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ABSTRACT
Introduction: Surgical site infection (SSI) is the most
common nosocomial infection, affecting one out of
three patients undergoing surgical procedures. The
incidence of SSI in clean surgical wounds is still higher,
especially in inguinal hernia repair. Today, tensionfree mesh hernia repair is the primary method used
in inguinal hernia management to reduce the risk of
recurrence. This study aims to analyze preoperative
factors influencing the incidence of SSIs in inguinal
hernia patients that underwent tension-free mesh
hernia repair at several regional public hospitals in Bali.
Methods: This is a case-control study with samples
taken from seven regional hospitals in Bali. Data used
in this study were obtained from patients’ medical
records from 2017-February 2021. Samples included in
this study are inguinal hernia patients that underwent
tension-free mesh hernia repair and postoperative
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INTRODUCTION
Surgical site infection (SSI) is the most
common nosocomial infection, affecting
one out of three patients undergoing
surgical procedures.1 SSI is an infection
on the surgical wound or area, happening
within 30 days after the procedure ends
or up until one year if a prosthesis is
placed during the operation.2 A surgical
wound can be classified as infected if
pus is present, accompanied by signs
of inflammation such as; redness, pain,
swelling, and heat.3 The incidence of SSI
is influenced by many factors such as;
preoperative factors (patient-related),
534

check-up. Samples are selected through the purposive
sampling method. Statistical analysis was done using
SPSS 18.0 software. Univariate and bivariate analysis
was performed, and Pearson chi-square and Fisher’s
exact test were applied.
Results: From the 61 samples in the case group and
61 samples in the control group, the results showed a
significant relationship between the incidence of SSIs
and elderly patients (OR = 2.262, 95% CI 1.086-4.711),
between SSIs and obesity (OR = 9.057, 95% CI 1.09674.808), and between SSIs and diabetes mellitus (OR =
9.620, 95% CI 2.094-44.201).
Conclusion: It is concluded that there is a significant
relationship between these preoperative factors and
the incidence of SSIs in inguinal hernia patients that
underwent tension-free mesh hernia repair at seven
regional public hospitals in Bali.

perioperative factors (procedure-related),
and postoperative factors (postoperative
management).4 Age, nutritional status,
and diabetes mellitus are some examples
of preoperative factors.1,4 Perioperative
factors include the duration of the
procedure and preoperative preparations.5
While, wound management is an example
of postoperative factors.6 Types of
surgical wound is also one of the factors
influencing the risk of SSI. Clean surgical
wounds have the lowest risk (<2%) of
SSI.7 However, several studies show that
SSI incidence in clean surgical wounds is
still higher than the risk stated.8,9 One of

the most frequently done clean surgical
procedures worldwide is inguinal hernia
repair.10 Studies show that SSI incidence
in inguinal hernia repair is high, despite
being categorized as a clean surgical
procedure.9,11,12
Inguinal hernia is the protrusion of
the peritoneum (abdominal wall) with
or without internal abdominal organs
through the inguinal canal.13 There are two
types of inguinal hernia, lateral (indirect)
inguinal hernia that passes through
the inguinal canal, and medial (direct)
inguinal hernia that directly protrudes
through the Hesselbach triangle.14
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Today, tension-free mesh hernia repair
is the main method used in inguinal
hernia management to reduce the risk of
recurrence.13,15 Therefore, this study aims
to analyze preoperative factors influencing
SSI in inguinal hernia patients undergoing
tension-free mesh hernia repair.

METHODS
This is a case control study on 122 samples
with data taken from patients’ medical
records from RSUD Sanjiwani Gianyar,
BRSUD Tabanan, RSUD Klungkung,
RSUD Bangli, RSUD Mangusada Badung,
RSUD Buleleng, and RSUD Wangaya
Denpasar.
Samples are chosen using the purposive
sampling method. Data were collected
during February-May 2021 on patients
who had the procedure between January
2017 and February 2021. Samples are
inguinal hernia patients that underwent
tension-free mesh hernia repair and did
postoperative control within one year
after the process was done. Patients with
recurrent inguinal hernia, strangulated
inguinal hernia, and patients with
preoperative anemia are excluded from
this study. Patients with incomplete

Table 1.

