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Introduction

Anal sphincter-preserving procedures, such as super-low 
anterior resection and internal anal sphincterotomy, are 
now performed regularly for patients with lower rectal 
cancer. The number of patients with a temporary diverting 
stoma created to protect the anastomosis or to achieve fecal 
diversion to prevent suture failure is increasing. However, 
complications such as intestinal obstruction, wound infec-
tion, and suture failure can develop after stoma closure 
[1–5]. Therefore, a diverting stoma created for postopera-
tive safety should be closed as soon as the risk of initial 
treatment-related complications becomes negligible, allow-
ing patients to resume their normal social activities. To pre-
serve quality of life, the risk of complications developing 
after ileostomy closure should be minimized. The aim of 
this study was to define the risk factors for complications 
occurring after diverting ileostomy closure in patients who 
had undergone surgery for rectal cancer.

Materials and methods

The subjects of this study were 240 patients who under-
went closure of a diverting ileostomy created at the time of 
surgery for lower rectal cancer, in our department, between 
September, 2004 and April, 2015 (Table  1). Twelve 
patients whose diverting ileostomy was created as an 
emergency for diffuse peritonitis caused by postoperative 
suture failure were excluded from the analysis. In principle, 
diverting ileostomy closure was indicated for all patients; 
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however, the timing of surgery was decided after consider-
ing the patients’ wishes, age, activities of daily living, and 
social background; and after obtaining informed consent 
from the patient. Before ileostomy closure, barium enema 
examination was performed with Gastrografin to confirm 
the absence of suture failure and strictures of the anastomo-
sis. Ileostomy closure was scheduled for 2–3 months after 
surgery.

We examined which of the following 18 variables were 
risk factors for post-closure surgical complications: age, 
sex, ASA score, tumor location (upper or lower rectum), 
preoperative chemoradiotherapy, diabetes mellitus, cardiac 
disease, respiratory disease, smoking, clinical stage of the 
disease, body-mass index, previous surgical procedures 
(open or laparoscopic), complications after previous sur-
gery, surgical technique (lower anterior or intersphincteric 
resection), pathological stage, interval between surgery and 
ileostomy closure, operation time, and blood loss.

We used Chi-square tests (with Yates’ correction), 
Mann–Whitney U tests, and receiver-operating-characteris-
tic curves, to divide the study variables into two groups to 
perform statistical analysis. Multivariate logistic regression 
analysis was used to analyze the risk factors. p values of 
less than 0.05 were considered to indicate significance. The 
above statistical analyses were performed using SPSS ver-
sion 8.0 J (SPSS, Inc., Chicago, Ill, USA).

Procedure for ileostomy closure

After closing the ileostomy with 10 1-0 silk sutures, the 
skin was disinfected and surgery began. A skin incision was 
made in a spindle-like fashion around the sutured closure 
site. Next, the ileum was circumferentially dissected, mobi-
lized in the peritoneal cavity, and lifted out of the wound. 
A functional end-to-end anastomosis was performed in all 
patients, using an automatic suturing device, to place three 
or four stitches. The end of the anastomosis was ligated 
using absorbable 4-0 sutures, and the anastomosis with the 
intestine was reinforced with two stitches. The wound was 
closed with two-layer sutures and the peritoneum and the 
fascia were closed with one absorbable 1-0 knotted suture. 
After high-pressure washing of the subcutaneous tissue 
with physiological saline, the skin was closed using 4-0 
absorbable dermal sutures.

Results

Ileostomy closure was performed in all 240 patients, with 
a postoperative length of stay of 8 days (range 5–54 days). 
The median follow-up after ileostomy closure was 
65  months (range 9–135  months). Postoperative compli-
cations developed in 31 (12.9%) of the 240 patients, but 
there was no surgery-related death. Postoperative complica-
tions were as follows: intestinal obstruction (n = 16; 6.7%), 
wound infection (n = 13; 5.4%), pelvic abscess (n = 1: 
0.4%), and suture failure (n = 1; 0.4%; Table 2). Coexisting 
cardiac diseases included hypertension (n = 22; 9.1%) and 
ischemic heart disease (n = 44; 18.3%) and coexisting res-
piratory diseases included obstructive ventilatory impair-
ment (n = 15; 6.3%), restrictive ventilatory impairment 
(n = 4; 1.7%), and mixed ventilatory impairment (n = 1; 
0.4%). Univariate analysis revealed that an age of 72 years 
or older (p = 0.0028), an interval between surgery and clo-
sure of 6 months or longer (p = 0.0049), and an operation 
time of 145  min or longer (p = 0.0293) were significant 
risk factors for postoperative complications (Table  3). On 
multivariate analysis, age (odds ratio, 3.4236; p = 0.0025), 
interval between surgery and closure (odds ratio, 3.4780; 
p = 0.0039), and operation time (odds ratio, 2.5179, 
p = 0.0260) were independent risk factors (Table 4).

