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Abstract
Purpose To investigate optimal risk factors, including atrophy of the abdominal rectus muscle (ARM) for postoperative 
parastomal hernia (PH) in patients who underwent end colostomy at left lower quadrant.
Methods This single-institution retrospective study included 91 patients who underwent end colostomy between April 2004 
and December 2015. The surgical and long-term outcomes among patients with or without PH were collected and compared.
Results Altogether, 22 (24.2%) patients had a PH including 15 (68.2%) patients with a simultaneous incisional hernia. Uni-
variate analysis showed that older patients (71 ± 11.9 vs. 64 ± 12.2 years, p = 0.03) and those with higher body mass index 
(BMI) (23.8 ± 3.8 vs. 20.9 ± 3.3 kg/m2, p < 0.001) had a statistically significant relation with having PHs. Relative atrophy 
of left abdominal rectus muscle was more frequently found in patients with PH (ratio of left side/right side; caudal level and 
medial side: 0.66 vs. 0.92, p < 0.01, caudal level and lateral side: 0.95 vs. 1.03, p = 0.04). Multivariate analysis revealed that 
BMI > 25 kg/m2 [odds ratio (OR) 9.05, 95% confidence interval (CI) 2.06–39.76, p = 0.003] and atrophy of the left lower 
medial portion of the abdominal rectus muscle (OR 12.85, 95% CI 2.49–66.39, p = 0.002) were independent risk factors for 
PHs. Neither the laparoscopic approach nor the extraperitoneal route of the colostomy was proven to correlate with a lower 
rate of PHs.
Conclusions High BMI and atrophic change of ARM were significantly associated with PH development. Surgical techniques 
for prevention of atrophic change of ARM are expected to reduce the incidence of PHs.
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Introduction

Herniation at the incisional scar—i.e., an incisional hernia 
(IH)—is encountered commonly as a postoperative com-
plication of abdominal surgery [1–3]. IHs are attributed to 
patient-related factors such as obesity [3], increasing age, 
abdominal surgical history, history of diabetes [3], and 
chronic obstructive pulmonary disease [2, 4, 5]. Surgical fac-
tors such as the suturing technique, ligature thread, surgical-
site infection, and wound dehiscence can be also related to 
IH formation [2, 4, 5]. Parastomal hernia (PH), a ventral IH 

attached to a stoma, has a wide range of incidence of 4–48% 
after stoma construction [6]. Technical factors—including 
stoma size, location, stomal aperture, route of stoma crea-
tion, fixation to fascia, and postoperative complications—
are suggested to be importantly involved in PH formation 
[6]. Although surgical techniques to prevent the develop-
ment of PH have been considered, including mesh place-
ment [7] and creation of a colostomy via an extraperitoneal 
route [8], no procedure has been proven to be significantly 
effective. Timmermans et al. found that patients with a PH 
also had IH, and 55% of all IHs developed at the same level 
as the colostomy [9]. They indicated that the midline inci-
sion would move in the opposite direction due to reduced 
restraining forces at the site of the colostomy because of 
atrophy of the abdominal rectus muscle (ARM) [10]. ARMs 
are mostly involved in ventral flexion of the spine, and their 
blood supply is mainly from the superior and inferior epi-
gastric arteries, which are connected [11]. Innervation of 
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the ARM is mostly by T7–T12 intercostal nerves. Several 
nerves distribute to lower portion of the ARM along with 
the lateral intercostal vessels at the lateral side of the infe-
rior epigastric artery [12]. Stoma is usually created through 
the lateral ARM which is directly divided or split along its 
muscle fibers. During the stoma construction, dividing the 
ARM may injure muscle fibers, vessels, and nerves, subse-
quently causing ARM atrophy and disruption of its function 
and strength. Therefore, we hypothesized that atrophy of the 
ARM induced by colostomy creation strongly influences PH 
development.

To provide further information about PH in patients who 
underwent end colostomy, we conducted a single-institution 
retrospective study and reported our experience with 91 
cases, investigating the clinicopathological features includ-
ing quantitative measurements of patients with PH. We also 
analyzed the optimal risk factors, including atrophic change 
of the ARM, for postoperative PH to assess the relationship 
between atrophic change of ARM and PH formation.

