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Abstract
Purpose Anastomotic leak is a feared complication of rectal cancer surgery. A diverting stoma is believed to act as a safety
mechanism against this undesirable outcome. This meta-analysis aimed to examine the role of loop ileostomy in the prevention of
this complication.
Methods The Medline, Embase and Cochrane databases were searched for randomized controlled trials (RCTs) comparing
anastomotic complications after rectal cancer surgery in the presence or absence of diverting ileostomy. The need for reoperation
and postoperative complications were also analysed. The length of hospital stay, intraoperative blood loss and operating time
were analysed as secondary endpoints.
Results A significantly higher number of anastomotic leaks was detected in patients with no diverting ileostomies than in those
with diversion (odds ratio (OR) 0.292 and 95% confidence interval (CI) 0.177–0.481), and more patients required reoperations in
this group (OR 0.219 and 95%CI 0.114–0.422). The rate of complications other than anastomotic leakwas significantly higher in
patients with diverting ileostomies than in those without (OR 3.337 and 95% CI of 1.570–7.093). The operating time was longer
in the ileostomy group than in the no ileostomy group (P 0.001), but no significant differences in the intraoperative blood loss or
postoperative hospital stay length were observed between the two groups(P 0.199 and 0.191 respectively).
Conclusion A lower leak rate in the presence of diverting ileostomy is supported by relatively weak evidence. While mitigating
the consequences of leakage, diverting ileostomies lead to numerous other complications. High-quality RCTs are needed before
routine ileostomy diversions can be recommended after rectal cancer surgery.
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Introduction

The oncological outcomes of rectal cancer surgery have
changed since the advent of total mesorectal excision
(TME), which was first described by Richard Heald [1], and
the incidence of local disease recurrence has significant de-
creased. However, the incidence rates of postoperative surgi-
cal complications, especially anastomotic leak, remain almost
unchanged. Anastomotic leak is the most feared complication
after local recurrence, as it can lead to a chain of both local and
systemic septic events and is strongly associated with the risk
of local recurrence if not managed promptly. The overall risk
of anastomotic leakage may be as high as 25% [2, 3].

The consequences of a leak are commonly thought to be
minimized by diverting the intestinal contents away from the
newly constructed anastomosis [4]. A transverse colostomy or
loop ileostomy is commonly fashioned as a diverting stoma. The
advantages and disadvantages of both types of stomas in terms of
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construction, function and reversal have been described.
Colostomies have a higher risk of complications, particularly
related to their closure, whereas ileostomies lead to more electro-
lyte disturbances [5], and some convincing evidence supports the
use of ileostomies as diverting stomas [6–8].

A previously published meta-analysis has confirmed the
effectiveness of diverting stomas and has recommended rou-
tine diversion after rectal cancer surgery [4]. Most of the pub-
lications included in the meta-analysis had reported colosto-
mies as diverting stomas. In recent years, an inclination to-
wards ileostomies as diverting stomas has been observed. This
preference is probably due to the higher leakage rates associ-
ated with colostomy closures when compared with closure of
ileostomies. Newly published literature investigating the use
of ileostomies as diverting stomas has also become available
in the last decade or so. This systematic review and meta-
analysis of randomized controlled trials focused on the role
of loop ileostomies after rectal cancer surgery.

Methods

A search of the Medline, Embase and Cochrane databases
using the keywords “Defunctioning” OR “Diverting” AND
“Ileostomy” OR “Stoma” AND “Rectum” OR “Rectal”
AND “Cancer” OR “Neoplasm” AND “Surgery” OR
“Anterior resection” was performed. The search was limited
to randomized controlled trials (RCTs) in the English lan-
guage only. Data extraction was carried out by one author
and counterchecked by the other authors for the accuracy of
information. All the data were displayed on Microsoft Excel
sheets. Any disagreement or discrepancy in the data extraction
or interpretation was resolved via discussion. The PRISMA
guidelines were followed in the literature search and study
selection process [9].

