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Abstract

Purpose The primary aim was to investigate the operative outcomes of intracorporeal (IA) and extracorporeal (EA) anas-
tomosis in left-sided minimally-invasive colectomy.

Methods A comprehensive literature search was conducted for studies comparing operative outcomes and follow-up data of
IA versus EA in minimally-invasive left colectomy. Studies that investigated recto-sigmoid resections using transanal circular
staplers were excluded. Data from eligible studies were extracted, qualitatively assessed, and included in a meta-analysis.
Odds ratios (ORs) and mean differences with 95 per cent confidence intervals were calculated.

Results Eight studies with a total of 750 patients were included (IA n=335 versus EA n=415). IA was associated with
significantly lower overall morbidity (OR 0.40, 95% CI 0.26-0.61, p <0.0001) and less frequent surgical site infection (SSI)
(OR 0.27,95% CI1 0.12-0.61, p=0.002) as primary outcomes compared to EA. Of the secondary outcomes, length of inci-
sion (SMD -2.51, 95% CI -4.21 to -0.81, p=0.004), time to first oral diet intake (SMD -0.49, 95% CI -0.76 to -0.22, p=0.
0004) and time to first bowel movement (SMD -0.40, 95% CI -0.71 to -0.09, p=0.01) were significantly in favor of IA, while
operative time was significantly shorter in the EA group (SMD 0.36, 95% CI 0.14-0.59, p=0.001).

Conclusions IA proves to be a safe and feasible option as it demonstrates benefits in terms of lower overall morbidity, fewer
rates of SSI, smaller incision length, and faster postoperative gastrointestinal recovery despite a longer operative time com-
pared to EA.

Keywords Intracorporeal anastomosis - Extracorporeal anastomosis - Left colectomy - Outcome

Introduction

Minimally-invasive colorectal surgery for benign and malig-
nant diseases has become the gold standard over the past
decades since its introduction in 1991.! Many high quality
studies have demonstrated not only equal technical feasibility
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and safety compared to the open surgery, but also a sus-
tained benefit and superiority in terms of short-term out-
comes, postoperative recovery including earlier resumption
of oral diet and less postoperative pain, length of hospital
stay, and improved quality of life.>~” On the other hand long-
term oncologic outcomes were comparable between both
approaches.®” After the successful transition to minimally-
invasive procedures the focus has now shifted to technical
modifications in laparoscopic and robotic surgery in order
to optimize processes and reduce operative related morbidi-
ties. Two types of anastomosis have been implemented in
minimally-invasive colorectal surgery: intracorporeal anas-
tomosis (IA) and extracorporeal anastomosis (EA). Both
techniques have advantages as well as disadvantages. Dur-
ing IA procedure the bowel is opened inside the abdomen
which increases the risk of bowel content contamination
and tumor cell spillage. Conversely EA requires extensive
bowel mobilization and exteriorization which exerts traction
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on the mesentery and may result in postoperative trauma
and impaired bowel motility.!*"'? The surgical results of IA
and EA methods in right colectomy have been extensively
compared in many randomized and non-randomized studies.
IA demonstrated significantly better cumulative results for
the following outcome parameters: overall complications,
time to first bowel movement, postoperative pain, length of
incision, surgical site infection, anastomotic leak, conver-
sion rate, and incisional hernia.'>™'> Of note, in robotic right
colectomy, IA was associated with a significantly longer
operative time as compared to EA,'® while this difference
was less pronounced in laparoscopic procedures.'* Given
the broad indications for left-sided colectomy, ranging from
colorectal cancer to diverticular disease, few studies have
compared the advantages and disadvantages of [A versus EA
in minimally- invasive left-sided colectomy, as this proce-
dure poses more technical challenges to surgeons than right-
sided colectomy. 17.18 Therefore, the aim of this study was to
perform a meta-analysis of studies comparing the feasibility
and safety of IA and EA techniques in patients undergo-
ing minimally-invasive left hemicolectomy for benign and
malignant indications with special emphasis on short- term
outcomes.

Material and Methods

The meta-analysis was conducted according to the current
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) checklist'® and the Cochrane Handbook
for Systematic Reviews of Interventions.?’

Search Strategy

A systematic database search was conducted in Pubmed
(Medline), and google scholar, and the Cochrane Central
trials register without time or language restrictions. The
following key search terms were used in combination with
the Boolean operators AND or OR: "extracorporeal”, "intra-
corporeal", "colectomy" and "anastomosis". In addition, the
reference list of the retrieved studies was screened to identify
potentially relevant citations for the analysis. Two reviewers
(S.V. and D.P.) independently assessed each selected abstract
and study for eligibility and inclusion in the meta-analysis.
Disagreements were resolved either by consensus or by con-
sultation with a third author (S.K.) when necessary. The last
literature search was performed on June 1%, 2023.