Patients and methods

We retrospectively enrolled 91 patients who had undergone 
end colostomy, exteriorized through the ARM at the left 
lower quadrant of the abdomen, as surgical treatment for 
colorectal cancer at the Department of Surgery and Oncol-
ogy, Kyushu University, Fukuoka, Japan between April 
2004 and December 2015. The clinicopathological charac-
teristics of the patients were determined from clinical and 
histopathological reports. Patients’ demographics and clini-
cal features at diagnosis included their sex, age, body mass 
index (BMI), smoking status, history of diabetes, operative 
findings (e.g., emergency surgery, surgical approach, pro-
cedure, duration of operation, hemorrhage), route of the 
colostomy, postoperative morbidity, and mortality. None of 
the patients in our series had a past history of connective 
tissue disorders or steroid treatment. Postoperative com-
plications were evaluated according to the Clavien–Dindo 
grading system for the classification of surgical complica-
tions, version 2.0 [13]. All patients were followed up by 
regular examinations, including office visits and computed 
tomography (CT) scan every 6 months for the first 5 years 
to monitor possible recurrence of cancer. The number of 
patients lost to cancer-related death was 23 (24.1%). The 
number of patients lost for periodic CT scan every 6 months 
was two, although they had CT scan at least once a year 
during regular examination. Patients were excluded from 
the study if they had an ileostomy instead of a colostomy 
or transposition of the ARM. Patients with multiple stoma 
creations were not excluded. The median follow-up period 
of these patients was 36.9 months (range 10.2–87.8 months). 

The Kyushu University Hospital Human Research Ethics 
Committee approved this study (No. 26–239).

Definitions and measurements

Ventral hernia, including PH and IH, was defined as any 
abdominal wall gap with or without a bulge in a postopera-
tive incisional site that was detectable or palpable by clinical 
examination and/or imaging [14]. PH was defined as any 
palpable defect or bulge adjacent to the stoma when the 
patient was straining the abdomen while in a supine position. 
Ventral hernia was diagnosed by examination conducted by 
two physicians experienced in hernia investigations and by 
postoperative follow-up CT [15]. ARM measurements were 
performed at eight points on one-third of the medial side and 
one-third of the lateral side of both the right and left ARMs. 
Each of the measurements was obtained at a site 10 mm 
cranial and caudal from the colostomy edge (Fig. 1).

Statistical analysis

Univariate and multivariate analyses were conducted to com-
pare patients with and without PH. All statistical analyses 
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Fig. 1  a Eight points on one-third of the medial side and one-third of 
the lateral side of both right and left abdominal rectus muscles. Each 
of the measurements was performed 10 mm cranial and caudal to the 
colostomy. b Enhanced computed tomography scan reveals a paras-
tomal hernia (white arrowheads). Thickness of the abdominal rectus 
muscle was measured in an axial section at each of the eight points 
(white bar)
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were performed using JMP version 13.0.0 software (SAS 
Institute, Cary, NC, USA). Clinical and demographic char-
acteristics were analyzed using the χ2 test for categorical 
variables. Differences in age, BMI, and measurements of 
thickness of the ARM were compared using the Wilcoxon 
rank-sum test. One-way analysis of variance test was used 
to compare the other continuous variables. Logistic regres-
sion analysis was used to determine independent risk factors 
for PH. In the multivariate analysis of all patients, all vari-
ables were included in a backward stepwise multiple logistic 
regression to identify significant risk factors for PH. The 
final model included age, BMI, surgical approach, route of 
the stoma, presence of an IH, and thickness of the ARM. 
The fitness of model was evaluated by likelihood ratio test 
that showed p < 0.001. Values of p < 0.05 were considered 
to indicate statistical significance.

Results

Clinical characteristics of patients with an end 
colostomy

Overall, 22 (24.2%) of 91 patients who underwent end 
colostomy developed a PH and 23 (25.3%) developed an IH. 
The median period between diagnosing PH and its surgical 
repair was 17.2 months (range 5.7–60.9 months). Abdomi-
noperineal resection was performed in 63 patients (65.0%), 
Hartmann’s operation in 27 patients (27.8%), and other 
procedures including total pelvic exenteration in 7 patients 
(7.2%). Approximately half of all the patients underwent 
laparoscopic surgery (42.3%) and the others had a colostomy 
via an extraperitoneal route (52.6%) (Table 1).

