
Abstract. Background/Aim: Incisional hernia is among the
most prevalent complications associated with open abdominal
aortic aneurysm repair. However, risk factors for incisional
hernias in patients with abdominal aortic aneurysm are
multifactorial. Therefore, this study evaluated the risk factors
of incisional hernia after open abdominal aortic aneurysm
repair, including surgical factors. Patients and Methods: We
retrospectively extracted data from patients with incisional
hernias after abdominal aortic aneurysm repair between 2012
and 2019 and investigated their perioperative characteristics
and wound closure techniques. Results: The mean follow-up
periods were 41.5±30.3 months, and 30 of 131 (22.9%)
patients suffered an incisional hernia. Regarding the
underlying disease, only diabetes mellitus was significantly
more common in the incisional hernia group (11 of 30
patients, 36.6%), and no significant differences were found in
the patients’ perioperative data. Interrupted sutures were used
in all 30 patients in the hernia group. Moreover, in 8 of the
101 remaining cases, barbed sutures were used, and no
incisional hernia occurred in any of these cases. Conclusion:
In addition to diabetes mellitus, abdominal aortic aneurysm
is a significant risk factor for incisional hernia after
abdominal aortic aneurysm repair. Therefore, employing the
barbed suture technique may effectively prevent incisional
hernias after abdominal aortic aneurysm repair.

Over the past two decades, abdominal aortic aneurysm
(AAA) surgery has significantly changed, with many
surgeons opting for endovascular aortic repairs (EVAR) over
open surgeries. However, open surgery remains a crucial
option owing to its superior cost-effectiveness and long-term
prognosis. Despite these advantages, one of the most
prevalent complications of open AAA repair is incisional
hernias. In retrospective studies, the incidence of this
complication has been reported to be as high as 37% (1),
with >80% of patients experiencing related symptoms (2, 3).
These symptoms include chronic abdominal pain and
discomfort and can lead to severe complications, such as
intestinal strangulation, bowel obstruction, and perforation.
Additionally, patients with incisional hernias have been
found to have a significantly lower health-related quality of
life and body image than those without hernias (3). 

Moreover, AAA has been reported to be an independent risk
factor for incisional hernia after laparotomy (4, 5). Patients
with aneurysms are known to have potential defects in collagen
and elastin production (6, 7), suggesting that connective tissue
abnormalities may affect wound healing, predisposing patients
to incisional hernia following AAA repair. 

Several studies have reported the risk of incisional hernia,
which can be classified into patient-related factors, such as
obesity and surgery-related factors. While many have
reported patient-related factors, there are few reports on
surgical factors in patients with AAAs (8, 9). 

Therefore, this study aimed to analyze the risk factors for
incisional hernia after open AAA repair, including surgical
factors, and explore potential measures, such as a unique
continuous suture system for abdominal closure that vascular
surgeons can adopt to mitigate these risks. 

Patients and Methods

Between January 2012 and December 2019, 131 patients underwent
open AAA repair at the Department of Vascular Surgery at the
University of Tokyo. Notably, patients who did not undergo a midline
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abdominal incision (e.g., a transverse incision or retroperitoneal
approach) were excluded from this study. However, emergency
surgical cases were included in this study. We retrospectively analyzed
the patients’ clinical records and telephone surveys. Written informed
consent was obtained from all patients prior to their participation in
the study. This study was conducted in accordance with the
Declaration of Helsinki, and the protocol was approved by the Ethics
Committee of the University of Tokyo Hospital [no. 3316-(4)].

The recorded baseline characteristics were age, sex, body mass
index, smoking history, history of cardiovascular disease,
hypertension, diabetes, dyslipidemia, dialysis, chronic obstructive
pulmonary disease, and laparotomy. Incisional hernia was diagnosed
based on clinical findings or computed tomography findings. However,
in cases where symptoms, such as abdominal distension or abdominal
discomfort were observed, the diagnosis was made when a hernial
orifice was identified during examination by a surgeon and even in
asymptomatic cases, when there were findings of the peritoneum
touching the abdominal wall on a postoperative follow-up computed
tomography scan. Perioperative data included preoperative hemoglobin
and albumin levels, psoas muscle index to measure sarcopenia,
operative time and blood loss, and postoperative hospital stay as
evaluation criteria. The psoas muscle index was calculated using a
previously reported method (10). The cut-off values for sarcopenia
were defined as a psoas muscle index of 6.36 cm2/m2 for males and
3.92 cm2/m2 for females. Regarding surgical techniques, we focused
on the method of wound closure and categorized them as interrupted
or continuous sutures using STRATAFIX Symmetric PDS Plus
(ETHICON Inc., Cincinnati, OH, USA). 