Endpoints

The primary endpoint of this meta-analysis was anastomotic
leak in the two groups with or without diverting ileostomy.
There was significant heterogeneity among the studies, and
the primary endpoint of anastomotic leak was defined differ-
ently in the studies. The secondary endpoints included
reoperations and postoperative complications. Reoperations
for any cause after primary anastomotic leak and after stoma
formation or stoma closure surgery were included in the anal-
ysis. Only the surgical complications were compared between
the two groups, and general complications, such as cardiopul-
monary, haematological and biochemical complications, were
not compared. Perioperative continuous variables, including
the operative time, intraoperative blood loss and total length of
hospital stay, were also analysed as secondary outcomes.

Quality assessment

Quality assessment of the RCTs was carried out independently
by two authors using Cochrane’s risk of bias tool [10]. The risk
of bias tool comprises seven variables to assess selection bias
(random sequence generation and allocation concealment),
reporting bias, performance bias, detection bias and attrition bias.
Because of the nature of the intervention, no participants or
assessing personnel were blinded, and the outcome measure
was assumed to be unlikely influenced by the lack of blinding.
The sources of bias other than the abovementioned variables
were also assessed individually for the included studies. The
quality of a trial was considered good only if it met all the criteria.
If one criterion was not met or if two of the criteria were unclear,
the trial was considered to have either fair or poor quality de-
pending on the likelihood of its influence on the outcomes. If two
or more criteria were not met or were unclear, the trial was
considered to have poor quality (Table 1).

Statistics

The data collected on the study characteristics and endpoints
were displayed and harmonized on Microsoft Excel sheets for
meta-analysis. The study by Matthiessen included four patients
who had transverse colostomies fashioned as diverting stomas
[11]. The data from this group were not reported separately and
for the purpose of calculations, these four patients were excluded
from the final analysis. The heterogeneity among the studies was
checked, and a fixed effects or random effects model was used
for meta-analysis accordingly. If the heterogeneity was signifi-
cant (P < 0.1), a random effects model was used for meta-anal-
ysis, and vice versa. For the continuous variables, the standard
difference in means (SDM) along with the 95% confidence in-
terval (CI) was calculated. For the dichotomous data, odds ratios
(ORs) and 95% CIs were analysed. The means and standard
deviations (SDs) were estimated according to the formulas de-
scribed by Hozo et al. from the given median and range values
[12]. Forest plots were generated for the variables of interest, and
publication bias was checked for the primary endpoint both
graphically using the funnel plot of standard error by Log odds
ratio and mathematically using the classic fail-safe N method.
Finally, sensitivity analysis was carried out by checking the im-
pact on the overall results after the exclusion of individual stud-
ies. Comprehensive Meta-Analysis Version 2 (Biostat, 14 North
Street, Englewood, NJ, 07631, USA) was used for the statistical
analysis.

Results

The initial literature search of the Medline and Embase data-
bases on the role of diverting ileostomies after rectal cancer
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surgery revealed 722 and 1165 publications, respectively. The
limits in search strategy for randomized controlled trials
(RCTs) in English language were applied which resulted in
36 and 25 RCTs from the Medline and Embase databases,
respectively. Further searching of the Cochrane database
added another 92 publications. All the abstracts were screened
and assessed for the suitability of inclusion by the authors.
Four RCTs in each database were found to be suitable for
the meta-analysis [11, 13–15]. One of the RCTs was a ran-
domized pilot study and was considered suitable for inclusion
because of the endpoints addressed [15]. Further manual
searching identified another RCT relevant to our endpoints
that was included in this meta-analysis [16] (Fig. 1).

There were a total of 764 patients, 394 in the ileostomy
group and 370 in the group without a stoma, with an average
patient age of 60.6 years in the ileostomy group and 60.2 in
the no ileostomy group. The rest of the study characteristics
are shown in Tables 2, 3 and 4.

