
Meta-analysis of elective surgical complications
related to defunctioning loop ileostomy compared
with loop colostomy after low anterior resection for
rectal carcinoma

Hong Zhi Geng, Dilidan Nasier, Bing Liu, Hua Gao, Yi Ke Xu

First Affiliated Hospital, Xinjiang Medical University, Urumqi, China

ABSTRACT

INTRODUCTION Defunctioning loop ileostomy (LI) and loop colostomy (LC) are used widely to protect/treat anastomotic leakage
after colorectal surgery. However, it is not known which surgical approach has a lower prevalence of surgical complications after
low anterior resection for rectal carcinoma (LARRC).
METHODS We conducted a literature search of PubMed, MEDLINE, Ovid, Embase and Cochrane databases to identify studies
published between 1966 and 2013 focusing on elective surgical complications related to defunctioning LI and LC undertaken
to protect a distal rectal anastomosis after LARRC.
RESULTS Five studies (two randomized controlled trials, one prospective non-randomized trial, and two retrospective trials) sat-
isfied the inclusion criteria. Outcomes of 1,025 patients (652 LI and 373 LC) were analyzed. After the construction of a LI or
LC, there was a significantly lower prevalence of sepsis (p=0.04), prolapse (p=0.03), and parastomal hernia (p=0.02) in LI
patients than in LC patients. Also, the prevalence of overall complications was significantly lower in those who received LIs
compared with those who received LCs (p<0.0001). After closure of defunctioning loops, there were significantly fewer wound
infections (p=0.006) and incisional hernias (p=0.007) in LI patients than in LC patients, but there was no significant differ-
ence between the two groups in terms of overall complications.
CONCLUSION The results of this meta-analysis show that a defunctioning LI may be superior to LC with respect to a lower prev-
alence of surgical complications after LARRC.
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One of the most severe complications after low rectal resec-
tion is anastomotic leakage. Trying to prevent this complica-
tion by undertaking proximal faeces diversion, with or
without a defunctioning stoma, is controversial. Four meta-
analyses have reported that a defunctioning stoma does not
prevent anastomotic leak, but limits sequelae. However, a
lower prevalence of surgical re-intervention may reduce the
disastrous clinical consequences of leakage if a stoma is
constructed to protect anastomotic leakage after rectal
resection.1–4

Consensus on the best surgical procedure for construct-
ing a defunctioning stoma is lacking. This scenario persists
despite the fact that four meta-analyses of the clinical
course of patients undergoing ileostomy compared with
colostomy after colorectal cancer anastomoses have been
reported: comparison of the outcomes between loop

ileostomy (LI) and loop colostomy (LC) failed to establish
the superiority of either method.5–8

Several of the meta-analyses reported previously had
limitations: they included surgery for different diseases
(Crohn’s disease, diverticulosis) and operation times for
emergency surgery and elective surgery. Here, we focused
on complications related to the construction and closure of
stomas during elective low anterior resection for rectal car-
cinoma (LARRC) to exclude the confounding factors associ-
ated with other diseases.

We conducted a meta-analysis of all randomized con-
trolled trials (RCTs) and observational studies that com-
pared the complications related to defunctioning LI with
those of LC after LARRC. The results of our survey will
help surgeons in making decisions with regard to these
two procedures.
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Methods

A literature search of PubMed, MEDLINE, Ovid, Embase
and Cochrane databases was undertaken to identify studies
published between 1966 and 2013. Medical subject head-
ings (MeSH) and free text words in combination were used
in the search for RCTs and observational studies.

The following MeSH search headings were used: ‘rectal
neoplasms’, ‘defunctioning stoma’, ‘colostomy’, and ‘ileos-
tomy’; the ‘related articles’ function was used to broaden the
search. All abstracts, studies, and citations were reviewed.
Reference lists of all relevant studies (including reviews)
were screened. References of identified articles were
searched manually. Authors and device companies were
contacted for additional published and unpublished studies.
The latest date of the literature search was 31 March 2013.

There were two inclusion criteria for this study: (i) RCTs
and controlled clinical trials that evaluated defunctioning
LI compared with LC for patients who had undergone an
elective procedure for rectal cancer: (ii) reports citing ‘loop
ileostomy’ vs ‘loop colostomy’.

Studies were excluded from the analysis if: (i) LI or LC
was excluded; (ii) relevant data could not be extracted or
calculated from the publication.

Two reviewers (H.G. and D.N.) extracted the following rel-
evant data for each study independently: first author; year of
publication; characteristics of the study population; study
design; inclusion/exclusion criteria; matching criteria; num-
ber of patients who underwent procedures using the two
methods; number of males: number of females. Discrepan-
cies in the outcome of extraction were resolved by re-exami-
nation of relevant studies until consensus was achieved.

