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Abstract

Purpose To identify the incidence of extraction site incisional hernia following gastrectomy for gastric cancer and its sig-
nificant risk factors, including the subcutaneous fat area.

Methods We reviewed data gathered prospectively on patients with gastric cancer, who underwent gastrectomy between 2008
and 2012 at Kyushu University Hospital, Fukuoka, Japan. The subcutaneous fat area (SFA) and visceral fat area (VFA) were
measured using axial computed tomography at the level of the L4 and L3 transverse processes, and the L2-1.3 intervertebral
disc. The primary endpoint of the rate of extraction site incisional hernia was based on the computed tomography and clinical
data including hospital follow-up reports.

Results After applying the inclusion and exclusion criteria, 320 patients were included in this retrospective analysis: 3.1%
(10/320) had extraction site incisional hernias after a mean follow-up of 11 months. Multivariate analysis revealed that age
and the SFA were independent risk factors (age >70.5 years: P=.013, odds ratio: 9.116, 95% confidence interval 1.581—
52.553; L4 SFA > 124 cm?: P=.004, odds ratio: 13.752, 95% confidence interval 2.290-82.582).

Conclusion Age and the SFA were independent risk factors for extraction site incisional hernia in patients undergoing gas-

trectomy for gastric cancer.
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Introduction

Incisional hernia is a common cause of postoperative mor-
bidity with a high recurrence rate (14-63%) despite devel-
opments in repair methods [1-4]. Approximately 23-60%
of patients are asymptomatic [1, 5]; however, it can lead to
life-threatening events such as incarceration (6—15%) and
bowel strangulation (2%) [1, 2, 4, 6-8]. The incidence of
incisional hernia is decreasing in line with the increasing
popularity of laparoscopic surgery [9]. However, incisional
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hernia remains a major late postoperative complication that
affects up to 2.8% of patients undergoing laparoscopic distal
gastrectomy, 20% of those undergoing laparotomy, 8.5-29%
of those undergoing laparoscopic colorectal surgery, and as
many as 69.1% of those undergoing abdominal aortic occlu-
sive and aneurysmal disease surgery [10-15].

Several studies have analyzed the risk factors for inci-
sional hernia, including Jang et al., who found that female
sex, higher body mass index (BMI), and the presence of
comorbidities were significant risk factors in patients
undergoing laparoscopic distal gastrectomy for gastric can-
cer [10]. Itatsu et al. reported that BMI and the thickness
of the subcutaneous fat were independent risk factors for
incisional hernia after abdominal surgery [1]. Yamada et al.
identified age, open laparotomy, and subcutaneous fat area
(SFA) as independent risk factors after colorectal surgery
[16], while Yamamoto et.al found that an increased visceral
fat area (VFA) and female sex were independent risk factors
for incisional hernia [12].
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The SFA as a risk factor for incisional hernia has been
studied in other cancer surgeries, but rarely in gastric cancer
surgery. It has also been studied in gastric cancer, but as
a risk factor for early rather than late surgical complica-
tions [17]. Various studies used different abdominal levels
to measure SFA and VFA. Yamada et al. used the umbilical
level as slice-representative for SFA [16], Kim et al. used
the L3 level for both SFA and VFA [18], Yoshikawa et al.
used the umbilical or L4-L5 level for VFA [19], and So et al.
recommended using the L2-L.3 level for VFA and the L4-L5
level for SFA [20].

Data on the risk factors for incisional hernia after gastric
cancer surgery are limited and the correlation between the
fat area and incisional hernia as a risk factor is understood
even less. The aim of this study was to identify the incidence
and significant risk factors for extraction site incisional her-
nia in patients undergoing gastrectomy for gastric cancer,
and to analyze the SFA as a risk factor.

