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ABSTRACT

Objective: This study aimed to evaluate the impact of optimal timing of enterostomy (particularly ileostomy) and colostomy closures on postoperative com-
plications. The goal was to compare early versus late closures to inform surgical strategies and improve patient outcomes.

Materials and Methods: Data from 474 patients who underwent ostomy closure between 2008 and 2023 were retrospectively analyzed. Based on prior litera-
ture, enterostomy patients were grouped as early (<12 weeks) or late (>12 weeks), and colostomy patients as early (<12 weeks), intermediate (13-20 weeks), or
late (>20 weeks). Only patients with complete clinical records were included.

Results: Among 366 patients with enterostomy closure, 27.5% (n=101) underwent closure within 12 weeks, while 72.4% (n=265) had closure after 12 weeks.
Overall complication rate was 8.4%, with serosal injury (58.1%) and perforation (38.7%) being the most frequent. Late closure was significantly associated with
malignant indications (OR =7.208), preoperative rectoscopy (OR=2.063), and adjuvant therapy (OR=1.735). In 108 patients with colostomy closure, the compli-
cation rate was 23.2%, with serosal damage (52.0%) and perforation (40.0%) being most common. Malignancy was less common in patients closed within 12
weeks, but significantly higher in the >20-week group (p<0.001). Malignancy increased the risk of delayed closure by 4.9 times according to logistic regression.

Conclusion: Optimal timing of ostomy closure is critical, especially in malignancy-related cases. Delayed closure is linked to increased complication rates.
When early closure is applied to selected low-risk patients, outcomes may improve. Surgical timing should be guided by comorbidities, underlying disease,
and oncologic treatment history.
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INTRODUCTION

A stoma is a surgically created opening that allows intestinal
contents to exit through the abdominal wall when the con-
tinuity of the gastrointestinal tract is disrupted. The term,
derived from the Greek word for “opening,” was first used in
the 18" century to address intestinal obstruction in emer-
gency settings.™ Today, colostomy and ileostomy are widely
used in the management of various clinical conditions such
as trauma, inflammatory bowel disease, and malignancy.?
Indications for stoma formation include bowel obstruction,
perforation, diverticulitis, and protection of low anastomoses
after rectal cancer surgery.® In these contexts, a stoma may

be created temporarily or permanently to enhance patient
outcomes and reduce the risk of complications.

The goal of stoma closure is to reestablish intestinal con-
tinuity. However, this procedure carries the risk of several
complications, including anastomotic leakage, wound infec-
tion, bowel obstruction, and intra-abdominal adhesions.®
The Likelihood of such complications is influenced by factors
like surgical expertise, the patient's general condition, and
the suitability of the chosen technique.®

Prior studies have investigated the effects of early versus
late stoma closure, reporting mixed results. Early closure
has been associated with shorter hospital stays and fast-
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er wound healing,”” and some evidence suggests a lower
rate of wound infections, although the risk of postoperative
bowel obstruction may be increased.® On the other hand,
late closure allows inflammation to subside and provides
a safer surgical field but prolongs the psychosocial bur-
den of living with a stoma.”” Moreover, while late closure
may be technically safer, it delays definitive restoration
of function.t This study aimed to evaluate the impact of
closure timing on outcomes and complications through
a retrospective analysis, with the goal of providing evi-
dence-based guidance for optimal surgical planning.

MATERIALS and METHODS

Ethical Approval and Study Design

The study was conducted in accordance with the principles
of the Helsinki Declaration. Approval from the Umraniye
Training and Research Hospital ethics committee was ob-
tained prior to the study (Date: 17/10/2024, Decision No:
364). The study evaluated patients between January 2008
and June 2023.

Patients aged 18 years and older who had undergone
complete postoperative follow-up were included. Patients
under 18 or those whose postoperative data could not be
obtained were excluded. The study was conducted at a sin-
gle centre.

Study Population and Grouping

A total of 474 patients were included in the study, of whom
366 underwent enterostomy (jejunostomy or ileostomy)
closure and 108 underwent colostomy closure. In line with
classifications used in similar studies in the literature, en-
terostomy patients were divided into two groups based on
the timing of stoma reversal: those who underwent closure
within 12 weeks postoperatively were categorized as the ear-
ly group, while those who underwent closure after 12 weeks
were categorized as the late group.

For colostomy cases, again based on existing literature, three
subgroups were defined: early, intermediate, and late. Pa-
tients whose colostomies were closed within 12 weeks after
formation were defined as the early group; those closed be-
tween 13 and 20 weeks as the intermediate group; and those
closed after 20 weeks as the late group. All patients were fol-
lowed for a period of one year after ostomy closure. Mortality
was defined as any death occurring within 30 days following
the closure procedure (Fig. 1).

