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Abstract

Introduction Postoperative ileus (POI) is regarded as the most clinically significant morbidity following loop ileostomy
closure; however, its incidence remains poorly understood. Our objective was therefore to determine the pooled incidence
of POI after loop ileostomy closure and identify risk factors associated with its development.

Methods We systematically searched MEDLINE (via Ovid and PubMed), Embase, the Cochrane Library, Biosis Previews,
and Scopus to identify studies reporting the incidence of POI in patients who underwent loop ileostomy closure. Two inde-
pendent reviewers extracted data and appraised study quality. Cumulative incidence proportions were pooled across studies
using a random-effects meta-analytic model.

Results Sixty-seven studies, including 9528 patients, met our inclusion criteria. The pooled estimate of POI was 8.0% (95%
CI 6.9-9.3%; I =74%). The estimated incidence varied by POI definition: studies with a robust definition of POI (n=_8) dem-
onstrated the highest estimate of POI (12.4%, 95% CI 9.2-16.5%; I =79%) while studies that did not report an explicit POI
definition (n=38) demonstrated the lowest estimate (6.7%, 95% CI 5.3-8.3%; I’ =61%). Small bowel anastomosis technique
(hand-sewn) and interval time from ileostomy creation to closure (longer time) were the factors most commonly associated
with POI after loop ileostomy closure. However, most comparative studies were not powered to examine risk factors for POIL.
Conclusions POI is an important complication after loop ileostomy closure, and its incidence is dependent on its definition.
More research aimed at studying this complication is required to better understand risk factors for POI after loop ileostomy
closure.
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rate and sequelae of anastomotic leak [1, 2]. However, it
comes at the price of requiring a second operation to restore
intestinal continuity, which carries its own risk for complica-
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readmission following loop ileostomy closure [8, 9], which
will continue to be problematic as the use of ERPs increases
and length of stay decreases. Some groups are even advocat-
ing for same-day discharge protocols after loop ileostomy
closure [10, 11], and POI is likely the greatest hindrance to
their successful widespread implementation.

Although POI is recognized as an important complication
after loop ileostomy closure, the cumulative incidence of
POI reported in previous studies has varied greatly. To our
knowledge, data on POI after loop ileostomy closure have
not been synthesized via systematic review and meta-analy-
sis. Our objective was therefore to systematically review the
literature reporting on POI after loop ileostomy closure, to
determine the pooled incidence of POI, and to describe fac-
tors associated with its development. Secondarily, we aimed
to determine if there were any differences in the estimate
of POI by definition used. Our a priori hypothesis was that
studies using a more robust definition of POI would report
a higher incidence of POL

Methods

This systematic review and meta-analysis was conducted
according to a pre-specified protocol (PROSPERO 2018
CRD42018087884; registered February 6, 2018) and is
reported in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [12]. Internal Review Board approval was waived
at our institution given the study design.

Search strategy

We systematically searched for published reports of POI
after loop ileostomy closure using the following data-
bases: MEDLINE (via Ovid 1946 to December 18, 2017,
via PubMed December 13, 2017 to December 19, 2017);
Embase Classic + Embase (via Ovid 1947 to December 18,
2017); BIOSIS Previews (via Ovid 1969-2017 Week 51);
The Cochrane Central Register of Controlled Trials (via
The Cochrane Library, to issue 12 of 12, December 2017);
The Database of Abstracts of Reviews of Effects (via The
Cochrane Library, to issue 2 of 4, April 2015); the Cochrane
Database of Systematic Reviews (via The Cochrane Library,
to issue 11 of 12, November 2017); the NHS Economic
Evaluation Database (via The Cochrane Library, to issue
2 of 4, April 2015); and Scopus (via Elsevier). The search
strategy used text words and relevant indexing to identify
relevant reports. The full MEDLINE strategy (Appendix 1)
was applied to all databases, with modifications to search
terms as necessary. No language limits were applied in the
search. Further studies were identified in Web of Science
and Scopus (May 24, 2018) by carrying out citation searches

for studies citing included studies, as well as by examining
their reference lists. An updated MEDLINE search was run
prior to data analysis (June 5, 2018), and additional relevant
studies were included.

Study selection

The title and abstract of each record were screened in dupli-
cate (R.G., P.S.), and publications were retained if they met
the following criteria: (1) published after January 1, 2000;
(2) reported on patients who underwent ileostomy closure;
and (3) included any postoperative outcomes. Each retained
record was then assessed independently by two reviewers
(R.G., P.S.) for eligibility. Disagreements were resolved by
consensus, and a third author (M.B.) was consulted if no
agreement could be achieved. During full-text review, stud-
ies were retained for inclusion if they (1) included patients
who underwent loop ileostomy closure, alone or as a dis-
crete treatment group; and (2) reported on the incidence of
POI and/or factors associated with the development of POI.
Exclusion criteria were (1) studies that reported on patients
who underwent multiple types of ostomy closure, and in
which loop ileostomy closure patients could not be sepa-
rated and analyzed independently; (2) studies in which all
patients were managed in an experimental or non-standard
of care manner (e.g., ileostomy closure under spinal anes-
thesia, or the use of nasogastric tubes (NGT) until return
of bowel function); and (3) studies that reported on small
bowel obstruction (SBO) and not POI. Studies in which POI
and SBO were reported together as a single outcome (‘“POI/
SBO”) were included only if those patients who underwent
reoperation could be readily identified and excluded. Fur-
thermore, each of these studies was discussed by both inde-
pendent reviewers (R.G., P.S.) and the arbitrator (M.B.), who
had to all be in agreement that this outcome likely reflected
POI and not SBO. Randomized controlled trials (RCTs)
and observational studies (cohort and case—control) were
included; case series < 10 patients, case reports, and con-
ference abstracts were excluded. There were no language
restrictions. Finally, systematic reviews and meta-analyses
were excluded but were reviewed for individual studies that
met our inclusion criteria, and these studies were added if
not already captured in our electronic search.

Data extraction and synthesis

Data for each record were extracted independently by two
reviewers (R.G., P.S.) using a standardized data extraction
form, with disagreements resolved by consensus or by a
third author (M.B.) when needed. The following study char-
acteristics were systematically extracted: author, year, coun-
try of origin, study design, and exposure (if comparative
study design). Patient characteristics were also extracted,
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including age, sex, indication for ileostomy, intersurgery
length (defined as length of time, in days, between ileostomy
creation and ileostomy closure), operative time, and anasto-
motic technique. The incidence of POI was extracted, as was
the definition of POI used in each study. For comparative
studies in which the exposure was considered experimental
or non-standard of care (Table 1), only POI data from the
control arm were pooled. Data were extracted as means with
standard deviations, medians with ranges, count data, or pro-
portions with 95% confidence intervals (CI), as reported.
For factors associated with POI, effect size and measures of
statistical significance were extracted when provided.

Quality assessment

Study quality was assessed using the Methodological Index
for Non-Randomized Studies (MINORS) instrument for
observational studies [13], or the Cochrane Collaboration
Risk of Bias Tool for RCTs [14], where appropriate. The
MINORS instrument includes eight items for all studies, and
an additional four items for comparative studies. Each item
is scored O (not reported), 1 (reported but inadequate), or 2
(reported and adequate). As such, the total denominator for
each study is either 16 or 24.

