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Abstract
Purpose A defunctioning stoma is essential in reducing symptomatic leakage after colorectal surgery, particularly after lower
anterior resection. Subsequent stoma closure is associated with morbidity and rarely mortality. This study aimed to identify the
risk factors associated with post-operative complications related to stoma closure.
Methods This retrospective cohort included patients who have undergone elective stoma closure between 2015 and 2017. Patient
demographics, pre-morbidities, use of systemic therapy, stoma characteristics, and post-operative complications were retrieved from
electronic records. Univariate and multivariate analysis was carried out to identify risk factors of stoma closure related morbidity.
Results Ninety patients were included with a median age of 65 years, of which 58 (64.4%) of them were male. Sixty-nine
(76.7%) patients had loop colostomy, while the rest had loop ileostomy. Fifty-four (60%) patients received neoadjuvant or
adjuvant therapy. The median time interval from stoma creation to closure was 15 months. Nineteen (21.1%) patients had
post-operative complications. The two most commonly observed post-operative complications were wound complications
(16.7%) and intra-abdominal collections (6.7%). Fifteen (16.7%) patients developed an incisional hernia. The median follow-
up time was 29 months. There was no 30-day mortality in this cohort. In multivariate analysis, adjuvant chemotherapy was
associated with a higher risk of wound complications (p = 0.027). Higher risk of incisional hernia was seen in patients with
history of hypertension (p = 0.046), use of adjuvant chemotherapy (p = 0.042) and stoma-related complications before closure
(p = 0.002). Male patients might be associated with a higher risk of incisional hernia.
Conclusion Adjuvant chemotherapy is associated with a higher risk of post-operative complications, particularly with wound
complications. Male patients, hypertension, adjuvant chemotherapy, and stoma-related complications are associated with a
higher risk of incisional hernia.
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Introduction

A defunctioning stoma is an essential procedure in lower rectal
cancer surgery. It can reduce symptomatic anastomotic leakage
[1]. Stoma closure is often performed for functional, cosmetic,
and social concerns, not to mention stoma-related complications
[2]. However, the procedure is not without morbidities and com-
plications. The overall complication rate ranged from 18.2 to
45.9% [3–5]. A small cohort has reported a reoperation risk of
3.37%. [5]. Diabetes was found to be an independent risk factor

[6, 7]. The type of defunctioning stoma may affect the outcome.
Some studies have suggested that, when compared with loop
ileostomy, loop colostomy closure was associated with a higher
risk of complication [8] andwound infection [9, 10]. The optimal
timing (early versus delayed) of closure is controversial and is
not determined yet [11–17]. Potential adverse effect of concur-
rent chemotherapy on closure surgery is also a concern, though
the evidence was not strong [13]. This study aims to identify the
risk factors affecting the morbidity of stoma closure after colo-
rectal cancer surgery in our local population.

Materials and methods

This is a single-center retrospective cohort. Adult patients (>
18 years old) who underwent loop stoma closure during the
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period between 1st January 2015 and 31st December 2017,
regardless of being ileostomy or colostomy, were included.
Patients were excluded if the stoma was created for benign
diseases (such as diverticulitis) or in emergency settings (such
as diverting stoma for malignant obstruction). Patient demo-
graphics, tumor characteristics, surgical procedural details,
stoma characteristics, use of neoadjuvant or adjuvant therapy,
and preoperative condition were collected from the electronic
patient record system. The data collection and analysis were
performed in December 2019.

“Wound complication” was defined as pus discharge from
the wound, prolonged wound dressing, or need of delayed/
secondary suture. “Collection” was defined as any sizable
collection which could be appreciated in computed tomogra-
phy (CT) images. “Anastomotic leakage” was defined as free
gas or disruption of anastomosis in CT images. “Anastomotic
stricture” was defined as stenosis in which a normal 13.2-mm
diameter colonoscope could not pass through or obstruction at
anastomotic site evidenced by CT images. “Ileus”was defined
as post-operative small bowel ileus requiring Ryle’s tube de-
compression. “Reoperation” was defined as any abdominal
operation under general anesthesia, within 30 days after clo-
sure of stoma. “Incisional hernia” was defined as clinically
detectable cough impulse over the closure site upon follow-
up.

