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Abstract

Objectives: Anastomotic leakage is one of the most severe complications of rectal cancer surgery. A divert-
ing ileostomy was constructed for the purpose of reducing anastomotic failure risk. Outlet obstruction (OO)
is one of the complications of diverting stoma that results in a lack of fecal discharge from the stoma. De-
tailed etiologies and preventive measures for outlet obstruction have not yet been identified.

Methods: We studied 125 patients who underwent rectal resection, anastomosis, and elective ileostomy. We
evaluated the incidence of outlet obstruction and looked for any relationship between perioperative factors
and outlet obstruction.

Results: Outlet obstruction was detected in 20 cases (16.0%). Outlet obstruction occurred 9 days after sur-
gery in most cases. Inserting a decompressing tube improved obstructive symptoms in 4 days. Patients were
divided into two cohorts according to the occurrence of outlet obstruction. Postoperative hospital stay was
longer in the outlet obstruction group (19 vs. 15 days; p = 0.0003). A multivariate analysis identified that
younger patients, a postoperative thicker rectus abdominis muscle at the stoma passage and high output
syndrome were independent risk factors for outlet obstruction.

Conclusions: Younger patients, a postoperative thicker rectus abdominis muscle at stoma passage and high

output syndrome were independent risk factors for outlet obstruction.

Keywords

outlet obstruction, rectal cancer, diverting stoma, high output syndrome

Introduction

In recent years, the technique of lower rectal cancer sur-
gery for anal preservation has advanced and spread. How-
ever, the incidence of anastomotic leakage is reported to be
around 10%][1,2]. Anastomotic leakage is one of the most
severe postoperative complications and can lead to sepsis
and permanent ostomy. Moreover, anastomotic leakage in-
creases the rate of local and distant recurrence[3]. A divert-
ing ileostomy is constructed for the purpose of reducing an-
astomotic failure risk[4]. By contrast, ileostomy itself is
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known to be associated with problems such as parastomal
hernia, prolapse, skin disorder, high output syndrome
(HOS), and outlet obstruction (0O0)[5,6]. OO is often found
in cases of lack of fecal discharge. According to previous re-
ports, OO occurred in 7.0%-16.8% of patients who under-
went rectal cancer or ulcerative colitis surgery with diverting
ileostomy[7-9]. OO may lead to postponement of oral in-
take, unplanned stoma closure, and delay of postoperative
adjuvant chemotherapy. Some reports have indicated open
surgery, torsion of the intestine, and the thickness of the rec-
tus abdominis as risk factors for OO[10,11]. However, de-
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tailed etiologies and preventive measures for OO have not
yet been identified.

In this paper, we report the frequency of OO and reveal
the preoperative and intraoperative risk factors for OO after
lower rectal cancer surgery.

Methods

Patients

Cases of all 125 patients who underwent rectal resection,
anastomosis, and elective ileostomy for rectal neoplasm be-
tween April 2014 and March 2020 at our institution were
retrospectively studied.

Method of ileostomy construction

In all patients for whom an ileostomy was planned, the
stoma site was marked before surgery according to the prin-
ciple of the Cleveland Clinic. An approximately 2 cm longi-
tudinal incision was made at the stoma site. A 3 cm longitu-
dinal incision was made at the anterior sheath, the rectus ab-
dominis muscle and the posterior sheath. These steps were
performed so that a stoma tunnel was created vertically from
the skin to the abdominal cavity. In some cases, a stoma
was placed at the umbilicus. In those cases, the stoma was
raised from the wound of the port placed at the umbilicus.
The ileum was raised approximately 30-40 cm orally from
the Bauhin valve or the anastomotic portion and oriented to
the intestine without torsion. The serosa and muscle layer of
the intestine were not fixed to the anterior sheath of the rec-
tus abdominis. An incision was made in the raised intestine
and with 12 to 16 stitches using 3-0 absorbable suture mate-
rials.

