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Abstract
Introduction: Temporary diverting ileostomy has an important role of mitigating the serious 
effects of anastomotic leakage in colorectal surgery. However, morbidity and mortality of ileostomy 
reversal cannot be overlooked. We investigated the possible risk factors for complications following 
ileostomy reversal.

Methods: All the patients who underwent loop ileostomy closure between 2008 and 2017 at 
Inje University Busan Paik Hospital were identified. Medical records on patient characteristics, 
preoperative managements, surgical techniques, postoperative managements, chemotherapy/
radiotherapy and complications were retrospectively analyzed in the prospectively collected 
database.

Results: Three hundred fifty-four underwent loop ileostomy closure. The overall complication 
rate was 23.7% with Clavien-Dindo grade I being the most common (15.8%), 5.6% in grade II, 
2.2% in grade III-V, and three patients died. The two most common complications were wound 
infection (11.6%) and small bowel obstruction (4.8%). In univariable and multivariable analysis, 
closure technique or chemotherapy did not affect the outcome, but low serum albumin <3.5 g/dL 
(OR 7.248, CI 2.416–22.838, p<0.001) and longer interval to ileostomy closure (OR 1.977, CI 
1.167–3.350, p=0.0113) were independent contributing factors for morbidities of ileostomy 
closure.

Conclusions: Closure technique or chemotherapy did not affect the complication of ileostomy 
closure. However, serum albumin <3.5 g/dL and longer interval to ileostomy closure were identified 
as the risk factor for morbidity of ileostomy closure. These two factors should be corrected and 
planned before ileostomy closure.
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Introduction
A temporary diverting ileostomy is made to proximally divert bowel contents in colorectal 

surgery, most often after a low anterior resection of colorectal cancer, thereby preventing the 
detrimental consequences of distal anastomosis leakage [1]. The morbidities of ileostomy closure 
(IC) range from 3% to 30%, and its mortality range from 0% to 4% in various reports [2-6].

It has been reported that chemotherapy is an important factor affecting both the timing of IC 
and postoperative complications in colorectal cancer patients. Tulchinsky et al. [7] suggest that 
chemotherapy does not increase postoperative complications and therefore it is safe to perform IC 
during chemotherapy. Others argue that IC during chemotherapy may result in severe complications, 
and this notion causes a delay or halt of chemotherapy and therefore worse oncologic outcomes, too 
[8,9].

Stoma-related complications such as dehydration, electrolyte imbalance, parastomal hernia, 
and cellulitis caused by peristomal infection have detrimental effects on patients’ health and 
quality of life (QoL) [10]. In line with such concerns, recent findings suggest that early closure of 
ileostomy from the index operation is beneficial to patients, with comparable postoperative and 
lower stoma-related complication rates [11,12]. On the other hand, studies indicate that early 
ileostomy closure is significantly associated with complications [5,13].
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To date, no general consensus has been reached regarding the 
optimal timing of ileostomy closure. Furthermore, there is no uniform 
consensus on the technique of IC in terms of complications. Although 
most literatures favor stapled closure over handsewn closure with 
lower rates of early postoperative small bowel obstruction, it is still 
under debate that there is definite benefit of stapled closure. Thus, the 
authors would like to investigate whether chemotherapy, operation 
interval, types of IC, and other clinicopathologic parameters are risk 
factors of postoperative complications of IC using multiple regression 
analysis.

Materials and Methods
A total of 611 patients who underwent enterostomy closure 

between 2008 and 2017 were reviewed. The patients’ preoperative 
diagnoses varied from rectal cancer to ovarian cancer and 
inflammatory diseases such as Crohn’s disease and diverticular 
diseases, and all of the patients were included in the study. Of these 
patients, 354 underwent IC were enrolled in this study with exclusion 
of transverse loop colostomy, Hartmann’s end colostomy or ileal 
end enterostomy. Patient demographics and clinicopathological 
variables were retrospectively analyzed in the prospectively collected 
database. The institutional review board of Busan Paik Hospital, Inje 
University, approved this study (No. 18-0174). Prior to ileostomy 
closure, all the patients underwent a water-soluble contrast enema 
study to ensure the integrity and patency of colorectal anastomosis. 
They were given prophylactic antibiotics per oral (p.o.) metronidazole 
plus intravenous (IV) antibiotics or IV antibiotics alone, with bowel 
preparation. All the operations were either performed or supervised 
by one of three colorectal surgeons. Postoperative antibiotics were 
prescribed as needed. The timing of IC was decided by the surgeon 
depending on the patient’s ongoing chemotherapy status, nutrition 
status, or if the patient has complication. If patients demanded early 
closure than anticipated and had no absolute contraindication, some 
would receive IC even during chemotherapy; however, most adjuvant 
chemotherapy patients received their IC after the completion of 
chemotherapy.