Data Collection and Variables

Patients with enterostomy and colostomy were compared
using various demographic and clinical parameters, includ-
ing age, sex, duration of hospitalization, length of ICU stay,
timing of stoma closure, and total duration of stoma pres-
ence. Additional variables included the underlying indication
for stoma creation (benign vs. malignant), stoma type (an-
atomical and functional), preoperative endoscopy findings,
use of neoadjuvant or adjuvant therapies, and surgical de-
tails such as hand-sewn or stapled anastomosis, and the use
of supporting sutures during closure.

Postoperative complications were classified according to the
Clavien-Dindo system. These included anastomotic leakage,
wound infection, intestinal obstruction, and other relevant
events. Mortality and morbidity rates were also recorded and
analysed.

Statistical Analysis

The statistical analysis was performed using IBM SPSS Sta-
tistics version 21.0 software (IBM Corporation, Armonk, NY,
USA) and Microsoft Excel 2007. A p-value of <0.05 was con-
sidered statistically significant.

The distribution of continuous variables was assessed using
graphical methods and the Shapiro-Wilk test. Descriptive
statistics were presented as mean + standard deviation or
median (minimum-maximum), as appropriate.

Figure 1. Patient selection chart
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Comparative analysis of continuous variables—including
patient age, postoperative hospital stay, and postoperative
third-level intensive care unit (ICU) stay—was performed
using the Mann-Whitney U test. In patients who underwent
enterostomy (jejunostomy or ileostomy) closure, the anasto-
mosis level (cm) was analysed in relation to anal access in
the prior surgery and the timing of stoma closure.

In the colostomy group, age, postoperative hospital stay, ICU
stay, anastomosis level according to anal access, and stoma
closure timing were compared using the Kruskal-Wallis test.

Categorical variables were compared based on stoma clo-
sure timing using cross tabulations, frequencies (n), percent-
ages (%), and the chi-square (yx?) test. Potential risk factors
for delayed closure were analysed using both univariate and
multivariate logistic regression models. Results were report-
ed as odds ratios (ORs) with 95% confidence intervals (Cls).

RESULTS

A total of 366 patients underwent enterostomy (jejunostomy
or ileostomy) closure; 65.3% (n=239) were male and 34.7%
(n=127) were female. The mean age was 58.0+14.6 years,
and the median postoperative hospital stay was 9.0 (range:
2-64) days. Forty patients (11.0%) required admission to a
third-level intensive care unit (ICU), with a mean ICU stay
of 2.7+2.0 days. Closure occurred within 12 weeks in 27.5%
(n=101) and after 12 weeks in 72.4% (n=265).

Indications for ostomy formation were benign in 21.0% (n=77)
and malignant in 79.0% (n=289); benign causes includ-
ed diverticular disease (1.3%), inflammatory bowel disease
(39.0%), perforation (36.3%), mesenteric ischaemia (11.7%),
and other (11.7%), while malignant cases comprised colon
(17.3%), rectal (79.2%), and other organ malignancies (3.5%).

Ostomy configurations were Loop (85.6%), tip (10.3%), and dou-
ble-barrel (4.1%). Anastomosis types were ileoileal (87.4%), il-
eocolic (8.7%), colorectal (0.5%), ileorectal (1.4%), jejunocolic
(0.5%), and jejunojejunal (1.4%); configurations were side-to-
side (86.9%), end-to-side (9.8%), and end-to-end (3.3%).

Stapled anastomosis was used in 92.7% (n=339) (linear
96.2%, circular 3.8%), while 7.3% (n=27) underwent hand-
sewn closure; support sutures were applied in 70.5% (n=258).

Intraoperative complications occurred in 8.4% (n=31), com-
prising serosal injury (58.1%), perforation (38.7%), and ste-
nosis (3.2%), and ostomy reestablishment was required in
2.7% (n=10).

Preoperative rectoscopy findings (performed in 26.7% of
cases) included polypoid Llesions (32.4%), strictures (23.2%),

diversion colitis (10.1%), fistulas (8.1%), nonspecific colitis
(7.1%), and other (19.1%), with a mean anastomosis Llevel
of 7.4+6.0 cm.

Neoadjuvant therapy was given to 16.7% (n=61) and adjuvant
therapy to 32.0% (n=117). The postoperative 30-day mortality
rate was 3.0% (n=11) and morbidity rate 15.0% (n=55); accord-
ing to Clavien—Dindo classification, 49.0% were Grade |, 18.1%
Grade Il, 1.9% Grade Ill, 1.9% Grade IV, with further subgrades
of 3a (n=1), 3b (n=6), 4b (n=2), and 5 (n=8) (Appendix 1).

