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Abstract

Introduction: Infections at the surgical site are linked to significant morbidity and death, longer hospital
stays, and higher medical expenses. Many factors emphasize the importance of studying postoperative
infections in abdominal surgery. Post-operative infections have been associated with advanced age and
male gender due to age-related physiological changes and differences in immune response. The differences
in tissue damage, wound exposure, and microbiological contamination between open and laparoscopic
operations affect the risk of infection.

Objectives: to analyse the incidence of surgical site infections after major abdominal surgeries and risk
factors for development of SSIs.

Methods: Medical records of patients who had abdominal surgeries at Aljalla Hospital between January 1,
2023, and December 31, 2023, who were admitted to Aljala Teaching Hospital, were included in the
retrospective cohort study, which was conducted in the Department of Surgery Unit during the period from
September 2024 to February 2025.

Results: The incidence of surgical site infection in this study was 18.6%, which is comparable to other
studies. There was increased risk of SSI in patients operated in emergencies, patients above 60 years of age,
surgeries with dirty and contaminated wounds, patients having comorbidities like anaemia, DM,
hypoalbuminemia. Pseudomonas followed by Staphylococcus aureus are most commonly identified
organisms in culture.

Conclusions: Post-operative abdominal wound infection represents a substantial burden of disease, both
for the patients and the healthcare services in terms of the morbidity, mortality.
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Introduction:

Postoperative infections occur within 30 days
following surgery (or 90 days with prosthetic
material) and include wound, tissue, or body
cavity infections related to the surgical procedure,
excluding pre-existing incubating infections.
These infections have a significant impact on
patient outcomes, leading to increased rates of
morbidity and mortality, longer hospital stays,
and higher medical costs (1). The two primary
categories of postoperative infections are wound
infections and deeper tissue infections. Wound
infections manifest as redness, swelling, pain, and

surface pus within 30 days after surgery.
Antibiotic treatment and wound drainagp often

resolve these infections, which are commonly
attributed to Staphylococcus germs (2). However,
deeper tissue infections—which are often
associated with bowel anastomosis—cause
symptoms of general malaise and peritonism,
necessitating further surgery and a protracted
hospital stay (3).
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Figure (1): Pathogenesis of wound infection in
different steps (2).

Many factors emphasize the importance of
studying post-operative infections in abdominal
surgery. First off, 10-25% of patients following
abdominal procedures, whether elective or acute,
are susceptible to these infections, making them
rather prevalent (4). Given how frequently they
occur, it is imperative to investigate potential
preventive measures. Even though they may
initially increase healthcare costs, such therapies,
like antibiotics, can be cost-effective over time,
potentially reducing the financial burden
associated with postoperative sequelae (5).
Globalization has also created new challenges,
such as the increasing worry about infections
from surgery done overseas. Patients undergoing
surgery abroad may develop rare infections that
are rare in Western medicine, underscoring the
need for comprehensive infection control
procedures and heightened attention to detail in
healthcare institutions (6).

Post-operative infections have been associated
with advanced age and male gender due to age-
related physiological changes and differences in
immune response. A person's immunity is
weakened by conditions like diabetes, high blood
pressure, or heart disease, which increases their
susceptibility to infections. Patients undergoing
organ transplantation or chemotherapy have
weakened immune systems, which makes them
more vulnerable to infection. Because obesity
puts patients at risk for surgical site infections,
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wound complications, and delayed wound healing, it
raises the incidence of post-operative infections (7-
10).
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Figure (2): Risk factors for surgical wound
complications (9).