Diagnosis of HOS and 00

Previous studies[7,12,13] defined HOS as a stoma output
of 21,500-2,000 ml/24 h. Based on a previous report[12]
that HOS with an output 22,000 ml can cause renal dys-
function, in this study, we defined HOS as an output 22,000
ml/24 h.

OO has three ileus signs/symptoms[11]: 1) abdominal dis-
tension and vomiting, 2) small intestinal dilation being re-
duced at the site where the stoma abdominal wall is pene-
trated, indicated by computed tomography (CT), and 3) the
signs/symptoms being reduced by decompression by insert-
ing a tube from the stoma. If there are 1) + 2) or 1) + 3)
signs/symptoms, the patient is diagnosed as having OO.

Clinical and biochemical parameter

We collected clinical data of all patients, including pa-
tients’ characteristics, laboratory investigations, surgical fac-
tors, postoperative factors, and imaging data. Clinical factors
were compared between cases with and without OO.
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Quantitative assessment of the CT images

CT scans were obtained before and after surgery. All pa-
tients underwent CT scans before the first surgery. We as-
sessed preoperative thickness of subcutaneous fat at the um-
bilicus and that of the rectus abdominis muscle at the um-
bilicus. Patients with outlet obstruction underwent CT scans
with a slice thickness of 1-5 mm when signs/symptoms ap-
peared. Patients without OO underwent CT scans 3-6
months later at the time of examination for postoperative re-
currence. For the ileostomy, we examined the thickness of
the rectus abdominis muscle at the level of the stoma pas-
sage (Figure la) and at the level of the umbilicus (Figure 1
b). We compared these indexes between cases with and
without OO.

The images were analyzed using the Aquarius Intuition
Server software program version 4.0 (TeraRecon Inc., To-
kyo, Japan) by two investigators (TA and JN) who were
blinded to the patients’ clinical information.

Statistical analysis

The data are expressed as means * standard deviations.
Categorical variables were compared using the chi-squared
test, and continuous variables were compared using Stu-
dent’s t-test, as appropriate. A multivariate analysis was per-
formed using logistic regression. The optimal cut-off values
of the continuous variables were determined using receiver
operating characteristic (ROC) curve analysis, if necessary.
All analyses were conducted using the JMP 13 software
program (SAS Institute, Cary, NC, USA). Any variable
deemed significant (p < 0.05) in the univariate analysis was
a candidate for multivariate analysis. Statistical significance
was defined as a p-value <0.05.

Consent

Written consent was obtained from all patients and rele-
vant persons (such as the parents or legal guardians) to pub-
lish the information, including photographs.

Ethical guidelines

This study was approved by the Human Ethics Review
Committee of the Osaka International Cancer Institute (no.
18033).

Results

This study included 125 patients, and the patient charac-
teristics are listed in Table 1. One hundred twenty patients
(96%) underwent surgery for rectal cancer, and the others
were for gastrointestinal stromal tumor or neuroendocrine
tumor. Robot-assisted surgery was performed in 24 cases;
laparoscopic surgery, in 79 cases; and open surgery, in 22
cases. Rectal resection was performed in 123 cases, and to-
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14.11 mm

Figure 1.
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13.11 mm

a. CT analysis of the thickness of the rectus abdominis at the level of the stoma passage.

By using the CT image at the level of the stoma passage, the thickest part of the rectus abdominis
muscle was measured perpendicular to the straight line connecting both ends of the rectus abdomi-
nis muscle. The thickness of the rectus abdominis at the level of the stoma passage in this case was

14.11 mm.

b. CT analysis of the thickness of the rectus abdominis at the level of the umbilicus.

By using the CT image at the level of the umbilicus, the thickest part of the rectus abdominis muscle
was measured perpendicular to the straight line connecting both ends of the rectus abdominis mus-
cle. The thickness of the rectus abdominis at the level of the umbilicus in this case was 13.11 mm.