The mean age of patients with ostomy closure <12 weeks was
60.3+15.9 years, while it was 57.2+14.1 years in those with clo-
sure >12 weeks. ICU admission occurred in 17.8% (n=18) of the
early group and in 8.3% (n=22) of the late group. A statistical-
ly significant difference was found between groups in terms of
postoperative third-level ICU admission (y?=6.808, p=0.009).

Among patients with a malignant cause, 17.1% (n=13) had co-
lon cancer, 73.7% (n=56) rectal cancer, and 9.2% (n=7) other
malignancies in the early group, compared to 17.4% (n=37),
81.2% (n=173), and 1.4% (n=3), respectively, in the late group.

Intraoperative complications in the early group included se-
rosal injury (25.0%, n=2) and perforation (75.0%, n=6). In the
late group, serosal injury occurred in 69.6% (n=16), perfora-
tion in 26.1% (n=6), and stenosis in 4.3% (n=1).

Preoperative rectoscopy was performed in 16.8% (n=17) of
patients with closure <12 weeks and in 30.6% (n=81) of those
with closure >12 weeks. This difference was statistically sig-
nificant (x?=8.256, p=0.016). Adjuvant therapy was adminis-
tered to 23.8% (n=24) in the early group and 35.1% (n=93) in
the late group (x?=4.318, p=0.038). No other variables showed
statistically significant differences (p>0.05) (Appendix 2).

Univariate logistic regression showed that patients with ICU
admission had a 58.3% lower risk of late closure. The risk
of late closure was 6.641 times higher in patients with co-
lon malignancy and 7.208 times higher in those with rectal
malignancy, compared to other malignancies. Serosal inju-
ry during ostomy closure increased the risk of late closure
8.000-fold compared to perforation. Pathological findings
on preoperative rectoscopy increased the likelihood of late
closure 2.063-fold, while adjuvant therapy was associated
with a 1.735-fold increased risk (Table 1).

In the enterostomy group, multivariate Logistic regression did
not reveal any statistically significant independent predic-
tors of delayed closure. Although malignancy, preoperative
rectoscopy, and adjuvant therapy were significant in univari-
ate analysis, these associations were no longer present after
adjusting for potential confounders. This may be attributed
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Table 1. Potential risk factors associated with late closure (>12 weeks) in univariate Logistic regression model

Variables B SD Wald p OR 95% Cl for OR
Bottom Top
Age -0.015 0.008 3.188 0.074 0.985 0.969 1.001
Postop 3 step ICU hospitalization (available) -0.874 0.342 6.512 0.011 0.417 0.213 0.817
Malignancy type 7.807 0.020
Colon 1.893 0.762 6.179 0.013 6.641 1.492 29.551
Rectum 1.975 0.707 7.806 0.005 7.208 1.803 28.815
Type of complication during ostomy closure (serosal injury) 2.079 0.946 4.827 0.028 8.000 1.252 51.137
Preop rectoscopy specialised case (available) 0.724 0.302 5.739 0.017 2.063 1141 3.730
Adjuvant chemotherapy-radiotherapy (yes) 0.551 0.267 4.261 0.039 1.735 1.028 2.927

SD: Standard deviation; OR: Odds ratio; Cl: Confidence interval; ICU: Intensive care unit

to the marked imbalance in group sizes, potential multicol-
linearity between clinical variables, and limited statistical
power. Therefore, the multivariate findings should be inter-
preted cautiously, and the univariate associations should not
be overgeneralized without further validation (p>0.05).

Colostomy closure was performed in 108 patients, of whom
62.0% (n=67) were male and 38.0% (n=41) were female.
The mean age was 54.6+15.8 years, and the median was 56
(range: 18-89) years. The mean postoperative hospital stay
was 12.8+7.6 days (median: 11.0, range: 1-42), and ICU ad-
mission occurred in 14.8% (n=16) of patients, with a mean
ICU stay of 4.6+6.0 days and a median of 2.0 (range: 1-25).
Ostomy closure timing was <12 weeks in 14.8% (n=16), 13-20
weeks in 24.0% (n=26), and >20 weeks in 61.2% (n=66).

The indication for ostomy creation was benign in 51.8%
(n=56) and malignant in 48.2% (n=52); among benign caus-
es, diverticular disease (28.5%), perforation (32.3%), mesen-
teric ischaemia (7.1%), and IBD (5.3%) were reported, while
among malignancies, 73.0% (n=38) were colon, 23.0% (n=12)
rectal, and 4.0% (n=2) other types. The ostomy configuration
was tip in 79.7%, loop in 17.6%, and double-barrel in 2.7%.

Anastomosis types included colocolic (52.7%), colorectal
(29.7%), ileocolic (9.2%), ileoileal (4.6%), and ileorectal
(3.7%). End-to-end anastomosis was used in 73.2% of cas-
es, followed by side-to-side (24.0%) and end-to-side (2.8%).
Stapler-assisted anastomosis was performed in 80.6%
(n=87) of cases (70.1% circular, 29.9% Llinear), while 19.4%
(n=21) underwent manual anastomosis. Support sutures
were used in 56.5% (n=61).