The differences in tissue damage, wound exposure,
and microbiological contamination between open
and laparoscopic operations affect the risk of
infection (11). The risk of infection is increased by
prolonged exposure to anaesthesia and ambient
contaminants following intensive operations. In
addition to facilitating fluid outflow, surgical drains
carry a danger of microbial contamination, which
could increase a patient's susceptibility to infection.
Intraoperative contamination brought on by
inappropriate sterile practices and instrument
handling raises the risk of post-operative infection
(12).
Aim and objectives
To determine the prevalence of postoperative
abdominal wound infections following different
types of abdominal surgeries and identifying the
risk factors associated with them.
Patients and methodology

This Retrospective cohort study was carried out in
Aljala Teaching Hospital, in Department of Surgery
during the period from September 2024 to February
2025. Aljala hospital is a trauma hospital with
multiple specialties (general surgery, neurosurgery,
orthopedic, plastic, chest, maxillofacial, hand
surgery, traumatic and ophthalmic surgery) and has
an ICU, neuro shock room and plastic shock room.
All Medical records of whom underwent abdominal
surgery patients during the period from 1/1/2023
to31/12/2023 at Aljalla Hospital that admitted to Al
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mean age 48.5 * 5.6 years. The project was
approved by the International Review Board
(Research Ethical Committee) of Aljala Hospital.
The work was finished in accordance with the
Declaration of Helsinki, the World Medical
Association's Ethical Code for research with
human people.

We included patients who underwent abdominal
surgery with adequate medical records with
information on risk factors. Patients with
incomplete medical records or underwent other
surgery were excluded. A well-prepared
questionnaire was used to collect data. Patient
demographics were recorded as age, gender, BMI
(Body Mass Index), pre-existing medical
conditions, and any comorbidity.

We also registered all surgical details as surgical
technique (open or laparoscopic), length of
operation, kind of surgery (e.g., appendectomy,
cholecystectomy, intestinal resection), any
intraoperative problems, use of antibiotics prior
to surgery, hospitalization prior to surgery, the
existence of pre-existing infections, any prior
abdominal surgery history, any blood loss during
surgery, and any intraoperative problems (such as
unintentional bowel injury). Duration of
hospitalization following surgery, usage of
drainage tubes, antibiotic treatment following
surgery, and any problems following surgery (e.g.,
ileus, wound dehiscence) were recorded.

Type of infection (e.g., intra-abdominal abscess,
surgical site infection), date of infection onset,
microbiological culture results (if available), and
infection therapy were registered in detail
Furthermore, patient outcomes were also
recorded including the length of stay in the
intensive care unit (ICU), the resolution of the
infection, the need for additional surgical
procedures, and the overall rates of morbidity and
mortality. The questionnaire also involved the
follow-up data as postoperative infection-related
readmissions, follow-up appointments following
discharge, and any long-term issues or after
effects. We gathered microbiological information
about the bacteria causing the infections, such as
patterns of antibiotic susceptibility, if at all
possible. Risk factors for postoperative infections
were noticed as diabetes, smoking,
immunosuppression, and other possible risk
factors.

Statistical Analysis:

Statistical analysis was performed using the SPSS
version 26 (IBM Corp., Armonk., New York, United

States). The normality of the data was tested by the
Kolmogorov-Smirnov test. As all data were not
parametric, we presented the quantitative data as
medians and interquartile range (IQR). Categorical
variables were described as numbers (n) and
percentages (%). Categorical data were compared
using the McNemar test. Continuous paired data
were compared using the Wilcoxon test and
continuous non-paired data were compared using
the Mann-Whitney U-test. Logistic regression
analysis determines the independent effect of each
risk factor on lower limb amputation occurrence,
adjusting for potential confounders. P-values less
than 0.05 were considered statistically.

Results

Table (1): Age and sex distribution between
studied cases (n =100)

Conservative Group
(N=20)
age

Mean +SD 48.5+5.6

Range (20-70)
Sex (%)

Males 65 (65)
Females 35 (35)

The present study included 100 patients; 65
patients were males and 35 were females. Age of the
patients ranges from 20 to 70 years with the mean
age of 48.5 + 5.6 years.

Table 2. Total incidence of abdominal surgical site

infection
Total infected % | Uninfected | %
number of cases cases
cases
100 18 18 82 82

This study includes 100 patients underwent
abdominal surgeries, out of which 18 (18%) were
found to present SSI.

