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Abstract
Background The aim of the present study was to explore incidence and severity of parastomal hernia (PSH) formation dur-
ing the first 2 years after open/laparoscopic abdominoperineal resection (APR).
Methods This was a retrospective cohort study conducted in a single institution. All patients who underwent laparoscopic/
open APR for low rectal cancer within a 10-year study period were assessed for study eligibility.
Results In total, 148 patients were included in the study (97 patients after laparoscopic APR; 51 patients after open APR). 
There were no statistically significant differences between study subgroups regarding demographic and clinical features. 
The incidence of PSH detected by physical examination was significantly higher in patients after laparoscopic APR 1 year 
after the surgery (50.5% vs. 19.6%, p < 0.001) and 2 years after the surgery (57.7% vs. 29.4%, p = 0.001). The incidence of 
radiologically detected PSH was significantly higher in laparoscopically operated patients after 1 year (58.7% vs. 35.3%, 
p = 0.007) and after 2 years (61.8% vs. 37.2%, p = 0.004). The mean diameter of PSH was similar in both study subgroups. 
The incidence of incisional hernia was significantly higher in patients who underwent open APR after 1 year (25.5% vs. 
7.2%, p = 0.002) and after 2 years (31.3% vs. 7.2%, p < 0.001).
Conclusions The risk of PSH development after laparoscopic APR appears to be significantly higher in comparison with 
patients undergoing open APR. Higher incidence of PSH should be considered a potential disadvantage of minimally invasive 
approach to patients with low rectal cancer.
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Parastomal hernia (PSH) is a frequent complication fol-
lowing the formation of an ostomy, which typically occurs 
within 2 years after stoma creation [1, 2]. PSH presents a 
complex surgical problem because of its high occurrence, 
technical difficulty to repair and high recurrence rates 
after surgical repair [3]. End colostomies have the highest 
incidence of all hernia formation, ranging from 4 to 56% 

depending on the diagnostic criteria, definition of hernia 
etc. [4–6]. PSH aggravates the inherently diminished quality 
of life of stoma patients due to abdominal pain, discomfort, 
poor fitting of the pouching system with leakage of intestinal 
contents, and skin excoriation [7–10].

There are several risk factors which have been reported to 
increase the incidence of PSH—age, obesity, malnutrition, 
increased intra-abdominal pressure, postoperative sepsis, 
emergency surgery, steroids, and chronic obstructive pul-
monary disease [5, 11]. Minimally invasive surgery presents 
a safe and feasible approach to low rectal cancer, which is 
associated with decreased postoperative pain and morbid-
ity, more rapid recovery, and better quality of life within the 
first few months after surgery [12–16]. However, it has been 
suggested that laparoscopic creation of colostomy might be 
associated with higher incidence of PSH formation [17, 18].

To the best of our knowledge, there has been no study in 
the available literature focused on the investigation of PSH 
incidence following laparoscopic vs. open abdominoperineal 
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resection (APR). Moreover, there are only few studies avail-
able investigating PSH incidence at the site of terminal 
colostomy as a primary outcome measure, which may have 
caused an underpowered analysis of published studies.

The aim of the present study was to explore incidence 
and severity of PSH formation during the first 2 years after 
open/laparoscopic APR.

Materials and methods

Design and setting

This was a retrospective cohort study conducted in the Uni-
versity Hospital Ostrava, Czech Republic. The study was 
approved by the Ethics Committee of the University Hospi-
tal Ostrava. All patients who underwent laparoscopic/open 
APR with total mesorectal excision (TME) for low rectal 
cancer within a 10-year study period (1 January 2006–31 
December 2015) were assessed for study eligibility. Exclu-
sion criteria were patient’s death or incomplete data regard-
ing 2-year postoperative follow-up period. Management of 
all patients was based on multidisciplinary team meetings 
and practiced in accordance with NCCN guidelines.