The primary endpoint of anastomotic leak was reported by
all five RCTs. There were 24 leaks in the ileostomy group and
68 in the group without ileostomy. The reported leak rate
ranged from 2 to 11% in the ileostomy group and from 10 to
28% in the no ileostomy group. The test of heterogeneity was
not significant, and a fixed effects model was used for the
meta-analysis, which favoured the ileostomy group. The over-
all anastomotic leak rate was significantly high in the group
not covered with diverting ileostomy, with an OR of 0.292, a
95% CI of 0.177–0.481 and a P value of 0.001 (Fig. 2).

Understandably, because of the high anastomotic leak, the
reoperation rate was higher in the group not covered with
diverting ileostomy. Most of the operations in the no
ileostomy group were carried out to limit the extent of sepsis,
whereas stoma-related complications were common causes of
reoperation in the group covered with ileostomy. There were
12 reoperations in the ileostomy group and 49 in the no
ileostomy groups with a reoperation rate of 3.22% and
15.03% respectively. A fixed effects model was used for me-
ta-analysis, as there was no significant heterogeneity among
the studies. This revealed a significant difference in favour of

the group with ileostomies, with an OR of 0.219, a CI of
0.114–0.422 and a P value of 0.001 (Fig. 3).

Complications other than anastomotic leak and those not
related to the consequences of leakage were analysed sepa-
rately. Postoperative ileus and electrolyte imbalance second-
ary to a high-output stoma were not considered or analysed as
complications of the procedure. The risk of postoperative
complications was higher in the group receiving diverting
ileostomy, and there was a significant difference between the
groups in favour of the no ileostomy group. Totals of 89 and
41 episodes (23.67% and 11.58%) were observed in the
ileostomy and no ileostomy groups, respectively. The hetero-
geneity among the studies was significant, with a P value of <
0.1; therefore, a random effects model was used for meta-
analysis. The results showed an OR of 3.337, a CI of 1.570–
7.093 and a P value of 0.002 (Fig. 4).

Among the continuous variables, the operating time was
significantly longer in the group with diverting ileostomies.
There was significant heterogeneity among the studies, and a
random effects model was used for meta-analysis. The results
revealed an SDM of 0.614, a CI of 0.306–0.922 and a P value
of 0.001. While construction of a diverting stoma adds more
time to an already complex and lengthy operation, the amount
of blood loss remained similar between the two groups. A
random effects model for the meta-analysis of blood loss
showed an SDM of 0.242 with a CI of − 0.127–0.612 and a
P value of 0.199 (Table 5).

A random effects model was used for meta-analysis of the
hospital stay length because of the significant heterogeneity
among the studies. The results showed an SDM of − 0.887
with a CI of − 2.216–0.442 and a P value of 0.191. Although
there was no significant difference between the two groups, it
is strongly believed that in the absence of anastomotic leak-
age, the total length of hospital stay would have been much
longer in the group covered with diverting ileostomy. This
result was indicated in one of the RCTs where the initial hos-
pital stay with no leakage in the groups without and with
diversion was reported to be 11.5 (6–60) days and 9 (5–21)
days, respectively (Table 5).

Table 1 Quality assessment of
RCTs Risk of bias variable Matthiessen P Chude GG Ulrich AB Thoker M Mrak K

Random sequence generation 0 2 0 1 0

Allocation concealment 0 2 0 2 1

Selective reporting 1 1 1 1 1

Other sources of bias 1 1 1 1 1

Blinding (participants and personnel) 0 0 0 0 0

Blinding (outcome assessment) 0 0 0 0 0

Incomplete outcome data 1 1 1 1 1

0 = Low risk of bias, 1 = Unclear risk of bias, 2 = High risk of bias

447Int J Colorectal Dis (2021) 36:445–455



Publication bias

The primary outcome in the included RCTs was anastomotic
leak. Therefore, the publication bias related to this outcome
was assessed using the funnel plot of standard error by Log
odds ratio and the classic fail-safe N method. The asymmetri-
cal funnel plot suggested a strong possibility of publication
bias, and the finding was also supported by the statistical
method (Fig. 5). The sensitivity analysis related to the princi-
pal outcome of anastomotic leakage showed no impact on the

overall results after exclusion of individual studies, suggesting
a consistent pattern in the results of the RCTs included in the
meta-analysis.