The volume of the bilateral psoas muscle was calculated using
Horos 3.3.5, an open-source medical image viewer. All data were
statistically analyzed using JMP Pro 15 software (SAS Institute Inc.
Cary, NC, USA). Continuous variables are presented as
means±standard deviations, and categorical variables are presented
as numbers and percentages. Each category was analyzed by t-test
or χ-square test. For each analysis, a p-value <0.05 was considered
statistically significant. 

Results

Patient characteristics are shown in Table I. The mean follow-
up periods were 41.5±30.3 months, and 30 of 131 (22.9%)
patients had incisional hernias. No statistically significant
differences were noted in age, sex, body mass index, or
smoking history between the two groups (i.e., the hernia and
non-hernia groups). Approximately 30% of the patients had a
history of laparotomy; however, no significant differences were
found between the groups. Regarding the underlying disease,
only diabetes mellitus was significantly more common in the
incisional hernia group (11 of 30 patients, 36.6%). 

The mean time to diagnosis was 17.2±16.1 months. Of the
30 patients with incisional hernias, only two patients
underwent hernia repair surgery: one patient had severe
abdominal discomfort and pain due to the hernia and
requested surgery, and one patient underwent hernia repair
at the same time as laparotomy for another disease. No
intestinal strangulation, bowel obstruction, or perforation
occurred during the follow-up. 

Although each group included emergency cases, no
significant differences were observed in operative time,
blood loss, or postoperative hospital stay between the two
groups (Table II). In addition, preoperative hemoglobin and
albumin levels in both groups were within normal limits and
did not differ significantly. Furthermore, although the mean
body mass index was within normal limits in both groups,
approximately 20% of the patients had sarcopenia, which
was also not statistically significant (p=0.614).

The methods used for abdominal wall closure are listed in
Table III. Interrupted sutures were used in all 30 patients in the
hernia group. In contrast, in the non-hernia group, continuous
sutures were used in 8 of the 101 patients. We introduced
continuous suture closure of the abdominal wall using
STRATAFIX, an anchored absorbable monofilament suture.
From the observed data, there were no cases of incisional hernia
in patients with continuous sutures; therefore, a significant
difference was found between the two groups (p=0.0387). 

Discussion

Previous studies have reported the risk factors associated with
incisional hernia in patients with AAAs. The exact
pathophysiology of an incisional hernia in open AAA repair is
likely multifactorial, with patient- and surgery-related risk
factors falling into this classification (11). Although increased
age, obesity, and prior laparotomy are patient-related risk
factors for incisional hernia following open surgery (8, 9), these
factors did not exhibit any significant differences between the
groups in this study. Further, chronic obstructive pulmonary
disease is another significant risk factor for wound dehiscence
(12, 13); however, we found no relatable differences between
the two groups in this study. Furthermore, Van Rooijen et al.
have revealed that sarcopenia is not a risk factor for incisional
hernia (14), and consistent with this finding, we did not find
any differences between the two groups. 

Regarding the underlying disease, the association between
autosomal dominant polycystic kidney disease and
abdominal incisional herniation is well-known; particularly,
Morris-Stiff have reported that 45% of autosomal dominant
polycystic kidney disease patients had an incisional hernia
(15). Although there were no patients with autosomal
dominant polycystic kidney disease in the two groups in this
study, the potential fragility of the abdominal wall due to
errors in collagen metabolism may contribute to incisional
hernia and should be carefully considered during surgery for
patients with this background disease.

Among the factors included in our study, diabetes mellitus
was more frequently observed in the incisional hernia group.
Although most diabetic patients in our investigation had
well-controlled blood glucose levels before and after surgery,
most incisional hernias occurred more than one year after
surgery. One possible explanation for this disparity is the
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compromised wound-healing characteristics of diabetes, and
this finding was consistent with similar results reported in
previous studies (16).

Typically, incisional hernias manifest within one year after
surgery. However, most incisional hernia cases in this study
occurred at least one year after surgery. A previous study in
our country has reported that nearly 50% of patients who
underwent open surgery experienced incisional hernias
within 6 months, whereas 64% experienced such hernias

within one year (17). In our study, only 8 of the 30 patients
(26.7%) had an incisional hernia within 6 months of surgery,
indicating that incisional hernias are more likely to occur in
later periods, particularly in patients with AAA. This
suggests that collagen weakening, which is caused by the
AAA itself, may be the primary contributing factor to
incisional hernia, as opposed to surgery-related factors. Thus,
this supports previous research findings indicating that AAA
is an independent risk factor for incisional hernia (4, 5).
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Table I. Patient characteristics.