Intraoperative complications occurred in 23.2% (n=25) of
patients: serosal injury (52.0%), perforation (40.0%), and
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ischaemia (4.0%). Ostomy reestablishment was required in
4.7% (n=5), and postoperative anastomotic leakage occurred
in 5.6% (n=6). The mean anastomosis level observed on pre-
operative rectoscopy was 17.7+8.9 cm (median: 19.0, range:
2-40). Rectoscopy findings were absent in 68.5%, positive in
20.3%, and undocumented in 11.2% of cases.

Neoadjuvant therapy was not administered in 77.8% (n=84),
while 22.2% (n=24) received it; adjuvant therapy was given to
41.7% (n=45), while 58.3% (n=63) did not receive it. The post-
operative 30-day mortality rate was 3.7% (n=4), and morbid-
ity occurred in 25.0% (n=27). According to the Clavien-Dindo
classification, 66.7% (n=18) were Grade |, 7.4% (n=2) Grade
[llb, and 25.9% (n=7) Grade V (Appendix 3).

No patients with ostomy closure <12 weeks required postop-
erative third-level ICU admission. In contrast, ICU admission
occurred in 23.1% (n=6) of patients closed at 13-20 weeks
and 15.2% (n=10) of those closed after 20 weeks. A statis-
tically significant difference was observed in ICU admission
rates among the three groups (x?=6.374, p=0.041).

The indication for ostomy creation was benign in 81.3%
(n=13) and malignant in 18.7% (n=3) of patients with closure
<12 weeks. Among patients closed at 13-20 weeks, benign
and malignant causes were each observed in 50.0% (n=13).
For patients closed >20 weeks, 34.8% (n=23) had benign
and 65.2% (n=43) had malignant causes. The difference in
underlying indication according to closure time was statis-
tically significant (x?=19.728, p<0.001). No other variables
showed significant differences (p>0.05) (Appendix 4).

Univariate logistic regression analysis revealed that the risk
of late closure was 4.938 times higher in patients with malig-
nant indications compared to those with benign conditions.
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Table 2. Potential risk factors associated with late closure (>12 weeks) in univariate/multivariate logistic regression model

Variables B Wald p OR 95% Cl for OR
Bottom Top
Postop 3 step ICU hospitalization (available)? 19.645 10048.24 0.001 0.998 3400999 0.001 -
Reason for ostomy opening? 1.597 0.674 5.618 0.018 4.938 1.318 18.494
Constant® 1.149 0.318 13.0222 <0.001 3.154 - -
Postop 3 step ICU hospitalization (available)® 19.003 9879.74 0.001 0.998 17902297 0.001 -
Reason for ostomy opening® 1.308 0.681 3.694 0.055 3.699 0.974 14.042

2 Univariate logictis regression model; ®: Multivariate logistic regression model. SD: Standard deviation; OR: Odds ratio; CI: Confidence interval; ICU: Intensive care unit

In the colostomy group, malignancy showed a strong associ-
ation with delayed closure in the univariate model; however,
this effect was not maintained in multivariate analysis. The
Loss of significance may be due to the relatively small sample
size, particularly within early and intermediate subgroups,
and possible interactions between ICU admission and stoma
indication. As a result, these findings should be interpreted
with caution, and malignancy cannot be confirmed as an in-
dependent predictor in this cohort (p>0.05) (Table 2).

DISCUSSION

Ostomy creation is a critical surgical intervention performed
to avert severe complications such as perforation and sepsis
when intestinal integrity is compromised. It is often neces-
sary in complex clinical scenarios including trauma, bowel
obstruction, and malignancies.t? However, the optimal tim-
ing for stoma reversal remains a subject of debate and is
influenced by factors such as the need for adjuvant therapy
and the overall health status of the patient.

Advanced age and comorbid conditions have been shown to
increase the risk of postoperative complications when osto-
my closure is not properly timed.'*'2 |n the present study,
we investigated the influence of timing on postoperative
outcomes in patients undergoing enterostomy and colosto-
my closure. Our findings support patient-tailored surgical
planning and provide clinically relevant insights, particu-
larly for specific subgroups.

Among patients undergoing enterostomy closure, the ma-
jority were male (65.3%) with a mean age of 58.0+14.6
years. These findings are consistent with the literature, in-
dicating that enterostomies are more commonly required
in older populations.’3 Malignancy was the underlying
cause in 79.0% of cases, underscoring the significant role
of adjuvant treatment planning in determining closure tim-
ing. Previous reports have similarly indicated that adjuvant

chemotherapy and radiotherapy tend to delay ostomy re-
versal,’™ a finding corroborated by the higher proportion of
late closures in our malignancy cohort.

