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Abstract

Background Anastomotic leak (AL) is a potentially life-threatening complication after low anterior resection (LAR). This
meta-analysis aimed to compare outcomes of LAR with and without diverting stoma and to determine factors associated
with AL in non-diverted patients.

Methods This was a PRISMA-compliant systematic review of electronic databases (PubMed, Scopus, and Web of Science).
Randomized controlled trials comparing LAR with and without diverting stoma were included. Main outcome measures
were AL, complications, and operation time in the two groups and risk factors of AL in non-diverted patients.

Results Nine randomized control trials (RCTs) (946 patients; 53.2% male) were included. The diverting stoma group had
lower odds of complications (OR: 0.61, 95%CI: 0.461-0.828; p <0.001), AL (OR: 0.362, 95%CI: 0.236-0.555; p <0.001,
12=0), abscess (OR: 0.392, 95%CI: 0.174-0.883; p <0.024, 12=0), and reoperation (OR: 0.352, 95%CI: 0.222-0.559,
p<0.001, *=0) than the no-diversion group. Both groups had comparable odds of bowel obstruction, surgical site infec-
tion, and perioperative mortality. The weighted mean operation time in the diverting stoma group was longer than the no-
diversion group (WMD: 34.804, 95%CI: 14.649-54.960, p < 0.001). Factors significantly associated with AL in non-diverted
patients were higher body mass index (BMI), ASA > 3, lower tumor height, neoadjuvant therapy, open surgery, end-to-end
anastomosis, and longer operation time.

Conclusions Non-diverted patients with increased body mass index, high American Society of Anesthesiologists scores, low
rectal cancers, received neoadjuvant therapy, underwent open surgery, end-to-end anastomosis, and longer operation times
were at a higher risk of AL after LAR.
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Introduction

Total mesorectal excision (TME) is the universally pre-
ferred treatment of locally advanced rectal cancer to reduce
locoregional recurrence.! Two techniques are used for the

< Steven D. Wexner
wexners @ccf.org

Department of Colorectal Surgery, Cleveland Clinic Florida,
2950 Cleveland Clinic Blvd., Weston, FL 33331, USA

General Surgery Department, Colorectal Surgery Unit,
Mansoura University Hospitals, Mansoura, Egypt

Dow Medical College, Dow University of Health Sciences,
Karachi, Pakistan

@ Springer

treatment of low-lying rectal cancer, low anterior resection
(LAR) and abdominoperineal resection (APR).? Sphincter-
sparing LAR has been reported to be associated with better
quality of life than APR with a permanent colostomy;* how-
ever, one of the known hazards of LAR is an anastomotic
leak (AL).* AL is associated with both costly postoperative
morbidities and a negative impact on the long-term out-
comes, including reduced overall survival.’

Preventive strategies have been devised to reduce the
incidence of AL after LAR for rectal cancer including pre-
operative mechanical bowel preparation, oral antibiotics,
intraoperative testing of anastomotic integrity and perfusion,
the creation of colonic J-pouch, colonic bypass, anastomotic
reinforcement, compression anastomosis, anastomotic but-
tressing, avoiding crossing staple lines, defunctioning stoma,
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and other techniques.®™'! Defunctioning stoma has been pos-
tulated to reduce the incidence of AL after LAR; however,
a prospective study found diverting stoma to decrease the
serious adverse effects of AL such as fecal peritonitis and
septicemia, rather than prevent AL."”

Although previous meta-analyses '*!® have assessed the
protective role of diverting stoma after LAR, unfortunately,
these meta-analyses did not discuss the risk factors of AL
in patients who did not have a diverting stoma which may
have important clinical implications. The majority of previ-
ous studies that assessed the risk factors of leak after LAR
included patients with or without diversion which can be
a confounding factor. Also, the studies were mainly based
on retrospective, non-randomized data; therefore the risk
of selection bias can be high. In contrast, prospective ran-
domized trials tend to minimize selection bias and entail
more complete and accurate data, as compared to reviews of
retrospective data. Our meta-analysis had two main objec-
tives. First, to confirm the benefit of diversion in reducing
anastomotic leak that has been previously reported. Sec-
ond, to determine when diversion is necessary after LAR
by knowing which patients are at a higher risk of leak when
they were not diverted. The main aim was to help select
patients who will need diversion after LAR instead of divert-
ing all patients invariably through a meta-regression analysis
to help risk-stratify these patients and tailor the use of diver-
sion. We aimed to bridge this gap in the existing knowledge
by this meta-analysis, to determine which patients will be
at high risk of leak when not diverted based on the pooling
of high-quality data.

