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Abstract
Objective To evaluate comparative outcomes of temporary loop ileostomy closure during or after adjuvant chemotherapy
following rectal cancer resection.
Methods We systematic searched MEDLINE, EMBASE, CINAHL, CENTRAL, the World Health Organization International
Clinical Trials Registry, ClinicalTrials.gov, ISRCTN Register and bibliographic reference lists. Overall perioperative
complications, anastomotic leak, surgical site infection, ileus and length of hospital stay were the evaluated outcome
parameters. Combined overall effect sizes were calculated using fixed effects or random effects models.
Results We identified 4 studies reporting a total of 436 patients comparing outcomes of temporary loop ileostomy closure during
(n = 185) or after (n = 251) adjuvant chemotherapy following colorectal cancer resection. There was no significant difference in
overall perioperative complications (OR 1.39; 95%CI 0.82–2.36, p = 0.22), anastomotic leak (OR 2.80; 95%CI 0.47–16.56, p =
0.26), surgical site infection (OR 1.97; 95% CI 0.80–4.90, p = 0.14), ileus (OR 1.22; 95% CI 0.50–2.96, p = 0.66) or length of
hospital stay (MD 0.02; 95% CI − 0.85–0.89, p = 0.97) between two groups. Between-study heterogeneity was low in all
analyses.
Conclusions The meta-analysis of the best, albeit limited, available evidence suggests that temporary loop ileostomy closure
during adjuvant chemotherapy following rectal cancer resection may be associated with comparable outcomes to the closure of
ileostomy after adjuvant chemotherapy. We encourage future research to concentrate on the completeness of chemotherapy and
quality of life which can determine the appropriateness of either approach.
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Introduction

Rectal cancer is one of the most common cancers worldwide
with increasing incidence [1]. A temporary stoma is often used
in rectal cancer surgery to protect a distal anastomosis,

particularly after low anterior resection (LAR) which is the
treatment of choice for rectal cancer of the middle and lower
third [2–4]. Patients with a temporary protecting ileostomy
(diverting stoma) are at lower risk of anastomotic leak, peri-
tonitis and their associated morbidity and mortality [5, 6].

Loop ileostomies are generally not closed earlier than
2 months after primary surgery. In a large number of patients,
this not only is associated with stoma-related morbidities but
also would cause discomfort and affect their quality of life [7,
8]. Despite the existence of considerable pressure from the
patients to close the protecting stoma as soon as possible,
high-level evidence on the optimal timing of stoma closure
is lacking. Although early closure of the protecting stoma
has been demonstrated to be safe [9–12], it may negatively
influence the completeness of chemotherapy due to complica-
tions including anastomotic leakage or LAR syndrome [13].

Shahin Hajibandeh and Shahab Hajibandeh equally contributed to this
paper and joint first authorship is proposed.

* Shahin Hajibandeh
shahin_hajibandeh@yahoo.com

1 Department of General Surgery, Sandwell and West Birmingham
Hospitals NHS Trust, Birmingham, UK

2 Department of General Surgery, The Pennine Acute Hospitals NHS
Trust, North Manchester General Hospital, Manchester, UK

International Journal of Colorectal Disease (2019) 34:1151–1159
https://doi.org/10.1007/s00384-019-03321-2

http://crossmark.crossref.org/dialog/?doi=10.1007/s00384-019-03321-2&domain=pdf
http://clinicaltrials.gov
mailto:shahin_hajibandeh@yahoo.com


On the other hand, having an ileostomy during chemotherapy
has been shown to increase the risk of high stoma output
which subsequently leads to dehydration, electrolyte distur-
bances and renal failure [14].

Although outcomes of early versus late closure of loop
ileostomy following rectal cancer surgery have been investi-
gated before, the outcomes have not been evaluated with re-
spect to adjuvant chemotherapy. Considering the controver-
sies regarding the optimal timing of temporary loop ileostomy
closure with respect to time of adjuvant chemotherapy, we
aimed to evaluate comparative outcomes of temporary loop
ileostomy closure during or after adjuvant chemotherapy fol-
lowing rectal cancer resection.