We have a standardized post-operative surveillance proto-
col for rectal cancer patients. After the index cancer surgery,
we arrange clinical follow-up every 3 months up to 2 years.
Afterwards, the follow-up interval changes to every 6 months
until 5 years. The carcinoembryonic antigen (CEA) level is
monitored. The pre-requisites of arranging closure of stoma
are as follows. Firstly, patients have had their adjuvant che-
motherapy completed. Secondly, they have had a contrast
study done showing the absence of leakage or stricture at the
anastomosis. Lastly, patients have a good general condition
for operation under general anesthesia.

Usually, a surgical trainee, who is under the supervision of
a specialist surgeon, performs the closure of stoma. An oval
incision is made around the stoma followed by adhesiolysis
and mobilization of the bowel. The stoma is either trimmed at
the mucocutaneous junction or segmentally resected, subject
to the surgeon’s preference. End to end anastomosis is per-
formed in hand-sewn manner. A corrugated drain is routinely
placed at the subcutaneous level before skin closure.

The statistical analysis was performed with SPSS 20.0.
Categorical data are described using frequency, medians,
and percentages. Continuous data are presented in medians
and the range unless otherwise indicated. Logistic regression
was used for univariate andmultivariate analysis, p < 0.05was
considered as statistically significant. Univariate analysis of
each potential risk factor was conducted. Significant factors
in univariate analysis and important background demo-
graphics were included in the multivariate analysis.

Results

Ninety patients were included in the analysis (Fig. 1). Around
one-fourth of the patients had loop ileostomy (n = 21), while
the rest had loop colostomy (n = 69). Patient baseline demo-
graphics and premorbid conditions are presented in Table 1.
Tumor characteristics and the type of index cancer surgery are
shown in Table 2. The majority of patients had primary tumor
located at the rectum (83%). There was an unusual case that
required a covering ileostomy after a left hemicolectomy. That
patient had a descending colon tumor with a colonic stent
inserted as a bridge to elective surgery and was found to have
edematous bowel-ends intra-operatively.

A total of 54 patients have received either neoadjuvant and/
or adjuvant treatment (Table 3). Eleven of them had both
neoadjuvant and adjuvant treatment. Out of the 28 patients
who have received neoadjuvant therapy, 25 of them received
neoadjuvant chemo-radiotherapy. A patient had neoadjuvant
chemotherapy only for the treatment of liver metastasis. Two
patients had neoadjuvant radiotherapy only because they were
deemed unfit for chemotherapy. Thirty-seven patients re-
ceived adjuvant treatment. The type of adjuvant treatment,
the duration of treatment, and time interval from completion
of adjuvant therapy to the closure of stoma are shown in
Table 3.

Twenty-seven patients had stoma-related complications
before the closure surgery (Table 4), including stoma prolapse
(18.9%), parastomal hernia (10%), high output stoma (2.2%),
and stoma stenosis (2.2%). Three patients had a parastomal
hernia in addition to a prolapsed stoma. The median time
interval from index cancer surgery to stoma closure was
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Fig. 1 Consort diagram of the analysis
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15 months. The median operation time was 105 min and the
median hospital stay was 8.5 days (Table 4).

Early post-operative complications occurred in nineteen
(21.1%) patients (Table 5). Some of them suffered from more
than one complication. Wound complications were common
which occurred in 16.7% of our patients. Six patients developed
intra-abdominal collections that required radiological drainage.
There were two anastomotic leakages. One of them required
reoperation and the other was treated with wound drainage and
total parenteral nutrition. Therewas one anastomotic stricture that
required endoscopic dilatation. Post-operative ileus and
enterocutaneous fistula developed in two and one patients, re-
spectively. The severity grading of these 19 patients according to
Clavien-Dindo classification were listed in Table 5.

Three patients required early reoperations. Besides the
anastomotic leakage mentioned above, another patient was
reoperated for adhesive intestinal obstruction. The third pa-
tient had his corrugated drain slipped into the peritoneal cav-
ity, which required wound exploration and drain retrieval on
post-operative day 3. There were no mortality cases within
30 days of operation in this cohort.