An elliptical incision was made around the mucocutaneous 
junction of the stoma, followed by dissection from the rectus sheath 
and peritoneum. Stoma closure was performed in one of the following 
three methods depending on the surgeon’s preference: Handsewn 
anastomosis with stoma resection, handsewn anastomosis without 
stoma resection, or stapled closure. For handsewn closure, Gambi 
and Lembert sutures were performed with black silk NS2117 (braided 
non-absorbable suture; WooRhi Medical, Gyeonggido, South Korea). 
For stapled closure, functional end-to-end closure using linear staples 
(Covidien GIA Auto Suture or Ethicon NTLC75) was performed, 
followed by Lembert sutures of the staple lines (Figure 1). The rectus 
sheath was closed with interrupted sutures, and the skin was closed 
using either interrupted sutures or skin staples.

We have gathered patient data regarding known relevant 
variables of IC. Age, sex, initial diagnosis and operation, Body Mass 
Index (BMI), American Society of Anesthesiologists (ASA) class, 
social history such as smoking history, preoperative comorbidity 
variables grouped by organ systems, chemotherapy/radiotherapy 
before stoma closure, closure technique, preoperative serum albumin 
level, duration from ileostomy creation to closure, operation time, 
and length of hospital stay were analyzed. The BMI values were 
grouped according to the World Health Organization (WHO) Asian 
guideline as follows: Underweight, <18.5 kg/m2; normal, 18.5 kg/m2 

to 23 kg/m2; overweight, 23 kg/m2 to 25 kg/m2; and obese, ≥ 25 kg/m2. 
Postoperative complications were analyzed with the Clavien-Dindo 
classification.

Statistical analysis
We conducted chi-square test for categorical variables, student 

t-test for continuous variables, and logistic regression with stepwise 
selection for multivariable analysis to find risk factors associated 
with complication. Those variables with a p-value <0.1 in the 
univariate model were selected for inclusion in the multivariate 
logistic regression. A p-value less than 0.05 was deemed statistically 
significant. The analyses were performed using SAS 9.4 (SAS Institute, 
Cary, NC, USA). For time to IC, we have used the Receiver Operating 
Characteristic (ROC) curve to evaluate the cutoff time value (Figure 
2).

Definitions
-Wound infection: Signs of inflammation, such as erythema, 

swelling, and discharge as a result of opening the wound and either 
secondary or delayed primary closure

-Early small bowel obstruction: Clinical evidence of small 
bowel obstruction (abdominal pain, vomiting, and distension) with 
radiological evidence of a dilated small bowel

-Pseudomembranous Colitis (PMC): Clinical evidence of colitis 
(abdominal pain and diarrhea) with Clostridium difficile toxin or 
Polymerase Chain Reaction (PCR) positivity