Table 1. Clinicopathological Characteristics of the 125 Patients.

Patient factors

Median (range) or n

Age (years)

Gender (male/female)

BMI (kg/m?)

Prior abdominal surgery (positive/negative)

Preoperative thickness of subcutaneous fat at the umbilicus
Preoperative thickness of rectus abdominis muscle at the umbilicus
Postoperative thickness of subcutaneous fat at the umbilicus (mm)
Postoperative thickness of the rectus abdominis muscle at the umbilicus (mm)
Thickness of the rectus abdominis muscle at the stoma passage (mm)
DM (positive/negative)

Clinical Stage (I/1I/I1I/IV/others)

60 (32-84)
78/47
22.2 (15.6-35.0)
29/96
17.3 (2.3-42.3)
9.2 (3.5-15.5)
24.1 (7.9-49.5)
10.3 (5.5-17.1)
10.4 (6.2-19.0)
11/114
60/28/28/4/5

Surgical factors

Operative time (min)

414 (162-786)

Estimated blood loss (ml) 50 (0-2290)
Approach (robot/laparoscopy/laparotomy) 24/79/22
Procedure (LAR/sLAR/ISR/total proctocolectomy) 22/62/39/2
LLND (yes/no) 39/86
Stomal site (lower right/upper right/lower left/umbilicus) 115/6/2/2
Direction of oral ileum (cranial/caudal) 109/12
Postoperative factors
Stoma outlet obstruction (yes/no) 20 (16.0%) /104 (84.0%)
Surgical site infection (yes/no) 3/122
HOS (positive/negative) 18/107
Postoperative hospital stay (days) 15 (9-51)

BMI: body mass index, DM: diabetes mellitus, LAR: lower anterior resection, SLAR: super lower anterior resection, ISR:

intersphincteric resection, LLND: lateral lymph node dissection, HOS: high output syndrome
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Table 2. Analysis for Patients with Outlet Obstruction Group.

Median

(range) or n

Days of incidence of outlet obstruction (days)

Intervention (drainage/none)

Days of recovery from outlet obstruction (days)

7 (0-29)

15/5

4 (2-10)

Table 3. Univariate Analysis for the Incidence of Outlet Obstruction.

Patient factors

OO group (n =20)

nOO group (n = 105)

Univariate analysis

Median (range) orn  Median (range) or n (p-value)
Age (years) 55.5 (36-74) 62.0 (32-84) 0.040
Gender (male/female) 12/8 66/39 0.81
BMI (kg/m?) 21.7 (17.6-26.8) 22.3 (15.6-35.0) 0.42
Prior abdominal surgery (positive/negative) 3/17 26/79 0.32
Preoperative thickness of subcutaneous fat at the umbilicus 20.1 (11.4-29.5) 15.8 (2.3-42.3) 0.12
Preoperative thickness of rectus abdominis muscle at the umbilicus 10.1 (5.9-15.5) 9.1 (3.5-15.2) 0.17
Postoperative thickness of subcutaneous fat at the umbilicus (mm) 23.2 (12.4-38.7) 24.2 (7.9-49.5) 0.82
Postoperative thickness of rectus abdominis muscle at the umbilicus (mm) 11.5 (6.7-15.1) 10.3 (5.5-17.1) 0.14
Thickness of the rectus abdominis muscle at the stoma passage (mm) 12.1 (7.1-15.7) 10.2 (6.2-19.0) 0.0024
DM (positive/negative) 0/20 6/99 0.14
Clinical Stage (I/1I/I1I/IV/others) 10/4/4/1/1 50/24/24/3/4 0.98
Surgical factors
Operative time (min) 427 (249-579) 409 (162-786) 0.56
Estimated blood loss (ml) 20 (0-1,355) 55 (0-2,290) 0.90
Approach (robot/laparoscopy/laparotomy) 5/12/3 19/67/19 0.77
Procedure (LAR/sLAR/ISR/total proctocolectomy) 5/10/4/1 17/51/36/1 0.092
LLND (yes/no) 5/15 43/62 0.39
Stomal site (lower right/upper right/lower left/umbilicus) 17/1/1/1 98/5/1/1 0.49
Direction of oral ileum (cranial/caudal) 19/1 90/11 0.39
Postoperative factors
Surgical site infection (yes/no) 1719 2/103 0.46
HOS (positive/negative) 713 11/94 0.0096
Postoperative hospital stay (days) 19 (14-45) 15 (9-51) 0.0003