Methods
Registration and Reporting

The updated guidelines of the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA
2020) were followed when reporting the present systematic
review. Registration of the protocol of the current system-
atic review was made a priori in the prospective register of
systematic reviews (PROSPERO) under the special identifier
CRD42022319410. There was no deviation from the regis-
tered protocol when reporting this review. Ethics approval
was not required based on institutional guidelines.

Search Strategy

A systematic organized search of the present literature was
independently performed by two authors (S.E., S.K.). Ran-
domized controlled trials (RCTs) comparing the use of a
diverting stoma and omission of stoma after LAR of rectal
cancer were searched. Cross-checking of the articles found

after the literature search was made, addressing any con-
flicts about article selection by mutual agreement. The senior
author (S.D.W.) supervised the literature search and article
selection.

We searched three electronic databases (Medline through
PubMed, Scopus, and Web of Science) from inception
through March 2022. To ensure the inclusion of verified
evidence only, non-peer-reviewed publications and gray lit-
erature were not included in the search process. To aid in
the search for further eligible RCTs, the PubMed function
“related articles” was activated, and the reference section of
the articles was manually screened.

We excluded duplicate reports and the remaining articles
were screened by title/abstract followed by full-text screen-
ing. One of two authors (S.E., S.K.) reviewed the full text
of the articles to ascertain their eligibility for inclusion. The
search outcome and the initial and final lists of articles were
reviewed by the senior author (S.D.W.) before approval.

Search Keywords

The following keywords were used in the database search:
“rectal cancer”, “rectal carcinoma,” “low anterior resec-
tion,” “anterior resection,” “diversion,” “ileostomy,” “colos-
tomy,” “stoma,” “randomized,” “randomised,” “controlled
trials,” “leak,” “leakage,” “complications,” and “outcome.”
In addition, we used the following medical subject head-
ing (MeSH) terms: (rectal neoplasms), (surgical stomas),
(ileostomy), (colostomy), and (randomized controlled trial).

The following syntax combination was used for the lit-
erature search: (rectal cancer OR rectal carcinoma) AND
(anterior resection OR low anterior resection OR sphincter-
saving resection) AND (diversion OR stoma OR ileostomy
OR colostomy) AND (leak OR complications OR outcome).

99 <

29 <

Article Selection Criteria

Only English-language RCTs comparing the use of a divert-
ing stoma and omission of stoma after LAR of rectal can-
cer were considered for inclusion. We excluded non-rand-
omized cohort studies, case reports, and case series entailing
fewer than ten patients, animal studies, editorials, previous
reviews, and meta-analyses. On reviewing overlapping RCTs
that included the same cohort of patients within similar
time periods, only the most recent and complete RCT was
included. The studies had to fulfill the following PICO cri-
teria to be included in this network meta-analysis:

P (patients): Patients with rectal cancer undergoing
LAR.

I (intervention): Diverting stoma (ileostomy or colos-
tomy)

C (comparator): No diverting stoma.
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O (outcome): AL, complications, reoperation, opera-
tion time, hospital stay, and risk factors of AL in the
non-diversion group.

Assessment of Risk of Bias and Certainty
of the Evidence

The risk of bias was independently assessed by two authors
(S.E. and Z.G.) with the ROB-2 tool for assessing RCTs.'*
Any conflicts of interpretation of the results were resolved
by mutual agreement. The certainty of the evidence of each
outcome was graded as very low, low, moderate, and high
using the GRADE approach '° which entails five parameters:
risk of bias, imprecision, inconsistency, indirectness, and
publication bias.

Assessment of Publication Bias

The publication bias was assessed by inspection of a funnel
plot of the standard error of the rate of each outcome against
the rate of each outcome. The symmetry of the funnel plot
confirmed the absence of publication bias.