-Leakage: Clinical or radiological evidence of leakage with fluid 
collection

-Voiding difficulty: Difficulty voiding that requires Foley catheter 
insertion

Results
Between January 2008 and December 2017, 354 patients 

underwent loop ileostomy closure in our center. The median age 
was 63 years (range, 20 to 89 years), with 244 men (68.9%). The 
primary diagnoses were rectal cancer (234, 66.1%), left colon 
cancer (60, 16.9%), ovarian cancer (14, 4.0%), familial adenomatous 
polyposis (5, 1.4%), diverticular disease (3, 0.8%), Crohn’s disease 
(2, 0.6%), and other conditions (35, 9.9%). The previous types of 
surgeries were low anterior resection (221, 62.4%), ultra-low anterior 
resection or coloanal anastomosis (52, 14.7%), left hemicolectomy 
or anterior resection (29, 8.2%), total or subtotal colectomy (13, 
3.7%), Hartmann’s repair (12, 3.4%), and miscellaneous (27, 7.6%). 
ASA score 2 was most common, with 268 patients (75.7%). Fifty-
eight patients had Diabetes Mellitus (DM) (16.4%), 37 patients were 
current smokers at the time of operation (10.5%), and 181 patients 
had comorbidities of any sort (51.1%). Ninety-nine patients (28.0%) 
received preoperative concurrent chemoradiotherapy. Before 
ileostomy closure, 221 (62.4%) underwent adjuvant chemotherapy. 

Two hundred forty-six (69.5%) patients underwent a handsewn 
anastomosis with stoma resection; 56, a handsewn anastomosis 
without stoma resection; and 52, a stapled anastomosis. The mean 
interval from ileostomy creation to closure was 130 days (range, 30 to 
1,089). The mean operation time was 86.2 min (range, 35 min to 230 
min). The mean length of hospital stay after ileostomy closure was 10 
days (range, 4 to 44). The patient’s demographics are summarized in 
Table 1.

There were 84 patients with postoperative complications 



Ki Beom Bae, et al., Clinics in Surgery - Colon and Rectal Surgery

Remedy Publications LLC., | http://clinicsinsurgery.com/ 2020 | Volume 5 | Article 28383

(23.7%), with Clavien-Dindo classification 1 being the most common 
(56 patients, 15.8%). Eight patients (9.5%) had a Clavien-Dindo 
classification of ≥ 3 (Table 2). The two most common complications 
were wound infection (41, 11.6%) and small bowel obstruction (17, 
4.8%); 3 patients required reoperation. Clostridium difficile infection 
was found in 6 patients (1.7%), of whom 3 (0.8%) had anastomotic 
leakage that required reoperation. Three patients died (0.8%), of 
whom two died of small bowel obstruction and consequent surgeries 
and complications, and one died from postoperative pneumonia. 
Morbidities and mortalities of IC are summarized in Table 3. 

In the multivariable analysis, low preoperative serum albumin 
level (<3.5 g/dL; Odds Ratio [OR], 7.248; 95% Confidence Interval 
[CI], 2.416 to 22.838, p=0.0005) and longer interval from initial 
surgery to ileostomy closure (OR, 1.977; 95% CI, 1.167 to 3.350, 
p=0.0113) were independent contributing factors associated with IC 
complications (Table 5).

Discussion and Conclusion
In the era of increasing number of anal sphincter saving surgery 

in minimally invasive techniques, ileostomy creation and IC has 
become a crucial part of the surgery in order to mitigate the effects 
of anastomotic leakage and protect low anastomosis [14-16]. Hence, 
researches analyzing complications of IC and possible risk factors are 
needed for better outcomes of surgical managements [9,17-20].

In a nationwide retrospective study that used data from the 
American College of Surgeons National Surgical Quality Improvement 
Program (NSQIP) with 5,401 patients who underwent IC, the 
complication and mortality rates were 17.7% and 0.6% respectively, 
with the most common complication being wound infection (6.7%) 
[17]. In our 354 patients, the morbidity rate was 23.7% and mortality 
rate was 0.8%, which is comparable with those reported in other 
studies with morbidity ranging from as low as 5% to as high as 40% 
and mortality ranging from 0 % to 4% [3,5,6,21]. The most common 
complication in our study was wound infection (11.6%), followed by 
intestinal obstruction (4.8%), the incidence being similar with those 
in other studies with wound infection ranging from 3.8% to 12.9% 
and intestinal obstruction ranging from 3.8% to 12% [5,6,18,22]. 
Other complications such as pseudomembranous colitis, voiding 
difficulty, anastomotic leakage and pneumonia were reported in our 
study with rates comparable to other studies. The incidence of serious 
complications, such as anastomotic leakage was only 0.8%, which 
was a little lower rate than the reported incidence rate of small bowel 
anastomosis leakage, which is 2% to 4% [23].