Methods
Study population

This was a retrospective review of data gathered prospec-
tively on consecutive patients with gastric cancer, who
underwent gastrectomy between 2008 and 2012 at Kyushu
University Hospital, Fukuoka, Japan. The patients included
in this study had pathologically confirmed gastric cancer and
underwent total, distal, proximal, or remnant gastrectomy
with open or laparoscopic procedures, with or without other
organ resection and after computed tomographic (CT) imag-
ing was performed in our institution within 2 months preop-
eratively. We included both complicated and noncomplicated
surgeries, with noncomplicated surgery defined as straight-
forward surgery and complicated surgery defined as a pro-
cedure with additional organ resection or repair, apart from
the gallbladder and spleen, or a procedure with medical or
surgical intraoperative complications, or laparoscopic proce-
dures that were converted to open procedures. We excluded
patients who underwent an abdominal reoperation unrelated
to an incisional hernia within 1-year post-gastrectomy, and
those with incomplete data.

Preoperative demographics and anthropometric
measurements

We identified incisional hernia risk factors by reviewing our
electronic record database and imaging studies. An expert
senior radiologist supervised the analysis of the CT images
with CITA Clinical Finder Synapse Vincent volume ana-
lyzer version 5.0 (Fujifilm Medical, Tokyo, Japan). SFA and
VFA were measured via axial-slice CT scans at three levels:

L4 transverse processes, L3 transverse processes, and the
L2-L3 intervertebral disc. We used a default setting of —200
to—50 HU, with manual adjustment of the boundary inclu-
sion markers, as necessary (Fig. 1).

Specimen extraction and wound closure

During the study period, the extraction site varied as fol-
lows: umbilical port wound extension (range, 2.5-5 cm),
separate upper median mini-laparotomy incision (range,
4-5 cm), curvilinear periumbilical incision, upper median
laparotomy, and left vertical mini-laparotomy incision. Fig-
ure 2 shows illustrations of the various specimen extraction
sites with incisions highlighted. All gastrectomies were per-
formed or supervised by a single senior surgeon. We closed
all incisions with #1 monofilament polydioxanone suture in
a simple interrupted pattern through the muscle and fascia
simultaneously.

Gastric cancer classification

The classifications of staging and lymph-node dissection are
based on the Japanese gastric cancer treatment guidelines
2014 (ver. 4) [21]. Early gastric cancer comprises T1 tumors
irrespective of lymph-node metastasis. T1 tumors are con-
fined to the mucosa or submucosa. Any tumors extending
beyond that were considered advanced gastric cancer in this
study. In this study, lymph-node dissection was divided into
D2 and < D2. Based on the same guidelines, D2 lymph-node
dissection involved inclusion of all stations 9,11p, and 12a.
Non-inclusion of those stations was classified < D2.

Fig.1 Computed tomography scan at the level of the L4 transverse
processes: the red area represents the visceral fat area (VFA), and the
blue area represents the subcutaneous fat area (SFA)
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Fig. 2 Different extraction sites: a umbilical port wound extension; b upper median mini-laparotomy incision; ¢ periumbilical incision; d upper

median laparotomy; e left vertical mini-laparotomy

Follow-up

For stage I gastric cancer, patients underwent a follow-
up medical examination and CT scan every 6 months for
the first year postoperatively, and then yearly thereafter.
For stage II and III gastric cancer, follow-up involved a
medical examination every 3 months for 2 years, and then
every 6 months, and CT scan every 6 months. For stage IV
gastric cancer, patients underwent a medical examination
and CT scan as frequently as every 3—4 months, depending
on the attending physician. Post-gastrectomy patients from
Kyushu University Hospital who transferred to another
hospital for subsequent visits were also followed up, and
any postoperative problems such as hernia were reported
to our hospital.

Outcome assessment

The primary endpoint of the rate of extraction site incisional
hernia was based on CT scans and clinical data, including
follow-up reports from other hospitals. The CT scan defini-
tion of extraction site incisional hernia was a break in the
abdominal fascia with accompanying bulging of the perito-
neum containing an organ, bowel, or omentum in axial-slice
evaluation at the extraction site, as noted in patients’ surgical
records.