Data Extraction

Two authors (S.E., S.K.) extracted the following information
from each study into an Excel sheet template:

e Authors, duration, and country of the study.

e The total number of patients and numbers in each group.

e Age, sex, body mass index (BMI), comorbidities, and
ASA classification.

e Tumor height and anastomosis height.

e Neoadjuvant therapy (type and duration), operative
approach, splenic flexure mobilization, level of inferior
mesenteric vessels ligation, type of anastomosis, method
of testing the anastomosis, and type of stoma.

e QOutcome of each procedure in terms of AL, complica-
tions, mortality, reoperation, operation time, and blood
loss.

Review Outcomes

The primary outcome of this review was the difference
between diversion and no-diversion groups in terms of AL,
complications, reoperation, and operation time. The second-
ary outcome was the risk factors associated with complica-
tions and AL in non-diverted patients.

Statistical Analysis

An open-source, cross-platform software for advanced meta-
analysis “openMeta [Analyst] ™” version 12.11.14 and
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Cochrane Review Manager 5.4® were used to perform this
meta-analysis. A pairwise meta-analysis was conducted to
assess the difference in AL, complications, reoperation, and
operation time between diverting stoma and no stoma after
LAR of rectal cancer odds ratio (OR) and 95% confidence
interval (CI) and weighted mean difference (WMD).

Statistical heterogeneity was assessed using the p-value of
the Cochrane Q test and the inconsistency (%) statistics (low
if I <25%, moderate if I> =25-75%, and high if *>75%). A
random-effect meta-regression analysis of the risk factors of
AL and complications in the non-diversion group was done
weighing the studies by their within-study variance and the
degree of heterogeneity. The inter-study heterogeneity was
assessed in terms of the differences in the available patient-
related and treatment-related factors. The statistical signifi-
cance of each examined variable was expressed using slope
coefficient (SE) and p-value. p-value <0.1 was considered
statistically significant.

Results
Study Characteristics

The initial literature search returned 2813 results and after
the exclusion of duplicates and irrelevant studies, the full
text of 12 studies was reviewed and three studies were
further excluded (Fig. 1). Thus, the present meta-analysis
included nine RCTs '** published between 1983 and 2021.
All studies were from European countries except for one
study from India. Three trials were multicenter and six were
single-center studies. The studies entailed 946 patients who
were 503 (53.2%) male and 443 female with a median age
of 65 (range, 55.5-68) years and median BMI of 26 (range,
24.9-26.2) kg/m2 (Table 1). Six trials used a diverting ileos-
tomy, two used a diverting colostomy, and one used either.

Characteristics of Diversion and No-Diversion
Groups

Overall, 489 (51.7%) patients underwent LAR with a divert-
ing stoma and 457 (48.3%) without a stoma. The two groups
were comparable in regards to male:female ratio (1.03:1 vs
0.8:1), median age (64 vs 67.2 years), median BMI (25.9
vs 25.6 kg/m?), tumor height from the anal verge (7.8 vs
7 cm), and receiving neoadjuvant therapy (42.7% vs 37.6%).
Neoadjuvant chemoradiation therapy was given except in
one study 2! that reported preoperative radiotherapy. Most
of the procedures were performed via laparotomy in the two
groups (63.4% vs 54.5%). The majority of anastomoses in
the two groups were end-to-end (69.3% vs 74.6%), followed
by J-pouch construction (26.5% vs 23%) (Table 2). The tech-
nical details of LAR performed in the trials are illustrated
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Fig. 1 PRISMA flow chart for literature search and study inclusion

in Table 3. Treatment details in the two groups are shown
in Table 4.

Meta-analysis of Outcomes of Diversion
and No-Diversion Groups

Complications and Mortality

The diverting stoma group had lower odds of com-
plications (OR: 0.61, 95%CI: 0.461-0.828; p <0.001,

I’=1%) (Fig. 2), AL (OR: 0.362, 95%CI: 0.236-0.555;
p<0.001, >=0) (Fig. 3), and abscess (OR: 0.392, 95%CI:
0.174-0.883; p <0.024, I*=0) (Fig. 4) than the no-diver-
sion group. The definitions of AL across the studies are
summarized in Appendix Table S1.