Notably, ICU admission following surgery was more common
in the early closure group (17.8%). This suggests that early
reversal may necessitate closer postoperative monitoring.
However, the duration of ICU stay did not differ significantly
between groups, implying that ICU admission was likely pre-
cautionary rather than indicative of increased complications.
Although some studies have proposed that early reversal is
associated with reduced complications, others report in-
creased superficial surgical site infections due to transient
immunosuppression from ongoing therapy.té!

The overall complication rate in the enterostomy group was
8.4%, with serosal injury (58.1%) and perforation (38.7%) be-
ing most frequent. Serosal injury was more prevalent in late
closures (p=0.045), suggesting that prolonged stoma presence
may lead to tissue fragility. This aligns with the literature indi-
cating that long-term stomas can impair tissue integrity and
necessitate advanced surgical techniques for safe reversal.l¥

Although the mortality rate in our study was 3.1%, which
is higher than that reported by Chow et al.'¥ (0.4%), our
morbidity rate of 15.0% was comparable to their reported
17.3%. These findings emphasize the importance of multi-
disciplinary management and precise surgical scheduling
to mitigate risk. The length of hospital stay was also longer
in patients with delayed closure, consistent with findings by
Hallbodk et al.,"™ who reported extended hospitalization in
cases of postoperative complications.

Furthermore, the need for adjuvant therapy significantly de-
layed closure among patients with malignancies, consistent
with previous research.' These findings highlight the neces-
sity of a multidisciplinary approach that balances oncologic
priorities with surgical risk when determining closure timing.
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Regarding colostomy closure, our data revealed a higher
proportion of male patients (62.0%) with a mean age of
54.6+15.8 years. Malignancy accounted for 58.2% of cas-
es overall, and its frequency increased significantly in pa-
tients whose closure occurred after >20 weeks (p<0.001),
again underlining the impact of oncologic treatment plan-
ning on timing.

The complication rate was notably higher in colostomy clo-
sures (23.2%) compared to enterostomies, with serosal inju-
ry (48.2%) and perforation (40.7%) being the most frequent.
These findings suggest that colostomy reversals may pose
greater technical challenges and that prolonged intervals
may further increase complication risk. In addition, ICU ad-
mission was most frequent in the 13-20 week group (23.1%),
though ICU duration did not significantly differ. This supports
prior literature suggesting that early closure may be techni-
cally difficult due to residual inflammation and edema.?”

Our observed anastomotic leakage rate of 5.6% falls with-
in the 20-30% complication range reported in the literature
for colostomy closure.??4 This complication did not appear
to be associated with timing. However, longer ostomy du-
rations were associated with increased overall complication
rates and extended hospital stays. Conversely, studies have
demonstrated that early closure—especially in uncompli-
cated patients—can enhance quality of life and expedite so-
cial reintegration.®2+%!

Collectively, our findings underscore the critical impor-
tance of individualized surgical timing in colostomy clo-
sure. Malignancy emerges as a major determinant of
delayed reversal, and multidisciplinary coordination is es-
sential to optimize outcomes. While early closure may be
safe in carefully selected patients, meticulous preoperative
planning remains essential for managing late closures and
minimizing complications.

This study is subject to several inherent limitations. First,
its retrospective nature and single-centre setting inherent-
ly Llimit the generalisability of the findings and introduce
a risk of selection bias. As data were extracted from pre-
existing medical records, inconsistencies or missing data
entries may have influenced the accuracy and complete-
ness of the dataset, thereby impacting the reliability of the
results. Furthermore, the substantial imbalance in sample
sizes between the early and late closure groups—partic-
ularly in the enterostomy cohort—reduced the statistical
power of subgroup comparisons and limited the ability to
detect significant differences between groups.
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Anotherimportant limitation is the presence of potential con-
founding variables that were not accounted for or adjusted in
the analysis. These include variations in surgical expertise,
differences in perioperative management protocols, and sur-
geon-specific preferences, all of which may have influenced
postoperative outcomes independent of closure timing. Ad-
ditionally, patient-related factors such as nutritional status,
performance status, and the presence of comorbidities—al-
though partially recorded—uwere not systematically evaluat-
ed and thus may have introduced residual confounding.

Moreover, follow-up was limited to one year, and long-term
outcomes such as quality of Life, bowel function, and hernia
development were not assessed. Future prospective multi-
centre studies with standardised protocols and longer fol-
low-up periods are warranted to validate these findings and
provide more robust evidence on optimal stoma closure tim-
ing across diverse patient populations.