@ Springer

Statistical analysis

Statistical significance was determined using SPSS software,
version 23 (IBM Corp., Armonk, NY, USA). Results are
expressed as means + standard deviation or number (%).
Continuous variables were evaluated using the independent-
samples ¢ test, and categorical data were compared using the
Chi-square test. We used receiver-operating characteristic
(ROC) curves to calculate the cut-off values for significant
linear variables. Multivariate analysis of risk factors for inci-
sional hernia was performed using binary logistic regression.
P <0.05 denoted significance and multivariate analysis was
performed separately for each abdominal measurement level.

Results

A total of 344 patients underwent gastrectomy for gastric
cancer in our hospital between 2008 and 2012. After the
exclusion of 14 patients who underwent abdominal reopera-
tion unrelated to an incisional hernia within 1 year post-gas-
trectomy and another 10 with incomplete data, we analyzed
data for a final 320 patients. An extraction site incisional
hernia developed in 10 (3.1%) of these 320 patients after a
mean follow-up period of 11 months (Table 1). We found no
significant difference in the duration of follow-up between
the non-hernia and hernia groups. The ten extraction site
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Table 1 Patients with extraction site incisional hernia (n=320)

Non-hernia Hernia group (n=10) P value
group (n=310)
Interval before 10.8+5.2
hernia diag-
nosis: months
(mean)
Duration of 59.5+27.2 69.6 5+21.7 247

follow-up:
months (mean)

incisional hernias were first diagnosed either by clinical
examination followed by CT scan or ultrasound (7/10), or
by an incidental CT scan finding as part of gastric cancer
surveillance (3/10).

Three of the ten patients were considered to have under-
gone complicated surgery because of an additional proce-
dure to gastrectomy. The first patient in the complicated
group underwent simultaneous thoracoscopic lung resec-
tion for a metastatic tumor (skin appendage carcinoma); the
second underwent simultaneous hiatal hernia repair, and the
third underwent repair of a pre-existing umbilical incisional
hernia resulting from previous colorectal surgery. Three of
the ten patients with extraction site incisional hernia under-
went elective hernia surgery. No incarceration or strangula-
tion occurred. One of the three patients underwent hernia
surgery at another hospital where they were being followed

up.
Clinicopathological data

Table 2 summarizes the patients’ clinicopathological char-
acteristics. The incidence of extraction site incisional her-
nia was significantly higher with the following risk factors:
advanced age (P =0.046), presence or history of other her-
nias (inguinal, hiatal, and incisional) (P =0.009), and higher
SFA. All three SFA measurements were significant: both L4
SFA and L2-L3 SFA had P values of 0.007, and L3 SFA had
a P value of 0.034. VFA was not a significant risk factor at
any of the three measured levels, and the ratio of VFA/SFA
for all three levels was also not significant. The total of VFA
and SFA at L3 and L2-L3 were significant (P=0.036 and
P =0.034, respectively).

Surgical outcome data

Table 3 shows the patients’ surgical outcome variables.
There was a significant difference between the non-hernia
and hernia groups for the type of reconstruction (P =0.045),
which favored Roux-en-Y gastrojejunostomy and compli-
cated surgery (P=0.013). One of seven patients with an
intra-abdominal infection had an extraction site incisional

hernia, but it was not significant. There was only one
recorded case of right upper quadrant cellulitis in a patient
with intra-abdominal abscess, but there was no recorded
case of extraction site surgical-site infection in the study
population.