Discussion

The risk of anastomotic leak remains high despite numerous
developments in colorectal cancer surgery. A diverting stoma
after rectal cancer resection is made with the intent to protect

Fig. 1 PRISMA flow chart [9]
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the distal anastomosis and facilitate the healing process. The
presence of a stoma is thought to mitigate the consequences of
anastomotic leak, and these stomas are deemed suitable for
reversal once the integrity and patency of the anastomosis are
confirmed by appropriate investigations. The current meta-
analysis of RCTs showed that the incidence of anastomotic
leak was significantly higher in the group not covered with a
stoma than in the stoma-covered group, but the quality of the
included RCTs may limit the clinical implications of this find-
ing. The concept of a diverting stoma is supported by previ-
ously published non-randomized studies [17, 18] and a previ-
ously published meta-analysis [19].

The evidence in support of and against the use of a divert-
ing stoma runs in parallel in the literature, and a diverting
stoma has also been blamed for poor quality of life, which is
likely secondary to postoperative complications [20–22].
Moreover, some large-volume studies have failed to show a
significant benefit of a diverting stoma in reducing the risk of
anastomotic leak. However, it has been established that the
septic consequences of a leak are lessened by use of a divert-
ing stoma [23]. Because of these conflicting views, no real
consensus exists for the use of a diverting stoma in rectal
cancer surgery.

The postoperative complication rate was seemingly higher
in the stoma group than in the group without a stoma, which
was probably related to the more prolonged and relatively
complex procedure involved in stoma formation. Moreover,
a stoma itself is the basis of many surgical and physiological
complications. In this meta-analysis, the physiological com-
plications related to high-output ileostomies and electrolyte
imbalance were not included in the group comparison to min-
imize bias, as the group without ileostomy was unlikely to
have any of these complications. The complexity of an already
demanding procedure is further increased by the addition of a
diverting stoma, which leads to a higher rate of postoperative
complications [24].

There is a general trend to defunction the patients who
received neoadjuvant radiotherapy and in patients where the
anastomosis was closer to the anal margin. This practice
sounds very reasonable, but regrettably, radiotherapy was
not found to be a risk factor for anastomotic leak in the
RCTs included in this meta-analysis. Matthiessen et al. found
no difference in the rates of anastomotic leak in patients with
and without radiotherapy. One publication reported less
symptomatic leaks in the group which containedmore patients
after neoadjuvant radiotherapy than in the group with fewer

Table 2 Study characteristics
RCT Matthiessen P Chude GG Ulrich AB Thoker

M
Mrak K

Year 2007 2008 2009 2014 2016

Country Sweden Greece Germany India Austria

Multicentre Yes No No No Yes

Number of
centres

21 1 1 1 3

No. of
patients

234 256 34 78 166

Manuscript
quality

Good Fair Good Poor Good

ROB
assess-
ment

Fair Poor Fair Poor Fair

Bowel
preparation

Yes Yes NG Yes Yes

Antibiotics Yes Yes NG Yes Yes

Ethical
approval

Yes NG Yes Yes Yes

Endpoints AL, C, RO, BL,
LOS, OT

AL, C, RO, BL,
LOS, OT

AL, RO, BL,
OT, LOS

AL, C,
LOS

AL, C, RO, BL,
LOS, OT

Stoma
closure

20 weeks 10 weeks NG 12
weeks

10 weeks

Drainage
used

Selective NG NG NG Selective

Fistula types Rectovaginal NG NG NG Enterocutaneous

Follow-up 1 and 12 months 6 months NG 1,3, 6
mont-
hs

10 weeks

RCT, randomized controlled trial; AL, anastomotic leak;C, complications; RO, reoperations; BL, blood loss; LOS,
length of stay; OT, operation time; NG, not given; ROB, risk of bias
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Table 3 Study characteristics