Table 3: Incidence of surgical site infection in
relation to age group.

| Age (years) N Infected %
20-30 15 1 16.7

| 31-40 [ 15 | | 2 [ | 222
41-50 18 3 17.6

| 5160 | 24 | | 4 17.4
> 60 35 8 22.9

This study includes that age group above 60 years
are more likely to present SSI (22.9%) which is a
clear indicator that advancing age causes a decrease
in immunological capacity. Thereby age is one of the
risk factors for surgical site infection with clear
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evidence.

Table 4: Incidence of surgical site infection in
relation to gender

Age N Infected % P
(years)

Male 65 12 185 | >0.05
Female 35 6 17.1

The incidence of SSI was higher in males than
females but without statistically significant
between males and females regarding surgical
site infection

Table 5: Incidence of SSI in relation to type of

wound.
Age (years) N Infected %
Clean 20 2 10
Clean Contaminated 30 5 16.7
Contaminated 35 7 20
Dirty 15 4 26.7

This table showed that, 26.7% of dirty wound was
infected, 20% of contaminated wound was
infected, clean contaminated 16.7% and clean
wound shows a low rate of 10% respectively

Table 6. Association of SSI with type of surgery

Type of Total SSI % P
Surgery Number

Emergency 70 16 229 | <0.01
Elective 30 2 6.7

Incidence of SSI was significantly higher in
emergency surgeries (22.9%) as compared to
elective surgeries (6.7%) with a highly significant
difference.

Table 7 : Incidence of surgical site infection in
relation to risk factors.

Comorbidity Total Number | SSI %
Diabetes 39 9 23.1
anaemia i} 31 5 16.1

Hypertension 20 3 15

Malignancy 10 1 59

Duration of

surgery (hrs)
<15hr 30 3 10
>15hr 70 15 | 214

Diabetes was observed to be associated with
higher incidence of SSI (23.1%) and anaemia
(16.%), regarding duration of surgery it was very
in duration > 1.5 hr (21.4%) while less than 1.5hr
had an infection rate of (10%). This effect is
because the longer the duration of surgeries, the

higher the chance of breakage of aseptic barriers.

Table 8: Incidence of surgical site infection in
relation to surgical procedures performed in the

study.
Surgery Total Number | SSI %
laparotomy 24 7 29.2
Incisional Hernia 15 4 26.7
Inguinal Hernioplasty 23 3 13
Appendicitis 22 2 9.1
Cholecystectomy 16 2 125

Highest incidence of SSI was observed with
laparotomy cases (29.2%) and
Incisional hernia (26.7%).

Table 9: Distribution of organism from SSI isolates

Organism N %
Pseudomonas 6 33.3
Staphylococcus aureus 5 27.8
Escherichia Coli 4 22.2
Klebsiella 2 11.1
Enterococcus 1 5.6
Total 18 | 100.0%

This table showed that the most common bacteria
identified was Pseudomonas (33.3%) followed by
Staphylococcus aureus (27.8%), Escherichia Coli
(22.2%), Klebsiella (11.1%) and Enterococcus
(5.6%)

Discussion

Longer stays in intensive care and hospital stays, as
well as higher rates of morbidity and mortality, are
all strongly correlated with the presence of
postoperative infections. Although the stated
incidence rates can vary significantly, these
infections are often linked to postoperative deaths.
Organ space infections, for example, have fatality
rates between 4% and 9%, but septic shock patients
may have mortality rates between 28% and 46%.
However, it is crucial to remember that a large
number of postoperative infections do not result in
septic shock or severe sepsis, making the precise
reasons of death in these situations sometimes
unclear. (13) One of the most frequent side effects of
surgery is surgical site infection. Systemic sepsis and
delayed healing are among its morbidities. It
significantly affects health care resources and the
economy. The CDC estimates that 2.8% of Americans
suffer with SSI overall. SSIs continue to have a higher
incidence rate in developing nations like India (9-
23%) (14).Surgical site infections (SSI) are
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after an invasive surgical procedure.