Both groups had comparable odds of SBO (OR: 2.843,
95%CI: 0.696-11.608, p=0.146, I>=28.1%), SSI (OR:
1.231, 95%CI: 0.705-2.149; p=0.466, 12=0), and peri-
operative mortality (OR: 0.833, 95%CI: 0.255-2.714,
p=0.761, ’=0).
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Table 1 Characteristics of the studies included

Study Duration Country Centers Number Males Ageinyears Stoma type
Altomare et al., 20216 Dec 2015-Sept 2019 Italy Single 54 31 65 Ileostomy
Mrak et al., 2016 7 Jan 2004-Aug 2014 Austria Multicenter 166 97 62.5 Ileostomy
Thoker et al., 2014 18 Jun 2008-Dec 2010 India Single 78 42 NR Ileostomy
Ulrich et al., 2009 July 2006-March 2007  Germany  Single 34 21 61 Ileostomy
Chude et al., 2008%° May 2011-March 2008  Greece Single 256 135 55.5 Ileostomy
Matthiessen et al., 20072!  Dec 1999-June 2005 Sweden Multicenter 234 128 68 Ileostomy or colostomy
Pimentel et al., 2003 NR Portugal  Single 36 NR NR Ileostomy
Pakkastie et al., 19972 Aug 1991-June 1994 Finland Multicenter 38 19 67 Colostomy
Graffner et al., 1983% Jan 1978-July 1981 Sweden Single 50 30 71 Colostomy
NR not reported
Table 2 Patients’ characteristics in the two groups
Study Number Males Age in years BMI in kg/m? Comorbidities Tumor height
Stoma No stoma Stoma No stoma Stoma Nostoma Stoma No stoma Stoma Nostoma Stoma No stoma
Altomare et al., 20216 29 25 17 14 63.1 672 25.78 26.71 2 3 507 524
Mrak et al., 2016[17] 94 72 49 38 64 63 26.1 258 NR NR 7.8 8
Thoker et al., 2014 18 34 44 NR NR NR NR NR NR NR NR NR NR
Ulrich et al., 2009 ' 18 16 11 10 62 60 266 254 9 10 8 7
Chude et al., 2008>° 136 120 76 66 555 555 NR NR NR NR 45 45
Matthiessen et al., 200721 116 118 70 58 68 67.5 25 24.8 NR NR 10 10
Pimentel et al., 2003% 18 18 NR NR NR NR NR NR NR NR NR NR
Pakkastie et al., 19972 19 19 12 7 64 70 NR NR 1 1 8.3 8.7
Graffner et al., 1983% 25 25 14 16 68 74 NR NR NR NR 6 6
NR, not reported; BMI, body mass index
Table 3 Technical details of low anterior resection in the studies
Study Number of stapler firings IMA ligation Splenic flexure Leak test
level mobilization
Altomare et al., 20216 Double stapled Low Yes Air insufflation
Mrak et al., 20167 Double stapled High Yes Air insufflation
Thoker et al., 2014 Double stapled NR NR NR
Ulrich et al., 2009"° Double stapled High Yes Air insufflation 4 donut inspection
Chude et al., 2008%° NR NR NR NR
Matthiessen et al., 2007 NR NR NR NR
Pimentel et al., 2003*%>] NR NR NR NR
Pakkastie et al., 1997% NR NR NR Air insufflation + donut inspection
Graffner et al., 1983% NR NR NR NR

IMA, inferior mesenteric artery; NR, not reported

Operation Time and Reoperation Rate

The diverting stoma group had lower odds of reopera-
tion than the no-diversion group (OR: 0.352, 95%CI:
0.222-0.559, p <0.001, I*=0) (Fig. 5). The weighted
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mean operation time in the diverting stoma group was
longer than the no-diversion group (WMD: 34.804,