Statistical analysis

We estimated the pooled 30-day cumulative incidence pro-
portion and 95% CI of POI after loop ileostomy closure
using a DerSimonian and Laird random-effects model with
inverse-variance weighting and a logit transformation. An
P2 value was estimated to describe the amount of between-
study heterogeneity that was present. We then performed
stratified analyses to assess the influence of POI definition
on the pooled estimate of POI, comparing (1) the presence or
absence of a reported definition of POI; and (2) the robust-
ness of the definition. Robustness was loosely based on the
consensus definition of POI provided by Vather et al. [15],
which included three components: symptoms of absent

Table 1 Summary of experimental or non-standard of care interven-
tions that precluded the inclusion of intervention-group patients for
pooled estimate of postoperative ileus

Intervention

Adhesion barrier (n =324 patients) [25, 31, 46, 69]

Laparoscopic assisted (n =89 patients) [53, 63]

Early ileostomy closure < 14 days (n=77 patients) [47, 62, 65]
Routine NGT until return of bowel function (n =64 patients) [66]
Preoperative bowel stimulation (n =35 patients) [54]

Umbilical ileostomy (rn=10 patients) [70]

NGT nasogastric tube

@ Springer

bowel function (e.g., nausea/vomiting, obstipation), time
element for the persistence of symptoms (e.g., criteria met
on or after postoperative day 4), and radiologic confirmation.
We added a fourth component—insertion of a NGT—given
that it is commonly used in research settings to define POI
retrospectively. Studies that included > 2 of the 4 compo-
nents as part of their definition were considered robust. Due
to the combination of study designs and the non-comparative
nature of many included studies, predictive factors associ-
ated with POI were described qualitatively via systematic
review only. All statistical analyses were performed using
R v3.5.1 (R Development Core Team. 2017. R: A Lan-
guage and Environment for Statistical Computing. Vienna,
Austria).

Results
Search results

The electronic search yielded 2187 publications for review
after excluding duplicates (Fig. 1). After title and abstract
screening, 205 publications were retrieved for full-text
review. Of these, 67 met the inclusion criteria for our sys-
tematic review.

Study characteristics and quality assessment

Of the 67 studies included, 10 were RCTs and 57 were
observational studies (50 cohort studies and 7 case—con-
trol studies) (Table 2) [3, 4, 7, 9-11, 16-76]. Sample sizes
ranged from 10 to 944 patients, and 40 studies evaluated an
exposure—outcome association with POI. Only 28 of 67 stud-
ies reported their definition of POI, and among these, eight
definitions (29%) were considered robust. The methodologi-
cal quality of included studies is presented in Table 2.

Patient and operative characteristics

Patient and operative characteristics are displayed in Sup-
plemental Table 1. Data were not available in every study,
often because loop ileostomy closure patients only made up
a fraction of the total study population. The mean or median
age of patients ranged from 31 to 71 years, and most stud-
ies (54/59) had a majority male sample. Colorectal cancer
was the most common underlying pathology necessitating
ileostomy creation in 48 of the 59 studies that reported this
information. Intersurgery length differed in each study and
was often related to institutional protocol. Hand-sewn anas-
tomosis was the preferred technique to restore intestinal con-
tinuity in 27 of 45 studies.
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Fig. 1 PRISMA diagram of
included studies reporting on
postoperative ileus after loop
ileostomy closure

Records identified through
database search
(n = 4,244)

Records excluded:

- Duplicates (n =2,057)

screening
(n=12,187)

Records for title / abstract

Records excluded:
- Not relevant (n = 1,832)

review
(n=355)

Records eligible for full text

Records excluded:
- Abstract only (n =97)

- Published before January 1,
2000 (n = 26)

(n=205)

Records for full text review

Records excluded:
- Did not report postoperative

ileus (n=124)

(n=281)

Records that reported on
postoperative ileus

Records excluded:
- Unable to separate ileostomy

from colostomy patients (n = 6)

- Systematic review (n =5)

(n=067)

Records included in meta-
analysis and qualitative synthesis

- Experimental or non-standard of
care management only (n = 3)
* Laparoscopic-assisted (n =

1)

Pooled estimate of POI

Our meta-analysis included 67 studies that enrolled a total
of 9528 patients. When data were pooled across studies, the
30-day cumulative incidence proportion of POI after loop
ileostomy closure was 8.0% (95% CI 6.9-9.3%; I>=74%)
(Fig. 2). Of the 67 included studies, 60 reported POI and
7 reported POI/SBO, but no patients included from the
latter studies underwent reoperation [3, 4, 9, 24, 27, 45,
72]. A sensitivity analysis excluding these seven studies

* Spinal anesthesia (n = 1)
* Routine nasogastric tube
postoperatively (n=1)

demonstrated similar results (pooled estimate of POI=7.8%;
95% CI 6.4-9.1%; 12:74%). A stratified analysis com-
paring studies that provided a definition of POI in their
methods (n=28) to those that did not (n=39) revealed a
higher pooled estimate of POI when a definition was pro-
vided (9.5%; 95% CI 7.8-11.6%; I>=80% vs. 6.7%; 95% CI
5.3-8.3%; I’=61%) (Fig. 3). Among studies that provided
a definition of POI, studies with a robust definition of POI
(n=238) revealed a higher pooled estimate of POI than did
those with a non-robust definition (n=20) (12.4%; 95% CI
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Table 2 Characteristics of studies reporting the cumulative incidence of POI after loop ileostomy closure

Study ID Design Sample size® Exposure POI criteria® Quality
Amin 2001 [16] Cohort 67 None None 7/16
Swain 2001 [17] Cohort 53 None None 11/16
Hallbook 2002 [18] Cohort 213 None None 11/16
Kairaluoma 2002 [19] Cohort 28 None None 11/24
Kalady 2003 [10] Cohort 58 23-h protocol None 16/24
Garcia-Botello 2004 [20] Cohort 109 None None 12/16
Bell 2005 [21] Cohort 20 None None 17/24
Gastinger 2005 [22] Cohort 407 None S; T 12/24
Haase 2005 [23] RCT 80 Gentamycin implant none Unclear ROB
Perez 2006 [24] Cohort 93 None None 11/16
Salum 2006 [25] RCT 64 Adhesion barrier None High ROB
Thalheimer 2006 [26] Cohort 120 Chemoradiotherapy None 13/24
Flikier-Zelkowicz 2008 [27] Cohort 62 None None 11/16

Joh 2008 [28] Cohort 42 None S;T 11/16
Kaiser 2008 [29] Cohort 56 None None 16/24
Mansfield 2008 [30] Cohort 123 None None 7/16
Tjandra 2008 [31] RCT 21 Adhesion barrier None Low ROB
Akiyoshi 2010 [32] Case—control 125 None S; R 12/16
Baraza 2010 [33] Cohort 80 None None 8/16
Courtier 2010 [34] Cohort 54 None S; T; NGT 10/16
Horisberger 2010 [35] Cohort 128 SBA S; T; NGT 16/24
Thedioha 2010 [36] Cohort 100 None None 10/16
Shelygin 2010 [37] RCT 119 SBA None Low ROB
D’Haeninck 2011 [38] Cohort 197 Time to closure, SBA, index operation S; T 16/24
Luglio 2011 [3] Cohort 944 SBA S;R; T 18/24
Mennigen 2011 [39] Cohort 89 None None 19/24
Peacock 2011 [40] Cohort 138 None None 9/16
Worni 2011 [41] Cohort 134 Time to closure NGT 16/24
Chun 2012 [42] Case—control 94 None S; NGT 11/16
Cipe 2012 [43] Case—control 255 None None 13/24
El-Hussuna 2012 [44] Case—control 159 SBA S; T 16/24
Gustavsson 2012 [45] Cohort 351 SBA S; R 1724
Memon 2012 [46] Cohort 32 Adhesion barrier, time to closure None 12/24
Omundsen 2012 [47] Cohort 74 Time to closure S 15/24
Dusch 2013 [48] RCT 84 Skin closure None Unclear ROB
Hiranyakas 2013 [49] Cohort 351 Index operation approach S; T; NGT 1524
Klink 2013 [50] Cohort 140 Skin closure None 15/24
Loffler 2013 [4] RCT 328 SBA S; T; NGT Low ROB
Marcet 2013 [51] Cohort 27 Liposome bupivacaine analgesia None 20/24
Peacock 2013 [52] Cohort 23 None None 11/16
Royds 2013 [53] RCT 34 Laparoscopic assistance S;R High ROB
Abrisqueta 2014 [54] RCT 35 Bowel stimulation S; R; T; NGT High ROB
Keller 2014 [9] Cohort 332 None S; T 9/16
Perez Dominguez 2014 [55] Case—control 86 None None 9/16
Rubio-Perez 2014 [56] Cohort 93 SBA None 10/16
Saito 2014 [57] Case—control 82 None S; R 12/16
Vallribera 2014 [58] Cohort 167 SBA S; T 17124
Bhalla 2015 [11] Cohort 15 None None 12/16
Bracey 2015 [59] Cohort 145 ERP None 15/24
Figueiredo 2015 [60] Cohort 259 Time to closure S 17/24
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Table 2 (continued)