Comparison of clinical features and surgical 
outcomes

Table 2 compares clinical features and surgical outcomes 
between the patients with and without PH. Older patients 
(71 ± 11.9 vs. 64 ± 12.2 years, p = 0.03) and higher BMI 
patients (23.8 ± 3.8 vs. 20.9 ± 3.3 kg/m2, p < 0.001) devel-
oped PH significantly more often. PH was detected sig-
nificantly more frequent in patients who underwent lapa-
roscopic surgery than in those who underwent laparotomy 
(63.6% vs. 36.4%, p = 0.02). The route of colostomy was not 
a significant factor since the incidence of PH did not differ 
much between patients with the colostomy performed via 
the transabdominal route and those via or the extraperito-
neal route (59.1% vs. 40.9%, p = 0.20). Postoperative IH was 
coincidently observed with PH (68.2% vs. 31.8%, p = 0.04). 
There were no significant differences in the clinical fea-
tures, including sex, smoking status, history of diabetes, 
surgical procedure, emergency surgery, and postoperative 

complications (including surgical-site infection) between the 
patients with and without PH.

Comparison of ARM thickness measurements

To investigate the correlation between the incidence of PH 
and ARM atrophy, we measured the thickness of ARM at 
eight points (Fig. 1a). Table 3 compares those measurements 
between patients with and without PH. At the cranial level 
of the colostomy, all four points, including the right lateral 
point (RL), right medial point (RM), left medial point (LM), 
and left lateral point (LL) of the ARM did not differ in the 
two groups. At the caudal level of the colostomy, however, 
the RL point of the ARM became significantly thicker 
(8.95 ± 5.1 vs. 7.96 ± 5.4 mm, p = 0.05), whereas the LM 
point of ARM became significantly thinner (7.05 ± 2.7 vs. 
8.31 ± 2.4 mm, p = 0.05) in patients with PH than in those 
without PH. According to the left/right ARM ratio, the left 
ARM became more atrophic than the right ARM at the cau-
dal level in patients with PH than in those without PH on the 

Table 1  Clinical characteristics of 91 patients with an end colostomy

APR abdominoperineal resection, BMI body mass index, SP splenic 
flexure

Characteristic Value

Age, median, years (range) 65 (36–90)
Sex
 Male 56 (57.1%)
 Female 42 (42.8%)

BMI, median, kg/m2 (range) 21.8 (13.4–31.6)
Surgical procedure
 APR 63 (65.0%)
 Hartmann 27 (27.8%)
 Others 7 (7.2%)

Type of surgery
 Elective 87 (89.7%)
 Emergency 10 (10.3%)

Surgical approach
 Laparotomy 56 (57.7%)
 Laparoscopy 41 (42.3%)

Colostomy lesion
 Sigmoid colon 69 (71.1%)
 Descending colon 18 (18.6%)
 Transverse colon 10 (10.3%)

SP mobilization
 Not performed 79 (81.4%)
 Performed 18 (18.6%)

Colostomy route
 Transabdominal 46 (47.4%)
 Extraperitoneal 51 (52.6%)
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medial side (0.66 vs. 0.92, p < 0.01; Fig. 2) and on the lateral 
side (0.95 vs. 1.03, p = 0.04; Fig. 2). 

Multivariate analysis to evaluate risk factors 
for the PH

The multivariate logistic regression analysis revealed that 
BMI > 25 kg/m2 [odds ratio (OR) 9.05, 95% confidence inter-
val (CI) 2.06–39.76, p = 0.003] and atrophy at the LM point 
of ARM at the caudal level (OR 12.85, 95% CI 2.49–66.39, 
p = 0.002) were independent risk factors associated with PH 

in patients who underwent end-colostomy surgery (Table 4). 
IH was suggested as a risk factor for PH, although it was not 
significant. In addition, neither the laparoscopic approach nor 
the transabdominal route of the colostomy was confirmed as 
a risk factor (Table 4).