95%CI: 14.649-54.960, p <0.001, I*=70.3%) (Fig. 6).
Table 5 illustrates the outcomes of the two groups across
the studies reviewed.
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Studies Odds ratio 95%C.l. Stoma No Stoma
Altomare et al, 2021 0.800 (0.257, 2.486) 9/29 9/25 -
Mrak et al, 2016 0.967 (0.521, 1.794) 41/94  32/72 [ ]
Thoker et al, 2014 0.330 (0.108, 1.013) 23/34  38/44 -
Ulrich et al, 2009 0.333 (0.067, 1.652) 3/18 6/16 - -
Chude et al, 2008 0.574 (0.334, 0.986) 337136 43/120 [ B
Matthiessen et al, 2007 0.402 (0.213, 0.759) 18/116 37/118 - :
Pakkastie et al, 1997 1.000 (0.280, 3.574) 9/19 a/19 :
Graffner et al, 1983 1.000 (0.327, 3.055) 11725  11/25
Overall (1"2=1.09 % , P=0.421) 0.618 (0.461, 0.828) 147/471 185/439 —
[ T T ;l T I]
oo7 013 oM 062 135 3%
Odds Ratio (log scale)
Fig. 2 Forest plot for the odds of complications in the two groups
Forest Plot
Studies Odds ratio 95%C.l. Stoma No Stoma g
Altomare et al, 2021 1.094 (0.259, 4.613) 5/29 4/25 : i~
Mrak et al, 2016 0.341 (0.121, 0.958) 6/94  12/72 1 ]
Thoker et al, 2014 0.488 (0.089, 2.682) 2/34 5744 - o-
Ulrich et al, 2009 0.098 (0.010, 0.936) 1/18 6/16 - ;
Chude et al, 2008 0.203 (0.056, 0.738) 3/136 12/120 - :
Matthiessen et al, 2007 0.297 (0.145, 0.611) 127116 337118 s
Pimentel et al, 2003 0.294 (0.028, 3.138) 1/18 3/18 .
Pakkastie et al, 1997 0.802 (0.218, 2.952) 7/19 8/19 : [ ]
Graffner et al, 1983 0.306 (0.030, 3.159) 1/25 3/25 -
Overall (1"2=0 % , P=0.622) 0.362 (0.236, 0.555) 38/489 86/457 —_—
I T T T T ; T T I
om oo 005 01 o 03 05 103 205 461
Odds Ratio (log scale)
Fig. 3 Forest plot for the odds of anastomotic leak in the two groups
Forest Plot
Studies Odds ratio 95%C.l. Stoma No Stoma :
Altomare et al, 2021 0.840 (0.187, 3.774) 4729 4725 : ]
Thoker et al, 2014 0.333 (0.107, 1.038) 5/34  15/44 [ B
Chude et al, 2008 0.095 (0.005, 1.780) 07136  4/120 1]
Graffner et al, 1983 0.306 (0.030, 3.159) 1/25 3/25 -
Overall (1*2=0 % , P=0.570) 0.392 (0.174, 0.883) 10/224 26/214 ——e——
[ T T T T T ‘l T T I
001 00 003 005 01 025 0% 100 253 377
Odds Ratio (log scale)

Fig.4 Forest plot for the odds of abscess in the two groups
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Studies Odds ratio 95%C.l. Stoma No Stoma

Altomare et al, 2021 0.833 (0.211, 3.294) 5/29 5/25 -

Mrak et al, 2016 0.481 (0.218, 1.063) 13/94 12 .

Ulrich et al, 2009 0.044 (0.002, 0.855) 0/18 6/16 - +

Chudeelal.2008 0.174 (0.008, 3.653) 2/ 0 -

Matthiessen et al, 2007 0.310 (0.151, 0.639) 32/118 L 3

Pimentel et al, 2003 0.178 (0.008, 3.992) 2/1 -

Pakkastie et al, 1997 0.120 (0.013, 1.124) 1/19 6/19 [ ]

Graffner et al, 1983 0.126 (0.006, 2.575) 0/25 3/25 -

Overall (1A2=0 % , P=0.558) 0.352 (0.222, 0.559) 31/455 74/413 ==
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0 ) 00 00 oo on 022 035 AR} 22 560
Odds Ratio (log scale)

Fig.5 Forest plot for the odds of reoperation in the two groups

Studies Mean difference 95%C.I.

Altomare etal, 2021 = 20.000 ) (~12.844, 52.844) ]

Mrak et al, 2016 94.500 (57.924, 131.076) -

Ulrich et al, 2009 22.500 (1.036, 43.964) [ 3

Chude et al, 2008 25.000 (14.392, 35.608) ——

Matthiessen et al, 2007 28,500 (-6.196, 63.196) -

Overall (1*2=70.33 % , P=0.009) 34.804 (14.649, 54.960) ——T e

20 40 60 80 100 120
Mean Difference
Fig. 6 Forest plot for the weighted mean difference in operation time between the two groups
Table 4 Treatment details in the two groups
Study Neoadjuvant therapy ~ Open approach End to end anasto- J pouch Operating time
mosis (minutes)
Stoma Nostoma Stoma Nostoma Stoma Nostoma Stoma Nostoma Stoma No stoma