Study ID Design Sample size® Exposure POI criteria® Quality
Markides 2015 [61] Cohort 108 SBA S; R; T; NGT 16/24
Robertson 2015 [62] Cohort 61 Time to closure None 1724
Young 2015 [63] Cohort 80 Laparoscopic assistance S; NGT 16/24
Thnat 2016 [64] Cohort 78 None S 18/24
Lasithiotakis 2016 [65] RCT 10 Time to closure None High ROB
Mahla 2016 [66] RCT 64 Early feeding S; T High ROB
Man 2016 [67] Case—control 213 Age S; T 11/16
Zhou 2016 [68] Cohort 176 Time to closure None 1724
Bertoni 2017 [69] Cohort 147 Adhesion barrier None 16/24
Lam 2017 [70] Cohort 10 Umbilical ileostomy None 12/24
Li2017 [71] Cohort 358 Time to closure None 19/24
Luglio 2017 [72] Cohort 298 SBA S;R; T 13/24
Zhen 2017 [73] Cohort 148 SBA None 20/24
Zhou 2017 [74] Cohort 123 Time to closure None 15/24

Lob 2018 [75] Cohort 558 Surgeon experience S; NGT 16/24
Park 2018 [76] Cohort 71 None None 11/16
Slieker 2018 [7] Cohort 143 ERP NGT 18/24

POI postoperative ileus, RCT randomized controlled trial, ERP enhanced recovery protocol, SBA small bowel anastomosis, ROB risk of bias

# number of subjects eligible for inclusion for pooled estimate of postoperative ileus

bs symptoms, R radiology, T time element, NGT nasogastric tube insertion

9.2-16.5%; >=79% vs. 8.3%; 95% CI 6.4-10.8%; I*=80%)
(Fig. 4).

Factors associated with POI

Of the 40 comparative studies, the primary endpoint was
bowel recovery in only six of them, while the majority were
aimed at assessing all postoperative morbidities collectively.
The most common exposures assessed were small bowel
anastomosis and time to ileostomy closure. One RCT found
no difference in POI with hand-sewn anastomosis compared
to stapled, albeit a numerically higher absolute incidence
with hand-sewn anastomosis (16.0% vs. 9.1%, p=NS) [4].
A large observational study of 944 patients found higher
rates of POI with hand-sewn anastomosis with bowel resec-
tion compared to fold-over sutured anastomosis (without
bowel resection) and stapled anastomosis with bowel resec-
tion (20.9% vs. 13.9% vs. 6.7%, p <0.001) [3]. Several other
studies reported a higher incidence of POI with hand-sewn
anastomosis to varying degrees of statistical significance
[35, 37, 38, 44, 45, 61, 68], with only one study demon-
strating the opposite trend [58]. Earlier time to closure
appeared to have a protective association with POIL, but dif-
ferent time cutoffs in studies precluded definitive conclu-
sions from being drawn. D’Haeninck et al. observed less
POI in patients closed < 84 days after the index operation
(3.5% vs. 14.3%, p=0.02) [38]. Worni et al. demonstrated
a potential dose-response association between intersurgery

length and POI, and reported an adjusted odds ratio for POI
of 8.2 (95% CI 0.9-73.6) and 10.0 (95% CI 1.0-97.8) for
closures that occurred 84—126 days and > 126 days after
ileostomy creation, respectively, compared to those that
occurred before 84 days [41]. However, the wide confidence
intervals demonstrate a lack of power and precision in their
findings. Three studies evaluated the impact of very early
closure (< 14 days) and demonstrated no differences in POI
[47, 62, 65].

The use of ERPs was evaluated in two studies, and both
showed no protective effect for POI [7, 59]. Single obser-
vational studies reported trends towards increased POI with
an open surgical approach for the index resection (13.6% vs.
9.0%) [49] and with the administration of adjuvant therapy
in the intersurgery period (10.9% vs. 3.1%) [26], but no
inferential statistics were presented. One study demonstrated
age > 80 years as a risk factor for POI, but suffered from
multiple testing and no clear hypothesis [67]. Skin closure
technique (linear vs. purse-string) [48, 50], surgeon experi-
ence [75], gentamycin wound implants [21], and the use of
liposome bupivacaine-based analgesia [51] had no impact
on POI after loop ileostomy closure.

Among those exposures considered experimental or
non-standard of care, only preoperative bowel stimulation
was shown to reduce POI in a small RCT (2.9% vs. 20.0%,
p=0.024) [54]. The use of adhesion barriers [25, 31, 46,
69], laparoscopic assistance at the time of closure [53, 63],
early feeding [66], and position of ileostomy (umbilical vs.
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Study Events Total Proportion (95% Cl) Weight, random (%)
Amin 2001 1 67 =—+ 0.015 [0.002; 0.098] 0.5
Swain 2001 1 53 +—— 0.019 [0.003; 0.122] 0.5
Hallbrook 2002 4 213 = ! 0.019 [0.007; 0.049] 1.3
Kairaluoma 2002 1 22 s+ 0.045 [0.006; 0.261] 0.5
Kalady 2003 6 58 —— 0.103 [0.047; 0.212] 1.5
Garcia-Botello 2004 2 109 =i 0.018 [0.005; 0.070] 0.9
Bell 2005 1 20 = 0.050 [0.007; 0.282] 0.5
Gastinger 2005 17 407 = 0.042 [0.026; 0.066] 2.1
Haase 2005 11 80 e 0.138 [0.078; 0.231] 1.9
Perez 2006 8 93 —/W—— 0.086 [0.044; 0.163] 1.7
Salum 2006 1 64 =—— 0.016 [0.002; 0.103] 0.5
Thalheimer 2006 8 120 —+— 0.067 [0.034; 0.128] 1.7
Flikier-Zelkowicz 2008 8 62 — 0.129 [0.066; 0.237] 1.7
Joh 2008 3 42 —H=— 0.071 [0.023; 0.199] 1.1
Kaiser 2008 2 56 +=——— 0.036 [0.009; 0.132] 0.9
Mansfield 2008 6 123 ==+ 0.049 [0.022; 0.104] 1.6
Tjandra 2008 2 21 —m— 0.095 [0.024; 0.311] 0.8
Akiyoshi 2010 1 125 =— 0.008 [0.001; 0.055] 0.5
Baraza 2010 2 80 #=—- 0.025 [0.006; 0.094] 0.9
Courtier 2010 1 54 #=—— 0.019 [0.003; 0.120] 0.5
Ihedioha 2010 1 100 #=—: 0.010 [0.001; 0.068] 0.5
Shelygin 2010 6 119 0.050 [0.023; 0.108] 1.6
D'Haeninck 2011 22 197 = 0.112 [0.075; 0.164] 22
Luglio 2011 120 944 B 0.127 [0.107; 0.150] 25
Mennigen 2011 4 89 =+ 0.045 [0.017; 0.114] 1.3
Peacock 2011 1 138 —+— 0.080 [0.045; 0.138] 1.9
Worni 2011 20 134 e 0.149 [0.098; 0.220] 2.1
Chun 2012 12 94 — 0.128 [0.074; 0.211] 1.9
Cipe 2012 3 255 % 0.012 [0.004; 0.036] 1.1
El-Hussuna 2012 6 159 =— 0.038 [0.017; 0.081] 1.6
Gustavsson 2012 28 351 - 0.080 [0.056; 0.113] 23
Memon 2012 5 32 — 0.156 [0.067; 0.325] 1.4
Omundsen 2012 7 74— 0.095 [0.046; 0.185] 1.6
Dusch 2013 14 84 P 0.167 [0.101; 0.262] 2.0
Hiranyakas 2013 41 351 - 0.117 [0.087; 0.155] 24
Horisberger 2013 25 128 S 0.195 [0.136; 0.273] 22
Klink 2013 1 140 —+— 0.079 [0.044; 0.136] 1.9
Loffler 2013 41 328 P 0.125 [0.093; 0.165] 24
Marcet 2013 1 27 +— 0.037 [0.005; 0.221] 0.5
Peacock 2013 0 23— 0.000 [0.001; 0.259] 0.3
Royds 2013 2 34 —— 0.059 [0.015; 0.207] 0.9
Abrisqueta 2014 7 35 - — 0.200 [0.098; 0.364] 1.6
Keller 2014 24 332 — 0.072 [0.049; 0.106] 22
Perez Dominguez 2014 6 8 ——— 0.070 [0.032; 0.147] 1.6
Rubio-Perez 2014 12 98 —_—— 0.129 [0.075; 0.214] 1.9
Saito 2014 12 82 — 0.146 [0.085; 0.240] 1.9
Vallribera 2014 18 167 — 0.108 [0.069; 0.165] 2.1
Bhalla 2015 0 15 : 0.000 [0.002; 0.350] 0.3
Bracey 2015 9 145 H— 0.062 [0.033; 0.115] 1.8
Figueiredo 2015 9 259 =+ 0.035 [0.018; 0.065] 1.8
Markides 2015 21 107 P 0.196 [0.132; 0.282] 2.1
Robertson 2015 11 61 P 0.180 [0.103; 0.297] 1.8
Young 2015 10 80 — 0.125 [0.069; 0.217] 1.8
Ihnat 2016 6 78 —H— 0.077 [0.035; 0.161] 1.5
Lasithiotakis 2016 1 10 - 0.100 [0.014; 0.467] 0.5
Mahla 2016 4 64 — 0.062 [0.024; 0.155] 1.3
Man 2016 4 213 = 0.019 [0.007; 0.049] 1.3
Zhou 2016 11 176  —+—— 0.062 [0.035; 0.109] 1.9
Bertoni 2017 14 147 —_— 0.095 [0.057; 0.154] 2.0
Lam 2017 2 10 - 0.200 [0.050; 0.541] 0.8
Li 2017 46 358 P 0.128 [0.098; 0.167] 24
Luglio 2017 12 298 =+ 0.040 [0.023; 0.070] 2.0
Zhen 2017 5 148 =+— 0.034 [0.014; 0.079] 1.5
Zhou 2017 5 123 H+— 0.041 [0.017; 0.094] 1.5
Lob 2018 75 558 P 0.134 [0.109; 0.165] 25
Park 2018 4 70 —+— 0.057 [0.022; 0.143] 1.3
Slieker 2018 32 143 —_— 0.224 [0.163; 0.299] 23
Random effects model 9528 & 0.080 [0.069; 0.093] 100.0