The median follow-up time was 29 months. Three patients
suffered from delayed rectal anastomotic leakage. These pa-
tients have had a contrast study confirming an intact anasto-
mosis before closure. The leakages occurred 3 months,
8 months, and 2 years after surgery, respectively. They were
likely related to previous pelvic irradiation rather than the
closure surgery. In this cohort, fifteen patients (16.7%) devel-
oped an incisional hernia, of which two patients subsequently
opted to undergo hernia repair. The incisional hernia was de-
tected at 4 to 27 months after stoma closure surgery, with a
median time interval of 10.5 months.

Univariate and multivariate analysis was performed to
identify risk factors for different complications
(Tables 6 and 7). Patient pre-morbidities were not asso-
ciated with early post-operative complications. In the
multivariate analysis, male sex (p = 0.044), history of
hypertension (p = 0.046), use of adjuvant chemotherapy
(p = 0.042), and stoma-related complications (p = 0.002)
were risk factors of incisional hernia. Type of stoma
(ileostomy versus colostomy) had no significant impact
on overall post-operative complications (p = 0.078).

Table 2 Demographic
details related to the
tumor and the index
cancer surgery

Tumor location

n %

Rectum 83 92.2%

Rectosigmoid 3 3.3%

Sigmoid 3 3.3%

Left colon 1 1.1%

Tumor staging

T

0* 9 10.0%

is 1 1.1%

1 5 5.6%

2 18 20.0%

3 53 58.9%

4 4 4.4%

N

0 56 62.2%

1 27 30.0%

2 7 7.8%

M

0 84 93.3%

1 6 6.7%

Margin

Clear 86 95.6%

Involved 4 4.4%

Surgical Approach

Robotic 16 17.8%

Laparoscopic 42 46.7%

Open 7 7.8%

Convert open 25 27.8%

Type of Surgery

LAR with TME 73 81.1%

LAR without TME 14 15.6%

Left colectomy 1 1.1%

Pelvic exenteration 2 2.2%

*5 patients had no residual tumor after
neoadjuvant treatment

LAR = low anterior resection, TME= total
mesenteric excision

Table 1 Demographic details of patients undergoing closure of stoma

Age (median) 65 (range 33–83)

Sex Female 32 (35.6%)

Male 58 (64.4%)

ASA 1 2 (2.2%)

2 71 (78.9%)

3 17 (18.9%)

4 0

Smoker Non-smoker 50 (55.6%)

Ex smoker 29 (32.2%)

Current smoker 11 (12.2%)

Premorbid Diabetes 18 (20%)

Hypertension 40 (44.4%)

Dyslipidemia 17 (18.9%)

Chronic kidney disease 1 (1.1%)

Ischemic heart disease 6 (6.7%)

Previous malignancy 5 (5.6%)
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Patients receiving adjuvant chemotherapy before sto-
ma closure had a statistically significant higher risk of
wound complications (p = 0.027). We therefore per-
formed a subgroup analysis by logistic regression on
whether the duration of chemotherapy increases such

risk. The result showed that the duration of chemother-
apy (p = 0.934), the number of chemotherapy cycles
(p = 0.601), and the time interval to stoma closure (p =
0.326) did not have a significant association with
wound infections.

Table 3 Details related to the use
of neoadjuvant and adjuvant
treatments

Use of neoadjuvant/ adjuvant therapy

n

Total 54 (60.0%)

Neoadjuvant therapy only 17 (18.9%)

Adjuvant therapy only 26 (28.9%)

Both neoadjuvant and adjuvant therapy 11 (12.2%)

Number of patients received neoadjuvant therapy 28 (31.1%)

Neoadjuvant CRT 25 (27.8%)

Neoadjuvant Chemotherapy only 1 (1.1%)

Neoadjuvant RT only 2 (2.2%)

Number of patients received adjuvant therapy 37 (41.1%)

Adjuvant CRT 10 (11.1%)

Adjuvant Chemotherapy only 25 (27.8%)

Adjuvant RT only 2 (2.2%)

Range (days) Median (days)

Neoadjuvant therapy (N = 28)

Duration of treatment 2–92 35.5

Adjuvant chemotherapy (N = 35)

Duration of treatment 2–247 152

Interval from completion of adjuvant treatment to stoma closure 40–2212 360

Adjuvant radiation therapy (N = 12)