In this study, the majority of umbilical levels coincided
with L4, rather than with L3 or L2-L3, and 90% (287/320)
of the population underwent umbilical port extension as
the extraction site. In our institution, we extract specimens
through a 4-cm umbilical port extension for all types of
gastrectomy. Therefore, further analysis and discussion will
be focused on L4 SFA. To determine the cut-off point for
the significant linear variables of age and L4 SFA, we used
an ROC curve (Fig. 3a) identifying a cut-off of 124 cm?
for L4 SFA (sensitivity =0.800 and 1-specificity =0.274)
and a cut-off of 70.5 years for age (sensitivity =0.800 and
1-specificity =0.342) (Fig. 3b). Five significant risk factors
were used for the multivariate analysis: age, history of other
hernia, reconstruction, complicated/noncomplicated surgery,
and L4 SFA. Only age and L4 SFA remained independent
risk factors (P=0.013 and P=0.004, respectively; Table 4).

Discussion

The risk factors for incisional hernia following cancer sur-
gery have been studied extensively, not only for cosmetic
concerns, but because of the complications and added mor-
bidity to patients with existing critical cancer status, as well
as their economic burden. Understanding the interrelation of
modifiable and nonmodifiable factors can decrease the risk
and, ultimately, the incidence of incisional hernia in less-
often-studied oncological surgeries, such as gastrectomy for
gastric cancer.

In the present study, extraction site incisional hernia
developed in 3.1% (10/320) of patients after a mean inter-
val of 11 months postoperatively, which is similar to the
rate of 2.8% reported by Jang et al. Jang et al. also reported
that the extraction site incisional hernia developed within
12 months postlaparoscopic distal gastrectomy in 93.7%
of their patients. Similarly, a 2.7% incidence of incisional
hernia was identified in a long-term Lebanese study of lapa-
roscopic sleeve gastrectomy [22]. The mean follow-up of
4.6 years in our study is considered adequate and in accord-
ance with the minimum 3-year recommended incisional
hernia follow-up in a prospective multicenter study by Fink
et al. [23].

Several risk factors for extraction site incisional hernia
have been discussed in the literature. A Cochrane review
found that monofilament sutures may reduce the risk of
incisional hernia, with a moderate-quality body of evidence
[11]. We used this type of suture in our study; however, the
exact methods and other details of the incisional closure
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Table 2 Clinicopathological

- X X Characteristic Non-hernia group Hernia group (n=10) P value
characterlst.lcs of patlent§ w1th (n=310)
vs. those without extraction site
incisional hernia (n=320) Age 65.55+11.4 72.80+4.9 046*

Gender 249
Male 209 (97.7%) 52.3%)

Female 101 (95.3%) 5 4.7%)

BMI (kg/m?) 22.8+3.4 242423 229
Height (cm) 161.7+8.6 157.2+7.5 107
Weight (kg) 60+11 59.9+8.1 982

Cancer stage .190
| 209 (95.4%) 10 (4.6%)
1T 48 (100.0%) 0
1 38 (100.0%) 0
v 15 (100.0%) 0

Cancer type .076
Early cancer 194 (95.6%) 9 (4.4%)

Advanced cancer 116 (99.1%) 1 (0.9%)

Comorbidities
DM 47 (95.9%) 2 (4.1%) .676
Lung disease (BA, COPD, and 30 (93.8%) 2 (6.3%) 284

chronic bronchitis)
CVD 34 (94.4%) 2 (5.6%) 374
Aneurysm 4 (100.0%) 0 718
Renal failure 12 (100.0%) 0 .526
Autoimmune disease 9 (90.0%) 1(10.0%) 204
Laparotomy history 103 (96.3%) 4(3.7%) .655

Other hernia 11 (84.6%) 2 (15.4%) .009%*
Inguinal 7 (100%) 0
Hiatal 2 (66.7%) 1 (33.3%)

Incisional 2 (66.7%) 1 (33.3%)