Selected complications associated with stoma construction
were skin irritation, dehydration, sepsis, prolapse, parastomal
herniation, enterocutaneous fistula, retraction, stenosis,
necrosis, and haemorrhage. Selected complications associ-
ated with stoma closure were wound infection, incisional her-
nia, obstruction, anastomotic leakage at stoma closure site,
and mortality.

The meta-analysis was carried out in accordance with
the recommendations set by the Quality Reporting of Meta-
analyses, the PRISMA statement (www.prisma-statement.
org).9 The quality of included studies was assessed using
the Newcastle–Ottawa score for one prospective non-RCT
and two retrospective trials, and modified to match the
needs of this study.10 Studies with a rating of five stars
(from a maximum of 11 stars) were considered to be of
high quality. The Revised Jadad Scale (low quality, 1–3
points; high quality, 4–7 points) was used for evaluation of
two RCTs.11 Begg test and Egger test were used for assess-
ment of publication bias.12,13

Statistical analyses

Statistical analyses of dichotomous outcomes were carried
out, and odds ratios (ORs) used as the summary statistic;
both were reported with 95% confidence intervals (CIs).
p<0.05 was considered significant.

Clinical heterogeneity was tested using the I2 value. I2>50%
was indicative of clinical heterogeneity. If heterogeneity was

found, random-effects analyses were carried out. Otherwise,
the results of fixed-effects analyses are presented.14 ORs for
the outcomes of interest were combined using the Mantel–
Haenszel method and a ‘random effect’ meta-analytical
method. In a random-effect model, variations between studies
are assumed. Consequently, the calculated OR is a more con-
servative value.15,16 Publication bias was tested using Stata
v11.0. Funnel plots were used to investigate publication bias.
The �2 test was employed for assessment of heterogeneity.
Analyses were conducted using Statistical Review Manager
v5.0 (Cochrane Collaboration, Software Update, Oxford, UK).

Results

The initial literature search identified 129 studies from
PubMed, MEDLINE, Ovid, Embase and Cochrane data-
bases. An additional nine studies were identified through
‘grey literature’ sources. Four studies were removed
because they were duplicates. Hence, 134 studies were
screened. However, 111 articles were excluded because
their titles described inappropriate topics, such as discus-
sion of ileostomy or colostomy only for colorectal anasto-
mosis, or the clinical outcome of patients treated with or
without derivative enterostomy after colorectal surgery.
The remaining 23 studies were evaluated.

Thirteen studies were excluded because they did not
include the complications when comparing LI with LC
after LARRC.17–29 A further four studies were excluded
because relevant data could not be extracted or calculated
from them; these studies had included surgery for different
diseases (eg neoplasms, Crohn’s disease, diverticulitis) and
operation times for defunctioning stomas (eg emergency
surgery, elective surgery).30–33 One article was merely an
abstract and reported outcomes on defunctioning stomas
after LARRC. This article was found in the literature but its
full-text evaluations were not available, so it was
excluded.34

Thus, five comparative studies were included in the anal-
yses.35–39 Two were RCTs,35,36 one was a prospective non-
randomized study,37 and two were retrospective reviews
(Fig 1).38,39

In total, selected studies reported on 1,025 patients: 652
LI (63.61%) and 373 LC (36.39%). The two RCTs35,36

involved 150 patients: 76 (50.67%) underwent LI and 74
underwent LC (49.33%). The other three non-randomized
studies37–39 involved 875 patients, of whom 576 (65.83%)
underwent LI and 299 (34.17%) underwent LC. The char-
acteristics of patients and the study, as well as the out-
comes of interest reported by each of these studies, are
summarized in Table 1.

Outcome measures for stoma construction

There was a lower prevalence of prolapse in LI patients
(2.19%; 4/183) compared with LC patients (8.21%; 11/134
patients) (OR: 0.28; 95% CI: 0.09–0.85; p=0.03; Fig 2). LI
patients also had a lower prevalence of sepsis (0.71%; 1/
141) compared with that in LC patients (6.25%; 6/96) (OR:
0.15; 95% CI: 0.03–0.92; p=0.04; Fig 2). A trend towards a
lower prevalence of parastomal hernias was observed in LI
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patients (2.45%; 6/245) compared with that in LC patients
(6.25%; 9/144) (OR: 0.28; 95% CI: 0.09–0.84; p=0.02; Fig 2).