Duration of treatment 32–40 35

Interval from completion of adjuvant treatment to stoma closure 41–662 298.5

Table 4 Details related to
defunctioning stoma Stoma type (n = 90)

n

Total 90

Loop ileostomy 21 23.3%

Loop colostomy 69 76.7%

Stoma-related complications before closure

Total* 27 30.0%

Stoma prolapse 17 18.9%

Parastomal hernia 9 10.0%

High output stoma 2 2.2%

Stoma stenosis 2 2.2%

Perioperative details

Median Range

Time interval from cancer surgery to stoma closure (months) 15 2–83

Operation time (mins) 105 34–235

Hospital stay (days) 9 5–64

*Some patients suffered from more than one complication
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Discussion

Our study has confirmed that closure of loop stoma is not
without risk. In our cohort, 21.1% of our patients had post-
operative complications, which was comparable to previously
reported studies [2–5]. We have identified that the use of ad-
juvant chemotherapy was an independent risk factor for
wound complications. The use of adjuvant chemotherapy
gave rise to a higher risk of incisional hernia as well. There

are a few postulations on why adjuvant chemotherapy in-
creases the risk of both short-term and long-term morbidity.
First of all, the use of adjuvant chemotherapy may reduce
patients’ general physique and healing power. Toxicity from
chemotherapeutic agents can induce an immunocompromised
state. Furthermore, the delay in the interval time to stoma
closure after completion of adjuvant therapies may have a
detrimental effect on the incidence of complications. Few
studies have reported on a longer interval to closure increases
the risk of early complication [11, 12, 14]. However, some
reports have suggested the other way round [13, 16]. In our
analysis, we could not demonstrate any relationship between
the interval time to closure and the complication rate. Whether
there is an optimal timing for closure remains inconclusive.

The occurrence of incisional hernia after stoma closure is
not uncommon. With a median follow-up time of 29 months,
the occurrence of incisional hernia was 16.7% in our cohort.
Hypertension was found to be a risk factor for incisional her-
nia. This echoed the results of a few previous cohorts [18–20].
The underlying mechanism is not clear. Possible mechanisms
include induction of endothelial dysfunction, aggravation of
inflammation-induced hypoxia, inappropriate activation of in-
flammatory cytokines, and relation to metabolic syndrome.
[21, 22]

Previous studies have learned that male patients were asso-
ciated with a higher risk of developing incisional hernias. This
can be due to a higher body mass index and higher intra-
abdominal fat ratio in male [18]. In our study, male sex was
not a significant factor in univariate analysis but was found to
be a significant one in multivariate analysis. It is worth noting
that the inclusion of sex in the multivariate analysis negatively
affects the significance of adjuvant chemotherapy. This can be
explained by the skewed distribution of our sample. Seventy-
one percent of patients who had adjuvant chemotherapy were
male. Future study with a normally distributed population is
needed to clarify the effect of these two factors on the occur-
rence of incisional hernia.