Smoking history 170 (97.7%) 4 (2.3%) 354

Preoperative chemotherapy 7 (100.0%) 0 .631

Preoperative diagnostics
Albumin g/dL 4.1+0.5 4+0.5 .380
Hemoglobin g/dL 129+1.8 13+1.5 .837
WBC (x 10/uL) 59+25 55+1.6 544
Platelet count (x 10*/uL) 217461 190.5 +40.7 173
CRP (mg/dL) 0.25+0.7 0.13+0.1 .636
L4 SFA (cm?) 101.7+54.7 149.0+54.5 .007*
L4 VFA (cm?) 95.9+65.4 111.6+51.6 453
L4 VFA/SFA ratio 1.1+1.6 0.8+0.5 .559
L4 Total SFA-VFA 197.6 + 104 260.6+76.7 .059
L3 SFA (cm?) 83.3+46.7 115.2+42.4 .034*
L3 VFA (cm?) 93.8+71 129.5+46.1 115
L3 VFA/SFA ratio 14+2.38 1.3+0.7 922
L3 Total SFA-VFA 177+101 244.8+59.5 .036*
L2-L3 SFA (cm?) 75+43.7 113 +46.6 .007*
L2-L3 VFA (cm?) 94.4+73.2 124.3+38.6 .200
L2-L3 VFA/SFA ratio 1.7+3.3 1.3+0.8 7153
L2-L3 total SFA-VFA 169.4+100.3 237.2+44.4 .034*

@ Springer

BMI body mass index; DM diabetes mellitus; BA bronchial asthma; COPD chronic obstructive pulmonary

disease; CVD cardiovascular disease; SFA subcutaneous fat area; VFA visceral fat area

“Significant values
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Table 3 Surgical outcomes of patients with vs. those without extraction site incisional hernia (n=320)
Characteristic Non-hernia group Hernia group (n=10) P value
(n=310)
Operation time (min) 326.8+94.9 327.6+72.4 .980
Type of surgery 250
Laparoscopic distal gastrectomy w/ or w/o cholecystectomy 204 (96.7%) 7 (3.3%)
Laparoscopic total gastrectomy w/ or w/o cholecystectomy 69 (98.6%) 1(1.4%)
Laparoscopic proximal gastrectomy w/ or w/o cholecystectomy 13 (86.7%) 2 (13.3%)
Laparoscopic total remnant gastrectomy 5 (100.0%) 0
Laparoscopic total gastrectomy with splenectomy 7 (100.0%) 0
Open proximal/distal/total gastrectomy w/ or w/o splenectomy/ Conver- 12 (100.0%) 0
sion to open
Reconstruction .045*
Roux-en-Y gastrojejunostomy 187 (97.4%) 5(2.6%)
B1 delta anastomosis 25 (92.6%) 2 (7.4%)
Roux-en-Y esophagojejunostomy 85 (98.8%) 1(1.2%)
Esophagogastrostomy 13 (86.7%) 2(13.3%)
Lymph node dissection .082
<D2 196 (95.6%) 9 (4.4%)
D2 114 (99.1%) 1(0.9%)
Complicated/uncomplicated surgery .013*
Uncomplicated 286 (97.6%) 7 (2.4%)
Complicated 24 (88.9%) 3(11.1%)
Extraction site
Umbilical vs. non-umbilical 145
Umbilical port extension 287 (97.3%) 8 (2.7%)
Nonumbilical 23 (92.0%) 2 (8.0%)
Upper median mini-laparotomy 11 (84.6%) 2 (15.4%)
Periumbilical incision 1 (100.0%) 0
Upper median laparotomy 10 (100.0%) 0
Left vertical mini-laparotomy 1 (100.0%) 0
Estimated blood loss (g) 80.08 +157.0 98.1+73.5 718
Postoperative surgical complications
Leakage (anastomotic/pancreatic/lymphatic) within 1 month 5 (100.0%) 0 .686
Ileus/obstruction within 1 year 2 (100.0%) 0 799
Intra-abdominal infection within 1 month 6 (85.7%) 1 (14.3%) .086
Maximum pathological tumor diameter (cm) 45+3.4 3.7+25 .507
Hospital stay (days) 11.1£8.7 11.3+£29 957
Change in weight after 1 year (kg)* =73+5 -5.6+3.1 .303
Follow-up period (years) 4.6+2.3 54+1.7 283