Eligibility Criteria
All original studies comparing the outcomes of IA and EA

in minimally-invasive left-sided colectomy were included,
regardless of sample size. As this meta-analysis focused on

the anastomotic techniques performed, IA was the inter-
vention of interest compared to the extracorporeal approach
(comparator). Patients with both malignant and non-malig-
nant pathology located from the transverse colon to the
proximal third of the sigmoid colon undergoing either lapa-
roscopic or robotic left colectomy with a colo-colic anas-
tomosis were included. We excluded studies with sigmoid
or (anterior) rectum resection and a transanal end-to-end
mechanical double stabled colorectal anastomosis due to the
difference of the applied anastomotic techniques and thus
comparability. To be included in the meta-analysis, studies
had to report on at least one of the following procedure-
related outcomes: intraoperative morbidity, postoperative
complications, operative time, and recovery parameters.
Non-comparative studies and articles that included both left-
and right-sided colectomies without subgroup analysis of
IA/EA procedures in left colectomy were excluded. In case
of duplicate or overlapping articles published by the same
institution and authors, the most recent study was selected
for inclusion.

Data Extraction and Outcome Measures

A self-developed electronic data extraction sheet was used
independently and blindly by two authors (S.V., D.P.) to
enter all relevant data, if complete, from studies meeting
the eligibility criteria. Disagreements were discussed and
resolved by consensus or reassessment by a third author
(S.K.). The following data were retrieved from each included
study:

1) General study characteristics: first author, year and coun-
try of origin, study design, enrollment period, number of
patients enrolled in each group, inclusion and exclusion
criteria, follow-up period, study endpoints

2) Demographics: Age, sex, BMI (body mass index), ASA
(American Society of Anesthesiologists) classification,
previous abdominal surgery or pelvic radiation, indica-
tion for surgery (benign or malignant), colonic location
of pathology, TNM stage

3) Technical aspects and operative characteristics: type of
access (robotic, laparoscopic, laparoscopic-assisted),
type and configuration of anastomosis, number of tro-
cars and ports used, operative time, length of incision,
site of specimen extraction, duration of surgery, conver-
sion rate, estimated blood loss, use of indocyanine green
(ICG), and number of harvested lymph nodes

4) Postoperative complications: anastomotic leak, intra-
abdominal fluid/abscess collection, anastomotic bleed-
ing, postoperative transfusion, surgical site infection
(SSI), postoperative ileus, cardiac and pulmonary
events, mortality, 30-day reoperation rates, and inci-
sional hernia
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5) Postoperative recovery data: postoperative pain assessed
by visual analogue scale (VAS) on days 0 and 3, time
to first postoperative flatus, time to first postoperative
bowel movement, time to first oral diet intake, and
length of hospital stay

The primary outcomes of this study were overall post-
operative morbidity, severe postoperative morbidity (Cla-
vien-Dindo > III),21 anastomotic leak, anastomotic bleed-
ing, surgical site infection, intra-abdominal fluid/abscess
collection, postoperative transfusion, postoperative ileus,
and reoperation rates. The secondary outcomes of interest
were operative time, length of incision, number of harvested
lymph nodes, specimen length, resection margin, blood loss,
conversion to laparotomy, and postoperative recovery data:
VAS on days 0 and 3, time to first oral diet intake, time
to first flatus, time to first bowel movement, and length of
hospital stay.

Quality Assessment

The risk of bias of the included non-randomized trials was
independently assessed by two authors (S.V. and D.P.) using
the ROBINS-I tool.?? It consists of 7 different domains of
bias at 3 time points in each study: Pre-intervention (con-
founding and selection of participants), at intervention (clas-
sification of interventions), and post-intervention (bias due
to deviations from the intended interventions, missing data,
measurement of outcomes, and selection of the reported out-
come). Based on these criteria, the risk of bias in each study
is categorized as “low”, “moderate”, “serious “, and “criti-
cal”. The investigators were not blinded to the study authors.
Disagreements in grading were discussed and resolved by
consensus or reassessment by a third author (S.K.). The
Grading of Recommendations, Assessment, Development,
and Evaluation (GRADE) method®>** with 4 assi gned levels
of evidence (high, moderate, low, and very low) was used
to adequately document the strength of evidence for the sig-
nificant outcomes.