Surgical technique

Surgery was performed after standard preoperative bowel 
cleansing and antibiotic prophylaxis. The location of the 
colostomy was marked preoperatively by an experienced 
stoma nurse in all cases. Patients were placed in Lloyd-
Davies position; trocars were placed in the standardized 
manner. After abdominal cavity exploration, the inferior 
mesenteric vessels were identified and divided. Mobiliza-
tion of the left colon and splenic flexure was done. TME 
was performed according to the principles stated by Heald 
[19]. The sigmoid colon was divided (at the site of the 
future colostomy) using an endostapler; the specimen was 
extracted through the perineal wound. The terminal colos-
tomy was constructed through the rectus abdominis muscle 
at the preoperatively marked skin site (by and experienced 
wound ostomy nurse). There were no differences in colos-
tomy construction between study subgroups (laparoscopic 
vs. open ARP). Standard peri-operative care was offered to 
all patients.

Data collection

The demographic data and clinical characteristics of all 
study patients (age, sex, body mass index, ASA classification 
and cancer stage), type of surgery, and post-operative 30-day 
morbidity were extracted from medical records.

PSH presence/absence was assessed by means of clinical 
and radiological examination at two time points: (i) 1 year 
after APR and (ii) 2 years after APR. Clinical examination 
of all study patients was performed during an outpatient 
coloproctology clinic attendance by an experienced colorec-
tal surgeon (all patients were examined in the standing and 
decubitus positions). PSH detected by physical examination 
was defined as clinical PSH. Clinical examination was also 
aimed to identify potential incisional hernia in study patients 
(incisional hernia in midline laparotomy after open APR or 
port-site incisional hernia after laparoscopic APR).

Radiological examination was performed by means of 
abdominal computed tomography (CT); intravenous contrast 
was employed in most cases. Each CT was examined by a 
single experienced radiologist looking exclusively for peri-
stomal pathology. The radiologist was blind to the results 
of the clinical examination. Size (diameter) of PSH on CT 
scans was recorded. According to the classification system 
proposed by Moreno-Matias et al. in 2009 [20], three types 
of PSH were distinguished (based on the assessment of the 
content and size of hernia sac): Type I (hernia sac contains 
only the bowel forming the stoma), Type II (hernia sac con-
tains omentum), and Type III (hernia sac contains an intes-
tinal loop other than that forming the stoma).

Statistical analysis

The acquired data underwent analysis by means of descrip-
tive statistics. The differences between the subgroups were 
tested using the Chi square test and Fisher’s exact test for 
categorical variables. For continuous variables, test of nor-
mality was performed and the two-sample t test was used 
to test the differences and non-parametric two-sample 
Mann–Whitney test. A level of significance of α = 0.05 and 
p values < 0.05 were considered statistically significant. Sta-
tistical analysis was performed by Stata version 13.

Results

Within a study period (1 January 2006–31 December 2015), 
172 patients underwent laparoscopic/open APR for rectal 
cancer and met the inclusion criteria. Of these, 24 patients 
(13.9%) were excluded due to the study design and exclu-
sion criteria. There were 17 conversions (9.8%) from lapa-
roscopic to open APR; these patients were analyzed within 
the open APR study subgroup. The most frequent reason for 
conversion was non-progressive surgery due to inadequate 
operative visual field (narrow pelvis, huge tumor).

In total, 148 patients were included in the study and 
underwent analysis. There were 97 patients after laparo-
scopic APR and 51 patients after APR performed through 
laparotomy. The basic demographic and clinical features 
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are presented in Table 1; there were no statistically signifi-
cant differences between both study groups regarding age, 
gender, BMI, ASA grade, cancer stage, operative time, and 
30-day postoperative morbidity.