Altomare et al., 2021'6 9 12 18 13 15 18 0 0 181.1 161.1
Mrak et al., 2016'7 58 28 94 72 40 38 54 34 285.2 190.7
Thoker et al., 20148 NR NR NR NR NR NR NR NR NR NR
Ulrich et al., 2009"° 15 8 0 0 0 0 18 16 200 177.5
Chude et al., 2008%° 0 136 120 136 120 0 0 195 170
Matthiessen et al., 20072 94 91 NR NR NR NR NR NR 288.7 260.2
Pimentel et al., 2003% NR NR NR NR 0 0 18 18 NR NR
Pakkastie et al., 1997% 0 0 19 19 19 19 0 0 NR NR
Graffner et al., 1983 NR NR 25 25 25 25 0 0 NR NR

NR, not reported

Subgroup Meta-analyses
lleostomy vs Colostomy

Studies that used a diverting ileostomy showed lower odds of
complications (OR: 0.648, 95%CI: 0.455-0.923, p=0.016,
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I*=0) and AL (OR: 0.354, 95%CI: 0.193-0.648, p <0.001,
I?=0) in favor of the diversion group whereas studies that
used a diverting colostomy showed similar odds of com-
plications (OR: 0.619, 95%CI: 0.320-1.199, p=0.155,
I’=30.4%) and AL (OR: 0.638, 95%CI: 0.204—1.991,
p=0.439, >=0).
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Table 5 Outcomes of the two groups
Study Total complications  Anastomotic leak Abscess Reoperation Mortality

Stoma Nostoma Stoma Nostoma Stoma Nostoma Stoma Nostoma Stoma No stoma
Altomare et al., 2021['®] 9 9 5 4 4 4 5 5 1 0
Mrak et al., 20167 41 32 6 12 NR N 13 18 0 0
Thoker et al., 20148 23 38 2 5 5 15 NR NR NR NR
Ulrich et al., 2009"° 3 6 1 NR NR 0 6 0 0
Chude et al., 2008%° 33 43 3 12 0 4 0 2 0 2
Matthiessen et al., 2007 2! 18 37 12 33 NR NR 12 32 1 0
Pimentel et al., 2003%2 NR 1 3 NR n 0 2 0 0
Pakkastie et al., 19977 9 9 7 8 NR 1 2
Graffner et al., 1983%* 11 11 1 3 1 3 0 0 0
NR not reported

Before or After the Year 2000

Trials published after the year 2000 showed lower odds of
complications (OR: 0.575, 95%CI: 0.41-0.806, p=0.001,
I’=11.4) and AL (OR: 0.329, 95%CI: 0.207-0.523,
p<0.001, I>=0) in favor of the diversion group whereas
trials published before the year 2000 showed similar
odds of complications (OR: 0.619, 95%CI: 0.320-1.199,
p=0.155, ’=30.4%) and AL (OR: 0.638, 95%ClI:
0.204-1.991, p=0.439, I>=0).

Risk Factors of Complications and AL
in the No-Diversion Group

According to the random-effect meta-regression analysis,
only blood loss (SE=0.0001, p=0.09) was significantly
associated with higher overall complications in patients
who underwent LAR without a diverting stoma. Age
(p=0.9), male sex (p=0.17), BMI (p =0.22), comorbidi-
ties (p =0.69), ASA>3 (p=0.2), tumor height (p =0.6),
anastomosis height (p =0.8), neoadjuvant therapy
(p=0.23), open surgery (p =0.46), end-to-end anasto-
mosis (p=0.3), J pouch (p =0.35), and operation time
(p =0.28) were not significantly associated with higher
rate of total complications.

Factors significantly associated with higher rates of AL
in patients who underwent LAR without a diverting stoma
were:

Higher BMI (SE: 0.078, p=0.05).

ASA >3 (SE: 0.016, p=0.05).

Lower tumor height (SE: 0.032, p <0.001).
Neoadjuvant therapy (SE: 0.002, p=0.002).
Open surgery (SE: 0.001, p=0.02).
End-to-end anastomosis (SE: 0.001, p=0.02).
Longer operation time (SE: 0.002, p <0.001).