Methods

Design and study selection

We highlighted our eligibility criteria and methods and eval-
uated outcomes in a review protocol. Our study was conduct-
ed in line with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement standards
[15].

We included all comparative studies evaluating the out-
comes of temporary loop ileostomy closure during or after
adjuvant chemotherapy following rectal cancer resection. We
considered all participants aged 18 years or older and of any
gender who underwent a reversal of temporary loop
ileostomy.

The intervention of interest was the closure of loop
ileostomy during adjuvant chemotherapy. The primary inter-
vention was compared with the closure of loop ileostomy after
adjuvant chemotherapy.

Primary outcome measures were defined as overall periop-
erative (30 days or in hospital) complications (bleeding, sur-
gical site infections (SSIs), anastomotic leak, ileus and
incisional hernia). An anastomotic leak was defined as a com-
munication between the intra- and extra-luminal compart-
ments owing to a defect of the integrity of the intestinal wall
at the anastomosis between the colon and rectum. We consid-
ered anastomotic leaks that were treated either conservatively
or surgically. Moreover, we analysed each complicationwhere
the complication was reported bymore than 1 study. Length of
hospital stay was the secondary outcome parameter.

Literature search strategy

Two authors independently searched the following electronic
databases: MEDLINE, EMBASE, CINAHL and the
Cochrane Centra l Regis ter of Control led Tr ia ls
(CENTRAL). The literature search was conducted on 24
February 2019. Our search strategy was adapted according

to thesaurus headings, search operators and limits in the afore-
mentioned databases (Appendix Table 3). Furthermore, we
searched the World Health Organization International
Clinical Trials Registry http://apps.who.int/trialsearch/,
ClinicalTrials.gov http://clinicaltrials.gov/ and ISRCTN
Register http://www.isrctn.com/ to identify ongoing and
unpublished studies. Moreover, the bibliographic lists of
relevant articles and reviews were screened for further
potentially eligible trials. Finally, we hand-searched the lead-
ing journals in general surgery and colorectal surgery.

Selection of studies

The title and abstract of identified articles were evaluated by
two independent authors. Subsequently, if relevant, the full
texts of identified articles were retrieved and evaluated against
the eligibility criteria of our study. Those studies that met our
eligibility criteria were included. Discrepancies in this process
were resolved by discussion between the authors. However, if
the disagreement still existed, an independent author was
consulted.

Data extraction and management

We created an electronic data extraction spreadsheet accord-
ing to Cochrane’s recommendations for intervention reviews.
The data extraction spreadsheet was pilot-tested in randomly
selected articles and adjusted accordingly. The following
pieces of information were extracted from the included studies
by two independent authors:

& Study-related data (first author, publication year, country
of origin of the corresponding author, journal in which the
study was published, study design and study size)

& Baseline demographic and clinical information of the
study populations (stage and distribution of cancer, type
of procedure)

& Primary and secondary outcome data

Disagreements during data extraction and management
were resolved following consultation with a third independent
author.

Assessment of risk of bias

The methodological quality and risk of bias assessment were
carried out by two authors using the Newcastle-Ottawa scale
(NOS) [16] as all of our included studies were observational
studies. The NOS is a star-based scoring system (maximum
score 9) which enables review authors to evaluate an observa-
tional study in the following aspects: the selection of the study
groups, the comparability of the groups and the ascertainment
of the outcome of interest. Studies with a score of 9 stars were
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deemed to be at low risk of bias, studies with a score of 7 or 8
stars were deemed to be at medium risk of bias and those that
scored 6 or less were judged to be at high risk of bias. We
resolved discrepancies in the risk of bias assessment by dis-
cussion between the assessing authors. Nevertheless, if no
agreement could be reached, a third reviewer was involved
as an adjudicator.

Summary measures and synthesis

For dichotomous outcome variables (overall complications,
anastomotic leak, SSI, paralytic ileus), we calculated the odds
ratio (OR) as the summary measures. The OR is the odds of an
adverse event in the stoma closure during chemotherapy group
comparedwith the after chemotherapy group.AnORof less than
one would favour closure of ileostomy during the chemotherapy.
For continuous parameters (length of hospital stay), we calculat-
ed the mean difference (MD) between the two groups.