Up to 30 days after the treatment, these infections
may harm the deep tissue surrounding the
incision or the surgical site. Surgical site infections
are classified according to three different
anatomic degrees of infection. These SSI types
include organ/space infected sites, deep
incisional sites, and superficial incisional sites.
(15). The rate of SSI has been increased in
emergency procedures. This might be because
emergency procedures typically entailed
contaminated wounds, prophylactic antibiotics
were not administered, and the length of the
surgery was greater, resulting in a longer hospital
stay after the procedure. Staphylococcus aureus
and beta hemolytic streptococci were the most
often found pathogens linked to SSI. Human skin
and anterior nares are frequently home to
Staphylococcus aureus, which may be the cause of
wound infection following surgery. (16).

This Retrospective cohort study was carried out in
Aljala Teaching Hospital, in Department of
Surgery during the period from September 2024
to February 2025 all Medical records of whom
underwent abdominal surgery patients during the
period from 1/1/2023 to 31/12/2023 at Aljalla
Hospital that admitted to Al Jala Teaching
Hospital, they were 100 cases. to analyse the
incidence of surgical site infections after major
abdominal surgeries and risk factors for
development of SSIs

There were 100 patients in this study, 65 of whom
were men and 35 of them were women. The
patients' ages range from 20 to 70 years old, with
a mean age of 48.5 + 5.6 years. The etiology is
more likely to manifest in those over 60.
According to Neha et al. (17), 89 (44.5%) of the
200 patients were female, and 111 (55.5%) were
male. Reddy et al, (18) discovered that 500
patients in all were assessed. The patients were
46.9 years old on average. The majority of patients
were men. Of the 100 patients in this study who
had abdominal procedures, 18 (18%) were
determined to have SSI. In a similar vein, Khan &
Purohit's (19) research of 220 patients
undergoing abdominal operations revealed that
41 (18.6) of them had SSI. Additionally, 53 of the
230 patients included had an SSI, according to Giri
etal. (20), meaning that the overall rate of SSI was
23%. In their study, Nwankwo et al. (21) found
that 585 (20.3%) of the 2880 patients they
examined experienced SSI. Thombare & Joshi (14)
over 70 patients who had elective or emergency
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open abdominal surgery participated in a
prospective observational study, which found that
14.3% of patients had SSI.

However few others observed a somewhat lower
incidence of SSI as compared to present study.
Kakati et al., (22) examined 685 patients admitted to
the general surgery department for various
abdominal surgical procedures. Of the 685 patients
that were part of the trial, an overall infection rate of
7.44% was noted. According to the study by Khairy
et al., (23) the incidence of SSI was 6.8%.

This study cleared that age group above 60 years are
more likely to present SSI (22.9%) which is a clear
indicator that advancing age causes a decrease in
immunological capacity.

Thereby age is one of the risk factors for surgical site
infection with clear evidence. Jain et al, (24)
discovered that individuals over 60 had the greatest
prevalence of SSI (33.3%) among all age categories,
indicating that the extremes of age were associated
with an elevated rate of infection. Mohan et al., (25)
discovered that the incidence of SSIs increased with
age because these patients had diabetes mellitus
and/or other co-morbid diseases, which lead to
weakened physiological defences and poor health.
Roshan and Singh (26) discovered that a person's
vulnerability to infection increases with age. The
incidence progressively rises over time, from 30.0%
in the 18-25 age group to 70% in the 60-70 age
range.

The current study found that although there was no
statistically significant difference in the frequency of
surgical site infection between males and females,
the incidence of SSI was higher in males. Male
patients are more likely than female patients to
smoke, drink alcohol, chew tobacco, and engage in
other behaviours that may contribute to the
increased incidence of SSI in males. It has long been
believed that age extremes affect the likelihood of
wound infections, possibly due to a decline in
immunological competence. Thombare & Joshi (14)
discovered that there was no correlation between
SSI occurrences and gender. Furthermore, Roat &
Damor (27) discovered no discernible variation in
the SSI between the male and female populations.
Mohan et al,, (25) found that the occurrence of SSIs
in the present study was more in males (6.4%) when
compared to females (4.1%). Also, Jain et al,, (24)
found that the incidence of SSI among male was
25.9%, whereas the incidence among females was
19.37%.