                                                                                   Incisional hernia (n=30)                                      None (n=101)                                          p-Value

Age                                                                                          70.7±8.9                                                       71.0±8.8                                                 0.848
Sex (male/female)                                                               23:7 (76.6%)                                               90:11 (89.1%)                                            0.082
BMI                                                                                         24.5±3.6                                                       23.5±3.4                                                 0.133
Smoking                                                                                22 (73.3%)                                                   78 (77.2%)                                               0.660
Cardiovascular disease                                                          9 (30.0%)                                                    26 (25.7%)                                               0.644
Hypertension                                                                        25 (83.3%)                                                   70 (69.3%)                                               0.131
Dyslipidemia                                                                        18 (60.0%)                                                   57 (56.4%)                                               0.729
Diabetes                                                                                11 (36.6%)                                                   15 (14.8%)                                               0.009
Renal dysfunction (Dialysis)                                                0 (0.00%)                                                     3 (2.97%)                                                0.340
COPD                                                                                   13 (43.3%)                                                   44 (43.6%)                                               0.982
History of laparotomy                                                           9 (30.0%)                                                    33 (32.6%)                                               0.783

COPD: Chronic obstructive pulmonary disease. Significant p-values are shown in bold.

Table II. Perioperative characteristics.

                                                                                   Incisional hernia (n=30)                                      None (n=101)                                           p-Value

Preoperative                                                                                                                                                                                                                     
Hb (g/dl)                                                                                 13.8±1.9                                                       13.1±2.8                                                 0.132
Alb (g/dl)                                                                                 3.9±0.3                                                         3.8±0.5                                                  0.069
PMI (cm2/m2)                                                                         7.00±1.9                                                       7.17±1.7                                                 0.665
Male                                                                                        7.55±1.7                                                       7.41±1.6                                                 0.740
Female                                                                                    5.19±1.1                                                       5.17±1.0                                                 0.980
Sarcopenia (male/female)                                                     5 (16.7%)                                                    23 (22.8%)                                               0.614
                                                                                                    5:0                                                               21:2                                                         
Emergency surgery                                                               1 (3.33%)                                                     7 (6.93%)                                                0.470
Operation time (min)                                                              279±74                                                        286±250                                                0.792
Blood loss (ml)                                                                      1486±836                                                     1296±832                                                0.137
Postoperative hospital stay (day)                                          15.4±7.4                                                       14.7±7.8                                                 0.707

Hb: Hemoglobin; Alb: albumin; PMI: psoas muscle index.

Table III. Suturing method for the abdominal wall.

                                                                                   Incisional hernia (n=30)                                      None (n=101)                                           p-Value

Suture technique                                                                                                                                                 
Interrupted                                                                                   30                                                                 93                                                     0.0378
Continuous (Barbed)                                                                    0                                                                   8                                  



Furthermore, in this study, several patients experienced early
incisional hernias after primary surgery. Within a month, 2 of
the 30 patients in the hernia group developed an incisional
hernia. Therefore, we considered that the underlying cause of
these cases is more possibly surgery-related rather than patient-
related. Among surgery-related factors, suture techniques after
laparotomy play a critical role in the incidence of incisional
hernia. Israelsson et al. have shown that a high suture length-
to-wound length ratio of at least 4:1 significantly reduces the
incidence of incisional hernias in midline laparotomy wounds
(18). Similarly, a multicenter randomized controlled trial from
the Netherlands has revealed that small bites with a running
suture technique were more effective in preventing incisional
hernia than the large bite technique and were not associated
with increased pain or adverse events (19). 

In our study, all patients were sutured using roof-tile-style
techniques within the same department under the constant
supervision of the attending surgeons. In particular, all patients
with an incisional hernia underwent the interrupted suture
technique, and none of the patients who underwent the barbed
suture technique developed an incisional hernia. This result
may be attributed to the fact that the interrupted sutures could
not maintain the high suture length to wound length. In
addition, compared to conventional interrupted sutures or
running sutures, both of which create high tension at the point
of insertion, barbed sutures are highly advantageous because
the tissue is much less likely to tear (20). Therefore, barbed
sutures could be an effective technique for preventing
incisional hernias that surgeons can easily introduce.

This study had several limitations. First, this was a
retrospective, single-center study. Second, the number of cases
may be too small to analyze multiple factors in this study.
Third, the choice of suture and suture technique was at the
attending surgeon’s discretion. Fourth, because of the small
number of cases and the wide variety of suture procedures, our
results cannot be generalized to other methods of abdominal
closure. Therefore, additional studies are warranted to examine
more cases and provide more robust evidence for the
prevention of incisional hernias after open AAA repair.

Conclusion 

Diabetes mellitus is a risk factor for incisional hernias after
AAA repair. In addition, late incisional hernias occur in
patients with AAA, suggesting that the AAA itself may also
be a significant risk factor. Therefore, utilizing the barbed
suture technique may be an effective method for preventing
incisional hernias following AAA repair. 
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