Outcome measures for stoma closure

A lower prevalence of incisional hernia was reported in LI
patients (4.21%; 8/190) compared with that in LC patients
(15.38%; 14/91) (OR: 0.24; 95% CI: 0.09–0.68; p=0.007; Fig
3). Similarly, LI patients had a lower prevalence of wound
infection (3.11%; 7/225) compared with that in LC patients

(10.85%; (14/129) (OR: 0.25; 95% CI: 0.09–0.68; p=0.006;
Fig 3).

Overall complications

Overall, 26 and 47 events related to stoma construction
were observed in LI and LC. Cumulative analyses of out-
come measures demonstrated a significant difference
between LI and LC (OR: 0.34; 95% CI: 0.21–0.57; p<0.0001;
Fig 2).

Table 1 Study characteristics and outcomes of interest reported by each of the included studies

Reference Design I C FemalesN (%) Matching Stoma

indication

Study

quality

Complications of

stoma construction

Complications of

stoma closure

Edwards et al [35] RCT 34 36 21 (30.0) 1, 2, 4, 5, 7 n/c 4 a3 a4, a5, a7 b1, b2, b4,

Law et al [36] RCT 42 38 31 (38.8) 1, 2, 4, 5,6, 7, 8 c 4 a1, a3, a4, a5,

a9, a11

b1, b3

Gastinger et al [37] PNR 407 229 n/c 1, 2, 4, 5 n/c **** b1, b3, b5

Rullier et al [38] RET 107 60 46 (27.5) 1, 2, 3, 4,5, 7 a, b ****** a1, a2, a3, a4, a5,

a6, a7, a8, a9, a10

b1, b2, b3,

b4, b5

Mala et al [39] RET 62 10 32 (44) 1, 2, 4, 6, c ***** a1, a5, a11 b1, b2, b3,

b4, b5

I, ileostomy; C, colostomy; PNR, prospective non-randomised; RET, retrospective; RCT, randomized controlled trial; n/c, no comment. 1, age;
2, gender, 3, body mass index; 4, diagnosis of rectal cancer, 5, tumor level; 6, anastomosis level; 7, tumor stage; 8, anastomosis method;
a, poor bowel preparation; b, technical anastomotic problem; c, anastomosis <6cm.
Complications of stoma construction: dehydration (a1); necrosis (a2); prolapse (a3); retraction (a4); parastomal hernia (a5); stenosis (a6);
sepsis (a7); haemorrhage (a8); skin irritation (a9); obstruction (a10); anastomotic leak or fistula (a11).
Complications of stoma closure: obstruction (b1); wound infection (b2); anastomotic leak or fistula (b3); incisional hernia (b4); death (b5).

Studies identified through
database searching (n=129)

Studies identified through other
sources (n=9)

Studies remaining after duplicates removed (n=4)

Total records screened (n=134)
Titles described inappropriate
topics, so these studies were 
excluded (n=111)

Full-text articles excluded
because they did not include the
complications whencomparing
LI with LC after LARRC
(n=13)

Studies could not be extracted 
or calculated (n=5).

Full-text articles assessed for eligibility (n=23)

Studies included in the meta-analysis (n=10) 

Final studies included in themeta-analysis (n=5)

LI, loop ileostomy; LC, loop colostomy; LARRC, low anterior resection 
for rectal carcinoma

Figure 1 Flow diagram showing study selection
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Figure 2 Forest plots illustrating overall meta-analysis of complications of stomal construction, complications of stomal construction, and
total complications, as well as summary plots of sepsis, prolapse, and parastomal hernia after stoma construction
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Figure 3 Forest plots illustrating overall meta-analysis of complications of stoma closure, complications of stoma closure, and total
complications, as well as summary plots of wound infection and incisional hernias after stoma closure
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Overall, 55 and 42 events related to stoma closure were
observed in LI and LC patients. Cumulative analyses of
outcome measures did not reveal a significant difference
between LI and LC (OR: 0.57; 95% CI: 0.28–1.16; p=0.12;
Fig 3).

Heterogeneity analyses

There were no heterogeneity differences between the
stoma-construction group (�2=10.37, df=19, p=0.94, I2=0%;
Fig 2) and the stoma-closure group (�2=33.47, df=19,
p=0.02, I2=43%; Fig 3).

Publication bias

There was no significant difference in publication bias as
determined by the Begg rank correlation test (p=0.806; Fig
4) and the Egger linear regression method (p=0.762; Fig 4).

Discussion

Our meta-analysis used the method of pooled data for
RCTs and observational studies for 1,025 patients who
underwent LARRC. Outcome measures analyzed for con-
struction of a defunctioning stoma showed a lower preva-
lence of sepsis, prolapse, and parastomal hernia in LI
recipients than in LC recipients. Outcome measures ana-
lyzed for stoma closure revealed advantages for LI in terms
of postoperative wound infection and incisional hernia.
Complications described in the present study and in other
studies5–8 are very different in terms of the severity of the
consequences.