BMI: body mass index, DM: diabetes mellitus, LAR: lower anterior resection, SLAR: super lower anterior resection, ISR: intersphincteric resection, LLND: lat-

eral lymph node dissection, HOS: high output syndrome, OO: outlet obstruction

tal proctocolectomy was performed in 2 cases. In the major-
ity of cases, the stoma was constructed in the lower right
(92%). Twenty cases (16.0%) had a clinical diagnosis of
00. HOS occurred in 18 patients (14.4%).

Table 2 presents the analysis for patients with OO. The
median time to OO occurrence was 7 days (range: 0-29) af-
ter surgery. In most cases (90.5%), OO occurred within 9
days after surgery (Figure 2). Drainage was performed in 15
patients (75.0%) of cases after the onset of OO. In the case
of OO, inserting a decompression tube to the oral side of
the intestine improved the obstructive symptoms. Median
improvement in days from OO was 4 days (range: 2-10
days). All 15 cases inserting the decompression tube recov-
ered in 3 days (range: 0-10) (data not presented).

Table 3 summarizes the clinical characteristics of the two

groups; the cohort of the patients with OO was named the
“O0 group,” and the cohort of the patients without OO was
named the “nOO group.” The comparison of the two groups
detected significant differences in three parameters: age
(scores in the OO and nOO groups were 55.5 and 62.0, re-
spectively, p = 0.040); postoperative thickness of the rectus
abdominis muscle at the stoma passage (scores in the OO
and nOO groups were 12.1 and 10.2, respectively, p =
0.0024); and incidence of HOS (the proportions of patients
with HOS in the OO and nOO groups were 35.0% and
10.5%, respectively, p = 0.0096). In the OO group, all pa-
tients received CT scans before closing ileostomy. In the
nOO group, CT scans before closing ileostomy were made
in 92 patients (87.6%). In the OO group, postoperative hos-
pital stay was significantly extended (scores in the OO and
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Table 4. Multivariate Analysis for the Incidence of Outlet Obstruction.

P-value Odds ratio 95% CI
Age (<60/=60) (years) 0.021 4.72 1.27-17.53
Postoperative thickness of the rectus abdominis muscle 0.0067 4.93 1.56-15.64
at the stoma passage (=10.4/<10.4) (mm)
HOS (positive/negative) 0.0058 6.84 1.75-26.77

HOS: high output syndrome

(cases) 5

The number of patients

o 1 2 3 4 5 6 7 g g o 1 12 13 L

4 15 168 17 18 19

20 21 X2 13 M 13 ¥ N B8 9

(day=)

The days until the onset of postoperative outlet obstruction

Figure 2. Days from onset of outlet obstruction to disappearance of symptoms.

In most cases (n = 19; 90.4%), symptoms improved within 9 days.

nOO groups were 19 and 15, respectively, p = 0.0003). Sur-
gical approach, operative time, direction of oral ileum (cra-
nial or caudal) and the incidence of surgical site infection
were not affected by the incidence of OO.

The preoperative rectus abdominis muscle at the umbili-
cus (9.7 vs. 8.9; p = 0.02), the postoperative rectus abdomi-
nis muscle at the umbilicus (11.5 vs. 9.7; p < 0.0001) and
the rectus abdominis muscle at stoma passage (11.3 vs. 9.9;
p = 0.003) were significantly thicker in young patients (un-
der 60 years old). The other factors (e.g., thickness of sub-
cutaneous fat, body mass index and high output syndrome)
were not associated with age.