Heterogeneity: 12 = 74%, 1% = 0.2675, p <0l01 T T T I I
0 01 02 03 04 05

Fig. 2 Forest plot of incidence of postoperative ileus after loop ileostomy closure in included studies
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Study Events Total Proportion  (95% Cl)  Weight, random (%)
Amin 2001 1 67 i 0.015  [0.002; 0.098] 1.1
Swain 2001 1 53 - 0.019  [0.003; 0.122] 1.1
Hallbook 2002 4 213 = 0.019  [0.007; 0.049] 27
Kairaluoma 2002 1 22 — 0.045  [0.006; 0.261] 1.1
Kalady 2003 6 58 - 0.103  [0.047; 0.212] 3.1
Garcia-Botello 2004 2 109 = 0.018  [0.005; 0.070] 1.8
Bell 2005 1 20 —— 0.050  [0.007; 0.282] 1.1
Haase 2005 11 80 — 0.138  [0.078; 0.231] 3.7
Perez 2006 8 93 - 0.086  [0.044; 0.163] 3.5
Salum 2006 1 64 i 0.016  [0.002; 0.103] 1.1
Thalheimer 2006 8 120 - 0.067  [0.034; 0.128] 35
Flikier-Zelkowicz 2008 8 62 — 0.129  [0.066; 0.237] 34
Kaiser 2008 2 56 = 0.036  [0.009; 0.132] 1.8
Mansfield 2008 6 123 = 0.049  [0.022; 0.104] 32
Tjandra 2008 2 21 — 0.095  [0.024; 0.311] 1.8
Baraza 2010 2 80 = 0.025  [0.006; 0.094] 1.8
Ihedioha 2010 1 100 — 0.010  [0.001; 0.068] 1.1
Shelygin 2010 6 119 = 0.050  [0.023; 0.108] 3.2
Mennigen 2011 4 89 - 0.045 [0.017; 0.114] 27
Peacock 2011 11 138 = 0.080  [0.045; 0.138] 3.8
Cipe 2012 3 255 = 0.012  [0.004; 0.036] 24
Memon 2012 5 32 —_— 0.156  [0.067; 0.325] 2.8
Dusch 2013 14 84 P —a— 0.167  [0.101; 0.262] 3.9
Klink 2013 11 140 - 0.079  [0.044; 0.136] 3.8
Marcet 2013 1 27 — 0.037  [0.005; 0.221] 1.1
Peacock 2013 0 23 —_— 0.000  [0.001; 0.259] 0.6
Perez Dominguez 2014 6 86 - 0.070 [0.032; 0.147] 3.1
Rubio-Perez 2014 12 93 —— 0.129  [0.075; 0.214] 3.8
Bhalla 2015 0 15 —_— 0.000  [0.002; 0.350] 0.6
Bracey 2015 9 145 - 0.062  [0.033; 0.115] 36
Robertson 2015 11 61 P 0.180  [0.103; 0.297] 3.7
Lasithiotakis 2016 1 10 : 0.100  [0.014; 0.467] 1.1
Zhou 2016 11 176 —— 0.062  [0.035; 0.109] 3.8
Bertoni 2017 14 147 i 0.095  [0.057; 0.154] 4.0
Lam 2017 2 10 : 0.200  [0.050; 0.541] 1.6
Li 2017 46 358 P 0.128  [0.098; 0.167] 4.7
Zhen 2017 5 148 - 0.034  [0.014; 0.079] 3.0
Zhou 2017 5 123 - 0.041 [0.017; 0.094] 3.0
Park 2018 4 70 - 0.057  [0.022; 0.143] 27
<
Gastinger 2005 17 407 = 0.042  [0.026; 0.066] 4.2
Joh 2008 3 42 —= 0.071 [0.023; 0.199] 21
Akiyoshi 2010 1 125 = 0.008  [0.001; 0.055] 1.0
Courtier 2010 1 54 - 0.019  [0.003; 0.120] 1.0
Horisberger 2010 25 128 P 0.195  [0.136; 0.273] 4.4
D'Haeninck 2011 22 197 —— 0.112  [0.075; 0.164] 4.3
Luglio 2011 120 944 2 0.127  [0.107; 0.150] 5.1
Worni 2011 20 134 — 0.149  [0.098; 0.220] 4.2
Chun 2012 12 94 - 0.128  [0.074; 0.211] 3.8
El-Hussuna 2012 6 159 = 0.038  [0.017; 0.081] 3.0
Gustavsson 2012 28 351 = 0.080  [0.056; 0.113] 4.5
Omundsen 2012 7 74 —— 0.095  [0.046; 0.185] 3.2
Hiranyakas 2013 41 351 = 0.117  [0.087; 0.155] 4.7
Loffler 2013 41 328 = 0.125  [0.093; 0.165] 4.7
Royds 2013 2 34 —— 0.059  [0.015; 0.207] 1.6
Abrisqueta 2014 7 35 —a— 0.200  [0.098; 0.364] 3.0
Keller 2014 24 332 = 0.072  [0.049; 0.106] 4.4
Saito 2014 12 82 —— 0.146  [0.085; 0.240] 3.7
Vallribera 2014 18 167 — 0.108  [0.069; 0.165] 4.2
Figueiredo 2015 9 259 = 0.035  [0.018; 0.065] 36
Markides 2015 21 107 P 0.196  [0.132; 0.282] 4.2
Young 2015 10 80 —_— 0.125  [0.069; 0.217] 3.6
lhnat 2016 6 78 —=— 0.077  [0.035; 0.161] 3.0
Mahla 2016 4 64 —— 0.062  [0.024; 0.155] 25
Man 2016 4 213 B 0.019  [0.007; 0.049] 25
Luglio 2017 12 298 | o 0.040  [0.023; 0.070] 3.9
Lob 2018 75 558 (e 0.134  [0.109; 0.165] 5.0
Slieker 2018 32 143 P = 0.224  [0.163; 0.299] 4.5
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«Fig. 3 Forest plot of incidence of postoperative ileus after loop ileos-
tomy closure in included studies, stratified by the presence or absence
of reported definition for postoperative ileus

traditional) [70] had no impact on POI after loop ileostomy
closure.