Our data may have differed from the results of other
scholars due to four main reasons. Firstly, the endpoint

might have been judged differently. For instance, we did not
use the endpoints used by Guenaga et al:6 general outcome
measures; stoma construction; stoma closure; stoma func-
tion. Secondly, some complications were not detected, which
lowered the reliability of the studies spesis.35 However, it is
statistically significant in our study, the present study was a
similar result in another meta-analysis.8 Thirdly, we focused
on elective LARRC and stoma construction and stoma clo-
sure-related complications. Those studies5–8 included sur-
gery for different diseases (eg primary cancer, Crohn’s
disease, diverticulosis) and operation times for defunction-
ing stomas (eg emergency surgery, elective surgery). The
reason for this result is not completely clear but several rele-
vant differences between emergency and elective proce-
dures (eg pathology, bowel distention, bowel preparation,
mesenteric edema) may have played a part. In addition, dif-
ferent health statuses for patients and surgeon experience
may have had roles.8 Finally, follow-up after stoma closure
varied among the included studies: 1–6 months,38 1 year,37

and 5 years.35,36,39 For instance, two of the studies35,38 com-
pared LC and LI with different durations of follow-up; a lon-
ger follow-up might explain the difference between the two
patient groups with regard to the risk for stoma-site inci-
sional hernias.

The present study exhibited identical results as those for
two meta-analyses that focused on the prevalence of over-
all complications.7,8 LI was associated with a lower preva-
lence of surgical complications in the construction of
stomas (but not in their closure) compared with LC. How-
ever, the cause of the difference between stoma construc-
tion and stoma closure in terms of overall complications is
not clear. The present study revealed that the difference
between LI and LC in terms of stoma construction and
stoma closure may be due to anatomy and the tissue/physi-
ology characteristics of the ileum and colon (eg bacterial
counts, peristalsis, electrolytes). Lower prevalence of
wound sepsis after ileostomy closure may be because
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anaerobic bacterial counts from ileostomy effluent have
been found to be 105-times lower compared with anaerobic
bacterial counts from normal faeces, whereas the bacterial
flora of colostomy effluent is very similar to that of fae-
ces.40,41 Recently, Murray et al analyzed the prevalence of
incisional hernias related with surgical-site infections in
colorectal surgery.42 Veljkovic et al reported that patients
with a surgical-site infection were 1.9-times more likely to
have an incisional hernia than those without an infection.43

The above-mentioned analyses revealed that the difference
in bacterial counts in the ileum and colon lead to sepsis,
wound infection, and hernia. Faeces in the colon is a semi-
solid material and the movement of such a mass is faster
than the peristaltic wave in the ileum.44 We suggest that
this phenomenon makes prolapse of the colon more likely
than in the ileum after stoma construction.

The articles included in our meta-analysis had limita-
tions. The low number and quality of the included studies
weakened the results of our meta-analysis. Our study
included RCTs and observational studies. The major draw-
back of this approach is that including studies other than
RCTs means data pooling, which weakens the meta-analy-
sis. Conversely, Bayesian approaches to meta-analysis can
be useful if few data from RCTs are available.45,46 They can
also be used to account for the uncertainty introduced by
estimation of between-study variance in the random-effects
model, which can lead to reliable estimates and predictions
of treatment effects.47 In addition, using just two RCTs,
analyses of a single surgical complication as a subgroup
becomes very difficult. However, we did not find evidence
of heterogeneity using pooled data. In contrast, a previous
meta-analysis5 demonstrated pronounced heterogeneity
between LI and LC for the included studies. Random-effect
models are preferable if meta-analytical methods are used
in surgical research because, for a given surgical proce-
dure, each centre has its own criteria for patient selection,
and patients may have different risk profiles.7 Thus, cau-
tion is needed when drawing conclusions from the reports.
However, it appears that LI is associated with fewer surgi-
cal complications than LC, though large RCTs are needed
to clarify this issue.

Conclusions

The results of this meta-analysis suggest that LI may be
superior to LC with regard to the prevalence of surgical
complications associated with construction of a defunction-
ing stoma in the management of low rectal anastomoses.
Compared with LC, LI had a lower prevalence of sepsis,
prolapse, and parastomal hernias. In the closure of stomas,
wound infection and incisional hernias occurred less fre-
quently with LI than with LC. In terms of overall outcomes,
LI was superior to LC for the construction of stomas, but
not for their closure.
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