Statistical Analyses

Statistical analysis was performed using RevMan software
(version 5.3. Copenhagen: The Nordic Cochrane Centre,
The Cochrane Collaboration, 2014) according to the rec-
ommendations of the Cochrane Collaboration guidelines.
Pairwise meta-analyses were performed. For each endpoint
of interest, summary treatment effect estimates with 95%
confidence intervals (CIs) were calculated. For dichoto-
mous outcomes, odds ratios (ORs) and the Mantel-Haenszel
method were used. Standardized mean differences (SMDs)
were calculated to analyze continuous outcomes. The meth-
ods proposed by Hozo et al.?* and Luo et al.2® were applied
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to convert available median and interquartile range (IQR)
data to mean and standard deviation for continuous vari-
ables. The level of heterogeneity among the included stud-
ies was interpreted as follows after using the Cochrane’s Q
test (Chi-squared test; Chi®) and measuring inconsistency
(1%): 0%-40% low heterogeneity and might not be impor-
tant, 30%-60% moderate heterogeneity, 50%-90% substan-
tial heterogeneity, > 75% high heterogeneity.?*>’ Note that
starting with moderate heterogeneity, the significance of
the obtained I” value is dependent on the size and direction
of the effects and the power of evidence for heterogeneity
(e.g., p-value of the Chi-squared test or the I confidence
interval).?’ If heterogeneity was low or moderate (I* < 50%),
summary estimates were calculated using a fixed-effects
method. Otherwise, if 2> 50%, the random-effects model
was used. In cases of substantial heterogeneity, the source
of heterogeneity was further investigated using one-way
sensitivity and subgroup analyses. Subgroup analyses were
performed according to study size (> median sample size
versus < median sample size), study bias (low versus mod-
erate-high bias), single-center versus multi-center design,
study origin and propensity score matching (PSM) to test the
stability of the meta-analysis. Publication bias tests and fun-
nel plots were not performed because of the small number
of studies included in the meta-analysis. p-values <0.05 of
pooled data were considered significant.

Results

The study selection flowchart is shown in Fig. 1. The initial
electronic database search identified 4491 articles, of which
8 studies*®~*> met the inclusion criteria and were eligible for
the final meta-analysis.

Study and Patient characteristics

A total of 750 patients (IA: 335 cases versus EA: 415 cases)
originating from 5 different countries (Italy, Japan, Tai-
wan, China and Israel) undergoing minimally-invasive left
colectomy were included in 8 observational studies.?*> The
study enrolment period was from January 2004 to September
2021. The study by Teramura et al.*® included a subgroup
analysis of 43 patients with left-sided colectomy among a
total of 283 cases with both left-and right sided colectomies.
The male to female ratio was 436:271 in 7 studies>* with
available demographic data for IA and EA patients under-
going left colectomy. Except for 3 studies®®*!** with a
multi-center design, 5 studies?82932:33.35 were single-center
studies. The operative indication was malignant tumors in
7 studies®®*3* while Teramura et al.*> also included benign
diseases. Laparoscopic and laparoscopic-assisted left colec-
tomy was performed in all studies while robotic approaches
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were not reported. The site of pathology was located in the
transverse colon/splenic flexure in 55.33% and descending
colon/proximal third of sigmoid colon in 44.67%. In both
IA and EA groups, the majority of anastomosis were stapled
(89.05%), while hand-sewn anastomosis was performed in
only 10.95%. One study did not report the proportion of sta-
pled and hand-sewn anastomosis.”® Follow-up ranged from
1 to 95 months. The complete study and patient character-
istics are summarized in Tables 1 and 2, while the technical
aspects of the studies are presented in Table 3.

Primary Outcome Analysis

Statistically Significant Primary Outcomes

Overall Morbidity Overall morbidity was reported in all
82835 included studies. Meta-analysis of the pooled data
revealed a significantly higher incidence of overall compli-
cations in the EA group compared to the IA cohort (OR
0.40, 95% CI 0.26-0.61, p <0.0001). Notably, the level of
heterogeneity was low (I>=0%, Chi” test: p=0.65) (Fig. 2a).

Surgical Site Infection (SSI) The SSI rate was reported in
8 studies®® including 750 cases. Patients with IA had a
significantly lower rate of SSI compared to patients with
EA (OR 0.27,95% CI1 0.12-0.61, p=0.002). The degree of
heterogeneity was low (I>=0%, Chi? test: p=0.76) (Fig. 2b).

Statistically Non-significant Primary Outcomes
Non-significant differences between minimally-invasive IA
and EA were observed for the following primary outcomes:
severe postoperative morbidity (Clavien-Dindo > III), intra-
abdominal fluid/abscess collection, anastomotic leak, anas-
tomotic bleeding, postoperative transfusion, postoperative
ileus, and reoperation rates. (Table 4).