Discussion

This study is, to our knowledge, the first systematic review
and meta-analysis to synthesize the literature on the devel-
opment of POI after loop ileostomy closure, to estimate a
pooled cumulative incidence of POI, and identify risk fac-
tors for its development. POI is often regarded as the most
important complication following loop ileostomy closure [4,
7, 54], both clinically and economically, with authors con-
cluding that all efforts should be made to better understand
and decrease its incidence [7]. In addition to an increased
length of stay, POl is associated with increased risk for other
morbidities and higher healthcare costs [6].

Our primary objective was to conduct a meta-analysis of
proportions to better understand the risk for POI after loop
ileostomy closure. We used a random-effects model given
the expected clinical heterogeneity in patient populations
between studies. The overall pooled estimate of POI was
8.0% (95% CI 6.9-9.3%), but important heterogeneity was
present (I>=74%). We also found that studies that lacked a
clear definition of POI had the lowest incidence (6.7%; 95%
CI 5.3-8.3%), perhaps reflecting a lower quality study for the
given outcome. Among studies that did report a definition,
a more robust definition resulted in the highest incidence of
POI (12.4%; 95% CI 9.2-16.5%), which is consistent with
findings from a recent systematic review of POI after colo-
rectal resections [77]. Clinically, this is intuitive, as a more
inclusive definition better reflects the spectrum of POI that
is observed in practice. A recent joint consensus statement
from the American Society for Enhanced Recovery and the
Perioperative Quality Initiative proposed symptom-score-
based definitions for postoperative gastrointestinal dysfunc-
tion, based on tolerance to diet, nausea, vomiting, disten-
sion, and duration of symptoms [78]. Such a definition better
reflects the variable clinical manifestations of POI, while the
use of more restrictive definitions may miss some clinically
relevant cases.

One issue that may have contributed to an underestima-
tion in the pooled estimate of POl is the overlap of POI and
postoperative SBO in the surgical literature. SBO, a rarer
entity than POI following ileostomy closure, may mimic POI
in its presentation and response to conservative management
in most cases. Some studies were excluded from the present
study for reporting SBO only [79, 80], despite their study
definition of SBO resembling what most surgeons would

@ Springer

consider POI (i.e., absent bowel function with radiologic
confirmation of bowel dilatation but with no mention of
mechanical obstruction or transition point seen on imaging).
Consequently, some potentially relevant studies may have
been excluded. Furthermore, many included studies reported
very high rates of early postoperative SBO that rivaled that
of POI, and there is likely a degree of misclassification of
POI as partial SBO. While the initial clinical management
of these patients may be similar (barring the need for reop-
eration), this event misclassification may impact the esti-
mation of the true incidence of POI. We did include seven
studies that reported on POI/SBO; however, based on their
study definitions for POI/SBO and the absence of patients
undergoing reoperation for this outcome, we felt that these
studies were most likely capturing POI. This is supported
by the results of a sensitivity analysis that produced similar
estimates of POI when these studies were excluded. Postop-
erative nausea and vomiting and gastroparesis are two other
entities with similar presentation to POI; however, these out-
comes were seldom reported in the included studies.

This study highlights the importance of POI after loop
ileostomy closure. The pooled estimate of POI was similar
to that estimated in a systematic review of POI after colo-
rectal resections [77]. This is noteworthy, given that loop
ileostomy closure does not share many of the traditional
POI risk factors associated with these larger-scale colorec-
tal operations, such as large open incisions, epidurals, long
operations, increased fluid administration, and major blood
loss. In contrast, this operation carries its own set of risk
factors unique to loop ileostomy closure patients, such as
being the second operation of a two-stage procedure, varying
time periods of bowel defunctionalization between ileos-
tomy creation and closure, and a small bowel anastomosis,
emphasizing the need for research into POI in this specific
population.

The most consistent risk factors for POI were hand-
sewn anastomosis and later time to closure. Hand-sewn
anastomosis has previously been associated with increased
risk of SBO after loop ileostomy closure in small RCTs
and meta-analyses [80-82]. The HASTA trial, designed
specifically to answer this question, failed to demonstrate
a statistical difference in POI/SBO with hand-sewn anas-
tomosis (16% vs. 9%), but did not rule out clinically rel-
evant differences due to its modest size [4]. Several other
observational studies also reported a higher incidence of
POI with a hand-sewn anastomosis [35, 37, 38, 44, 45, 61,
68]. This observation may be due to the relatively narrow
lumen and increased bowel wall edema caused by a hand-
sewn anastomosis compared to the wide-open anastomo-
sis with a stapled side-to-side reconfiguration. However,
among patients undergoing a hand-sewn anastomosis, the
fold-over technique may result in less POI compared to
a small bowel resection and end-to-end anastomosis [3],
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Study Events Total Proportion (95% Cl)  Weight, random (%)
Gastinger 2005 17 407 el 0.042  [0.026; 0.066] 6.0
Joh 2008 3 42 —— 0.071 [0.023; 0.199] 3.3
Akiyoshi 2010 1 125 B— 0.008  [0.001; 0.055] 1.7
D'Haeninck 2011 22 197 = 0.112  [0.075; 0.164] 6.1
Worni 2011 20 134 P 0.149  [0.098; 0.220] 6.0
Chun 2012 12 94 e 0.128  [0.074; 0.211] 5.4
El-Hussuna 2012 6 159 = 0.038  [0.017; 0.081] 46
Gustavsson 2012 28 351 - 0.080  [0.056; 0.113] 6.3
Omundsen 2012 7 74 = 0.095  [0.046; 0.185] 4.7
Royds 2013 2 34 —— 0.059  [0.015; 0.207] 26
Keller 2014 24 332 - 0.072  [0.049; 0.106] 6.2
Saito 2014 12 82 —— 0.146  [0.085; 0.240] 54
Vallribera 2014 18 167 ——— 0.108  [0.069; 0.165] 5.9
Figueiredo 2015 9 259 B 0.035 [0.018; 0.065] 52
Young 2015 10 80 — 0.125  [0.069; 0.217] 52
Ihnat 2016 6 78 = 0.077  [0.035; 0.161] 4.5
Mahla 2016 4 64 —— 0.062  [0.024; 0.155] 3.8
Man 2016 4 213 — 0.019  [0.007; 0.049] 3.9
Lob 2018 75 558 ;- 0.134  [0.109; 0.165] 6.8
Slieker 2018 32 143 —a 0.224  [0.168; 0.299] 6.3
<
Courtier 2010 1 54 —— 0.019  [0.0083; 0.120] 25
Horisberger 2010 25 128 —B— 0.195  [0.136; 0.273] 14.1
Luglio 2011 120 944 -+ 0.127  [0.107; 0.150] 17.5
Hiranyakas 2013 41 351 . = 0.117  [0.087; 0.155] 15.8
Loffler 2013 41 328 - 0.125  [0.093; 0.165] 15.8
Abrisqueta 2014 7 35 —_— 0.200  [0.098; 0.364] 8.7
Markides 2015 21 107 — 0.196  [0.132; 0.282] 13.5
Luglio 2017 12 298 = 0.040  [0.023; 0.070] 12.0
<=
I T T T T 1
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Fig.4 Forest plot of incidence of postoperative ileus after loop ile-
ostomy closure in included studies with a definition, stratified by
robustness of reported definition for postoperative ileus. Robust

as an enterectomy necessitates more dissection, bowel
manipulation, and possible myenteric nerve disruption.
Time to ileostomy closure is interesting, as it is an action-
able risk factor in many respects. If POI is truly associated
with longer intersurgery length, surgeons should attempt to
operate on patients who are deemed fit for intestinal con-
tinuity as soon as is suitable. Among those patients who
are delayed for medical reasons, a novel intervention exists
to potentially reduce POI after ileostomy closure. Abris-
queta et al. hypothesized that the defunctioned segment
of bowel undergoes a series of structural and functional
changes that leave it functionally unprepared for intestinal
content, perhaps contributing to POI upon ileostomy clo-
sure. They proposed that preoperative bowel stimulation
via the efferent limb may reverse some of these changes,

definition for POI=includes>2 of the following four components:
description of symptoms, radiological criteria, time element for the
development of symptoms, and insertion of a nasogastric tube

and demonstrated reduced rates of POI among stimulated
patients (20% vs. 3%) in a small RCT [54].