Technical factors, including number of stapler firing, level
of IMA ligation, splenic flexure mobilization, and testing the
anastomotic integrity, were not significantly associated with
AL; however, only three studies reported these parameters.

Publication Bias

There was evidence of publication bias in the outcomes: AL,
abscess, and reoperation, whereas there was no publication
bias in total complications, mortality, and operation time as
shown in Fig. 7.

Risk of Bias and Certainty of the Evidence

All studies had some concern of bias as per the ROB-2 tool,
except for two studies that had a high risk of bias (Appendix
Table S2). All studies had a concern of bias in regards to
the randomization process and deviation from the intended
intervention due to lack of allocation concealment and
awareness of the investigators and patients to the interven-
tion made. According to the GRADE approach, the certainty
of the evidence was moderate for total complications, AL,
and reoperation; low for abscess and mortality; and very low
for operation time (Appendix Table S3).

Discussion

AL remains a very concerning issue after colorectal anasto-
moses, especially low colorectal and coloanal anastomoses.
Different strategies have been devised to reduce the risk of
AL after LAR,!! and one effective strategy is the construc-
tion of a diverting stoma. Previous collective evidence has
shown a significant benefit of a diverting stoma in lower-
ing the incidence and consequences of AL after LAR.!%!3
This fact has been confirmed by the results of the present
meta-analysis which concluded a lower likelihood of AL
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Fig. 7 Funnel plot depicting publication bias in the study outcomes

and complications overall after LAR when a diverting stoma

was used.

A diverting stoma in LAR is usually called “protective”
as its main objective is to divert fecal matter and reduce the
pressure imposed on the constructed anastomosis, thus pro-
tecting against its dehiscence.” The main benefit of a divert-
ing stoma has been debated as some investigators stated that

@ Springer

it can actually decrease the incidence of AL.2*2!2% How-
ever, other studies showed that a diverting stoma does not
prevent AL, yet it can potentially mitigate against its con-
sequences that necessitate relaparotomy.”’ These potential
benefits were confirmed by the present meta-analysis since
the use of a diverting stoma was associated with lower odds
of abscess, which can be secondary to subacute leak, and
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reoperation needed to manage AL presenting with peritonitis
and/or toxemia.

In addition to asserting the conclusions of the former
meta-analyses, this meta-analysis might add new informa-
tion. The subgroup meta-analysis demonstrated that not all
diverting stomas confer the same outcome. While a diverting
ileostomy managed to reduce the odds of AL and complica-
tions significantly as compared to no diversion, a subgroup
analysis found that a diverting colostomy did not confer this
benefit. While the reason for this finding is not clear, a pre-
vious experimental study found that a diverting colostomy
may increase the risk of AL in rats by 22%.%® The presumed
mechanism of this observation is that diverting colostomy
may result in decreased intestinal synthesis of collagen, a
fundamental component of the extracellular matrix that plays
a critical role in wound healing,” which subsequently can
impair anastomotic healing and promote AL in the unloaded
colon.*® Furthermore, a potential compromise of blood flow
from the marginal arcade creation may occur during the
creation of colostomy and decreases anastomotic perfusion,
contributing to AL. A case-matched study *! compared the
morbidity rates of transverse colostomy and ileostomy when
used for temporary diversion and reported higher complica-
tions in the colostomy group (47.6% vs 36.5%). It has been
also reported a diverting colostomy is associated with higher
rates of wound infection, parastomal hernias, and other com-
plications compared to a diverting ileostomy.>? This may
translate to an increased complication rate in patients who
had a diverting colostomy to be comparable to patients
without diversion. Perhaps these results contributed to the
increased use of ileostomy as the standard method of diver-
sion after LAR, noting that the trials that used a diverting
colostomy were published before the year 2000.

Although a diverting stoma is proven to reduce AL and
its consequences after LAR, it is not free of adverse events
and complications. Although the trials included in this meta-
analysis did not report data on complications associated
with stoma reversal, it is worthy to note that the reversal
of stomas is associated with its own set of complications
that may not be encountered in non-diverted patients. A
diverting ileostomy is prone to stoma-related complications
such as stomal prolapse, stenosis, necrosis, and para-stomal
hernia. In addition, skin excoriation, surgical site infection,
and negative impact on quality of life have been associated
with a diverting ileostomy.*>** Therefore, the present meta-
analysis included a secondary analysis to determine the risk
factors of AL and complications in non-diverted patients.
Knowing which patients actually need a diversion to protect
their anastomoses may help avoid unnecessary stomas in
patients who otherwise may not gain the benefit of diversion.