RCTs Matthiessen P Chude GG Ulrich AB Thoker M Mrak K

Randomization Sealed envelopes Groups decided by the
surgeon
intraoperatively

Sealed envelopes Systematic
random
sampling

Electronic

Timing of
randomization

Intraoperative Intraoperative Intraoperative Not mentioned Preoperative

Stratification None None NG None Sex, CRT, anastomotic height
Confounders

reported
Yes No Yes No Yes

Power
calculation

Yes NG Not done NG Yes

Preoperative
inclusion
criteria

Age > 18
Adenocarcinoma of the rectum <

15 cm from the anal verge,
informed consent

Survival > 6 months

Age > 22 years
adenocarcinoma of
the rectum, 5 cm
above the anal verge

Informed consent
Survival > 6 months

Middle and low
rectal cancer
4–12 cm from
the anal verge

Rectal cancer
Informed

consent

Age 19–85
Operable rectal cancer, < 16 cm from

the anal verge, performance status =
2

Intraoperative
inclusion
criteria

Anastomosis < 7 cm
Negative air leakage
Intact anastomosis ring
No intraoperative adverse event

Anastomosis 5 cm
above the anal verge

Negative air leakage test
Intact stapler rings

Absence of adverse
intraoperative event

Confirmation of
complete
anastomosis

Informed consent

Sphincter
preservation
surgery

Intraoperative withdrawal if a primary
leak was identified after
anastomosis

Exclusion criteria No consent
Stage IV disease
Major comorbidity
Synchronous tumours
Recurrent cancer
Ultra-low anastomosis
Technically difficult operations

Radiotherapy
Immunosuppression
Stage IV disease with

liver and peritoneal
spread

Patient refusal Patients who
required
APR

Previous rectal surgery, emergency
surgery, planned laparoscopic
surgery, metastatic disease or
synchronous tumours

No. of surgeons NG NG NG NG 3
Access for

surgery
Open Open ? Open Open Open

Violation of
study protocol

1.3% Metastatic disease not
excluded

None Not clear By Surgeons 26%
By patients 15%

Type of
anastomosis

Stapled end to end and J pouch Stapled end to end Pouch anal
anastomosis

Stapled or hand
sewn

J pouch
Double stapled or hand sewn

Screening for
leakage before
discharge

None None None None Gastrografin enema

Definition of
anastomotic
leak

Clinical only Clinical only Clinical and
radiological

NG Radiological and clinical or both

Confirmation of
anastomotic
leak

Clinically
Endoscopically
Radiologically

Clinically
Endoscopically
Radiologically

CT with rectal
contrast

Septic profile,
USG,
contrast CT

Gastrografin enema, CT,
sigmoidoscopy

Treatment of leak Ileostomy/colostomy
Conservative

Surgery
Conservative

Surgery
Conservative

NG Revision surgery
Conservative

Permanent stoma 7 2 1 NG 2
Ileostomy not

reversed
16 NG NG 3 2

Recommendation Loop ileostomy recommended in
LAR for rectal cancer, as it
causes decreased symptomatic
anastomotic leak

Routine ileostomy
recommended

Diverting stoma
after low
anterior
resection

Ileostomy has
its
advantages
and
disadvan-
tages

Defunctioning loop ileostomy should
be fashioned in males and for
anastomosis < 6 cm from the anal
verge

CRT, chemoradiotherapy; CT, computed tomography; USG, ultrasonography; LAR, low anterior resection; NG, not given; USG, ultrasonography; “?”
means not clarified
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patients [15]. Univariate and multivariate analyses by Mrak
et al. did not show chemoradiotherapy (CRT) as a predictor of
anastomotic leak, and a further meta-analysis confirmed these
results [25].