Table 2  Clinical characteristics 
of patients with and without a 
parastomal hernia

APR abdominoperineal resection, BMI body mass index, SP splenic flexure

Characteristic Parastomal hernia p value

Present (n = 22) Absent (n = 69)

Age, median, years (range) 71 (43–90) 64 (36–90) 0.03*
Sex
 Male 14 (63.6%) 41 (59.4%) 0.72
 Female 8 (36.4%) 28 (40.6%)

BMI, median, kg/m2 (range) 23.8 (14.6–30.5) 20.9 (13.4–31.6) < 0.001*
Smoking
 Present 3 (13.6%) 11 (15.9%) 0.79
 Absent 19 (86.3%) 58 (84.1%)

History of diabetes
 Present 2 (9.1%) 7 (10.1%) 0.88
 Absent 20 (90.9%) 62 (89.9%)

Surgical procedure
 APR 14 (63.6%) 48 (69.6%) 0.87
 Hartmann’s 6 (27.3%) 16 (23.2%)
 Others 2 (9.1%) 5 (7.2%)

Type of surgery
 Elective 19 (86.4%) 63 (91.3%) 0.51
 Emergency 3 (13.6%) 6 (8.7%)

Surgical approach
 Laparotomy 8 (36.4%) 44 (63.7%) 0.02*
 Laparoscopy 14 (63.6%) 25 (36.2%)

SP mobilization
 Done 6 (27.3%) 11 (15.9%) 0.25
 Not done 16 (72.7%) 58 (84.1%)

Route of stoma creation
 Transabdominal 13 (59.1%) 30 (43.5%) 0.20
 Extraperitoneal 9 (40.9%) 39 (56.5%)

Postoperative complication
 Present 15 (68.2%) 35 (50.7%) 0.15
 Absent 7 (31.8%) 34 (49.3%)

Stoma-related complication
 Present 1 (4.6%) 3 (4.35%) 0.97
 Absent 21 (94.5%) 66 (95.7%)

Incisional hernia
 Present 15 (68.2%) 8 (11.6%) 0.04*
 Absent 7 (31.8%) 61 (88.4%)
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Discussion

This study uniquely showed that atrophic change of ARM 
was significantly associated with PH formation. The study 
highlighted that both high BMI and atrophy at the LM por-
tion of the ARM caudal level to the colostomy site were 
independent risk factors for PH in patients who underwent 

end-colostomy surgery. Neither the laparoscopic approach 
nor the extraperitoneal colostomy route was correlated 
with a lower rate of PH appearance.

Development of PHs was related to both general patient 
factors and technical factors. General patient factors, includ-
ing obesity, increasing age, a history of surgery, and diabetes 
mellitus, were similar to those for IH [16, 17]. Several stud-
ies have revealed that obesity was also strongly associated 

Table 3  Measurements of the 
abdominal rectus muscle in 
patients with and without a 
parastomal hernia

*Statistically significant (p < 0.05)

Measurement site Parastomal hernia p value

Present (n = 22) Absent (n = 69)

Cranial level: median, mm (range)
 Right medial point (RM) 8.48 (4.44–11.06) 8.41 (4.32–13.57) 0.30
 Right lateral point (RL) 7.26 (5.12–11.05) 7.25 (4.46–10.87) 0.85
 Left medial point (LM) 6.69 (3.72–12.14) 8.03 (4.62–4.63) 0.06
 Left lateral point (LL) 7.57 (4.42–13.09) 8.04 (4.62–12.58) 0.43

Caudal level: median, mm (range)
 Right medial point (RM) 10.0 (4.49–18.3) 9.47 (3.01–15.49) 0.12
 Right lateral point (RL) 8.95 (4.42–18.82) 7.96 (3.55–12.89) 0.05*
 Left medial point (LM) 7.50 (2.71–11.1) 8.31 (3.93–14.55) 0.05*
 Left lateral point (LL) 8.59 (2.01–16.5) 7.96 (2.24–14.36) 0.32