Clinical PSH (parastomal hernia revealed by physical 
examination) was detected in 59 study patients (39.8%) 
1 year after APR, and in 71 patients (47.8%) 2 years after 
APR (Table 2). The incidence of clinical PSH was signifi-
cantly higher in patients who underwent laparoscopic APR 
in comparison with open APR at both time points—1 year 
after the surgery (50.5% vs. 19.6%, p < 0.001) and 2 years 
after the surgery (57.7% vs. 29.4%, p = 0.001).

The incisional hernia (hernia in midline laparotomy after 
open APR or port-site incisional hernia after laparoscopic 
APR) was found in 20 study patients (13.5%) after 1 year and 
in 23 patients (15.5%) after 2 years (Table 2). The incidence 
of incisional hernia was significantly higher in patients who 
underwent open APR 1 year after the surgery (25.5% vs. 
7.2%, p = 0.002); the same applies to the difference between 
study subgroups after 2 years (31.3% vs. 7.2%, p < 0.001).

Radiologically detected PSH was found in 75 study 
patients (50.6%) 1  year after APR, and in 79 patients 
(53.3%) 2 years after APR. Data regarding particular types 
of PSH according to Moreno-Matias classification detected 

in our study subgroups are clearly presented in Table 3. The 
incidence of radiologically detected PSH was significantly 
higher in the subgroup of patients who underwent laparo-
scopic APR—1 year after the surgery (58.7% vs. 35.3%, 
p = 0.007) and 2 years after the surgery (61.8% vs. 37.2%, 
p = 0.004). The differences between both study subgroups 
were conditioned mainly by a higher incidence of PSH type 
II and III.

The mean diameter of radiologically detected PSH was 
8.9 ± 0.44 cm 1 year after APR and 11.3 ± 0.49 cm 2 years 
after APR (Table 3). The mean diameter of PSH was higher 
in a subgroup of laparoscopically operated patients in both 
study periods, but the differences were not statistically sig-
nificant (p = 0.223 and p = 0.305).

Discussion

PSH presents the most common complication of stoma for-
mation, which adversely affects a patient’s quality of life, 
psychological well-being and healthcare resources [1, 4, 
21, 22]. According to literature, a wide range of PSH rates 
is reported as a result of varying definitions, methods of 
diagnosis, length of follow-up, and type of stoma [1, 4–7, 

Table 1  Demographic and 
clinical data of study patients

Parameter Open APR
(n = 51)

LPSK APR
(n = 97)

p value Total
(n = 148)

Age (years, mean ± SD) 64.4 ± 1.03 62.5 ± 0.87 0.188 63.1 ± 0.68
Gender, n (%)
 Male 36 (70.6) 71 (73.2) 0.736 107 (72.3)
 Female 15 (29.4) 26 (26.8) 41 (27.7)

BMI (kg/m2, mean ± SD) 27.7 ± 0.63 26.4 ± 0.40 0.058 26.8 ± 0.34
ASA, n (%)
 I 2 (3.9) 7 (7.2) 0.448 9 (6.1)
 II 28 (54.9) 59 (60.8) 87 (58.8)
 III 21 (41.2) 31 (32.0) 52 (35.1)

Cancer stage, n (%)
 I 14 (27.4) 31 (32.0) 0.829 45 (30.4)
 II 16 (31.4) 27 (27.8) 43 (29.1)
 III 21 (41.2) 39 (40.2) 60 (40.5)

Operative time (minutes, mean ± SD) 249.5 ± 12.21 236.5 ± 4.97 0.6877 240.9 ± 5.32
30-day morbidity, n (%) 16 (31.4) 26 (26.8) 0.558 42 (28.4)

Table 2  Clinical parastomal 
hernia and incisional hernia in 
study patients

Parameter Open APR
(n = 51)

LPSK APR
(n = 97)

p value Total
(n = 148)

Clinical PSH after 1 year, n (%) 10 (19.6) 49 (50.5) < 0.001 59 (39.8)
Clinical PSH after 2 years, n (%) 15 (29.4) 56 (57.7) 0.001 71 (47.9)
Incisional hernia after 1 year, n (%) 13 (25.5) 7 (7.2) 0.002 20 (13.5)
Incisional hernia after 2 years, n (%) 16 (31.3) 7 (7.2) < 0.001 23 (15.5)
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23–25]. A meta-analysis has estimated the PSH incidence to 
be in the region of 30% for end ileostomy and approximately 
50% for end colostomy at 10 years [4].