The definition of a low anastomosis that could warrant a
loop ileostomy in most previous studies was averaged 5 cm
from the anal verge [26]. Mrak et al. reported a higher anas-
tomotic leak rate in anastomoses < 6 cm from the anal verge
than in higher anastomoses. Low anastomoses are at a higher
risk of leak potentially because they require proper mobiliza-
tion of the mesentery for tension-free construction, and other
possibilities involve issues related to access and technical con-
siderations [27–29]. The issues of access and technical diffi-
culty encountered for low rectal resection using a stapler or
other devices have been reported in the literature. Access is-
sues apply to the male pelvis, which is narrow and results in
difficulty of stapler fire use [30–33]. In cases of low rectal
cancer, access is relatively difficult compared to that of
ultra-low cancers, for which resection and coloanal anastomo-
sis are performed from the perineal approach. A coloanal
hand-sewn anastomosis in these situations may not require a
diverting stoma as the technical difficulties, when constructing
an anastomosis from above, are fully bypassed [34]. Similarly,
perineal rectosigmoidectomy and coloanal anastomosis for
rectal prolapse seldom require a diverting stoma.

Adverse intraoperative events were a consistent indication
of a diverting stoma in the RCTs included in this meta-analy-
sis. An adverse intraoperative event could be a technical fail-
ure and may include anastomosis under tension, a positive air
leak test, sub-optimally perfused ends or a spillage of enteric
contents. The use of a diverting stoma in these situations is
similar to the diversion of traffic away from a bridge that is at
risk of collapsing. Subsequent ileostomy closure resembles
the resumption of traffic following necessary maintenance
work. Endoscopic vacuum therapy may play a role in improv-
ing the healing of a leak provided that a diverting ileostomy is
already fashioned. This confirms that a diverting ileostomy in

these cases does not inhibit leakage but reduces the need for
additional surgery in the case of a leak. A diverting stoma
would merely prevent the faecal stream from reaching the
anastomosis and prevent a subclinical leak from becoming
symptomatic. A stoma may delay the presentation of leak,
but it will not prevent any delayed complications of leak, such
as low anterior resection syndrome (LARS) and other func-
tional issues [35]. Prior radiotherapy in these patients and
possibly delayed stoma closure may also impact the functional
outcomes commonly seen in clinical practice [36].

The issues related to anastomotic leak are sepsis and the
need for reoperation or radiological intervention to limit the
severity of infection. The rate of reoperation in this meta-
analysis was significantly higher in the group not covered with
a stoma than in the stoma-covered group simply because of
the absence of a diverting stoma to limit the septic process. In
addition to sepsis, the risk of local rectal cancer recurrence is a
real concern after anastomotic leak regardless of whether a
diverting stoma is used. Theoretically, patients without a di-
verting stoma would undergo surgical intervention sooner for
an anastomotic leak than patients covered with a stoma, which
may provide some protection against local recurrence at the
cost of permanent colostomy. Only one of the RCTs reported
recurrence of the disease in both groups [16]. These issues
have never been addressed in large studies and have not been
compared in patients with and without a diverting stomas [37,
38].

The economic implications of a diverting stoma are worth
mentioning, as health economics along with patient safety
have become pivotal factors in the provision of health ser-
vices. Apparently, patients who require a stoma need to stay
in the hospital longer to receive some training for managing
their stomas. Additionally, they must be readmitted to have
their stomas reversed at a later stage after confirmation of
anastomotic integrity by appropriate measures. Moreover,
the visits to and by the stoma therapist and the cost of stoma
appliances further add to the costs of the procedure. A very