medical records are also excluded from
this study.
There are three factors analyzed in this
study, namely elderly patients, obesity and
diabetes mellitus. Samples are considered
elderly patients if they are ≥ 65 years old
when diagnosed with inguinal hernia and
had a tension-free mesh hernia repair.
When diagnosed with inguinal hernia and
tension-free mesh hernia repair, samples
who are 20-64 years old are considered
non-elderly patients. Body mass index
(BMI) is used to determine patients’
nutritional status. Patients with a BMI ≥ of
30 kg/m2 are categorized as patients with
obesity. Meanwhile, non-obese patients
are those with a BMI of < 30 kg/m2. The
last factor is diabetes mellitus. The criteria
used to categorize patients are a random
blood glucose level of ≥ 200 mg/dL before
the operation, accompanied by classic
diabetes mellitus. Patients who have a
history of diabetes mellitus written in their
medical records are also included in the
diabetes mellitus category.
The collected data are then processed
using SPSS 18.0 to conduct the Pearson
chi-square test and Fisher’s exact test. The
significance level (α) used is 0.05 (5%). This
study has obtained ethics approval from

Sample characteristics of the study.
Characteristics

Frequency (n)

Percentage (%)

117
5

95.9
4.1

70
52

57.4
42.6

57
62
1
2

46.7
50.9
0.8
1.6

Gender
Male
Female
Age
20-64 years
≥ 65 years
Types of Hernia
Right Lateral (Indirect) Inguinal Hernia
Left Lateral (Indirect) Inguinal Hernia
Right Medial (Direct) Inguinal Hernia
Left Medial (Direct) Inguinal Hernia

Table 2.

the Ethics Committee of each institution
prior to the study conducted.

RESULTS
During 2019-2020 at seven regional
public hospitals in Bali, 670 patients had
a tension-free mesh hernia repair and did
postoperative control within one year after
the procedure was done. Patients with
incomplete medical records and patients
who fit the exclusion criteria have been
excluded from that number. Among the
670 patients, there are 26 cases of SSI,
making the incidence of SSI in inguinal
hernia repair 3.8% in 2019-2020. There is
also a decline in the number of patients
that underwent the procedure from 2019
to 2020. From the 670 patients stated
above, 410 had the procedure in 2019 and
210 in 2020.
As mentioned above, a total of 122
samples are included in this study. They
are divided into two groups, the case
group with 61 samples and the control
group with 61 samples. According to their
postoperative control records, the case
group are patients who had SSI, while the
control group is those who did not have
SSI. From Table 1, it is evident that most
samples are male (95.9%), with females
making up only 4.1% of the total 122
samples in this study. Left lateral (indirect)
inguinal hernia is the most common type
of inguinal hernia found in this study, with
62 samples (50.9%). In terms of age, 70
samples are aged between 20 to 64 years
old (57.4%).
Factors influencing SSI in inguinal
hernia patients undergoing tensionfree mesh hernia repair
Elderly patients
In comparison, there are more elderly
patients in the case group than in the
control group. This shows that elderly

Factors influencing SSI in inguinal hernia patients undergoing tension-free mesh hernia repair.
Risk Factors

Elderly patients
Obesity
Diabetes mellitus

Yes
No
Yes
No
Yes
No

SSI (+)
n (%)
32 (61.5%)
29 (41.4%)
8 (88.9%)
53 (46.9%)
15 (88.2%)
46 (43.8%)

SSI (-)
n (%)
20 (38.5%)
41 (58.6%)
1 (11.1%)
60 (53.1%)
2 (11.8%)
59 (56.2%)

Total
n (%)
52 (100%)
70 (100%)
9 (100%)
113 (100%)
17 (100%)
105 (100%)
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p-value

OR

0.028

2.262

0.032

9.057

0.001

9.620
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patients are more likely to get SSI after
tension-free mesh hernia repair than
non-elderly patients. Upon analysis, there
is a significant relationship between the
incidence of SSI and elderly patients. The
risk of SSI in elderly patients who had
tension-free mesh repair is two times
higher than non-elderly patients (<65
years old) (as shown in Table 2).
Obesity
From the total 122 samples included in
this study, only 9 are categorized as obese.
However, when compared between the
case and control group, 8 out of 9 obese
patients are found in the case group.
From the analysis, it is found that there
is a significant relationship between the
incidence of SSI and obesity. SSI risk in
patients with obesity who had tension-free
mesh repair is nine times higher than nonobese patients (as shown in Table 2).
Diabetes mellitus
The number of patients with diabetes
mellitus found among the total samples is
17 samples. They make up only a fraction
of the 122 samples, but analysis showed
a significant relationship between SSI
incidence and diabetes mellitus. From
Table 2, it is shown that 15 out of the 17
samples with diabetes mellitus are found
in the case group. Meaning patients with
diabetes mellitus are more likely to get
SSI after tension-free mesh hernia repair.
This is supported by the result of odds
ratio (OR), which is 9.6, meaning that SSI
risk in patients with diabetes mellitus who
had tension-free mesh hernia repair is
9.6 higher than patients without diabetes
mellitus (as shown in Table 2).