The current study showed that 26.7% of dirty
. 0 .
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was infected, clean contaminated 16.7% and clean
wound shows a low rate of 10% respectively
which in agreement with the study of Khan &
Purohit (190 who discovered that the infection
rates for dirty wounds were 45.2%, contaminated
wounds were 21.2%, clean wounds were 11.8%,
and clean wounds had a low rate of 5.45%.

Also, Thombare and Joshi (14) found that there is
a significantly higher incidence of SSI was noted in
dirty wounds (50%) and contaminated (36.4%).
In the same manner Nwankwo et al. (21) in their
study observed incidence related to clean, clean
contaminated, contaminated and dirty as 5.8%,
30.5%, 40.6%, and 64.8% wounds respectively.

In 2012 study in tertiary care hospital in Gujarat,
infection rates in different classes were as follows
Clean - 3%, Clean contaminated- 11.4%,
Contaminated - 20% and Dirty- 40.9%15. Mahesh
et al (28) discovered that the SSI rate was
approximately 57.14% for filthy wounds, 23.33%
for clean contaminated surgery, 38.10% for
contaminated surgery, and 11.53% for clean
surgery. Both internal and extrinsic variables
contribute to the variation in the infectivity rate
among wound types. Host-related internal factors
and organism-related external variables are both
possible. Roat & Damor (27) discovered that
different wound types exhibit variable infection
rates, such as clean wounds (1.5%-3.7%), dirty
wounds (28%-40%), contaminated wounds
(8.5%), and clean-contaminated wounds (3%-
4%). Reddy et al., (18) reported that most surgical
wounds were categorized as clean (45.68%),
followed by clean contaminated (29.63%),
contaminated (16.05%), and unclean or infected
(8.64%) wounds. The highest rates of SSI were
found in cases of laparotomy (26.7%) and
incisional hernia (25%).

The current study showed that the incidence of
SSI was significantly higher in emergency
surgeries (22.9%) as compared to -elective
surgeries (6.7%) with a highly significant
difference in the same line Khan & Purohit (19)
shown that emergency procedures had a greater
infection rate than elective surgeries when the
risk factors were highlighted. 30% of surgeries
are emergency procedures, while 4.1% are
elective. Also, Mahesh et al (28) according to a
study, elective procedures are less likely to result
in SSI than emergency surgeries (21.05% vs.
7.61%). Similarly, another study conducted by
Saravanakumar et al(29) found that the rate of SSI
in elective surgery was 4.34% and emergency

surgeries was 12.41% respectively. Thombare &
Joshi (14) revealed that the incidence of SSI in
emergency procedures was much greater (37.5%)
than in elective surgeries (7.4%). Inadequate pre-
operative preparation and underlying factors that
predispose patients to emergency surgery, such as
uncontrolled diabetes or other medical
comorbidities, are responsible for the high infection
rates in emergency procedures. Emergency
surgeries are more likely to result in contaminated
or unclean wounds, which raise the risk of SSI in this
population. Also, Khairy et al., (23) observed that
emergency operations showed significantly higher
rates of infection compared to elective counterparts.