Table 4 Study characteristics

RCT Matthiessen P Chude GG Ulrich AB Thoker M Mrak K

Stoma No stoma Stoma No stoma Stoma No stoma Stoma No stoma Stoma No stoma

Patients 116 118 136 120 18 16 94 72 34 44

Average age (Y) 68 67.5 55.5 55.5 62 60 55 55 62.5 63

Tumour from anal verge (cm) 10 10 5 5 8 7 6.5 6.5 7 9

Anastomosis level from the anal verge (cm) 5 5 5 5 NG NG 8 8 4 5

BMI 25 24.8 NG NG 26.6 25.4 NG NG 26.1 25.8

Radiotherapy 94 91 Nil Nil 15 8 ?23 ?23 58 28

Mortality 1 2 0 2 0 0 NG NG 0 0

RCT, randomized controlled trial; BMI, body mass index; NG, not given; stoma, ileostomy; Y, years; “?” means not clarified
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selective approach for diverting stomas, on the other hand,
would certainly lead to significant cost savings.

It is believed by the authors that instead of covering every
distal anastomosis with a loop ileostomy, a change in the
strategy and a judicial intraoperative approach may curtail
the risks of anastomotic leak. The timing of the anastomosis
is a crucial factor that can easily be addressed with minimal
effort. Construction of anastomoses in colorectal surgery is
usually the last step of a long and exhausting surgical proce-
dure. Surgeons are commonly tired at the end of a complex
operation and tend to lose their concentration, thus potentially

making compromises on limits of satisfaction and leaving
nature to take its course in a favourable way. A short break
just before construction of an anastomosis may lower the rate
of this complication and could be explored in future trials.

Although the RCTs included in this meta-analysis unani-
mously supported the use of a diverting stoma, their findings
may need further validation. In addition to the small number
of randomized patients, especially in one of the multicentre
trials, there was a significant cross-over of patients from one
group to the other [14]. In another multicentre trial, more than
70% of the total patients were found unsuitable for inclusion

Study name Statistics for each study Events / Total Oddsratio and 95%CI

Odds Lower Upper No Relative
ratio limit limit p-Value Ileostomy Ileostomy weight

Matthiessen P 0.309 0.150 0.636 0.001 12 / 112 33 / 118 48.07

ChudeGG 0.203 0.056 0.738 0.015 3 / 136 12 / 120 15.02

Ulrich AB 0.098 0.010 0.936 0.044 1 / 18 6 / 16 4.91

Thoker M 0.488 0.089 2.682 0.409 2 / 34 5 / 44 8.60

Mrak K 0.341 0.121 0.958 0.041 6 / 94 12 / 72 23.41

0.292 0.177 0.481 0.000

0.01 0.1 1 10 100

Ileostomy No Ileostomy

Anastomotic Leak

The test of heterogeneity showed a Q-value. 1.661, df (Q). 4, P-value. 0.798 and I-squared. 0.001. A fixed effect meta-analysis
revealed an Odds Ra�o of 0.292 with 95% Confidence interval of 0.177 to 0.481 and a P value of 0.001

Fig. 2 Meta-analysis of
anastomotic leak

Study name Statistics for each study Events / Total Oddsratio and 95%CI

Odds Lower Upper No Relative
ratio limit limit p-Value Ileostomy Ileostomy weight

Matthiessen P 0.288 0.133 0.621 0.002 10 / 112 30 / 118 72.41

ChudeGG 0.174 0.008 3.653 0.260 0 / 136 2 / 120 4.63

Ulrich AB 0.044 0.002 0.855 0.039 0 / 18 6 / 16 4.86

Mrak K 0.121 0.026 0.563 0.007 2 / 94 11 / 72 18.10

0.219 0.114 0.422 0.000

0.01 0.1 1 10 100

Ileostomy No Ileostomy

Reoperations

The test of heterogeneity showed a Q-value. 2.208, df (Q). 3, P-value. 0.530 and I-squared. 0.001. A fixed effect meta-analysis
revealed an Odds Ra�o of 0.219 with 95% Confidence interval of 0.114 to 0.422 and a P value of 0.001