The individual patient was used as the unit of analysis in
this study. Information with regard to dropouts, withdrawals
and any other missing data were recorded. We planned to
contact the authors of the included studies where information
about our outcome of interest was not reported. Our final
analysis respected the intention-to-treat concept.

One independent review author entered the extracted data
into ReviewManager 5.3 software for data synthesis [17]. The
entered data were subsequently checked by a second indepen-
dent review author. Random effects or fixed effects modelling
were used, as appropriate, for analysis. Only when significant
between-study heterogeneity existed, random effects models
were applied. This has previously been defined by Higgins
et al. [17]. We reported the results of our analysis for each
outcome parameter in a forest plot with 95% confidence in-
tervals (CIs).

Heterogeneity among the studies was assessed using the
Cochran Q test (χ2). We quantified inconsistency by calculat-
ing I2 and interpreted it using the following guide: 0 to 25%
might not be important; 25 to 75% may represent moderate
heterogeneity; 75 to 100% may represent substantial hetero-
geneity. Moreover, where more than 10 studies were available
in analysis of an outcome parameter, funnel plots were
planned to be constructed in order to assess their symmetry
to visually evaluate publication bias.

We conducted sensitivity analyses to explore potential
sources of heterogeneity and assess the robustness of our re-
sults. For each outcome parameter, we repeated the primary
analysis using random effects or fixed effects models.
Moreover, for each of our defined dichotomous variable, we
calculated the pooled OR, risk ratio (RR) or risk difference
(RD). Finally, we evaluated the effect of each study on the
overall effect size and heterogeneity by repeating the analysis
following excluding one study at a time.

Results

Our literature search through the aforementioned databases
identified 1631 articles. After further evaluation of the identi-
fied articles, only 4 articles [18–21] were deemed appropriate
for inclusion (Fig. 1). The included studies consisted of 3
retrospective and 1 prospective observational studies
reporting a total of 436 patients of whom 183 underwent re-
versal of temporary loop ileostomy during adjuvant chemo-
therapy and the remaining 251 had reversal of temporary loop
ileostomy after adjuvant chemotherapy.

Table 1 presents the date of publication and country of
origin, journal, study design of the included studies and base-
line demographic and clinical characteristics of the study pop-
ulations. The patients in both groups were of comparable age
(p = 0.61) and gender (p = 0.59). There was no significant dif-
ference between the study groups in colorectal cancer stage 0
(p = 0.44), stage I (p = 0.53), stage II (p = 0.81), stage III (p =
0.66) and stage IV (p = 0.13). The mean interval between pri-
mary operation and loop ileostomy closure was significantly

Records iden�fied through 
database searching (n=1,631)

Records a�er duplicates removed 
(n=1,626)

Records screened 
(n=1,626)

Records 
excluded 
(n=1,616)

Full text ar�cles assessed for 
eligibility (n=10)

Studies included in qualita�ve 
synthesis (n=4)

Studies included in quan�ta�ve
synthesis (n=4)

Records excluded 
with reasons (n=6)

5 compared early 
closure with late 
closure with no 
respect 
chemotherapy

1 protocol of an 
ongoing 
randomised trial 

Fig. 1 Study flow diagram
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shorter in patients who had the closure of loop ileostomy
during the adjuvant chemotherapy (p < 0.00001).

Methodological appraisal

The methodological appraisal of the included 4 studies is pre-
sented in Table 2. The risk of bias was judged as low in 2
studies and moderate in the remaining 2.

Data synthesis

Outcomes are summarised in Fig. 2.

Overall perioperative complications Four studies reported
overall perioperative complications as an outcome. There
were 36 (19.46%) complications in the during chemotherapy
group whereas there were 38 (15.14%) complications in after
chemotherapy group. The pooled analysis of 436 patients
demonstrated that there was no significant difference in over-
all complications between two groups (OR 1.39; 95% CI
0.82–2.36, p = 0.22). Between-study heterogeneity was low
(I2 0%, p = 0.48).