Secondary Outcome Analysis

Statistically Significant Secondary Outcomes

Length of Incision The length of incision was reported in
4 studies®>? with 345 patients. IA was associated with a
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Table 3 Technical description

Author Groups No. of patients Type of anastomosis Use of ICG  Number Site of extraction
of trocars/
ports
Carlini et al.?® 1A 9 side-to-side, antiperistaltic, no 34 Pfannenstiel
stapled 9
EA 11 side-to-side, isoperistaltic, hand- no 34 Off-midline
sewn 11
Swaid et al.? TLC/TA 33 side-to-side, isoperistaltic, no 4 Mini-Pfannenstiel
stapled 33
LAC/EA 19 side-to-side, isoperistaltic, no 4 Left off-midline
stapled 19
Milone et al.*° TLC/IA 92 side-to side, stapled 82 end-to-  no NA Mini-Pfannenstiel
end, hand-sewn 10
LAC/EA 89 side-to side, stapled 85 end-to-  no NA Mini-laparotomy midline
end, hand-sewn 4
Grieco et al.>! 1A 36 side-to-side, isoperistaltic, no 34 Pfannenstiel
stapled 36
EA 36 isoperistaltic, stapled 15 or no 3-5 Left subcostal
hand-sewn 21
Masubuchi et al.>? 1A 20 side-to-side, isoperistaltic, no 5-6 Midline
stapled 20
EA 20 side-to-side, antipersitaltic, no 5-6 Midline
stapled 20
Wang et al.* 1A 40 end-to-end, hand-sewn side- no 4 Pfannenstiel, midline, natural
to-side, isoperistaltic, stapled orifice specimen extraction,
side-to-side, antiperistaltic, off-midline
stapled
EA 77 side-to-side, antiperistaltic, sta- no 4 Midline, umbilical wound
pled end-to-end, isoperistaltic,
hand-sewn
Guo et al.** TLLC/IA 84 side-to-side, stapled 83, hand- no NA Longitudinal midline, off-midline
swen 1
LALC/EA 141%%** end-to end, handswen 20 side- no NA Longitudinal midline, off-midline
to-end, stapled 94 end-to-side,
stapled 6
Teramuraetal.®® 1A 21 side-to-side, no 5 Pfannenstiel, umbilical midline
isoperistaltic,stapled 21
EA 22 side-to-side, iso-and antiperi- no 5 Umbilical midline

staltic, stapled 22

CICA Completely intracorporeal anastomosis; ECAA Extracorporeal assisted anastomosis; LALC Laparoscopic-assisted left colectomy; LAC
Laparoscopic-assisted colectomy; TLC Totally laparoscopic; /A Intracorporeal anastomosis; EA Extracorporeal anastomosis; /CG Indocyanine
green; NA Not available, *** 21 cases missing after PSM

significantly shorter incision length compared to EA (SMD
-2.51, 95% CI -4.21 to -0.81, p=0.004) (Fig. 3a). Impor-
tantly, the heterogeneity between studies was very high
(I’ =96%, Chi’ test: p<0.00001). However, neither the
one-way sensitivity analysis nor the subgroup analysis could
identify a single study or a specific factor that could explain
the large heterogeneity.

Time to Oral Diet Intake Three studies®'~* with 229 patients
were included in the meta-analysis of time to first reported
postoperative oral diet. The IA group had a significantly
shorter time to first oral diet intake as compared to the

@ Springer

EA group (SMD -0.49, 95% CI -0.76 to -0.22, p=0.0004)
(Fig. 3b). A low level of heterogeneity was observed
(1>=0%, Chi test: p=0.37).

Time to First Stool Passage Four studies** reported the
time of first bowel movement including 410 patients. The
meta-analysis showed a significantly faster return of bowel
movement in the IA group compared to the EA group
(SMD -0.40, 95% CI -0.71 to -0.09, p=0.01) (Fig. 3c). The
degree of heterogeneity was substantial (I>=53%, Chi? test:
p=0.09). One-way sensitivity analysis identified the study
published by Milone et al.*® as the source of heterogeneity.
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a Intracorporeal Extracorporeal Odds Ratio Odds Ratio

Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% Cl _Year M-H, Fixed, 95% CI

Swaid 2016 4 33 3 19 4.6% 0.74[0.15,3.70] 2016

Carlini 2016 1 9 1 11 11% 1.25[0.07,23.26] 2016

Milone 2018 9 92 25 89 31.4% 0.281[0.12,0.64] 2018 —

Grieco 2019 2 36 8 36 104% 0.21[0.04,1.05] 2019 — 7

Masubuchi 2019 4 20 B 20 6.6% 0.58[0.14,2.500 2018 S E—

Wang 2022 1 40 7 7 6.4% 0.26 [0.03, 2.16] 2022 —

Guo 2023 12 a4 30 141 26.3% 0.62[0.30,1.28] 2023 —

Teramura 2023 g pal 13 22 133% 0.22[0.06,0.81] 2023 e —

Total (95% CI) 335 415 100.0% 0.40 [0.26, 0.61]