DISCUSSION
This study showed that the incidence of SSI
in inguinal hernia repair in seven regional
public hospitals in Bali during 2019-2020
is 3.8%. That number is higher than the risk
of SSI in clean operation procedures, which
is said to be less than 2%.16 Therefore, this
study was done to analyze preoperative
factors related to SSI incidence in inguinal
hernia patients. The decline in the number
of patients and procedures done from
2019 to 2020 is mainly caused by the
COVID-19 pandemic, which discourages
patients from going to hospitals for
536

non-emergency conditions. Many other
elective procedures have also seen a
decline in numbers since the pandemic
started in 2020. The samples in this study
are dominated by male patients (95.9%),
supporting the theory that men have a
higher risk of getting an inguinal hernia
than women. While men have a risk of
27-43% getting an inguinal hernia in their
lifetime, women getting an inguinal hernia
in their lifetime is only 3-6%.10 Factors that
increase the risk of getting inguinal hernia
includes an increase in intra-abdominal
pressure from chronic coughing and
sneezing, weightlifting, and weakness in
the abdominal wall muscles caused by
aging.14,17,18
Left lateral (indirect) inguinal hernia is
the most common type of inguinal hernia
found in this study, making up 62 out of
the 122 samples (50.9%). It is followed by
a right lateral (indirect) inguinal hernia,
making up 57 out of 122 samples (46.7%).
The result from this study is different
from what the theory states that indirect
inguinal hernia is more commonly found
on the right side, as a result of the delay
in processus vaginalis closure on the right
side of the body caused by the delayed
process of right testes descend during
fetal development.13 Other studies, such
as those done at Rumah Sakit Umum
Anutapura Palu and RSUP Prof. DR. R.
D. Kandou Manado, showed that right
lateral (indirect) inguinal hernia is the
most commonly found type of inguinal
hernia.19,20
In recent decades, there has been
an increase in the life expectancy rate
following the development and discoveries
made in the medical world. This increase
in life expectancy means many elderly
patients live with chronic diseases due
to aging.13 The aging process involves a
decline in the organ systems’ physiological
functions: the immune system.13 Other
than the impaired function of the immune
system, old age is also associated with
chronic and comorbid diseases that
increase the risk of SSI and the risk of
surgical complications in general.21
Tension-free mesh hernia repair is a
clean surgical procedure, meaning that
it has a very low risk of SSI.22 But certain
conditions can increase the said risk,
including the patient’s nutritional status.

According to an article in the Journal of
Leukocyte Biology from 2018, patients with
obesity experience increased inflammation
markers in their plasma, which causes a
persistent immune dysregulation.23 Again,
the immune system plays a crucial role in
the incidence of infections, in this case,
SSI after inguinal hernia repair. Other
studies stated that obesity increases SSI
risk as it causes prolonged wound healing
and decreases subcutaneous oxygen levels
during the operation.24,25
Such as the previous two factors,
the immune system also serves as a
bridge between diabetes mellitus and SSI
incidence. A study conducted at The F
Affiliated Hospital of Shantou University
Medical College found that diabetes
mellitus is one of the risk factors for SSI
in inguinal hernia repair.24 A systematic
review showed a similar result, stating
that diabetes mellitus is not only the
independent risk factor for inguinal hernia
repair but also other surgical procedural.26
Diabetes mellitus causes a state of
immunosuppression which puts the
patients at a greater risk of infection, and
microangiopathy, which leads to prolonged
wound healing. Prolonged wound healing
increases the risk of infection as it becomes
a possible port d’entry for pathogens.27,28
Preoperative assessment of patients is
essential to find certain risk factors such as
age, nutritional status, and certain chronic
or comorbid diseases that might increase
their risk of surgical complications and
disruptive outcomes of the procedure. For
elective procedures, in this case, inguinal
hernia repair, preoperative assessment
done a few days before it will benefit the
patient as preoperative examinations and
management can be done to ensure that
the patient is in the appropriate condition
for surgery.
The limitation of this study is that
it is done using medical records from
seven different regional public hospitals,
which means there will be differences in
interpretation since other people do the
assessments and recordings.

CONCLUSION
This study concludes that there is a
relationship between elderly patients,
obesity, and diabetes mellitus with the
incidence of SSI in inguinal hernia patients
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undergoing tension-free mesh hernia
repair. Moreover, the risk of SSI in elderly
patients increases by 2-fold, in obese
patients by 9-fold, and in patients with
diabetes mellitus by 9.6-fold. To reduce
SSI incidence, especially in inguinal hernia
patients, further studies must be done
on the preoperative, perioperative and
postoperative management of inguinal
hernia patients.
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