Anastomotic leak Three studies (332 patients) reported anas-
tomotic leak as an outcome. The anastomotic leak rates during
and after chemotherapy groups were 1.88% and 0.58%, re-
spectively. The pooled analysis showed no significant differ-
ence in anastomotic leak rate between the two groups (OR
2.80; 95% CI 0.47–16.56, p = 0.26). Heterogeneity among
the included studies was low (I2 0%, p = 0.97). Only one study
[21] reported the method of anastomosis (ileoileostomy)
which was hand-sewn anastomoses.

SSI Three studies reported SSI as an outcome. SSI occurred in
14 (8.75%) and 8 (4.65%) patients during and after chemo-
therapy groups, respectively. The pooled analysis of 332 pa-
tients found no significant difference in SSI rate between the
two groups (OR 1.97; 95% CI 0.80–4.90, p = 0.14). Low

heterogeneity existed among the included studies (I2 0%,
p = 0.81).

Ileus Postoperative ileus was reported by 3 studies (332 pa-
tients). There was no significant difference in the ileus rate
between the during chemotherapy (6.25%) and after chemo-
therapy groups (6.39%) (OR 1.22; 95% CI 0.50–2.96, p =
0.66). There was low between-study heterogeneity (I2 0%,
p = 0.42).

Length of hospital stayOnly two studies reported the length of
hospital stay as an outcome. The pooled analysis of 265 pa-
tients demonstrated that the length of hospital stay was similar
in both groups (6.88 days vs 6.91 days, MD 0.02; 95% CI −
0.85–0.89, p = 0.97). Low heterogeneity among the included
studies was detected (I2 = 0%, p = 0.35).

The available data provided by the included studies did not
allow us to conduct any analysis on completeness of chemo-
therapy or quality of life.

Sensitivity analysis Using random effects or fixed effects
models did not affect the pooled effect size in any of the
outcomes. The direction of pooled effect size remained un-
changed when the OR, RR or RD was calculated.

Discussion

In view of the existence of controversies with regard to opti-
mal timing of temporary loop ileostomy closure following
rectal cancer surgery, we conducted a comprehensive system-
atic review and meta-analysis to compare outcomes of
ileostomy closure during or after adjuvant chemotherapy.
Our literature review identified 4 observational studies
reporting a total of 436 patients of whom 183 underwent re-
versal of temporary loop ileostomy during adjuvant chemo-
therapy and the remaining 251 had reversal of temporary loop
ileostomy after adjuvant chemotherapy. The meta-analysis of
outcomes demonstrated no significant difference in overall

Table 2 Methodological quality of the observational studies assessed with the Newcastle-Ottawa scale

Author Representativeness
of the exposed
cohort

Selection
of the
non-
exposed
cohort

Ascertainment
of exposure

Demonstration
that outcome of
interest was not
present at start of
study

Comparability
of cohorts on
the basis of the
design or
analysis

Assessment
of outcome

Was follow-
up long
enough for
outcomes to
occur

Adequacy
of follow-
up of co-
horts

Total
score

Zhen [18] * * * * * * * * 8

Kye [19] * * * * ** * * * 9

Tulchinsky
[20]

* * * * ** * * * 9

Thalheime
[21]

* * * * * * * 7
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perioperative complications, anastomotic leak, SSI, ileus or
length of hospital stay between two groups. The statistical

between-study heterogeneity in all outcome analyses was
low, making our conclusions robust.