Total events 38 93

Heterogeneity: Chi*=5.12, df=7 (P=0.65), F=0% } t t t

Testforgovergll effect Z= 4I.24 P i D.DDD1))I 0.01 . 0.1 X o N .10 - 100
Favours Intracorporeal Favours Extracorporeal

b Intracorporeal  Extracorporeal Odds Ratio Odds Ratio

Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% Cl _Year M-H, Fixed, 95% CI

Carlini 2016 0 ] 1 11 48% 0.37[0.01,10.18] 2016

Swaid 2016 0 33 1 19 69% 0.181[0.01,4.75] 2016

Milone 2018 1 92 3 89 11.2% 0.32[0.03,3.09] 2018

Grieco 2019 0 36 3 36 12.8% 0.13[0.01,2.63] 2019 e

Masubuchi 2019 2 20 2 20 B.7% 1.00[0.13,7.89) 2019 . S—

Wang 2022 1] 40 1] 7 Mot estimable 2022

Guo 2023 2 84 20 141 541% 0.15(0.03, 0.65] 2023 ——

Teramura 2023 1 al 1 22 35% 1.05[0.06,17.95] 2023 1

Total (95% CI) 335 415 100.0% 0.27 [0.12, 0.61] i

Total events 6 kil

Heterogeneity: Chi*=3.41, df=6(P=0.76); F=0% '0.001 T 1'0 1000‘
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Fig.2 Forest plots of significant primary outcomes (IA versus EA): (a) overall morbidity; (b) SSI

Table 4 Non-significant primary and secondary outcomes

0.1
Favours Intracorporeal Favours Extracorporeal

Outcomes No. of included studies ~ No. of SMD/OR [95% CI] p-value  Heterogeneity level
included
patients
1A EA I’ (%)  Chi? (p-value)
Primary
Severe complications * 628:30.31.3335 282 376 0.66 [0.30-1.46] 0.30 36 0.18
Intra-abdominal fluid/abscess §28-3 335 415 0.69[0.26-1.82] 0.45 0 0.79
Anastomotic leak g28-3 335 415  0.61[0.24-1.56] 0.30 0 0.83
Anastomotic bleeding 82835 335 415 3.14[0.81-12.21] 0.10 0 0.97
Postoperative transfusion 42831 170 155  0.84[0.19-3.81] 0.83 0 0.65
Postoperative ileus 628-30.32.33.35 215 238  0.33[0.08-1.40] 0.13 0 0.63
Reoperation rate 528-31.33 210 232 0.87[0.23-3.24] 0.83 0 0.73
Secondary
Number of harvest lymph nodes ~ 43031:33:3¢ 252 343 -0.03[-0.25-0.19] 0.78 39 0.18
Specimen length (cm) 231,33 76 113 —0.07[-0.36-0.23]  0.66 0 0.50
Resection margin (cm) 233.34 124 218  0.18 [-0.04-0.40] 0.11 0 0.60
Blood loss (ml) 23233 60 97 —0.38 [-0.86-0.10]  0.12 44 0.18
Postoperative pain day 0 232.33 60 97 0.04 [-0.49-0.58] 0.88 55 0.14
Postoperative pain day 3 232.33 60 97 —-0.13[-0.45-0.20]  0.44 0 0.56
Time to first flatus 529-33 221 241  -0.25[-0.59-0.09]  0.15 65 0.02
Length of hospital stay 778-33.35 251 274  —0.40[-0.84-0.03]  0.07 80 <0.0001

OR Odds ratio; SMD Standardized mean difference; /A Intracorporeal anastomosis; EA Extracorporeal anastomosis, * Clavien-Dindo > III

OperativeTime The duration of surgery was reported in 7 stud-
ies.”*3* Minimally-invasive left colectomy performing IA was

associated with a significant longer operative time compared
to EA (SMD 0.36, 95% CI 0.14-0.59, p=0.001) (Fig. 3d).
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a intracorporal anastomosis extracorporal anastomosis Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI _Year IV, Random, 95% CI

Swaid 2016 58 09 33 8.2 09 19 249%  -2.63[-3.40,-1.86] 2016 ——

Milone 2018 7.8 1.3 92 9.5 31 89 26.0% -0.72[1.02,-0.42] 2018 -

Grieco 2019 52 0.6 36 133 23 36 24.3% -4.77[5.69,-3.84] 2019 —=—

Masubuchi 2019 3.53 0.88 20 55 1 20 24.8% -2.05[-2.83,-1.27] 2019 —

Total (95% CI) 181 164 100.0% -2.51[-4.21,-0.81] R E—

Heterogeneity: Tau®= 2.88; Chi*= 83.13, df= 3 (P < 0.00001); F= 96% =4 42 t +
Testfor overall effect Z= 2.89 (P = 0.004) Favours Intracorporeal Favours Extracorporeal
b Intracorporeal Extracorporeal Std. Mean Difference Std. Mean Difference

Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Fixed, 95% CI _Year IV, Fixed, 95% CI

Grieco 2019 2 1.25 36 3 1758 36 32.5% -0.65[1.13,-0.18] 2019 ——

Masubuchi 2019 55 25 0 575 225 20 19.0% -0.10 [-0.72,0.52] 2019 B

Wang 2022 46 19 40 6.1 31 77 48.5% -0.54 [[0.93,-0.15] 2022 —

Total (95% Cl) 96 133 100.0% -0.49[-0.76, -0.22] L 2

Heterogeneity: Chi*= 2.00, df= 2 (P = 0.37); F= 0% 14 52 3 5 i
Testfor overall effect: Z= 3.58 (P = 0.0004) Favours Intracorporeal Favours Extracorporeal
c Intracorporeal Extracorporeal Std. Mean Difference Std. Mean Difference

Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Rand: 95% Cl Year IV, Rand 95% CI

1.16.1 New Subgroup

Grieco 2019 3 175 36 4 225 36 228% -0.49[-0.96,-0.02] 2019 —

Masubuchi 2019 4 3 20 35 15 20 16.3% 0.21 [-0.41,0.83] 2019 I
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Subtotal (95% CI) 96 133 66.8% -0.27 [-0.63, 0.08] i

Heterogeneity: Tau®= 0.04; Chi*=3.30, df= 2 (P=0.19); F= 39%

Testfor overall effect Z=1.51 (P=0.13)

1.16.2 New Subgroup

Milone 2018 31 1.3 92 39 11 89 33.2% -0.66 [-0.96,-0.36] 2018 ——

Subtotal (95% CI) 92 89 33.2% -0.66 [-0.96, -0.36] g

Heterogeneity: Not applicable

Test for overall effect: Z=4.32 (P < 0.0001)
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Swaid 2016 132 50.25 33 137.75 4425 19 107% -0.12 [-0.68, 0.45] 2016

Carlini 2016 108 198 9 102 203 11 5.3% 0.33[-0.55,1.22] 2016 —

Milone 2018 1843 467 92 1538 541 89 21.4% 0.60[0.30,0.90] 2018 —
Masubuchi 2019 279 96 20 2275 5425 20 9.0% 0.65[0.01,1.28] 2018

Grieco 2019 187.4 543 36 1572 804 36 137% 0.44[-0.03,0.90] 2019 —

Wang 2022 240 61 40 241 689 77TO17.2% -0.01 [-0.40,0.37] 2022 I —

Guo 2023 13522 422 84 1178 284 141 228% 0.51[0.23,0.78] 2023 I

Total (95% CI) 314 393 100.0% 0.36 [0.14, 0.59] ’

Heterogeneity: Tau?= 0.04; Chi*=10.73, df= 6 (P = 0.10); F= 44% 12 51 3 1# é

Testfor overall effect: Z= 3.23 (P = 0.001)

Favours Intracorporeal Favours Extracorporeal

Fig.3 Forest plots of significant secondary outcomes (IA versus EA): (a) length of incision; (b) time to first oral diet intake; (c) time to first

stool passage; (d) operative time

The level of heterogeneity was moderate (I>=44%, Chi? test:
p=0.10).

Statistically Non-significant Secondary Outcomes

Meta-analysis of the secondary outcomes of interest revealed
no statistically significant difference between the IA and
EA groups in number of harvested lymph nodes, specimen
length, resection margin, blood loss, postoperative pain on
days 0 and 3, time to first flatus, and length of hospital stay
(Table 4).
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However, the secondary outcomes showed at least sub-
stantial heterogeneity for postoperative pain on day 0, time
to first flatus, and length of hospital stay. For postoperative
pain on day 0, no one-way sensitivity or subgroup analy-
sis was performed because only 2 studies®>* analyzed this
outcome. For length of hospital stay, only studies with a
cohort > 62 patients>>*-** demonstrated a shorter length of
stay in the IA group. In addition, heterogeneity was less
evident (I>=55%, Chi? test: p=0.11) in this subgroup, sug-
gesting that study size may be the cause of heterogeneity.
For other subgroups, this difference was neither confirmed
nor heterogeneity reduced (Table S1).
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Quality and Risk of Bias

Six of the included studies>**'> were retrospective and 2
studies?®*” were prospectively conducted. Propensity match-
ing was performed in 4 studies.’!*>335 According to the
ROBINS-I tool, the risk of bias was low to serious (Fig. 4).
The most limiting factor was the lack of randomization in
all included studies. The quality of evidence for the sig-
nificant primary and secondary outcomes ranged between
very low and moderate with respect to the GRADE criteria
(Table S2).