Table 1  Clinical characteristics of the study group patients

(%)

Age (years; range) 64.9 (30–88)
Sex (male:female) 155:85 65:35
ASA score (I:II:III) 120:103:17
Rectum (upper:lower) 87:153 36:64
BMI (kg m2) 21.9 (14–35)
Previous surgical technique 

(open:laparoscopy)
102:138 43:57

Previous surgery (LAR:ISR) 230:10 96:4
Previous postoperative complications 33:207 14:86
Preoperative chemoradiotherapy 105:135 44:56
Diabetes mellitus 39:201 16:84
Cardiac disease 66 28
Respiratory disease 20 8
Smoking 73:167 30:70
Clinical stage (CR-I: ≧II) 110:130 46:54
Interval between surgery and closure 

(months)
5 (2–18)

Operation time (min) 124.4 (55–270)
Blood volume (ml) 15 (0–125)
Subcutaneous drainage 33:207 14:86

Table 2  Complications after ileostomy closure

(%)

Small bowel obstruction 16 6.7
Wound infection 13 5.4
Pelvic abscess 1
Leak 1
Total 31 12.9
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Discussion

Our single-center trial demonstrated that age (72 years or 
older), an interval of 6  months or longer from ileostomy 
creation to closure, and an operation time of 145  min or 
longer were risk factors for complications developing after 
diverting ileostomy closure in patients who had undergone 
surgery for rectal cancer.

A covering ileostomy may be created transiently to 
achieve fecal diversion and thereby protect the anastomosis 
and prevent the occurrence of suture failure in patients who 
have undergone lower anterior resection or anal sphincter-
preserving surgery with sphincterotomy. In recent years, 
the number of patients with an ileostomy is increasing with 
the dissemination of anal sphincter-preserving surgery. 
Therefore, it is important to decrease the incidence of com-
plications occurring after ileostomy closure; however, ile-
ostomy closure may require an extended incision because 
of intraperitoneal adhesion or serosal injury of the elevated 

intestine caused by losing track of the layer to be dissected 
when passing from the body surface to the peritoneal cav-
ity. Although few studies have reported complications 
occurring after ileostomy closure, the incidence of compli-
cations is estimated to be 10–30% [6], so ileostomy closure 
cannot be considered a safe surgical procedure. Intestinal 
obstruction accounts for 50–70% of all complications [7]. 
Factors contributing to the development of complications 
after ileostomy closure include adjuvant therapy, underly-
ing disease, the interval from ileostomy creation to closure, 
and the technique used for anastomosis [7–10]. Intestinal 
obstruction is the main complication after ileostomy clo-
sure and, accordingly, was the most common complication 
in our study, occurring in 6.7% of patients. As for the rela-
tionship between the anastomosis and intestinal obstruction 
occurring after transient ileostomy closure, the incidence 
of intestinal obstruction has been reported to be similar in 
patients with a hand-sewn anastomosis and those with a 
stapled anastomosis. However, Hasegawa et al. [8] reported 
that the incidence of intestinal obstruction was significantly 
higher in patients with a hand-sewn anastomosis (14%) 
than in those with a functional end-to-end anastomosis 
(3%) and recommended a functional end-to-end anastomo-
sis. Thus, we now perform a functional end-to-end anas-
tomosis in our hospital. As for the cause of postoperative 
intestinal obstruction, the intestine distal to the stoma may 
become thinner than the distal intestine through which 
stools passed before stoma closure, increasing the risk of 
postoperative edema at the site of anastomosis. Williams 