CONCLUSION

The study demonstrated that delayed ostomy closure was
more common in patients with malignancy, largely due to
the need for adjuvant therapy. Although a higher complica-
tion rate was observed in late closure, this difference was not
statistically significant. Serosal injury and perforation were
the most frequent complications. Preoperative rectoscopy
and adjuvant treatments were found to be associated with
late closure. Individualised surgical planning was shown to
be effective in managing complication risk.
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Appendix 1. Demographic and clinical characteristics of patients with enterostomy closure

Enterostomy Enterostomy
(n=366) (n=366)
n % n %
Sex If anastomosis is with stapler type
Male 239 65 Circular 13 3.8
Female 127 34 Linear 326 96
Age (years Presence of support strut?
Mean+SD 58.1+14.5 None 108 29
Median (min-max) 60 (17-92) Yes 258 70
Postoperative hospitalization period (days) 11.7+8.2 Existence of intraoperative complication?
MeansSD 9 (2-64) None 335 9l
Median (min-max) Yes 31 8.4
ICU stay duration Type of complication developed during ostomy closure
None 326 89 Serosal injury 18 58
Yes 40 11 Perforation 12 38
ICU stay duration (days) Obstruction 1 32
Mean+SD 27+1.9 Re-ostomy indicated during closure?
Median (min-max) 2 (1-10) None 356 g7
Duration of ostomy closure Yes 10 28
<12 weeks 101 27 Preop rectoscopy anastomosis level (cm)
212 weeks 265 7 Mean+SD 7.38+6.04
Reason for ostomy opening Median (min-max) 6.0 (1-40)
Benign 77 o1 PreNoznrsctoscopy featured condition - o
Malignant 289 79
) Yes 98 26
If benign, cause Unknown 33 a1
Diverticular disease 1 13 ’
IBD 30 39 Conditions detected at rectoscopy
) Polyp 32 32
Perforation 28 36 .
) ) Obstruction 23 23
Mesentery ischemia 9 1 Diversion Colitis 10 10
. Otper : 9 1 Fistula 8 81
matignant, cause Nonspecific Colitis 7 71
Colon 50 17 Other 18 19
Rectum 229 ” Neoadjuvant chemotherapy-radiotherapy
Other 10 3 None 305 83
Ostomy type Yes 61 16
End 38 10 Adjuvant chemoterapy-radiotherapy
Loop 313 85 None 249 68
Double barrel 15 4 Yes 117 32
Anastomosis type Mortality
ILleoileal 320 87 None 355 96
Ileocolic 32 8.8 Yes 1 31
Colorectal 2 0.5 Morbidity
Ileorectal 5 14 None 311 85
Jejunocolic 2 05 Yes 55 15
Jejunojejunal 5 L4 Clavien dindo classification
Anastomosis direction 1 27 49
End to end 36 9.8 2 10 18
End to side 12 33 3 1 19
Side to side 318 87 3a 1 1.9
Anastomosis technique 3b 6 11
Hand assisted 27 73 4b 2 3.6
Stapled 339 92 5 8 14

SD: Standard deviation; ICU: Intensive care unit; IBD: Inflammatory bowel disease
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Appendix 2. Comparison of demographic and clinical parameters according to the timing of enterostomy closure

<12 weeks (n=101) >12 weeks (n=265) Test statistic
n % n % a;b p
Sex
Male 61 60 178 67 a=1.481 0.224
Female 40 39 87 32
Age
Mean+SD 60.29+15.90 57.22+14.05 b=2.110 0.035
Median (min-max) 62.0 (17-87) 59.0 (19-92)
Duration of postoperative hospitalization (days)
Mean+SD 12.56+9.54 11.49+7.70 b=0.208 0.835
Median (min-max) 8.0 (2-45) 9.0 (2-64)
ICU stay duration
None 83 82 243 91 a=6.808 0.009
Yes 18 17 22 8.3
ICU stay duration (days)
Mean+SD 2.72+1.64 2.68+2.21 b=0.891 0.411
Median (min-max) 2.0 (1-8) 2.0 (1-10)
Reason for ostomy opening
Benign 25 24 52 19 a=1.158 0.282
Malignant 76 75 213 80
Cause if benign
IBD 6 24 24 46 a=6.433 0.092
Perforation 12 48 16 30
Mesentery ischemia 5 20 4 77
Other 2 8 8 15
Cause if malignant
Colon 13 17 37 17 a=10.258 0.006
Rectum 56 73 173 81
Other 7 9.2 3 14
Ostomy type
End 9 8.9 29 1 a=0.340 0.844
Loop 88 87 225 85
Double barrel 4 4 11 42
Anastomosis type
Ileoileal 88 87 232 87 a=8.636 0.076
Ileocolic 8 79 24 9
Colorectal 0 0 2 0.8
|leorectal 0 0 5 1.9
Jejunocolic 2 2 0 0
Jejunojejunal 3 3 2 0.8
Anastomosis direction
End to end 6 5.9 30 11 a=2.476 0.290
End to side 3 3 10 3.7
Side to side 92 91 226 85
Anastomosis technique
Hand assisted 8 7.9 19 7.2 a=0.060 0.806
Stapled 93 92 246 93
If anastomosis is with stapler type
Circular 3 3.2 10 4.1 a=0.129 0.720

