,445 0,179 0032 075 005 -2,494 0,013 581 567 ‘
12=94,042 p<0,001 -2,00 -1,00 0,00 1,00 2,00
a
TLRC LARC
Study name Statistics for each study Sample size Difference in means and 95%Cl
Difference  Standard Lower Upper
in means error Variance  limit limit Z-Value p-Value TLRC LARC
Erguner 2013 0,500 0,136 0018 076 0234 36M™ 0000 15 15 — -
Faboza 2009 -1,300 0,283 0080 -184 0746 -4,5% 0000 50 50
Magistro 2013 -0,300 0,246 0,061 0,78 0,182 -1,220 0223 40 40
Roscio 2012 -0,500 0,215 0046 092 0078 -2,324 0020 42 0 ——
Vignali 2016 -0,900 0,129 0017 1153 -0647 6,971 0000 30 30
0684 0,149 0@2 09 03% 457 0000 177 165 R 8
12=68,112 p=0,014 -2,00 -1,00 0,00 1,00 2,00
TRC LARC
Study name Statistics for each study Sample size Difference in means and 95% Cl
Difference  Standard Lower Upper
in means error Variance limit limit Z-Value p-Value TLRC LARC
Anania 2012 -1,100 1,033 1,066 3124 0,94 -1,065 0287 39 33 —_———
Chaves 2011 2,000 1,966 3865 5853 1,853 -1,017 039 35 25 =
Cheng 2016 0,700 0,105 0011 -0907 -0,493 6,636 0000 5 29 [
Erguner 2013 2,790 1,406 1,977 5506 0,006 -1,956 0060 15 15 L
Fabazz 2009 2,300 0,283 0080 -2854 -1746 8132 0,000 50 50 -
Hanna 2015 0,000 0,125 0016 0246 0,246 0,000 1,000 8 100
Lee 2013 1,000 1,568 2460 -2074 4,074 0,638 054 51 35
Megistro 2013 0,300 0,567 0,321 0811 1,41 0,529 0,97 40 40
Marchesi 2013 0,900 0,794 0631 -2457 0657 -1,133 0257 28 27 s
Mione 2014 0,500 0,900 0810 -2264 1,264 -0,555 0579 286 2% —_—
Roscio 2012 -1,000 0284 0081 -1556 0444 3524 0000 42 30 =
Scatiza 2010 0,000 0,549 0302 -1076 1,076 0,000 1,000 40 40 —8—
Shapiro 2015 -1,000 0378 0143 1741 0,259 -2,644 0,008 91 100 —-
Trastulli 2014 -1,500 0,730 0533 -2931 0,089 -2,054 0,040 40 94 ——
Vemgis 2015 0,530 0,143 0,021 0811 0,249 -3,699 000 21 29 [}
0,78 0,202 0,041 1178 0,385 -3,867 0,000 920 8 ’
12=80,740 9<0,001 -8,00 4,00 0,00 4,00 8,00
C
TLRC LARC
Fig. 2 Recovery after surgery. a Time to first flatus. b Time to first stools. ¢ Hospital stay
Furthermore, it is important to underscore how these two Hospital stay was analyzed by 15 studies [14—16, 18-29],

parameters have been strongly influenced by demographic ~ encompassing 1802 patients (920 IA and 882 EA), and was
data and other covariates. In fact, the time to first flatus was  significantly shorter in the IA group than in the EA group. Itis
influenced by age, male gender, BMI, previous abdominal  worth mentioning that demographic and pathologic character-
surgery, localization of the tumor, and tumor stage, while the istics (age, BMI, ASA score, previous abdominal surgery, and
time to first stool was influenced by age, male gender, BMI,  tumor stage) influenced the length of hospital stay once again.
and previous abdominal surgery. Data about first mobilization were collected only by

Milone et al. [15], so it was not possible to include this criteria
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Study name Statistics for each study Events / Total Risk difference and 95%Cl
Risk Standard Lower Upper
difference error Variance limit limit Z-Value p-Value T1RC LARC
Hanna 2015 0,195 0,069 0005 0,069 0331 2809 0005 42/8 32/10
Marchesi 2013 -0,077 0,084 0007 -0241 008 0914 0361 2/28 4/27
Mione 2014 -0,073 0,040 0002 -0151 00 -18% 0068 /286 71/2%
Roscio 2012 0,000 0,089 0008 0175 0175 0,000 1000 7/42 5/30
Shapiro 2015 0,094 0,060 0004 0211 008 -1578 0115 16/91 27/100
0,014 0,053 0003 -0117 000 0257 0,797 136/533 139/ 492
12=69,796 p=0,010 0,50 0,25 0,00 0,25 0,50
a
TLRC LARC
Study name Statistics for each study Events / Total Risk difference and 95%Cl
Risk Standard Lower Upper
difference error Variance limit limit Z-Value p-Value TLRC LARC
Hamna 2015 -0,036 0,035 0001 0104 0032 -1,0% 0300 4/8 9/10
Marchesi 2013 -0,001 0,051 0003 -0100 0098 0,06 0979 1/28 1/27
Mione 2014 -0,021 0,026 0001 -0072 0029 080 0407 23/286 23/ 226
Roscio 2012 -0,067 0,052 0003 -0168 0034 120 01% 0/42 2/30
Shapiro 2015 -0,070 0,027 0001 0123 0,017 2,574 0010 0/91 7/100 -
-0,041 0,015 0000 -0070 -0,012 2,731 0006 28/533 42/492 ’
12=0,000 p=0,626 0,50 -0,25 0,00 0,25 0,50
TLRC LARC
S name Statistics for each study Risk difference and 95%Cl
Risk Standard Lower Upper
difference error Variance limit limit 2Z-Value p-Value TLRC LARC
Hama 2015 0,000 0,010 0000 -0020 0020 0,000 1,000 0/8 0/109
Marchesi 2013 0,000 0,035 0001 -0068 0068 0,000 1,000 0/28 0/27
Mione 2014 -0,010 0,008 0000 -0026 0007 -1,168 0243 1/286 3/226
Roscio 2012 -0,067 0,022 0003 -0168 0034 -1,23 0,1% 0/42 2/30
Shapiro 2015 0,001 0,015 0000 -0028 0030 0,067 0947 1/91 1/100
-0,005 0,006 0000 -0017 0006 -0,933 0,351 2/533 6/492
12=0,000 p=0,705 -0,25 -0,13 0,00 0,13 0,25
Cc
TLRC LARC