Table 3  Statistical analysis of overall complications

Complication (+)
n = 31

Complications (−)
n = 209

p value

Sex Male:female 20:11 135:73 0.9933
Age <72:≧72 16:15 164:45 0.0028
ASA score I:II or III 13:18 107:102 0.4414
Rectum Upper:lower 15:16 72:137 0.1915
BMI (kg/m2) <25:≧25 26:5 171:38 0.9783
Previous surgical technique Open:laparoscopic 15:16 87:122 0.6059
Previous surgery LAR:ISR 0:31 10:199 0.4458
Previous postoperative complications Present:absent 6 :25 29:180 0.5934
Preoperative chemoradiotherapy Present:absent 16:15 89:120 0.4522
Diabetes mellitus Present:absent 4:27 35:174 0.7792
Cardiac disease Present:absent 9:22 57:152 0.8385
Respiratory disease Present:absent 3:28 17:192 0.7760
Smoking Present:absent 10:21 63:146 0.9764
Clinical stage CR-I: ≧II 19:12 91:118 0.0974
Time to surgery <6:≧6 9:22 121:88 0.0049
Operation time (min) <145:≧145 17:14 157:52 0.0293
Blood volume (ml) 27.1 (0–100) 20.3 (0–125) 0.1399
Pathological stage CR-I: ≧II 14:17 96:113 0.9358

Table 4  Multivariate logistic regression analysis

Odds ratio 95% confidence 
interval

p value

Age (≧72 years) 3.4236 1.5405–7.6085 0.0025
Interval between 

surgery and closure 
(≧6 months)

3.4780 1.4911–8.1120 0.0039

Operation time (min) 2.5179 1.1165–5.6783 0.0260
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et  al. [11] reported that the caliber of a mechanically sta-
pled functional end-to-end anastomosis might become 
greater than that of a hand-sewn end-to-end anastomosis, 
thereby decreasing the risk of intestinal obstruction caused 
by anastomotic edema. Moreover, the long-term lack of 
stool passage can lead to decreased contractility, reduced 
smooth-muscle strength, and villus atrophy in the distal 
intestine [12]. Animal studies have suggested that structural 
changes in the intestinal mucosa caused by the lack of stool 
passage might alter the barrier mechanism of the intestine 
[13].

The difference between ileostomy and colostomy lies in 
the fact that the colon is associated with a high incidence 
of complications related to surgical closure of the stoma, 
particularly wound infection [14]. Because ileostomy clo-
sure is more straightforward than colostomy closure [15], 
we perform temporary ileostomy in our hospital. The 
incidence of surgical-site infection of the incised tissue 
surface has been reported to range broadly from 2 to 40% 
[16], and was relatively low (5.4%) in the present series. 
It is important to prevent postoperative complications in 
patients undergoing initial surgery for rectal cancer [17]. 
Early stoma closure is associated with a high incidence of 
wound infection, whereas late stoma closure is associated 
with a high risk of intestinal obstruction [18]. Thalheimer 
et  al. [9] reported that many postoperative complications 
can occur after adjuvant chemoradiotherapy. In our study, 
105 patients (44%) had preoperative chemoradiotherapy, 
but this was not found to be a risk factor for postoperative 
complications. Akiyoshi et  al. [19] studied the complica-
tions that occurred after temporary ileostomy closure in 
125 patients with rectal cancer and reported that male sex 
and wound infection after the rectal cancer surgery were 
independent risk factors. In our study, 14% of the patients 
suffered complications after surgery for rectal cancer, but 
these complications were not associated with diverting ile-
ostomy closure. Five (2.1%) patients who underwent previ-
ous surgery had postoperative wound infection, one (20%) 
of whom had postoperative intestinal obstruction. Ulti-
mately, it is important to prevent postoperative complica-
tions at the time of initial surgery for rectal cancer.

Vivian et  al. [20] reported that 16.4% of 213 patients 
suffered postoperative complications. The risk factors 
were an age of 80 years or older and respiratory disease. 
We observed similar results for elderly patients. In a pre-
vious study, diverting ileostomy closure was performed 
within 8.5  weeks or 6  months or more after surgery, and 
postoperative complications showed a bimodal pattern 
of occurrence [7]. In the study by Vivian et  al., 16.4% of 
the 213 subjects had postoperative complications and an 
age of 80 years or older was a risk factor. In our study of 
subjects 72 years or older, the results were similar. The fol-
lowing two factors were added to possible risk factors for 

postoperative complications: cardiac disease and respira-
tory disease. However, these two factors were not found 
to be risk factors for postoperative complications. In our 
study, ileostomy closure 6 months or more after surgery 
was a risk factor for postoperative complications, which 
highlights the importance of performing ileostomy closure 
within 3–6 months after surgery.

Based on the findings of our study, a large randomized 
controlled trial should be performed in Japan to define 
more clearly the risk factors for complications after divert-
ing ileostomy closure and establish more effective ways to 
prevent postoperative complications.
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