Seven risk factors for AL that indicate the need for a
diverting stoma were identified by the meta-regression anal-
ysis; three of which were patient-related and four of which

were treatment/procedure-related. Patients with obesity,
higher ASA scores, and low rectal cancers may benefit of a
protective stoma after LAR. Obesity can increase the risk of
colorectal AL by one and half times across different popula-
tions.* The impact of obesity on AL is probably multifacto-
rial and includes the effect of excessive peri-visceral adipose
tissue and thickened mesentery that increase the technical
difficulty of the procedure and make the identification and
ligation of mesenteric vessels challenging. In addition, obe-
sity tends to restrict the working space in the pelvis, espe-
cially with low rectal tumors.**3” Higher ASA scores imply
patients with comorbidities and have been recognized to be
associated with an increased risk of colorectal AL.*®

Neoadjuvant therapy was found as a risk factor for AL in
non-diverted patients. A previous study showed that patients
who achieved complete pathological response after neoad-
juvant therapy may be at higher risk of AL after TME than
did incomplete responders.>® The negative impact of neoad-
juvant therapy on AL was explained in light of its effect on
local tissue healing. Radiotherapy activates certain immune
signaling pathways to reinforce the antitumor response.*’
However, the production of cytokines, chemokines, and
reactive oxygen species may also cause endothelial dysfunc-
tion and impair tissue perfusion, predisposing to poor tissue
healing and a higher risk of AL.*!

Furthermore, end-to-end anastomosis was associated
with a higher likelihood of AL in non-diverted patients,
as compared to colonic J-pouch anastomosis.** The senior
author (SDW) previously reported that the colonic J pouch
conferred a significant reduction in the rate of AL from 15
to 2%, as compared to the straight anastomosis. This benefit
of a colonic J pouch was subsequently attributed to better
anastomotic perfusion than was noted in an end-to-end anas-
tomosis.*> Longer operative time was also found to be asso-
ciated with a greater chance of AL in non-diverted patients.
Prolonged operative time has been linked to higher postop-
erative complications and approximately triple the odds of
developing AL .

The three main messages from the present meta-analysis
are (1) diversion effectively reduces AL and complications
after LAR; (2) not all patients may need diversion after LAR
but patients with a higher BMI, higher ASA, lower tumor
height, received neoadjuvant therapy, and/or who under-
went open surgery are at a higher risk and might benefit of
diversion; and (3) a diverting ileostomy would be preferred
over a colostomy. To substantiate these conclusions, future
randomized trials would be needed to assess the benefit of
diverting ileostomy in patients with normal BMI, ASA I, and
middle or upper rectal cancers that are planned to undergo
laparoscopic LAR without neoadjuvant therapy.

The present meta-analysis has its strengths and limitations.
This meta-analysis included randomized trials only to entail
a high level of evidence and minimize selection bias which
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served to have a moderate certainty of the evidence of the main
outcomes. It also helped elucidate the potential indications for
a stoma. However, the small number of trials, small sample
size of some studies, presence of some bias, and the relative
heterogenous definition of anastomotic leaks are important
limitations of this meta-analysis. Nearly all trials were based
in European countries which may hinder the generalizability
of the conclusions on the benefits of a diverting stoma in other
ethnic and racial backgrounds. Another limitation involves the
decision-making and subject exclusion in the trials. Also, most
studies did not test for anastomotic integrity with air leak test,
donut inspections, or fluorescence angiography. Certain factors
may have impacted the incidence of AL such as the level of
inferior mesenteric vessels ligation and splenic flexure mobi-
lization which were not reported by many trials. Finally, the
cohort analyzed in this study may not be representative of a
contemporary patient population given the broad period of the
study and the prevalence of open surgery.

Conclusions

The use of a diverting stoma was significantly associated with
lower odds of AL, complications, reoperation, and longer oper-
ation time as compared to no diverting stoma. Non-diverted
patients with increased BMI; high ASA scores; low rectal can-
cers, who received neoadjuvant therapy and underwent open
surgery and end-to-end anastomosis; and with longer operation
times were at a higher risk of AL after LAR.
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