In our study group, both methods of PSH assessment 
(clinical and radiological examination) revealed a high 
frequency of PSH. One year after the surgery, PSH was 
detected by clinical examination in 39.8% of patients, and in 
50.6% of patients by radiological examination. After 2 years, 
there were 47.8% of patients with clinical PSH and 53.3% of 
patients with radiological PSH. We suppose that the rather 
high PSH incidence in our study group could be attributed 
to our study design—PSH incidence/severity investigation 
was a primary outcome measure of the study.

Although some patients with PSH are asymptomatic, 
roughly three-quarters of patients with PSH exhibit clini-
cal symptoms related to their hernia [7, 9]. Moreover, unre-
paired PSH can lead to bowel obstruction, incarceration, 
or possible strangulation [7–10, 21, 23, 24]. Symptomatic 
PSH is an indication for surgery. According to available data 
coming from systematic reviews, mesh repair is the golden 
standard currently [21, 26–28]. However, there is a lack of 
evidence with respect to the ideal technique of stoma forma-
tion or the ideal technique of PSH mesh repair. Multi-insti-
tutional randomized controlled trials comparing the safety 
and efficacy of different surgical techniques are, therefore, 
essential in order to draw definitive conclusions [5, 21, 24].

A diagnosis of PSH is made either through clinical 
examination or via imaging modalities. Although there is 

no golden standard for PSH diagnosis, an abdominal CT has 
been the traditional imaging modality to confirm the diagno-
sis or to obtain a better characterization of the PSH [20, 24, 
29]. In our study, the analysis of diagnostic methods used 
for PSH detection revealed a high correlation between clini-
cal and radiological PSH incidence (39.8% vs. 50.6% after 
1 year; 47.8% vs. 53.3% after 2 years). In accordance with 
the available literature, the use of abdominal CT can detect 
smaller PSH that are not apparent during clinical examina-
tion [20, 29]. Moreno-Matias et al. in their study concluded 
that clinico-radiological concordance is high for PSH types 
II and III, indicating that radiology gives objectivity to the 
clinical findings. The correlation for PSH types Ia and Ib is 
lower, but these PSH are usually not associated with symp-
toms, since the hernial sac contains only the bowel loop 
forming the stoma [20].

Our data revealed a significantly higher incidence of PSH 
in patients who underwent laparoscopic APR, which pre-
sents the most important outcome of the study. We have 
detected an approximately twofold higher incidence of clini-
cal PSH (50.5% vs. 19.6% after 1 year; 57.7% vs. 29.4% 
after 2 years) and radiologically detected PSH (58.7% vs. 
35.3% after 1 year; 61.8% vs. 37.2% after 2 years) in patients 
undergoing laparoscopic APR. The first time that laparo-
scopic surgery was linked to a higher incidence of PSH was 
within a review paper by Carne et al. in 2003 [18]. Authors 
reported the outcomes of a literature search focused on data 
regarding PSH following minimally invasive stoma forma-
tion. Carne et al. concluded that the incidence of PSH after 
laparoscopic stoma formation remains unclear and further 
studies are required.

In the available literature, there is only one study focused 
on the comparison of PSH incidence after laparoscopic vs. 
open colorectal surgery [17]. Randall et al. detected PSH 
in 18% of patients after laparoscopic approach compared 
to 2% of patients after open procedures. However, there are 
several concerns regarding the design of the study published 
by Randall et al.—the study population was extremely het-
erogeneous (emergency and elective procedures, patients 
with cancer and benign diseases, patients with ileostomy and 
colostomy) and a limited number of patients were included 
(33 patients after laparoscopic vs. 44 patients after open 
surgery).