The current study showed that diabetes was
observed to be associated with higher incidence of
SSI' (23.1%) and anaemia (16.%), regarding
duration of surgery it was very in duration > 1.5 hr
(21.4%) while less than 1.5hr had an infection rate
of (10%). This effect is because the longer the
duration of surgeries, the higher the chance of
breakage of aseptic barriers. While Khan & Purohit
(19) revealed that patients with diabetes (42.5%)
and anemia (27.0%) had higher rates of SSI, and that
longer-duration procedures had a significantly
higher prevalence of postoperative wound infection.
The infection rate for surgeries lasting more than 1.5
hours was 45.9%, whereas the infection rate for
surgeries lasting less than 1.5 hours was 8.7%.
Thombare & Joshi (14) discovered that there was a
significant correlation between the incidence of SSI
and diabetes (28% vs. 6.7%; p<0.05). They came to
the conclusion that those who had type 2 diabetes
are more likely to have infections. The increased
incidence of SSI in diabetics may be caused by a
number of immune system deficiencies as well as
inadequate metabolic control of diabetes. Khairy et
al. (23) in their study observed rate of infection in
diabetics to be significantly higher than non-
diabetics. Wagh and Shrinivas (30) stated that there
was a strong correlation between the co-morbidities
and SSI. Diabetes mellitus, hypoxemia, hypothermia,
leucopenia, COPD, immunosuppression, and
malnourishment were the most prevalent
comorbidities. Reddy et al.,, (18) discovered that
having surgery for longer than two hours was a
substantial risk factor for developing postoperative
infections.

The current study showed that highest incidence of
SSI was observed with Incisional hernia (29.2%)
and laparotomy cases (26.7%). While Marzoug et al.,
(16) discovered that the incidence of infections
based on surgical techniques was greater in
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contaminated wounds (22.58%), with
exploratory laparotomy having the highest
prevalence (19.04%), followed by
cholecystectomy (10.52%) and bowel resection
(13.04%). Roat & Damor (27) revealed that the
procedure most frequently linked to SSIs was
exploratory laparotomy, which was followed by
cholecystectomy and intestinal resection. Reddy
et al, (18) discovered that exploratory
laparotomy operations including appendicectomy
and peritoneal lavage had the highest incidence of
SSIs (28.4%), followed by open appendicectomy
(14.81%) and adhesiolysis/resection
anastomosis.

The current study showed that the most common
bacteria identified was Pseudomonas (33.3%)
followed by Staphylococcus aureus (27.8%),
Escherichia Coli (22.2%), Klebsiella (11.1%) and
Enterococcus (5.6%). While Khan & Purohit (19)
revealed that the study's participants' surgical
sites had germs, and that the organisms'
sensitivity and antibiotic resistance were
measured. In this investigation, Klebsiella was
detected in 12.1% of cases, whereas
pseudomonas, staph aureus, and E. coli were
found in 39%, 29%, and 19.5% of the infected
wounds, respectively. Reddy et al., (18) found that
the most frequently isolated organism was
Escherichia coli (19.75%), followed by
Pseudomonas (16.05%) and Streptococcus
(13.58%). Notably, no microbial growth was
detected in 33 cases (40.74%). Thombare & Joshi
(14) found that most common organism isolated
from the SSI isolates was Staph. aureus (3 cases)
and E. Coli (3 cases). Kakati et al,, (22) in their
study observed E. coli as the commonest isolate
(41.17%).

The most commonly isolated bacteria in the study
by Khairy et al,, (23) were: E. coli, Pseudomonas
aeruginosa and Staphylococcus aureus. Malik et
al. (31) observed that most common organisms
isolated were Staphylococcus aureus (37.5%,
21/56), Escherichia coli (30.4%, 17/56) and
Enterobacter (5.4%, 3/56).Compared to elective
procedures, emergency surgeries were found to
be related with a significantly greater incidence of
SSIs. This elevated risk is probably caused by a
number of things, such as the procedure's
urgency, which can reduce the amount of time
available for the best preoperative preparation,
and the patients perhaps weakened physiological
condition. Furthermore, there is a greater chance
of contamination because emergency surgeries

are frequently carried out in less controlled settings.
These results imply that attempts should be made to
maximize infection control measures even during
emergencies.(20)

conclusion

From this study we can draw the following
conclusions. There was increased risk of SSI in
patients operated in emergencies, patients above 60
years of age, surgeries with dirty and contaminated

wounds,

patients having comorbidities like

anaemia, DM, hypoalbuminemia. Post-operative
abdominal wound infection represents a substantial
burden of disease, both for the patients and the
healthcare services in terms of the morbidity and
mortality.
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