Table 5 Details of post-operative complications

Early postoperative complication n

Number of patients* 19 21.1%

Wound complication 15 16.7%

Collection 6 6.7%

Anastomotic leakage 2 2.2%

Anastomotic stricture 1 1.1%

Post-operative ileus 2 2.2%

Enterocutaneous fistula 1 1.1%

Adhesive Intestinal obstruction 1 1.1%

Slipped corrugated drain 1 1.1%

30-day re-operation 3 3.3%

30-day mortality 0 0%

Clavien-Dindo Classification

Number of patients* 19 21.1%

Grade I 0

Grade II 8 8.9%

Grade IIIa 8 8.9%

Grade IIIb 3 3.3%

Delayed complication

Incisional hernia 15 16.7%

Hernia repair within the study period 2

Rectal anastomosis leakage 3 3.3%

*Some patients suffered from more than one complication

Table 6 Univariate analysis for
risk factors of post-operative
complications

Post op
complication

Wound
complication

Collection Incisional
hernia

Age 0.988 0.670 0.684 0.036

Sex (male) 0.502 0.325 0.444 0.115

Smoker 0.149 0.535 0.694 0.535

Hypertension 0.817 0.704 0.571 0.014

Neoadjuvant
chemotherapy/radiation

0.085 0.415 0.903 0.309

Adjuvant chemotherapy 0.073 0.026 0.043 0.026

Adjuvant radiation therapy 0.685 1.000 0.32 0.405

Type of stoma (Ileostomy) 0.036 0.019 0.162 0.738

Stoma related complications 0.464 0.758 0.854 0.005
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In this study, we found that having stoma-related compli-
cations before the closure of stoma is associated with the de-
velopment of incisional hernias.We have not come across any
report on this association in the literature. It is not difficult to
explain this phenomenon. First of all, the majority of stoma-
related complications in our study were stoma prolapse and
parastomal hernia, which share common predisposing factors
with incisional hernia. These factors include weak fascial
strength, large fascial defect, and obesity. Secondly, any of
these complications increases technical difficulty during the
procedure and the risk of early post-operative complications.
Last but not least, stoma-related complications, especially
high output stoma, may worsen patients’ nutritional status
and hence reduce the ability of wound healing.

It is still controversial which type of loop stoma, an
ileostomy or a colostomy, is a better option. Thus far, the
results in the literature were conflicting and unconvincing. A
colostomy is associated with a higher risk of complication
rate, wound infection, and hernia [8–10, 23, 24]. On the other
hand, an ileostomy was associated with a higher risk of dehy-
dration, intestinal obstruction, and stoma prolapse [9, 25–27].
However, these associations were not observed in our cohort.
Our ratio between ileostomy and colostomy was almost 1:3.
Our surgeons have a preference for choosing loop colostomy
over ileostomy. Such preference was influenced by the long
waiting time for stoma closure in our public healthcare setting.
The rationale behind this is that patients find it more conve-
nient to handle colostomy content over ileostomy content.
This ratio difference limits the ability to detect a statistically
significant difference between these two groups.

Regarding the optimal time interval to closure, controversy
still exists. A small retrospective cohort has advocated
performing closure of loop ileostomy after at least 8.5 weeks
to reduce morbidity [16]. Yet, some other studies have re-
vealed an increased risk of complications if the time interval
to ileostomy closure is beyond 6 months [11, 13, 15, 17]. In
our study, the time interval to stoma closure had no significant
effect on any of the post-operative complications. However,
nearly all of our patients have to wait beyond 6 months due to
the long waiting time in our public healthcare setting,
prolonged adjuvant treatment, or anastomosis complication.

Practice change and further study are needed to delineate
whether earlier surgery within 6 months could lead to better
results.

This study is limited by its retrospective nature. Quality of
life (QOL) assessment after stoma closure was lacking.
Functional disabilities such as gastrointestinal discomfort, al-
teration of bowel habit, or impaired psychological and social
functioning after stoma closure have been reported [28, 29].
Future studies with QOL assessment, utilizing objective scor-
ing systems such as SF-36, GLQI, and EuroQOL can give us
better insight into this aspect.

This study was also limited by its small sample size and
short follow-up interval. As the incidence of each complica-
tion was low, the statistical power of this cohort may not be
adequate to detect a statistically significant result. Patients in
this cohort have been followed up for 2–4 years. The inci-
dence of incisional hernia was 16.7%, which is similar to the
figure in the literature [7, 16]. The median time to clinical
detection (without using imaging) of incisional hernia ranged
from 25.2 to 32 months [7, 30]. Our median follow-up time
was just 29 months. We expect a higher incidence of
incisional hernia when the median follow-up time extends to
over 3 years.

Conclusion

Closure of loop stoma is associated with both short-term and
long-term morbidities. The use of adjuvant chemotherapy is
associated with a higher risk of wound complications. Male
sex, hypertension, use of adjuvant chemotherapy, and stoma-
related complications before closure are associated with a
higher risk of incisional hernia. With these findings in mind,
we can provide in-depth patient education and counseling
before stoma reversal.
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Table 7 Multivariate analysis for
risk factors of post-operative
complications

Post op complication Wound
complication

Collection Incisional hernia

Age 0.901 0.355 0.145 0.526

Sex 0.816 0.688 0.532 0.014

ASA 0.947 0.768 0.947 /

Hypertension / / / 0.046

Adjuvant chemotherapy / 0.027 0.997 0.042

Type of stoma (Ileostomy) 0.078 0.998 / /

Stoma related complications / / / 0.002
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