Fig. 3 Meta-analysis of
reoperations
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in the trial, which potentially reduced the external validity of
the findings. A high anastomotic leak rate in general and in
40% of those detected on readmission raises concerns
pertaining to the validity of the trial protocol. The precise
definition of anastomotic leak was different across the includ-
ed trials. Two of the trials included only clinical leaks [11, 13],
two of the trials considered both radiological and clinical leaks
to be significant [14, 15] and one of the trials provided no
definition of anastomotic leak [16]. The trials not considering
a radiological leak did not report the proportion of radiological
leaks in their results. Different types of anastomosis were con-
structed across the studies but the investigations carried out for
the confirmation of leak were identical among all the trials. A
routine gastrografin enema was carried out by onlyMrak et al.
for the detection of leak before discharge from the hospital.

The absence of a screening tool for leak detection in the early
postoperative period may have led to an underestimation of
leaks in the patients with ileostomies. The two multicentre
trials and a pilot trial followed both preoperative and intraop-
erative inclusion criteria, and patients with the adverse intra-
operative events of a positive air leak test, incomplete anasto-
motic rings or a level of anastomosis other than that described
in the study protocol, were withdrawn from the study. Patients
with stage IV disease were not considered for inclusion in
three of the trials, whereas Thoker et al. mentioned only pa-
tients requiring APR as being excluded. Patients with radio-
therapy and immunosuppression were excluded by Chude
et al. Complications related to stomas and stoma closures were
not reported by Ulrich et al., and the sequelae of anastomotic
leaks were not detailed in another study [16]. The differences

Study name Statistics for each study Events / Total Oddsratio and 95%CI

Odds Lower Upper No Relative
ratio limit limit p-Value Ileostomy Ileostomy weight

Matthiessen P 3.104 0.958 10.054 0.059 11 / 112 4 / 118 21.04

Chude GG 1.912 0.885 4.130 0.099 22 / 136 11 / 120 29.71

Thoker M 13.125 3.911 44.044 0.000 30 / 34 16 / 44 20.40

Mrak K 2.371 1.058 5.310 0.036 26 / 94 10 / 72 28.84

3.337 1.570 7.093 0.002

0.01 0.1 1 10 100

Ileostomy No Ileostomy

Complications

The test of heterogeneity showed a Q-value. 7.347, df (Q). 3, P-value. 0.062 and I-squared. 59.168. A random effect meta-analysis
revealed an Odds Ra�o of 3.337 with 95% Confidence interval of 1.570 to 7.093 and a P value of 0.002

Fig. 4 Meta-analysis of
postoperative complications

Table 5 Meta-analysis of
continuous variables 95% CI Test of heterogeneity

Outcomes SDM Lower Upper P
value

Q
value

P
value

I
squared

MA Favours

Operating
time

0.614 0.306 0.922 0.001 10.154 0.017 70.454 R No
stoma

Blood loss 0.242 −
0.1-
27

0.612 0.199 15.319 0.002 80.416 R None

Hospital stay −
0.8-
87

−
2.2-
16

0.442 0.191 253.42 0.001 98.422 R None

No difference in blood loss or hospital stay and a longer operating time for stomas. 95% CI, 95% confidence
interval; SDM, standard difference in mean; MA, meta-analysis; R, random effects model for meta-analysis; F,
fixed effects model for meta-analysis
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in the study characteristics are highlighted in the tables above,
and it is believed that because of the inherent flaws in their
methodology and the incoherent study protocols and follow-
ups, the recommendations of the included RCTs should be
followed with caution.

The strong possibility of publication bias, the inclusion of
studies from apparently low-volume centres and the relatively
low quality of the RCTs investigating the usefulness of divert-
ing ileostomy limit the findings of this meta-analysis. High-
quality RCTs from high-volume centres with uniform
inclusion/exclusion criteria and one type of anastomosis are
needed to further investigate the impact of diverting ileostomy
on anastomotic leak. Until then, the decision of whether to
divert or not should be left entirely to the operating surgeon.
A routine diversion procedure may be discouraged and
avoided where possible because of the high complication rate
and cost implications.
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