 Many attempts have been made to identify the possible risk 
factors of postoperative complications after IC. However, there is 
no definite attributable factor to the complications. In this study, 
we found that the hypoalbuminemia was the strongest independent 
risk factor of IC complications (preoperative serum albumin <3.5 g/
dL; p=0.0005; OR, 7.248; 95% CI, 2.416 to 22.838). Serum albumin 
is the single powerful nutritional marker in surgical patient and 
hypoalbuminemia is well known representative risk factor for 
wound healing failure. Saha et al. reported that preoperative 
hypoalbuminemia was significantly associated with postoperative 

Figure 1: Stoma closure techniques. (A) Handsewn end-to-end anastomosis without resection. (B) Handsewn end-to-end anastomosis with resection. (C) Stapled 
closure with linear stapler, a functional end-to-end anastomosis.

Figure 2: ROC curve for validation of cutoff for time to ileostomy closure.

Using the ROC curve, the cutoff for time to IC was evaluated as 
116 days (Figure 2). In the univariable analysis, DM, underlying 
pulmonary disease, the patients with low preoperative serum 
albumin level (<3.5 g/dL), and longer interval from initial surgery to 
ileostomy closure showed the p-value <0.1 associated with 
complications (Table 4).
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mortality, occurring in 2.5% of all mortality cases [24]. The authors 
suggested that this is likely to be the effect of chronic sepsis, which 
may result in reduced healing capacity. Several studies have also 
suggested that preoperative hypoalbuminemia is a potent risk factor 
of postoperative complications in colorectal surgery [25-28].

The second strong risk factor of IC complication in this 
study was longer interval from initial surgery to IC surgery (p=0.0113  

Clinical characteristics Total number of patients n=354 
(%)

Age (years, median (range)) 63 (20-89)

Sex

  Male 244 (68.9)

  Female 110 (31.1)

Types of disease

  Rectal cancer 234 (66.1)

  Left colon cancer 60 (16.9)

  Ovarian cancer 14 (4.0)

  Familial adenomatous polyposis 5 (1.4)

  Diverticular disease 3 (0.8)

  Crohn’s disease 2 (0.6)

  Others 35 (9.9)

Previous types of surgery

  Low anterior resection 221 (62.4)
  Ultra-low anterior resection/coloanal 
anastomosis 52 (14.7)

  Left hemicolectomy/anterior resection 29 (8.2)

  Total/ subtotal colectomy 13 (3.7)

  Hartmann’s repair 12 (3.4)

  Miscellaneous 27 (7.6)

BMI (Asian guideline) (kg/m2)

  Underweight (<18.5) 37 (10.5)

  Normal weight (18.5–23) 141 (39.8)

Overweight (23–25) 86 (24.3)

Obese (≥ 25) 90 (25.4)

ASA score

1 48 (13.6)

2 268 (75.7)

3 38 (10.7)

Smoking history

  Yes 37 (10.5)

  No 317 (89.5)

Comorbidities

  Yes 181 (51.1)

  No 173 (48.9)

Diabetes mellitus

  Yes 58 (16.4)

  No 296 (83.6)
Preoperative concurrent 
chemoradiotherapy 
  Yes 99 (28.0)

  No 255 (72.0)

Adjuvant chemotherapy 

  Yes 221 (62.4)

  No 133 (37.6)

Closure technique

Handsewn with resection 246 (69.5)

Handsewn without resection 56 (15.8)

Table 1: Patient demographics. Stapled 52 (14.7)

Preoperative serum albumin level

<3.5 g/dL 16 (4.5)

≥ 3.5 g/dL 338 (95.5)
Time to ileostomy repair (days, mean 
(range)) 130.3 (30-1089)

Operative time (minutes, mean (range)) 86.2 (35-230)

Hospital stay (days, mean (range)) 10.7 (4-44)

Clavien-Dindo classification n %

1 56 66.7

2 20 23.8

3 5 5.9

4 0 0

5 3 3.6

Table 2: Clavien-Dindo classification of complications.

Type of complication n %

Wound infection 41 11.6

Early small bowel obstruction 17 4.8

Pseudomembranous colitis 6 1.7

Voiding difficulty 5 1.4

Anastomotic leakage 3 0.8

Pneumonia 2 0.6

Miscellaneous 10 2.8

Total 84 23.7

Table 3: Morbidities and mortalities.