Linear 90 96 236 95
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<12 weeks (n=101) >12 weeks (n=265) Test statistic
n % n % a;b p
Presence of support strut?
None 24 24 84 32 a=2214 0.137
Yes 77 76 181 68
Existence of intraoperative complication?
None 93 92 242 91 a=0.054 0.816
Yes 8 79 23 8.7
Type of complication during ostomy closure
Serosal Injury 2 25 16 69 a=6.210 0.045
Perforation 6 75 6 26
Obstruction 0 0 1 43
Re-ostomy indicated during closure?
None 98 97 258 97 - 0.553 (c)
Yes 3 3 7 2.6
Anastomosis level
Mean+SD 7.08+6.14 7.46 £ 6.05 b=0.858 0.391
Median (min-max) 5.0 (1-35) 6.0 (1-40)
Preop
None 71 70 164 61 a=8.256 0.016
Yes 17 16 81 30
Unknown 13 13 20 75
Conditions detected at rectoscopy
Polyp 6 30 26 33 a=1.152 0.949
Obstruction 5 25 18 23
Diversion colitis 2 10 8 10
Fistula 1 5 7 8.9
Nonspesific colitis 1 5 6 77
Other 5 25 13 16
Neoadjuvant chemotherapy-radiotherapy
None 84 83 221 83 a=0.003 0.958
Yes 17 16 44 16
Adjuvant chemotherapy-radiotherapy
None 77 76 172 65 a=4.318 0.038
Yes 24 23 93 35
Mortality
None 97 96 258 97 - 0.504 (c)
Yes 4 4 7 2.7
Morbidity
None 80 79 231 87 - 0.071 (c)
Yes 21 20 34 13
Clavien dindo classification
1 10 64 17 29 a=9.931 0.128
2 3 9.6 7 29
3 1 3.2 0 0
3a 0 0 1 41
3b 3 9.7 3 12
4b 2 6.5 0 0
5 2 6.5 6 25

a: Chi-squared Test; b: Mann Whitney U Test; c: Fisher Exact test results are given. SD: Standard deviation; ICU: Intensive care unit; IBD: Inflammatory bowel disease
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Appendix 3. Demographic and clinical characteristics of patients with colostomy closure

Colostomy Colostomy
(n=108) (n=108)
n % n %

Sex Anastomosis direction
Female 67 62 Side to side 26 24
Male 41 38 Anastomosis technique

Age (year) Hand assisted 21 19
Mean+SD 54.62+15.82 Stapled 87 80
Median (min-max) 56.0 (18-89) If anastomosis is with stapler type

Duration of postoperative hospitalization (days) Circular 61 70
Mean+SD 12.76+7.58 Linear 26 30
Median (min-max) 11.0 (1-42) Presence of support strut?

ICU stay duration None 47 43
None 92 85 Yes 61 56
Yes 16 15 Existence of intraoperative complication?

ICU stay duration (days) None 83 76
Mean+SD 4.59+6.04 Yes 25 24
Median (min-max) 2.0 (1-25) Type of complication during ostomy closure

Duration of ostomy closure Haemorrhage 1 4
<12 weeks 16 15 Serosal injury 13 52
13-20 weeks 26 24 Ischemia 1 4
>20 weeks 66 61 Perforation 10 40

Reason for ostomy opening Re-ostomy Indicated during closure?

Benign 56 52 None 103 95
Malignant 52 48 Yes 5 47

If benign, cause Preop rectoscopy anastomosis level (cm)

Diverticular disease 16 28 Mean+SD 17.65+8.93
IBD 3 5.3 Median (min-max) 19.0 (2-40)
Perforation 18 32 Preop rectoscopy featured condition

Mesentery ischemia 4 71 None 74 68
Other 15 27 Yes 22 20

If malignant, cause Known 12 1
Colon 38 73 Neoadjuvant chemotherapy-radiotherapy
Rectum 12 23 None 84 77
Other 2 4 Yes 24 23

Ostomy type Adjuvant chemotherapy-radiotherapy
End 86 79 None 63 58
Loop 19 17 Yes 45 42
Double barrel 3 2.7 Mortality

Anastomosis type None 104 96
Ileoileal 5 4.6 Yes 4 3.7
Ileocolic 10 9.2 Morbidity
Colocolic 57 52 None 81 75
Colorectal 32 30 Yes 27 25
Ileorectal 4 3.8 Clavien dindo classification