In our study, patients who underwent laparoscopic APR 
had a significantly higher incidence of PSH and a signifi-
cantly lower incidence of incisional hernia. We suppose 
that these outcomes are the consequence of predominant 
hernia formation in the weakest point of the abdominal 
wall. The defect created for terminal colostomy presents 
the weakest point of abdominal wall in laparoscopically 
operated patients, owing to this, PSH develops predomi-
nantly in patients after laparoscopic APR. On the other 
hand, laparotomy presents the weakest point of abdominal 

Table 3  Radiologically detected parastomal hernia (types and diam-
eter) in study patients

Parameter Open APR
(n = 51)

LPSK APR
(n = 97)

p value Total
(n = 148)

PSH type after 1 year, n (%)
 Ia 3 (5.9) 5 (5.1) 8 (5.4)
 Ib 4 (7.8) 5 (5.1) 9 (6.0)
 II 4 (7.8) 12 (12.3) 16 (10.8)
 III 7 (13.7) 35 (36.1) 42 (28.4)
 Total 18 (35.3) 57 (58.7) 0.007 75 (50.6)

PSH diam-
eter after 
1 year (cm, 
mean ± SD)

7.9 ± 0.79 9.2 ± 0.51 0.223 8.9 ± 0.44

PSH type after 2 years, n (%)
 Ia 1 (1.9) 3 (3.1) 4 (2.7)
 Ib 1 (1.9) 3 (3.1) 4 (2.7)
 II 3 (5.9) 9 (9.3) 12 (8.1)
 III 14 (27.4) 45 (46.4) 59 (39.9)
 Total 19 (37.2) 60 (61.8) 0.004 79 (53.3)

PSH diam-
eter after 
2 years (cm, 
mean ± SD)

10.4 ± 0.58 11.6 ± 0.88 0.305 11.3 ± 0.49
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wall in patients after open APR (newly-emerged incisional 
hernia in these patients is associated with the release of 
increased intra-abdominal pressure; therefore, PSH does 
not arise subsequently).

The high incidence of PSH together with the unsatisfac-
tory outcomes of its repair (morbidity associated with any 
corrective operation) has led to a novel idea with emphasis 
on prevention—the use of peristomal prophylactic mesh 
at the time of the initial operation [21, 30, 31]. According 
to recent meta-analysis, reinforcement of a stoma with a 
biological or synthetic mesh at the time of its formation 
significantly reduces the PSH incidence with no increase 
in morbidity [32]. Authors conclude that reinforcing elec-
tive stomas with mesh reduces subsequently PSH rates, 
complications, repairs and saves money. We suppose that 
a two-fold higher PSH incidence after laparoscopic APR 
(in comparison with open APR) could be a strong argu-
ment for the application of peristomal prophylactic mesh 
during laparoscopic APR in an effort to reduce the rates 
of PSH formation.

The present study was focused on the investigation of 
PSH incidence/severity within the first 2 years after open/
laparoscopic APR. A retrospective cohort study design 
presents the main limitation of the study. However, the 
proposed study was sufficiently powered, a high homoge-
neity of study group was achieved, two methods of PSH 
examination (clinical and radiological) at fixed time-points 
were employed, and a standardized classification system 
for PSH assessment was used.

In conclusion, the risk of PSH development after laparo-
scopic APR appears to be significantly higher in compari-
son with patients undergoing open APR. Although many 
stoma-related complications are not increased by the use 
of laparoscopic surgery, higher incidence of PSH should be 
considered a potential disadvantage of minimally invasive 
approach to patients with low rectal cancer. A promising 
method of reducing the incidence and consequences of this 
significant complication is the use of prophylactic peristomal 
meshes at the time of the initial laparoscopic operation.
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