Unlike many prior studies investigating risk factors for
POI after colorectal surgery [83, 84], not one included
study in the current review made use of a large database,
which often affords the sample size required to precisely
determine associations between an exposure and an out-
come. The American College of Surgeons National Surgi-
cal Quality Improvement Program is one such database that
was created as a quality control program to measure 30-day
surgical outcomes. It would be ideal to answer the current
question within this database as all variables, including
POI, are recorded prospectively, with rigorous pre-defined
definitions and standardized criteria. Unfortunately, POI is
only recorded as a variable in the colectomy datasets, and
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ileostomy closure is not included as a procedure within this
subgroup. If ileostomy closure could be included in the
colectomy-specific dataset, predictors of POI after this pro-
cedure could be better understood [85].

Our systematic review has some potential limitations.
There was significant heterogeneity between studies, which
can be explained in part by differences in study popula-
tions. Heterogeneity is often a limitation in meta-analyses
of observational data, particularly when the outcome (e.g.,
POI) is defined inconsistently across studies. We used a ran-
dom-effects model, which does consider both within- and
between-study variability; however, the use of this approach
may not fully mitigate the issue of heterogeneity. Further-
more, the majority of included studies were retrospective
observational studies designed to assess a composite out-
come of all postoperative morbidities following loop ileos-
tomy closure rather than POI alone. As such, many of these
studies were not properly powered to examine risk factors for
POL. In addition, most studies also did not use any statistical
approaches to adjust for confounding, limiting the strength
of the conclusions that can be drawn. There is also a possi-
bility of publication bias in any systematic review; however,
given that the pooled estimate was a proportion and not a
measure of association, publication bias is unlikely to have
had a major impact on the results of the present study.

Conclusions

POl is a frequent complication after loop ileostomy closure
that merits our attention to better understand its etiology
and risk factors. From the existing literature, the pooled
30-day cumulative incidence of POI was 8%; however, this
estimate was dependent on the study definition of POI, as
studies with a robust definition had a higher pooled inci-
dence. Hand-sewn small bowel anastomosis and a longer
intersurgery length may be associated with POI, but very
few studies were designed to study POI specifically, which
limits the conclusions that can be drawn from this literature.
Lastly, this study underscores the challenges in conducting
research on POL. The use of a consistent definition of POI in
future research in this area is essential to allow for meaning-
ful comparisons and pooling of the existing literature.
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Appendix 1—Full MEDLINE strategy
of systematic review search

Ileostomy/ (6912)

Ostomy/ (1385)

Surgical Stomas/ (1696)

1 or 2 or 3 (9620)

Abdominal Wound Closure Techniques/ (596)

(closure or reversal).tw,kf. (168566)

5or6(168748)

4 and 7 (928)

((ileostom™ or ostom* or stoma*) adj5 (closure or rever-

sal)).tw,kf. (3616)

10 8 or 9 (3802)

11 exp Ileus/ (5496)

12 Intestinal Obstruction/ (30689)

13 limit 12 to yr="1968 - 2003 (16593)

14 Morbidity/ (29418)

15 Postoperative complications/ (362621)

16 Reoperation/ (85728)

17 (complicat* or ileus or morbidity).tw,kf. (1362026)

18 POLtw.kf. (1053)

19 11or13orl14or15o0r16or 17 or 18 (1643244)

20 10 and 19 (1444)

21 Animals/ not Humans/ (4771261)

22 (animals or animal or canine* or cat or cats or dog or
dogs or feline or hamster* or mice or monkey or mon-
keys or mouse or murine or pig or pigs or piglet* or
porcine or primate* or rabbit* or rats or rat or rodent*
or sheep or veterinar*).ti,jw. (2438914)

23 21 or 22 (5204283)

24 20 not 23 (1430)

25 (exp child/ or exp infant/ or adolescent/) not exp adult/
(1875013)

26 (adolesc* or baby or babies or boy* or child* or fetus or
fetal or foet* or girl* or juvenile* or kid or kids or infan*
or newborn* or new-born* or neonat* or neo-nat* or
paediatr* or pediatr* or preadolesc* or prepubesc* or
preteen® or pubescen* or teen* or toddler* or youth*).
ti,jw. (1884656)

27 25 or 26 (2538655)

O 01 O\ BN~
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28 24 not 27 (1245)
29 remove duplicates from 28 (1048)

References

10.

11.

12.

13.

14.

15.

16.

17.

Pisarka M, Gajewska N, Malczak P et al (2018) Defunctioning
ileostomy reduces leakage rate in rectal cancer surgery—system-
atic review and meta-analysis. Oncotarget 9:20816-208125
Huser N, Michalski CW, Erkan M, Schuster T, Rosenberg R, Kle-
eff J, Friess H (2008) Systematic review and meta-analysis of the
role of defunctioning stoma in low rectal cancer surgery. Ann Surg
248:52-60

Luglio G, Pendlimari R, Holubar SD, Cima RR, Nelson H (2011)
Loop ileostomy reversal after colon and rectal surgery: a sin-
gle institutional 5-year experience in 944 patients. Arch Surg
146:1191-1196

Loffler T, Rossion I, Bruckner T, HASTA Trial Group et al (2012)
Hand suture versus stapling for closure of loop ileostomy (HASTA
Trial): results of a multicenter randomized trial (DRKs00000040).
Ann Surg 256:828-835

Baig MK, Wexner SD (2004) Postoperative ileus: a review. Dis
Colon Rectum 47:516-526

Tevis SE, Carchman EH, Foley EF, Harms BA, Heise CP, Ken-
nedy GD (2015) Postopertiave ileus—more than just prolonged
length of stay? J Gastrointest Surg 19:1684—1690

Slieker J, Hubner M, Addor V, Duvoisin C, Demartines N, Hahn-
loser D (2018) Application of an enhanced recovery pathway for
ileostomy closure: a case-control trial with surprising results. Tech
Coloproctol 22:295-300

Keller DS, Swendseid B, Khan S, Delaney CP (2014) Readmis-
sions after ileostomy closure: cause to revisit a standardized
enhanced recovery pathway? Am J Surg 208:650-655

Berger NG, Chou R, Toy ES, Ludwig KA, Ridolfi TJ, Peterson CY
(2017) Loop ileostomy closure as an overnight procedure: insti-
tutional comparison with the National Surgical Quality Improve-
ment Project Dataset. Dis Colon Rectum 60:852-859

Kalady MF, Fields RC, Klein S, Nielsen KC, Mantyh CR, Ludwig
KA (2003) Loop ileostomy closure at an ambulatory facility: a
safe and cost-effective alternative to routine hospitalization. Dis
Colon Rectum 46:486—490

Bhalla A, Peacock O, Tierney GM et al (2015) Day-case closure of
ileostomy: feasible, safe and efficient. Colorectal Dis 17:820-823
Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group
(2010) Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. Int J Surg 8:336-341

Slim K, Nini E, Forestier D, Kwiatkowski F, Panis Y, Chip-
poni J (2003) Methodological index for non-randomized stud-
ies (MINORS): development and validation of a new instrument.
ANZ J Surg 73:712-716

Higgins JP, Altman DG, Gotzsche PC, et al (2011) Cochrane
Bias Methods Group; Cochrane Statistical Methods Group. The
Cochrane collaboration’s tool for assessing risk of bias in ran-
domised trials. BMJ 343:5928

Vather R, Trivedi S, Bissett I (2013) Defining postoperative ileus:
results of a systematic review and global survey. J Gastrointest
Surg 17:962-972