Fig. 3 Postoperative complications. a Clavien I-II. b Clavien III. ¢ Clavien I[V-V

in this meta-analysis. Nonetheless, we think it is important to
underscore that the time until the first mobilization after a right
colon resection proved to be significantly shorter after a total
laparoscopic procedure.

Although postoperative pain was reported by five studies
[15, 19, 20, 22, 26], no one unit has been used precluding the
possibility of making a statistical analysis. Due to this hetero-
geneity in terms of pain measurement, it was not possible to
meta-analyze pain data. Even so, taken singularly, study re-
sults seem to be in favor of IA.

In the study by Roscio et al. [22], pain was included in the
Clavien-Dindo scale and resulted in no significant difference
between IA and EA. Marchesi et al. [19] used the number of
intravenous ketorolac vials as a pain measure. Additionally, in
this case, there was no significant difference between the

@ Springer

groups. In Milone et al. [15], pain was considered as the need
for extra analgesia in the postoperative period, and pain was
significantly higher after LACR. Chang et al. used the
Changhai Pain Scale [35] and found significantly less pain
after TA. The study by Fabozzi et al. [20] is the only study
using the VAS scale as a pain measurement. Additionally, in
this case, there was a significant difference in terms of post-
operative pain in favor of TLCR.

Postoperative complications according to Clavien-Dindo
score were reported by five studies [15, 16, 18, 22, 23]. Of
interest, Clavien-Dindo grades I and II include pain, nausea/
vomiting, wound infection, and bleeding, which are the more
common symptoms that can influence recovery after surgery.
In our meta-analyses, no significant differences were reported
about postoperative complications according to Clavien-
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Dindo I-II. It is important to emphasize that the number of
patients involved was 914, which is likely too few to obtain
a robust result, considering the fact that more than half of this
number (512 patients) came from only one author [15].

Although the results of our meta-analysis seem to be in
favor of IA rather than EA, in terms of recovery, since it is
associated with earlier bowel function and shorter hospital
stay, the data collected by the studies included in this meta-
analysis are extremely heterogeneous in terms of recovery.
Thus, it is hard to draw final conclusions about recovery after
IA in right colon cancer and if it really is faster compared to
EA for the same type of surgery.

In conclusion, to obtain a final answer about the superiority
of TA compared to EA in terms of safety and feasibility by
randomized clinical trial, we advocate a call to action to de-
termine if there is an actual advantage in terms of recovery
after IA compared to EA after a laparoscopic colon resection.
To do so, there must be standardization in the data collected
concerning recovery. First, to indicate bowel recovery, only
the time preceding the first flatus should be reported, and it
should be indicated in all studies. Mobilization is an important
factor that very few studies have considered. Clavien-Dindo
scale is a classification of surgical complications [36]; it in-
cludes all kinds of minor complications in grades I and II,
most of which are connected to the lengthening of hospital
stay. In our opinion, to evaluate recovery, a correctly reported
Clavien-Dindo scale is an essential parameter. In the same
way, we believe that pain should always be evaluated using
the VAS scale, which is an accurate international scale.

It is worth mentioning that recovery is a metric that also
depends on multiple factors, such as patient literacy,
government-owned institutions versus private institutions, pa-
tient occupation, and the type of recovery protocols used (en-
hanced recovery versus standard recovery); we tried to ana-
lyze these aspects. In detail, we found that all the studies
involved public hospitals. Regarding enhanced recovery after
surgery (ERAS) protocol, none of the authors included ad-
hered strictly to ERAS protocol, but all applied “ERAS-like”
postoperative management with early postoperative mobiliza-
tion and early oral intake of fluids and then solid diet.
Regarding comorbidities, all of the studies excluded patients
with severe cardiovascular disease that contraindicated lapa-
roscopy and patients with T4 tumors. Although most studies
are retrospective analyses, thus preventing the exclusion of
allocation bias, patient characteristics (BMI, ASA score, and
T stage) were similar among the groups in all studies. Patient
literacy and occupation were not reported. Thus, given that all
factors were not specifically addressed in the analyzed studies,
we cannot exclude the biases that were related to recovery
outcomes.

In conclusion, although intracorporeal anastomosis could
be considered as safe as extracorporeal anastomosis, with this
meta-analysis, we could only assess the recovery after A in

laparoscopic right colon surgery, which is still controversial,
due to the huge heterogenous data reported by previous
studies.
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