The multivariate analysis was performed with the three
significant factors that were statistically significant in the
univariate analyses (Table 4). Cut-off values were set using
the median values; age. All three parameters were found to
be independent risk factors significantly associated with the
incidence of OO.
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Discussion

The purpose of constructing a diverting stoma is mostly
to prevent postoperative anastomotic leakage in rectal cancer
or to change the stool passage in the treatment after postop-
erative anastomotic failure. The effectiveness of constructing
a diverting stoma has been proven by a meta-analysis[14].
In our department, all ileostomy constructions were intended
for the prevention of anastomotic leakage.

It is considered that the pressure of the rectus abdominis
muscle prevents stool excretion from the stoma. Kanazawa
et al.[15] reported that OO is more common in patients with
thick rectus abdominis muscles (210 mm). By contrast, Fujii
et al.[11] reported that the higher thickness of the rectus ab-
dominis muscles at the stoma-penetrating site was unfavor-
ably related to OO. Similarly, in this study, OO was signifi-
cantly higher in patients with thin rectus abdominis muscles
“in general” but with thick rectus abdominis muscles “at
stoma passage.” As the thickness of the muscle increases in
the center of the rectus abdominis, it is better to create a
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stoma on the outer side of the rectus abdominis. Especially,
young patients need to be careful that the rectus abdominis
muscle is thick. When the rectus abdominis muscle is thick,
it is expected that the intestinal pressure will be over-
whelmed by the pressure of the rectus abdominis muscle,
hindering feces excretion. Ileostomy is reported to have
more OO than colostomy, and it is speculated that the in-
traluminal pressure of intestine is lower than that of the co-
lon[16,17].

Tang et al. reported that the amount of stoma output
peaked on the fourth day after surgery and decreased by the
ninth day. In our study, in almost all cases, OO occurred
within 9 days after creation of the stoma. It is speculated
that OO is caused by not only the narrowing of the intesti-
nal tract through the abdominal wall but also by relative
narrowing due to HOS. HOS was significantly higher in the
laparotomy group and may be a predictor of postoperative
HOS. Takeda et al.[13] also reported that HOS was signifi-
cantly associated with diabetes mellitus and total procto-
colectomy. Hara et al.[18] reported that infection in organ/
space sites is associated with HOS. However, in this study,
these factors were not associated with HOS. Further investi-
gation is necessary to identify the causes of HOS.

In the case of OO, inserting a decompression tube to the
oral side of the intestine can improve the obstructive symp-
toms. In this study, immediate improvement was observed in
the decompression tube insertion cases. From the above, it
was speculated that the cause of OO was the narrowing (in-
cluding relative narrowing) of the stoma site tunnel. Once
OO occurs, the hospital stay will be extended, and in some
cases, OO is not improved by inserting a decompression
tube, in which case the surgeon may be forced to close the
stoma.

As a measure against OO, Uchino et al.[19] reported that
it is more effective to perform fascial incision as a longitudi-
nal incision than to make a cruciate incision and to orient
the oral side of the ascending intestinal tract in the 3
o’clock direction to reduce twisting of the mesentery.

The limitation of this study was that it was a single-
center, retrospective, observational study. A larger, longer-
term, prospective study is required to identify more clearly
the factors that contribute to OO.

Diverting ileostomy was constructed to reduce the risk of
anastomotic insufficiency, but OO occurred in 17% of pa-
tients. OO was associated with certain factors (age, thick-
ness of the rectus abdominis at stoma passage and HOS). It
is necessary to further identify clearly factors that contribute
to OO so that different surgical techniques can be employed
to prevent OO.

In conclusion, younger patients, thicker rectus abdominis
muscle at stoma passage and high output syndrome were in-
dependent risk factors for outlet obstruction.

Outlet Obstruction Was Related to Some Factors
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