Amin SN, Memon MA, Armitage NC, Scholefield JH (2001)
Defunctioning loop ileostomy and stapled side-to-side closure
has low morbidity. Ann R Coll Surg Engl 83:246-249

Swain BT, Ellis CN Jr (2002) Laparoscopy-assisted loop ileos-
tomy: an acceptable option for temporary fecal diversion after
anorectal surgery. Dis Colon Rectum 45:705-707

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Hallbook O, Matthiessen P, Leinskold T, Nystrom PO, Sjodahl
R (2002) Safety of the temporary loop ileostomy. Colorectal Dis
4:361-364

Kairaluoma M, Rissanen H, Kultti V, Mecklin JP, Kellokumpu
1 (2002) Outcome of temporary stomas. A prospective study
of temporary intestinal stomas constructed between 1989 and
1996. Dig Surg 19:45-51

Garcia-Botello SA, Garcia-Armengol J, Garcia-Granero E, Espi
A, Juan C, Lopez-Mozos F, Lledo S (2004) A propsective audit
of the complications of loop ileostomy construction and take-
down. Dig Surg 21:440-446

Bell C, Asolati M, Hamilton E, Fleming J, Nwariaku F, Sarosi
G, Anthony T (2005) A comparison of complications associated
with colostomy reversal versus ileostomy reversal. Am J Surg
190:717-720

Gastinger I, Marusch F, Steinart R, Wolff S, Koeckerling F,
Lippert H, Working Group “Colon/Rectum Carcinoma” (2005)
Protective defunctioning stoma in low anterior resection for
rectal carcinoma. BrJ Surg 92:1137-1142

Haase O, Raue W, Bohm B, Neuss H, Scharfenberg M,
Schwenk W (2005) Subcutaneous gentamycin impant to reduce
would infections after loop-ileostomy closure: a randomized,
double-blind, placebo-controlled trial. Dis Colon Rectum
48:2025-2031

Perez RO, Habr-Gama A, Seid VE et al (2006) Loop ileos-
tomy morbidity: timing of closure matters. Dis Colon Rectum
49:1539-1545

Salum M, Wexner SD, Nogueras JJ et al (2006) Does sodium
hyaluronate- and carboxymethylcellulose-based bioresorbable
membrane (Seprafilm) decrease operative time for loop ileostomy
closure? Tech Coloproctol 10:187-190

Thalheimer A, Bueter M, Kortuem M, Thiede A, Meyer D (2006)
Morbidity of temporary loop ileostomy in patients with colorectal
cancer. Dis Colon Rectum 49:1011-1017

Flikier-Zelkowicz B, Codina-Cazador A, Farres-Coll R, Olivet-
Pujol F, Martin-Grillo A, Pujadas-de Palol M (2008) Morbidity
and mortality associated with diverting ileostomy closures in rec-
tal cancer patients. Cir Esp 84:16-19

Joh YG, Lindsetmo RO, Stulberg J, Obias V, Champagne B,
Delaney CP (2008) Standardized postoperative pathway: accel-
erating recovery after ileostomy closure. Dis Colon Rectum
51:1786-1789

Kaiser AM, Israelit S, Klaristenfeld D, Selvindoss P, Vukasin P,
Ault G, Beart RW (2008) Morbidity of ostomy takedown. J Gas-
trointest Surg 12:437-441

Mansfield SD, Jensen C, Phair AS, Kelly OT, Kelly SB (2008)
Complications of loop ileostomy closure: a retrospective cohort
analysis of 123 patients. World J Surg 32:2101-2106

Tjandra JJ, Chan MK (2008) A sprayable hydrogel ahesion bar-
rier facilitates closure of defunctioning loop ileostomy: a randmo-
mized trial. Dis Colon Rectum 51:956-960

Akiyoshi T, Fujimoto Y, Konishi T, Kuroyanagi H, Ueno M, Oya
M, Yamaguchi T (2010) Complications of loop ileostomy closure
in patients with rectal tumor. World J Surg 34:1937-1942
Baraza W, Wild J, Barber W, Brown S (2010) Postoperative man-
agement after loop ileostomy closure: are we keeping patients in
hospital too long? Ann R Coll Surg Engl 92:51-55

Courtier R, Pares D, Silva CA et al (2010) Clinical results of
loop ileostomy closures in rectal cancer surgical patients. Effect
of chemotherapy in the waiting period. Cir Esp 88:308-313
Horisberger K, Beldi G, Candinas D (2010) Loop ileostomy clo-
sure: comparison of cost effectiveness between suture and stapler.
World J Surg 34:2867-2871

Thedioha U, Muhtaseb S, Kalmar K, Donnelly L, Muir V, Mac-
donald A (2010) Closure of loop ileostomies: is early discharge
safe and feasible. Scott Med J 55:27-29

@ Springer



2442

Surgical Endoscopy (2019) 33:2430-2443

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Shelygin YA, Chernyshov SV, Rybakov EG (2010) Stapled ileos-
tomy closure results in reduction in postoperative morbidity. Tech
Coloproctol 14:19-23

D’Haeninck A, Wolthuis AM, Penninckx F, D’Hondt M, D’Hoore
A (2011) Morbidity after closure of a defunctioning loop ileos-
tomy. Acta Chir Belg 111:136-141

Mennigen R, Senninger N, Bruwer M, Rijcken E (2011) Impact of
defunctioning loop ileostomy on outcome after restorative proct-
colectomy for ulcerative colitis. Int ] Colorectal Dis 26:627-633
Peacock O, Law CI, Collins PW, Speake WJ, Lund JN, Tierney
GM (2011) Closure of loop ileostomy: potentially a daycase pro-
cedure? Tech Coloproctol 15:431-437

Worni M, Witschi A, Gloor B, Candinas D, Laffer UT, Kuehni CE
(2011) Early closure of ileostomy is associated with less postop-
erative nausea and vomiting. Dig Surg 28:417-423

Chun LJ, Haigh PI, Tam MS, Abbas MA (2012) Defunctioning
loop ileostomy for pelvic anastomoses: predictors of morbidity
and nonclosure. Dis Colon Rectum 55:167-174

Cipe G, Erkek B, Kuzu A, Gecim E (2012) Morbidity and mor-
tality after the closure of a protective loop ileostomy: analysis of
possible predictors. Hepatogastroenterology 59:2168-2172
El-Hussuna A, Lauritsen M, Bulow S (2012) Relatively high inci-
dence of complications after loop ileostomy reversal. Dan Med J
59:A4517

Gustavsson K, Gunnarsson U, Jestin P (2012) Postoperative
complications after closure of a diverting ileostoma—differences
according to closure technique. Int J Colorectal Dis 27:55-58
Memon S, Heriot AG, Atkin CE, Lynch AC (2012) Facilitated
early ileostomy closure after rectal cancer surgery: a case-matched
study. Tech Coloproctol 16:285-290

Omundsen M, Hayes J, Collinson R, Merrie A, Parry B, Bissett I
(2012) Early ileostomy closure: is there a downside? ANZ J Surg
82:352-354

Dusch N, Goranova D, Herrle F, Niedergethmann M, Kienle P
(2013) Randomized controlled trial: comparison of two surgical
techniques for closing the wound following ileostomy closure:
purse string vs. direct suture. Colorectal Dis 15:1033-1040
Hiranyakas A, Rather A, da Silva G, Weiss EG, Wexner SD (2013)
Loop ileostomy closure after laparoscopic versus open surgery: is
there a difference? Surg Endosc 27:90-94

Klink CD, Wunschmann M, Binnebosel M et al (2013) Influence
of skin closure technique on surgical site infection after loop ileos-
tomy reversal: retrospectvie cohort study. Int J Surg 11:1123-1125
Marcet JE, Nfonsam VN, Larach S (2013) An extended paln relief
trial using the infiltration of a long-acting Multivesicular liPosome
foRmulation Of bupiVacaine, EXPAREL (IMPROVE): a phase
IV health economic trial in adult patients undergoing ileostomy
reversal. J Pain Res 18:549-555

Peacock O, Bhalla A, Simpson JA et al (2013) Twenty-three hour
stay loop ileostomy closures: a pilot study. Tech Coloproctol
17:45-49