Cranial level, medial side

P=0.34

1.0

0

2.0

PH present PH absent

Caudal level, medial side

P<0.01

1.0

0

2.0

PH present PH absent

Cranial level, lateral side

P=0.15

1.0

0

2.0

PH present PH absent

Caudal level, lateral side

P=0.04

1.0

0

2.0

PH present PH absent

Fig. 2  Comparisons of the left/right abdominal rectus muscle ratio between patients with and without a parastomal hernia
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with PH [18, 19]. Obese patients have greater intraabdomi-
nal pressure, which usually resulted from elevated BMI, as 
compared to the normal-weight population [19, 20]. The 
high intra-abdominal pressure in obese patients is due to 
the increased visceral fat, which causes greater tangential 
force on the visceral wall. Therefore, obese patients are sug-
gested to be at a high risk for PH development [18]. Our 
study revealed that relatively high BMI (> 25 kg/m2) was 
significantly associated with PH formation. In general, Asian 
populations have lower BMIs compared to non-Asian popu-
lations, although the visceral fat volume is suggested to be 
greater than in non-Asian populations [21]. Considering the 
difference in obesity definitions between Western countries 
and Japan, the BMI cutoff value in this study, 25 kg/m2, was 
appropriate as the cutoff value for the risk factor of PH in 
the Japanese population.

Technical factors for PH seemed to be different from 
those associated with IH. Laparoscopic surgery, including 
stoma creation, is being increasingly being used for colo-
rectal surgery in Japan [22]. Many recent studies revealed 
that laparoscopic surgery can contribute to reducing the 
incidence of IH [23]. Compared with the conventional open 
approach, the surgical wound after laparoscopic approach 
is smaller, resulting in a reduced risk for IH. However, sin-
gle-incision laparoscopic surgery has been suggested to be 
associated with three-times higher risk for IH than multi-
port laparoscopic surgery [24]. The mini-laparotomy site 
of single-incision laparoscopic surgery is likely to be more 
damaged during a surgical procedure than the incision sites 
of multi-port laparoscopic surgery. Such damage can lead 
to delayed wound healing and can cause surgical site infec-
tion—possibly resulting in hernia formation.

Laparoscopic surgery is more likely than laparotomy to 
result in a PH, in contrast to IH [18, 25]. Our results also 
suggested little benefit of laparoscopic surgery for prevent-
ing PH, because PH was diagnosed at a significantly higher 
rate in patients who underwent laparoscopic surgery than in 
those who underwent laparotomy. As suggested previously, 
high abdominal pressure is one of the possible causes of 
PHs. Obese patients with a large aperture caused by a large 

abdominal wall radius and high abdominal pressure are sug-
gested to be at greater risk of a PH [18]. Among patients 
who undergo laparoscopic surgery that includes colos-
tomy, abdominal pressure is mostly exerted on the stoma 
site because it is the largest wound. Although there were no 
patients who had connective tissue disorders or underwent 
treatment with glucocorticoids in our series, when other fac-
tors associated with tissue fragility around the stoma site are 
present, such as in patients who have had long-term expo-
sure to glucocorticoids [26], PH is likely to occur.

Previous studies revealed that the extraperitoneal 
approach for the stoma route significantly reduced the inci-
dence of PH formation compared with the transabdominal 
approach [8, 27]. Using the extraperitoneal approach, the 
colon is led toward the stoma through the lateral extraperi-
toneal space, resulting in strengthening of the lateral space 
of the stoma. It has been proposed that the higher intraab-
dominal pressure pushes the lateral to the stoma, thus extra-
peritoneal colostomy prevents intraabdominal contents from 
herniating through the stoma site [26]. Nevertheless, our 
results showed that 18.8% of patients who underwent stoma 
creation via the extraperitoneal approach developed PH after 
surgery. Among these patients, the LM ARM at the caudal 
side became thinner in patients with a PH than those with-
out a PH. Most of the PH patients after colostomy via the 
extraperitoneal approach had herniation on the medial side 
of the stoma. Thus, the extraperitoneal approach plays an 
auxiliary protective role but not enough to prevent PH by 
itself. Our data indicated that muscular atrophy in the medial 
side of the stoma mainly led to PH formation, even though 
the extraperitoneal approach partly strengthens the lateral 
side of the stoma.