Discussion

The present study represents, to our knowledge, the first
meta-analysis of pooled surgical outcomes of IA and EA
in minimally-invasive left-sided colectomy for benign and
malignant pathologies. We intentionally excluded studies
of sigmoid colectomy and anterior rectal resections using
the circular stapler because these cases represent a differ-
ent anastomotic technique that is not applicable to left-sided
colectomy extending to the proximal third of the sigmoid
colon. The cumulative results of 8 included studies with 750

Risk of bias domains
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Fig.4 Risk of bias summary and graphical visualization of the included studies based on ROBINS-I-tool
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patients demonstrated a significant benefit of IA over EA in
terms of overall morbidity, SSI, length of incision, time to
first oral diet intake and time to first bowel movement while
the surgical duration was significantly longer performing IA.
At the same time, most of the important short-term outcomes
were not significantly different, including anastomotic leak,
ileus, severe postoperative morbidity (Clavien-Dindo > III),
postoperative pain score, length of hospital stay, and speci-
men factors. These findings are consistent with some recently
published studies of IA and EA in laparoscopic and robotic
right colectomy.'*~!53¢ Minimally-invasive techniques
including laparoscopic and laparoscopic-assisted colectomy
have become the standard approach in colorectal surgery,
demonstrating superior short-term recovery and equiva-
lent oncologic outcomes compared to open surgery.>**"=°
Of note, none of the studies included in our analysis used
a robotic platform for IA and EA. However, recent studies
suggest that the robotic system is increasingly being used
for left colectomy, with similar outcomes compared to
laparoscopic resections.***! Minimally-invasive left-sided
colectomy is technically more complex than right-sided
colectomy because mobilization of both attached colonic
ends and the splenic flexure is obligatory.?” Reconstruction
of gastrointestinal continuity in minimally-invasive surgery
is performed by either IA or EA. An advantage of IA is less
bowel manipulation and exteriorization and consequently less
mesenteric traction and twisting through a smaller abdominal
incision.!%**~* This could be very practical in obese patients
with a shortened and thickened bowel mesentery and exten-
sive subcutaneous tissue.'>* This may explain why BMI
was significantly higher in the IA group (29.5 versus 24.7,
p=0.05) in the study by Milone et al.*°. Nevertheless, EA
is still widely used because it is less technically demanding
and allows hand-sewn enterotomy closure. Our meta-analysis
demonstrated that IA offers several advantages compared to
EA, while adverse outcomes are limited. The mean length
of incision was significantly longer in EA compared to IA
(9.1 cm versus 5.6 cm, p=0.004). An obvious advantage of
IA is the possibility to perform a smaller incision for speci-
men extraction regardless of the location of the anastomosis,
whereas in EA the location of the incision or extraction is tied
to the height of the planned anastomosis and sometimes the
incision must be extended to create a tension-free anastomo-
sis. In almost all studies, the Pfannenstiel incision was used
as the site of extraction in A as opposed to midline and off-
midline laparotomies in the EA group. A recently published
meta-analysis showed that the midline extraction site has a
16% incisional hernia rate compared to only 2.1% after the
Pfannenstiel incision in minimally-invasive colorectal sur-
gery.*® In addition, the Pfannenstiel incision is associated
with less pain, better cosmetic results, and less wound infec-
tion.*’**® Only one study®' reported the incisional hernia rate,
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as most studies did not provide complete long-term follow-up
information. In the study by Grieco et al.’! the rate of inci-
sional hernias was 16.7% in the EA and only 2.8% in the IA
cohort (p=0.047), possibly due to the longer incision length
and incision site in the EA group. In this study, the incision
site in EA was located in the left subcostal region. Emile
et al.'® also demonstrated a significantly higher incidence of
incisional hernias after EA in right colectomy.

Length of hospital stay was similar between the two groups,
although a trend toward earlier discharge was observed in the
IA group. This could be attributed to the lower rate of overall
complications, earlier resumption of gastrointestinal motil-
ity and oral feeding. Length of hospital stay is per se a topic
of great variability, considering that studies from 5 differ-
ent countries with different institutional perioperative care
policies were included as a potential source of heterogene-
ity, despite adherence to recovery protocols. However, stud-
ies comparing IA with EA in laparoscopic right colectomy
have reported inconsistent results regarding length of hospital
stay.!>144 Interestingly, our subgroup analysis showed that
the length of hospital stay was shorter in the IA group only in
studies with a higher number of patients.*%*!->3

Operative time was reported in 7 included studies
and revealed a significant longer surgical duration in the TA
group. This is line with some recently published meta-anal-
ysis comparing IA versus EA in minimally-invasive right
colectomy.!>? Interestingly, some authors stated that the
practice of the more challenging IA at their institution was
adapted to laparoscopic right colectomy years before left
colectomy, which helped them to achieve a faster learning
curve and equal operative time for both methods.?’ Despite
this successful transition, in our analysis the mean duration
of surgery was approximately 18 min longer in the IA group
as compared to EA.