(a) Overall perioperative complications

(b) Anastomotic leak

(c) Surgical site infection

(d) Ileus

(e) Length of hospital stay

Fig. 2 Forest plots of comparison
of a overall perioperative
complications, b anastomotic
leak, c surgical site infection, d
Ileus and e length of hospital stay.
The solid squares denote the odds
ratios (ORs) or mean difference
(MD). The horizontal lines repre-
sent the 95% confidence intervals
(CIs), and the diamond denotes
the pooled effect size. M-H
Mantel-Haenszel test
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Standardised adjuvant chemotherapy has been demonstrat-
ed to improve the disease-free survival and overall survival of
rectal cancer patients [22]. Moreover, it has been recommend-
ed that adjuvant chemotherapy should be administered as soon
as possible [23]. Every 4-week delay in the administration of
adjuvant chemotherapy has been demonstrated to decrease
overall survival of colorectal cancer patients by 14% [24].
Early closure of the protecting stoma during adjuvant chemo-
therapy can be complicated by anastomotic leakage or LAR
syndrome leading to a substantial delay in the completeness of
chemotherapy, the duration of which has been recommended
not to exceed 6 months [13, 23]. However, there is no con-
vincing evidence to suggest that closure of temporary loop
ileostomy during adjuvant chemotherapy is associated with
worse outcomes than that after chemotherapy. Recent meta-
analyses have demonstrated that early closure of loop
defunctioning ileostomy in patients undergoing distal colorec-
tal resection has comparable outcomes with the delayed clo-
sure. However, the outcomes were not reported with respect to
adjuvant chemotherapy [24, 25].

Only one of our included studies, Zhen et al. [18], evaluat-
ed the quality of life of their included patients. The authors
investigated the quality of life with respect to body image,
sexual function, sexual enjoyment and future perspectives
and found no significant difference between the two groups.
Nevertheless, it has been well reported that the loop
ileostomies have a considerable negative impact on the quality
of life and psychological well-being [7, 8, 26].

We did not find any difference in anastomotic leak or SSIs
between reversal of ileostomy during or after adjuvant chemo-
therapy. Nevertheless, these findings might have been biased
by some important confounding factors. The anastomotic leak
may be dependent on the method the anastomosis is per-
formed. However, the method of anastomosis was poorly re-
ported by the included studies. With regard to the SSIs, it is
not clear whether the included studies used linear skin closure
or purse-string skin closure technique to close the stoma site.
We have previously demonstrated that the risk of SSI is sig-
nificantly lower when purse-string skin closure technique is
used [27].

To our knowledge, no meta-analysis has evaluated the
timing of temporary loop ileostomy closure with respect to
adjuvant chemotherapy. Our meta-analysis of best available
evidence (level 2) has demonstrated that temporary loop
ileostomy closure during adjuvant chemotherapy following
colorectal cancer resection is also comparable with the closure
of ileostomy after adjuvant chemotherapy. However, no de-
finitive conclusion can be drawn as there are several short-
comings associated with the available evidence. None of our
included studies reported whether closure of ileostomy before
chemotherapy significantly affected the completeness of che-
motherapy. Moreover, the quality of life of the patients has not
been assessed. The findings of an ongoing randomised

controlled trial, CoCStom trial [13], which aims to evaluate
optimal timing of stoma closure in the context of adjuvant
chemotherapy, may provide stronger evidence in favour of
either approach.

The limitations of our study should be taken into account
when interpreting our findings. The current literature lacks
randomised controlled trials, the gold standard study design
for comparative studies, to provide high-quality evidence for
or against stoma closure during or after adjuvant chemothera-
py. The best available evidence comes mainly from a small
number of observational studies which are inevitably subject
to selection bias. Moreover, the small sample sizes of the
included studies may subject our study findings to type 2 error.
Considering the data provided by the included studies, we
could not evaluate the quality of life and completeness of
chemotherapy as an outcome. This, undoubtedly, would have
had an important impact on the evaluation of the appropriate-
ness of either approach. Furthermore, the included studies
have not reported the method of anastomosis and stoma site
closure which would bias our findings on anastomotic leak
and SSI, respectively. Finally, the risk of bias was moderate
in 2 studies which may bias our results in favour of an
intervention.

Conclusions

Our meta-analysis of best available evidence demonstrat-
ed that temporary loop ileostomy closure during adjuvant
chemotherapy following rectal cancer resection may be
associated with comparable outcomes to the closure of
ileostomy after adjuvant chemotherapy. However, the
available evidence is too limited to help make definitive
conclusions. The findings of this meta-analysis can en-
courage future research to concentrate on completeness
of chemotherapy and quality of life as important out-
comes which can potentially determine the appropriate-
ness of either approach. Undoubtedly, high quality
randomised trials with adequate sample sizes may provide
stronger evidence in favour of either approach.
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