Royds J, O’Riordan JM, Mansour FM, Eguare E, Neary P (2013)
Randomized clinical trial of the benefit of laparoscopy with clo-
sure of loop ileostomy. Br J Surg 100:1295-1301

Abrisqueta J, Abellan I, Lujan J, Hernandez Q, Parrilla P (2014)
Stimulation of the efferent limb before ileostomy closure: a rand-
omized clinical trial. Dis Colon Rectum 57:1391-1396
Perez-Dominguez L, Garcia Martinez MT, Caceres Alvarado N,
Toscano Novella A, Higuero Grosso AP, Casal Nnuez JE (2014)
Morbidity and mortality of temporary diverting ileostomies in
rectal cancer surgery. Cir Esp 92:604-608

Rubio-Perez I, Leon M, Pastor D, Diaz Dominguez J, Cantero
R (2014) Increased postoperative complications after protective
ileostomy closure delay: an institutional study. World J Gastroin-
test Surg 27:169-174

@ Springer

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Saito Y, Takakura Y, Hinoi T, Egi H, Tashiro H, Ohdan H (2014)
Body mass index as a predictor of postoperative complications in
loop ileostomy closure after rectal resection in Japanese patients.
Hiroshima J Med Sci 63:33-38

Vallribera Valls F, Villanueva Figueredo B, Jimenez Gomez
LM, Espin Bassany E, Sanchez Martinez JL, Marti Gallostra M,
Armengol Carrasco M (2014) Ileostomy closure in a colorectal
surgery unit. Comparative analysis of different techniques. Cir Esp
92:182-187

Bracey E, Chave H, Agombar A, Sleight S, Dukes S, Bryan S,
Branagan G (2015) Ileostomy closure in an enhanced recovery
setting. Colorectal Dis 17:917-921

Figueiredo MN, Mege D, Maggiori L, Ferron M, Panis Y (2015)
When is the best time for temporary stoma closure in laparos-
opic sphincter-saving surgery for rectal cancer? A study of 259
patients. Tech Coloproctol 19:469-474

Markides GA, Wijetunga I, McMahon M, Gupta P, Subramanian
A, Anwar S (2015) Reversal of loop ileostomy under an enhanced
recovery programme—is the stapled anastomosis technique still
better than the handsewn technique? Int J Surg 23:41-45
Robertson J, Linkhorn H, Vather R, Jaung R, Bissett IP (2015)
Cost analysis of early versus delayed loop ileostomy closure: a
case-matched study. Dig Surg 32:166-172

Young MT, Hwang GS, Menon G et al (2015) Laparoscopic ver-
sus open loop ileostomy reversal: is there an advantage to a mini-
mally invasive approach? World J Surg 39:2805-2811

Thnat P, Gunkova P, Peteja M, Vavra P, Pelikan A, Zonca P (2016)
Diverting ileostomy in laparoscopic rectal cancer surgery: high
price of protection. Surg Endosc 30:4809-4816

Lasithiotakis K, Aghahoseini A, Alexander D (2016) Is early
reversal of defunctioning ileostomy a shortier, easier and less
expensive operation? World J Surg 40:1737-1740

Mabhla V, Khan S, Ahmad R, Jenaw RK (2016) Early feeding after
loop ileostomy reversal: a prospective study. Formosan J Surg
49:178-182

Man VC, Choi HK, Law WL, Foo DC (2016) Morbidities after
closure of ileostomy: analysis of risk factors. Int J Colorectal Dis
31:51-57

Zhou P, Hrabe J, Byrn J (2016) A retrospective, single-institution
review of loop ileostomy reversal outcomes. Ostomy Wound Man-
age 62:22-33

Bertoni DM, Hammond KL, Beck DE, Hicks TC, Whitlow CB,
Vargas HD, Margolin DA (2017) Use of sodium hyaluronate/car-
boxymethylcellulose bioresorbable membrane in loop ileostomy
construction facilitates stoma closure. Ochsner J 17:146-149
Lam D, Lauritz B, Chandra R, Mushaya C, Sansom W, Sammour
T, Keck J (2017) Midline stoma via the umbilicus versus tradi-
tional diverting loop ileostomy: a retrospective comparative study.
Indian J Surg 80:545-548

Li W, Ozuner G (2017) Does the timing of loop ileostomy closure
affect outcome: a case-matched study. Int J Surg 43:52-55
Luglio G, Terracciano F, Giglio MC et al (2017) Ileostomy rever-
sal with handsewn techniques. Short-term outcomes in a teaching
hospital. Int J Colorectal Dis 32:113-118

Zhen L, Wang Y, Zhang Z et al (2017) Effectiveness between
early and late temporary ileostomy closure in patients with rectal
cancer: a prospective study. Curr Probl Cancer 41:231-240
Zhou MW, Wang ZH, Chen ZY, Xiang JB, Gu XD (2017) Advan-
tages of early preventive ileostomy closure after total mesorectal
excision surgery for rectal cancer: an institutional retrospective
study of 123 consecutive patients. Dig Surg 34:305-311

Lob S, Luetkens K, Krajinovic K, Wiegering A, Germer CT, Sey-
fried F (2018) Impact of surgical proficiency levels on postopera-
tive morbidity: a single centre analysis of 558 ileostomy reversals.
Int J Colorectal Dis 33:601-608



Surgical Endoscopy (2019) 33:2430-2443

2443

76.

77.

78.

79.

80.

81.

Park J, Gessler B, Block M, Angenete E (2018) Complications
and morbidity associated with loop ileostomies in patients with
ulcerative colitis. Scand J Surg 107:38—42

Wolthuis AM, Bislenghi G, Fieuws A, de Buck van Overstraeten
A, Boeckxstaens G, D’Hoore A (2016) Incidence of prolonged
postoperative ileus after colorectal surgery: a systematic review
and meta-analysis. Colorectal Dis 18:1-9

Hedrick TL, McEvoy MD, Mythen MMG et al (2018) Periop-
erative Quality Initiative 2 Workgroup. American Society of
Enhanced Recovery and Perioperative Quality Initiative joint
consensus statement on postoperative gastrointestinal dysfunc-
tion within an enhanced recovery pathway for elective colorectal
surgery. Anesth Analg 126:1896-1907

Saha AK, Tapping CR, Foley GT et al (2009) Morbidity and mor-
tality after closure of loop ileostomy. Colorectal Dis 11:866—871
Hasegawa H, Radley S, Morton DG, Keighley MR (2000) Stapled
versus sutured closure of loop ileostomy: a radnomized controlled
trial. Ann Surg 231:202-204

GongJ,Guo Z,LiY,GuL, Zhu W, LiJ, Li N (2013) Stapled vs.
hand suture closure of loop ileostomy: a meta-analysis. Colorectal
Dis 15:e561-e568

82.

83.

84.

85.

Markides GA, Wijetunga IU, Brown SR, Anwar S (2015) Meta-
analysis of handsewn versus stapled reversal of loop ileostomy.
ANZ J Surg 85:217-224

Al-Mazrou AM, Baser O, Kiran RP (2018) Almivopan, regard-
less of ileus risk, significantly impacts ileus, length of stay, and
readmission after intestinal surgery. J Gastrointest Surg. https://
doi.org/10.1007/s11605-018-3846-2

Moghadamyeghaneh Z, Hwang GS, Hanna MH et al (2016) Risk
factors for prolonged ileus following colon surgery. Surg Endosc
30:603-609

Garfinkle R (2018) Ileostomy closure for colectomy-specific PUFs
[online]. Email to Clifford Ko (cko@facs.org) September 7

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1007/s11605-018-3846-2
https://doi.org/10.1007/s11605-018-3846-2

	Incidence and predictors of postoperative ileus after loop ileostomy closure: a systematic review and meta-analysis
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusions 

	Methods
	Search strategy
	Study selection
	Data extraction and synthesis
	Quality assessment
	Statistical analysis

	Results
	Search results
	Study characteristics and quality assessment
	Patient and operative characteristics
	Pooled estimate of POI
	Factors associated with POI

	Discussion
	Conclusions
	Acknowledgements 
	References