w with; w/o without
#Available patient only

“Significant values

could not be analyzed because of its retrospective design. A
colorectal cancer study compared trans-umbilical versus left
lower abdominal incision as extraction sites, and a robotic-
assisted laparoscopic radical prostatectomy study compared
a vertical supraumbilical incision with an off-midline inci-
sion. Both studies concluded that the extraction site did not
affect the risk of incisional hernia [24, 25]. Similarly, we

found no significant difference between the different extrac-
tion sites in our study. Another large-scale study of 4305
abdominal operations showed the following independent
risk factors for extraction site incisional hernia: age, sex,
BMI, preoperative chemotherapy, increased subcutaneous
fat thickness based on CT, elevated wound classification
score, intraoperative blood transfusion, midline incision, and
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Fig.3 Receiver-operating characteristic (ROC) curves for L4 SFA as
a linear variable (a) and age as a Linear Variable (b)

incisional surgical-site infection [1], while a Korean lapa-
roscopic distal gastrectomy study listed female sex, higher
BMLI, and comorbidities as independent risk factors [10]. In
our study, univariate analysis revealed five significant risk
factors for extraction site incisional hernia: complicated sur-
gery, presence or history of other hernia, reconstruction in
favor of Roux-en-Y, age, and L4 SFA.

The cases of complicated surgery in the present study
may be attributed to the fact that three patients underwent
compound surgeries. Two were related to a concurrent other
hernia (hiatal hernia repair in one and repair of a pre-existing
umbilical incisional hernia in the other). Pathological studies
report a link between abnormal collagen production and/or
processing that is probably associated with different types of
hernia development [26]. This may also contribute to recur-
rences such as that in one of our patients, although surgical
factors on closure represent the most studied factor for recur-
rence [27, 28]. In our univariate analysis, reconstruction in
favor of Roux-en-Y was a significant factor. A study from
our institution by Noshiro et al. in 2003 found that Roux-en-
Y anastomosis rather than Billroth I was adopted more often
in patients with a high BMI than in the normal-BMI group
because of difficulty in reconstruction during laparoscopy-
assisted distal gastrectomy for early gastric cancer [29]. At
that time, objective measurements of the fat area using CT
had not yet been studied extensively. Although this study
shows BMI as a nonsignificant variable, our results sug-
gest that Roux-en-Y reconstruction may be related to the
visceral or total visceral and subcutaneous fat area; how-
ever, larger sample sizes are needed. Perhaps secondary to
our small-sample size, complicated surgery and a history of
other hernias were not significant variables in our multivari-
ate analysis. Nonetheless, the sample size in our study was
large enough to verify age and L4 SFA as independent risk
factors after binary logistic regression.

Age >70.5 years was a significant independent factor
for incisional hernia (odds ratio: 9.116, 95% confidence
interval 1.581-52.553) in our study. Similarly, age is also
an independent risk factor for hernia following colorectal
cancer surgery [16] as well as following abdominal surgery
in general [1]. Yamamoto et al. identified an almost similar
cut-off value of 72 years for incisional hernia among patients

Table 4 Multivariate analysis
of the risk factors for extraction

site incisional hernia following

gastric cancer surgery, using the
L4 subcutaneous fat area (SFA)

@ Springer

Factor 95% C1 Odds ratio P value
Age (>70.5/<70.5 years) 1.581-52.553 9.116 .013*
Other hernia (inguinal, hiatal, and incisional) 0.286--33.535 3.097 352
Reconstruction 0.720-45.853 5.745 .099
Complicated/uncomplicated Surgery 0.124-8.068 1.001 .999
L4 SFA (> 124 cm?% < 124 cm?) 2.290-82.582 13.752 .004%

L4 fourth lumbar vertebra; SFA subcutaneous fat area; CI confidence interval

“Independently significant values
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undergoing colorectal surgery [12]. The reason for the higher
incidence of incisional hernias in older patients could be
multifactorial [28]. Advanced age is associated with delayed
wound healing and decreased collagen synthesis [1]. Medi-
cal comorbidities often associated with older age, such as
diabetes, smoking, chronic obstructive pulmonary disease,
renal disease, vascular disorders, malnutrition, immunosup-
pression, and obesity, can also be associated with incisional
hernia [28, 30-33]. Although these comorbidities were not
significant risk factors in our study, obesity is expected to
increase SFA [34].