Colostomy is usually created on the anterior abdominal 
wall by splitting the muscle fibers of the ARM. The ARM’s 
blood supply is mainly from the superior and inferior epigas-
tric arteries, which are connected. Fahim et al. investigated 
the most substantial and most frequently identified nerves 
running into the anterolateral abdominal musculature [28]. 
The eleventh and twelfth intercostal nerves appear to play 
an important role in its insertions into the ARM and external 

Table 4  Risk factors for 
parastomal hernias

LLM left lower medial side, ARM abdominal rectus muscle
*Statistically significant (p < 0.05)

Risk factors Multivariate analysis p value
Odds ratio (95% CI)

Age: high/low 1.84 (0.49–6.88) 0.36
BMI: high/low 9.05 (2.06–39.76) 0.003*
Surgical approach: laparoscopy/laparotomy 2.53 (0.60–10.65) 0.21
Route: transabdominal/extraperitoneal 1.75 (0.47–6.47) 0.40
Incisional hernia: present/absent 4.93 (0.91–26.78) 0.06
Caudal LLM of ARM atrophy: present/absent 12.85 (2.49–6.39) 0.002*
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oblique muscle. Yamada et al. reported using paramedian 
incisions for access to the aorta, incising the anterior and 
posterior sheaths of the ARM, and separating the ARM from 
the sheaths, which resulted in much more atrophy of the 
ARM than flank incisions [29]. These previous studies sug-
gested that direct trauma or transection of the eleventh and 
twelfth intercostal nerves when opening the abdominal wall 
would lead to denervation and subsequent atrophy of the 
ARM rather than reduction of the blood supply.

ARM atrophy after colostomy creation and subsequent 
midline shift are considered frequent causes of IH formation 
[10]. A correlation between PH formation and IH forma-
tion is suggested in patients with end colostomy [9]. Our 
study also demonstrated that IH was significantly found in 
PH patients despite the fact that none of the patients have 
connective functional issues, this suggests that atrophic 
change of the ARM may lead to midline shift and influ-
ence both of IH and PH formation. Interestingly, a previ-
ous study indicated that progressive decrease of skeletal 
muscle mass—so-called sarcopenia—is not clearly related 
to IH development [30]. In our study, atrophic change of 
the left lower ARM was significantly associated with PH 
formation, beyond existing risk factors such as obesity, the 
surgical approach, and coexistence of IH. The right lower 
ARM did not develop atrophic change in patients diagnosed 
with PH who had atrophic change of the left lower ARM. 
Disproportional contraction of the ARM (i.e., induced by 
one-sided atrophy) leads to enlargement of the gap between 
the stoma and the ARM, resulting in herniation, irrelevant 
to the whole-body skeletal muscle mass decrease. Our study 
also showed that atrophic change was found only in some 
area of the ARM. We suggested that damage of peripheral 
nerve or vessels, which supply the distal muscle, is caused 
by anatomical and technical factors during stoma creation 
and it is involved in partial atrophic change of the ARM in 
the caudal side of the damaged areas. Therefore, we should 
be more conscious of the importance of a precise surgical 
technique for preserving the ARM, the peripheral blood ves-
sels, and the peripheral lower thoracic nerves, especially the 
eleventh and twelfth intercostal nerves. It may be important 
to pay particular attention to avoid injuring these nerves 
while creating a stoma aperture, being particularly aware 
that the eleventh and twelfth intercostal nerves pass below 
the umbilicus in the direction of the contralateral inguinal 
ligament and pelvic tubercle.

We are aware that our research may have several limita-
tions. This study was designed to be a retrospective, single-
institution trial. Because the patient population was too 
small for us to draw firm conclusions, additional prospective, 
controlled studies are warranted. There were other risk fac-
tors associated with PH that were not included in our study. 
We should consider that other clinical risk factors could con-
tribute to onset of PH. Although PHs mostly develop during 

the first few years after surgery, the risk of hernia formation 
extends to more than a decade [6]. We should, therefore, 
collect further data during a long follow-up period.

Atrophic change of the ARM is associated with the devel-
opment of PH in patients with an end colostomy over the 
long term. With the association of any other risk factors, 
avoiding ARM injury during stoma construction could help 
reduce PH formation. Surgeons should carefully separate the 
ARM, identifying and preserving vessels and nerves with 
the aim of preventing PH, which may result in a better qual-
ity of life postoperatively for patients with an end colostomy.
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