Factors P value

Age 0.451

Male sex 0.57

BMI 0.1082

ASA 0.2708

Smoking 0.7503

Comorbidities 0.2077

Diabetes mellitus 0.0795

Underlying pulmonary disease 0.0787

Preoperative chemoradiotherapy   0.2129

Postoperative adjuvant chemotherapy 0.2319

Ileostomy closure technique 0.6655

Serum albumin level <3.5 g/dL 0.0002

Time to ileostomy closure (cutoff: 116.5 days), days 0.0052

Operative time 0.3621

Table 4: Univariable analysis of factors associated with complications.

BMI: Body Mass Index; ASA: American Society of Anesthesiologist
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(OR, 1.977; 95% CI, 1.167 to 3.350). We found that the 116th day 
after initial surgery was the cutoff time as a critical point to increase 
complication rate after IC through the ROC curve analysis.

Rubio-Perez’s findings showed that delay in IC (>6 months) is a 
risk factor of increased complications [29]. Figueiredo et al. [30] have 
also reported in their study with 259 patients that the later the closure, 
the greater the complications, and thus early closure is recommended 
even if the patient is undergoing adjuvant chemotherapy. On the 
other hand, Perez et al. suggested that the optimal closure time was 
>8.5 weeks, and shorter intervals could result in an increased risk of 
postoperative complications (sensitivity, 88%; specificity, 44%) [5]. 
Menahem et al. [31] have reported in their meta-analysis that early 
closure, defined as ≤ 14 days from the index operation in which the 
ileostomy was performed, showed no significant difference in overall 
morbidity rate as compared with late closure in carefully selected 
patients. Recent interest regarding early closure reflects patients’ 
poor QoL and stoma-related complications. The authors would like 
to suggest that considering this study’s results and patients’ QoL, it 
seems reasonable to consider early IC.

Effects of chemotherapy on surgical complications remain 
controversial. It is generally believed that chemotherapy may 
interrupt the healing process, which makes surgeons delay IC if patient 
undergoes adjuvant chemotherapy [32,33]. However, recent findings 
suggest that this may not always be the case; there is no definite 
proof that chemotherapy impairs healing [30,34]. In our study, since 
most patients received 5-fluorouracil based chemotherapy, adjuvant 
chemotherapy was not a significant risk factor. Nevertheless, 
chemotherapy such as doxorubicine is a well-known factor inhibiting 
wound healing. Thus, depending on the types of chemotherapy used 
in patients, there may be an increase in complication rates, but further 
studies are needed to validate this.

Surgical technique is nonetheless a key risk factor of surgical 
complications in many studies. In our study, 246 patients underwent 
stoma closure using handsewn end-to-end anastomosis with 
resection; 56, with handsewn end-to-end anastomosis without 
resection; and 52, with staples. The anastomosis technique was not 
a risk factor of morbidity in our study. However, all 17 patients who 
had early small bowel obstruction underwent stoma closure with 
a handsewn maneuver. Statistical significance was not achieved 
because of the small sample size, but our result is compatible with 
those of previous studies, indicating a more common small bowel 
obstruction with handsewn repair in meta-analysis [35], therefore 
favoring stapled closure over handsewn closure [18,36-38].

The limitations of this study include its retrospective nature 
and small sample size. The timing and method of closure may be 
reflections of the surgeon’s preference, which creates selection bias. 
However, this study has its value in confirming hypoalbuminemia and 
late closure as potential strong risk factors of morbidity in ileostomy 
closure. Therefore, normalization of preoperative hypoalbuminemia 
reflecting patient’s nutritional status and performing early closure 
no later than 4 months if possible may necessary to further reduce 

Factors Odds ratio (95% CI) P value

Serum albumin level <3.5 g/dL 7.248 
(2.416–22.838) 0.0005

Time to ileostomy closure (cutoff: 116.5 days), 
days

1.977 
(1.167–3.350) 0.0113

Table 5: Multivariable analysis of factors associated with complications. morbidity rates of IC. Large prospective randomized multicenter 
studies are needed to validate these findings.
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