Postoperative pain assessment was performed in 3 stud-
ies, but only 2 studies®>** subdivided the pain score from
day 0 to day 3 and 1 study®” provided an overall pain score.
However, the reported results suggest no significant differ-
ence in postoperative pain on days 0 and 3 despite a longer
incision in the EA group.

Interestingly, no difference in anastomotic leakage rate
was observed, which may be partially explained by the fact
that both IA and EA are performed by the same technical
method using a stapling device in the majority of cases
included. Indeed, it has been shown that stapled ileocolic
anastomosis is associated with lower rates of anastomotic
leakage compared to hand-sewn anastomosis.’!*> This
observation may suggest that extensive bowel manipula-
tion and traction does not affect anastomotic integrity, but
rather negatively affects bowel contractility and peristal-
sis,’ as evidenced by significantly faster bowel recovery
in IA. The rate of intra-abdominal infection and fluid
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collection was comparable in the IA and EA groups, which
mitigates concerns about contamination of the abdominal
cavity during bowel opening and anastomosis creation in
IA. In this context, adequate peritoneal lavage,*” use of
atraumatic intracorporeal bulldogs,’* and prophylactic
antibiotic administration> seem to prevent this complica-
tion. A recently published study suggested that EA after
laparoscopic right colectomy is associated with a higher
immune stress response (SSR), as indicated by signifi-
cantly elevated interleukin-6 and C-reactive protein (CRP)
levels on postoperative days 1, 3, and 5 in EA,>® which
in turn may impair bowel recovery. In our meta-analysis,
postoperative inflammatory markers are only mentioned
by 3 authors.’>3%3% In these studies, bowel recovery
outcomes>>*? and overall complications®® were in favor
of IA despite significantly elevated CRP levels in the A
group.

Notably, wound infections were significantly higher in the
EA group. This finding is consistent with data from mini-
mally-invasive right colectomy studies.'*~>* The reason
for this observation is explained by the fact that the smaller
incision in IA is only used for specimen extraction, in con-
trast to EA, where the usually larger mini-laparotomy site
is also used for anastomosis creation of traction and trauma
exposed bowel ends and thus carries the risk of potential
bacterial contamination.

The number of harvested lymph nodes, specimen length,
and the resections margin were similar in both groups,
and furthermore, mid-term oncological data reported in
two studies?®** support comparable outcomes in IA and
EA patients, with no increased risk of tumor recurrence
in the TA group. Importantly, based on the provided data
we were not able to perform a meta-analysis of the anasto-
mosis type effect on conversion to laparotomy as only one
study” reported 21 conversions (IA n=2 versus EA n=19,
p<0.001) and the remaining three studies*®***? had no con-
versions in both groups.

Despite the novelty of our meta-analysis in the field
of minimally- invasive colorectal surgery, the reported
results have some considerable limitations, including the
retrospective®”*1733 and mono-centric?®2%323335 design in
the majority of studies. In addition, none of the studies were
from North America and a low mean BMI was observed in
all studies. The sample sizes of the available studies were
relatively small, with 5 studies analyzing <72 patients in
their cohorts,?%29-31:32:35

When interpreting the results, the non-negligible effect
of technical evolution during the long study period starting
in 2004 must be considered. The short-term follow-up of
30 days in 5 studies?*!**3 did not allow evaluation of the
some important outcome parameters including incisional
hernia. A longer observation period could possibly show a
persistent advantage of IA in the incisional hernia rate, as

observed in comparable literature on right colectomy.!>*’

Finally, the lack of randomization in all studies and potential
selection bias led to a classification of "moderate" bias in
4 studies?®>%**3 and "serious" risk of bias in one study.?®
Therefore, the level of evidence for the important primary
and secondary outcomes was very low to moderate consid-
ering the above mentioned limitations. Furthermore, inter-
pretation of the data must take into account differences in
institutional perioperative care policies, as well as differ-
ences in surgical experience and preference. Although the
results provide a surrogate outcome advantage for IA, we
cannot generally recommend this method as the "standard"
approach for minimally-invasive left colectomy. Large rand-
omized controlled trials with long follow-up data are needed
to clarify the question of the most appropriate anastomotic
technique in this setting.

Conclusion

TA in minimally-invasive left colectomy for benign and
malignant lesions proves to be a safe and feasible option
despite technical challenges and a longer procedural dura-
tion. It was associated with less overall morbidity, less SSI,
shorter incision length and faster postoperative gastrointes-
tinal recovery compared to EA. At the same time, onco-
logic radicality and outcomes appear to be equivalent in both
IA and EA groups. Large randomized controlled trials are
needed to further validate these results.
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