In our study, SFA was significant at all measured levels,
and L4 SFA (> 124 cm?) was specifically an independent
risk factor (odds ratio: 13.752, 95% confidence interval
2.290-82.582) for extraction site incisional hernia. This
finding is consistent with the report by Itatsu et al. that sub-
cutaneous fat thickness based on CT was a significant fac-
tor in incisional hernia development [1]. It also supports
the results of Yamada et al. who analyzed both open and
laparoscopic colorectal surgery for risk factors of incisional
hernia. Both their findings and ours showed age and SFA
as significant risk factors and that VFA was not significant.
However, Yamada et al. reported a higher incidence of inci-
sional hernia at 7.3% vs. 3.1% in our study. This may be due
to a low proportion of cases of open surgery in our study,
which Yamada et. al found to be an independently significant
risk factor, as well as to our exclusivity on the extraction
site [16]. During wound closure, increased SFA may cause
mechanical hindrance during fascia closure; therefore, atten-
tion should be given to ensuring proper fascia exposure.

SFA alone may be a nonmodifiable factor; however, its
relationships with VFA, intra-abdominal infection, and
wound closure could be modifiable. In our study, total
SFA-VFA was a significant risk factor for incisional hernia.
Additionally, Tokunaga et al. described total SFA-VFA as
a significant risk factor for postoperative intra-abdominal
infection [17]. A retrospective study by Walming et al. of
1621 patients found that wound infection was a risk factor
for both dehiscence and incisional hernia [35]. While our
study found no record of extraction site surgical-site infec-
tion, there were seven patients with intra-abdominal infec-
tion, one of whom suffered an incisional hernia. However,
intra-abdominal infection was not revealed as a significant
variable perhaps because of the small-sample size. Moreo-
ver, the retrospective nature of this study precluded detailed
wound closure technique and surgical-site infection classifi-
cation. Studies of the relationships between SFA, total SFA-
VFA, detailed wound closure technique, and surgical-site
infection classification and prevention are recommended.

Some studies reported VFA as a significant factor for
incisional hernia [12], and that an increased VFA is cor-
related with other risk factors for hernia such as surgical-
site infection [17]. However, our results did not show VFA

as a significant risk factor for incisional hernia at all three
measurement levels. Future studies on the fat area, including
the muscle area for sarcopenia assessment, should be con-
ducted on a larger sample size. A systematic review of Kro-
ese et al. on a total of 2986 patients revealed that 15-58%
of incisional hernia were detected solely by imaging; hence,
ultrasound or CT scanning will result in substantially more
incisional hernia diagnoses [36]. The three cases identified
on routine follow-up CT scans in the present study prompt
us to recommend a low threshold for the request of imaging
in patients with suspected asymptomatic incisional hernia.

This study has several limitations. First, it was a retro-
spective, single-center design, with a relatively small-sample
size. The second limitation was the possible underreport-
ing of patients with incisional hernia, especially those fol-
lowed up at other hospitals. The third limitation was that
we excluded preoperative data from CT scans performed at
other hospitals because of incompatibilities with the Syn-
apse Vincent software and because complete data were not
available for ten patients, which decreased the number of
patients included in the analysis.

Conclusion

Age and SFA were independent risk factors for extraction
site incisional hernia following gastrectomy for gastric can-
cer. Strict perioperative care is important for patients with
these risk factors.
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