Anastomosis direction 1 18 66
End to end 79 73 3b 2 7.4
End to side 3 2.8 5 7 26

SD: Standard deviation; ICU: Intensive care unit; IBD: Inflammatory bowel disease
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Appendix 4. Comparison of demographic and clinical characteristics of patients with colostomy closure according to the duration

of ostomy closure

Ostomy closure time

<12 weeks 13-20 weeks >20 weeks Test
(n=16) (n=26) (n=66) statistic
n % n % n % a,b,c p
Sex
Male 1 69 20 77 36 55 a=4.325 0.115
Female 5 31 6 23 30 45
Age
Mean+SD 58.88+16.45 49.35+16.65 55.26+15.26 b=3.631 0.163
Median (min-max) 56.5 (28-85) 49.5 (19-84) 56.0 (19-89)
Duration of postoperative hospitalization (days)
Mean+SD 12.88+5.69 11.92+7.69 13.20+8.05 b=1.060 0.589
Median (min-max) 13.0 (6-22) 9.0 (4-40) 12.0 (1-42)
ICU stay duration
None 16 100 20 77 56 85 a=6.374 0.041
Yes 0 0 6 23 10 15
ICU stay duration (days)
Mean+SD - -4.17+1.72 5.10+7.88 c=1.654 0.118
Median (min-max) - - 4.0 (2-7) 2.0 (1-25)
Reason for ostomy opening
Benign 13 81 20 77 23 34 a=19.728 <0.001
Malignant 3 19 6 23 43 66
If benign, the reason is
Diverticular disease 5 38 7 35 4 17 a=9.640 0.291
IBD 0 0 1 5 2 8.7
Perforation 4 31 8 40 6 26
Mesentery ischemia 2 15 1 5 1 43
Other 2 16 3 15 10 43
If malignant, the reason is
Colon 2 67 5 83 31 72 a=1.105 0.893
Rectum 1 33 1 17 10 23
Other 0 0 0 0 2 47
Ostomy type
End 12 76 19 73 55 83 a=6.707 0.152
Loop 2 12 7 27 10 15
Double barrel 2 12 0 0 1 15
Anastomosis type
Ileoileal 0 0 3 1 2 3 a=8.621 0.375
Ileocolic 3 19 1 3.8 6 9.2
Colocolic 8 50 16 61 33 50
Colorectal 4 25 5 19 23 34
Ileorectal 1 6.3 1 3.8 2 3
Anastomosis direction
End to end 11 68 22 84 46 69 a=3.151 0.533
End to side 1 6.3 0 0.0 2 31

Side to side 4 25 4 16 18 27
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Appendix 4. Cont.

Ostomy closure time

<12 weeks 13-20 weeks >20 weeks Test
(n=16) (n=26) (n=66) statistic
n % n % n % a,b,c p
Anastomosis technique
Hand assisted 4 25 7 27 10 15 a=2.020 0.364
Stapled 12 75 19 73 56 85
Type if anastomosis with stapler
Circular 8 67 15 79 38 68 a=0.912 0.634
Linear 4 33 4 21 18 32
Presence of support strut?
None 5 31 10 38 32 48 a=1.913 0.384
Yes 1 69 16 62 34 52
Existence of intraoperative complication?
None 14 88 18 69 51 77 a=1.875 0.392
Yes 2 12 8 31 15 23
Type of complications during ostomy closure
Serosal injury 1 50 5 63 7 47 a=2.348 0.672
Perforation 1 50 3 37 6 40
Other 0 0 0 0.0 2 13
Re-ostomy indicated during closure?
None 15 94 25 96 63 95 a=0.125 0.939
Yes 1 6 1 3.8 3 45
Preop rectoscopy anastomosis level (cm)
Mean£SD 17.50£9.12 18.00+7.57 17.87+9.65 b=0.053 0.974
Median (min-max) 19.0 (2-30) 20.0 (2-30) 18.0 (3-40)
Preop rectoscopy featured condition
None 1 69 18 69 45 69 a=8.364 0.079
Yes 3 19 8 31 1 16
Unknown 2 12 0 0.0 10 15
Neoadjuvant chemotherapy-radiotherapy
None 12 75 16 62 56 85 a=5.948 0.051
Yes 4 25 10 38 10 15
Adjuvant chemotherapy-radiotherapy
None 9 56 12 46 42 64 a=2.379 0.304
Yes 7 44 14 54 24 36
Mortality
None 16 100 26 100 62 94 a=2.643 0.267
Yes 0 0 0 0 4 6
Morbidity
None 13 81 18 69 50 76 a=0.815 0.665
Yes 3 19 8 31 16 24
Clavien dindo classificiation
1 3 100 4 50 1 68 a=2.571 0.632
3b 0 0 1 12 1 6.2
5 0 0 3 38 4 25

a: Chi-squared Test; b: Kruskal Wallis Test; c: Mann Whitney U Test



