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ABSTRACT

Inappropriate antibiotic use, particularly in surgical prophylaxis,
contributes to increasing antibiotic resistance and surgical site infections
(SSIs). This study aimed to evaluate pre- and post-operative antibiotic
prescribing practices and compliance with surgical prophylaxis guidelines
in a tertiary care hospital, identifying areas for antimicrobial stewardship
(AMS) intervention. A prospective study was conducted, collecting data on
250 surgical patients. After excluding 6 patients based on pre-defined
criteria, data from 244 patients was analyzed using SPSS 20.0. The audit
assessed patient demographics, pre- and post-operative antibiotic regimens,
duration of antibiotic administration, and incidence of SSIs. Analysis
revealed widespread use of broad-spectrum antibiotics for surgical
prophylaxis, often deviating from established guidelines. Intravenous (IV)
antibiotics were commonly administered for extended durations (24-72
hours) post-operatively. A significant proportion of patients (n=167)
received oral antibiotics upon discharge to complete a 5-day course. The
SSI incidence rate was 2.0%, with all infections occurring in patients who
underwent open surgical procedures (laparotomies). Staphylococcus aureus
was the most frequently isolated organism (including methicillin-resistant
strains), followed by Klebsiella pneumoniae and Escherichia coli. Most
isolates exhibited multidrug resistance, although they remained sensitive to
antibiotics, such as vancomycin, linezolid, meropenem, and colistin.
Management was guided by culture and sensitivity in most cases; however,
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one instance of irrational antibiotic use was observed. These findings
emphasize the role of surgical type, duration, and appropriate microbial
management in SSI prevention. In conclusion, the study highlighted
significant deviations from surgical prophylaxis guidelines and irrational
antibiotic use. The presence of multidrug-resistant organisms (MDROs) and
inappropriate antibiotic selection further stressed the urgent need for
targeted AMS interventions. These should include the development and
implementation of hospital-specific prophylaxis protocols aligned with the
best national or international practices. Ongoing monitoring is needed to
assess AMS effectiveness.

Keywords: antibiotic administration, antibiotic resistance, antimicrobial
stewardship, surgical prophylaxis, surgical site infections

1.INTRODUCTION

Antimicrobial resistance (AMR) is a rapidly escalating global health
crisis, projected to cause up to 10 million deaths annually by 2050 if
unaddressed [1, 2]. AMR is a serious concern for healthcare systems
worldwide, with infections caused by multidrug-resistant organisms
(MDROs) becoming more prevalent. Recognized as an emerging global
health crisis, a major driver of AMR is the inappropriate and excessive use
of antibiotics, particularly in surgical settings, where broad-spectrum
antibiotics are often used indiscriminately to manage SSIs [3, 4]. This
practice contributes to increased complications, prolonged hospital stays,
higher mortality, and greater healthcare costs. In this context, surgical
antibiotic prophylaxis (SAP) involves the administration of antibiotics
before surgical incision to prevent surgical site infections (SSIs) which
plays a vital role in infection control [4]. The rising threat of antimicrobial
resistance in surgical settings as well as the integration of well-structured
antimicrobial stewardship (AMS) initiatives within surgical departments
play a pivotal role in ensuring appropriate antibiotic prescribing. This curbs
resistance trends and supports better clinical outcomes [5].

However, SAP is frequently misapplied, with common issues including
prolonged administration beyond recommended timeframes, inappropriate
antibiotic selection, and use in clean procedures without indication [6]. Such
misuse significantly contributes to the overuse of antibiotics and the
growing problem of antimicrobial resistance. These irrational practices
often stem from poor adherence to clinical guidelines, limited access to
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evidence-based protocols, insufficient training, and a prevailing culture of
defensive medicine driven by fear of postoperative infections. The
prevailing culture of defensive medicine rooted in an excessive fear of
postoperative infections also plays a significant role, frequently prompting
the unwarranted use of broad-spectrum antibiotics as a precaution, even
when clinical indications are absent [7]. Addressing these challenges
demands a multifaceted approach incorporating continuous medical
education, adherence to AMS principles, and fostering a culture of
evidence-based prescribing within surgical teams.

The impact of AMR extends far beyond individual patient outcomes,
posing significant challenges to the broader healthcare system. The
emergence and proliferation of MDROs complicate the management of
infections, often requiring the use of broader-spectrum and more costly
antibiotics, and are associated with higher rates of morbidity and mortality
[8]. Moreover, AMR can undermine surgical outcomes by rendering
postoperative infections more difficult to treat, thereby increasing the
incidence of SSIs, the need for re-operations, and the duration of hospital
stays [9].

In response to the growing threat of antimicrobial resistance, various
national and international health authorities have advocated for the
widespread implementation of AMS programs across all levels of
healthcare, with particular emphasis on their integration within surgical
departments [5, 10]. The AMS programs are designed to optimize antibiotic
use by encouraging compliance with evidence-based guidelines, delivering
targeted education and training for healthcare professionals as well as
implementing systematic strategies to monitor and enhance prescribing
practices. While data from high-income countries guide most SAP
recommendations, there is limited evidence on SAP adherence and AMS
implementation in low- and middle-income countries, such as Pakistan.
This underscores the importance of context-specific audits. In Pakistan,
particularly in tertiary care hospitals, antibiotic prescribing often relies on
clinical judgment rather than guideline adherence, with limited AMS
oversight and overcautious prescribing habits common among surgical
teams [7, 11]. This study aimed to evaluate antibiotic utilization patterns in
the surgical department, both in the preoperative and postoperative phases
at a tertiary care hospital located in Khyber Pakhtunkhwa (KPK), Pakistan.
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2.METHODOLOGY
2.1. Study Design

This prospective cross-sectional study was conducted to assess the
prevalence of SSIs in relation to the existing hospital protocol for
postoperative prophylactic antibiotic use. The study took place at Rehman
Medical Institute, a tertiary care teaching hospital located in Phase-V,
Hayatabad, Peshawar, Khyber Pakhtunkhwa (KPK), Pakistan. Data was
collected over a six-month period, from September 1, 2023 to February 29,
2024. A sample size of 250 was selected based on feasibility and available
resources for prospective data collection over six months, providing
sufficient power to detect prescribing trends and infection rates. Patients
undergoing abdominal procedures were screened, with 244 meeting the
predefined inclusion criteria and being included in the final analysis. Six
patients were omitted since they were ineligible according to the exclusion
criteria.

2.2. Inclusion and Exclusion Criteria

The study included male and female patients between the ages of 12 and
65 years who underwent either elective or emergency abdominal surgeries.
Immunocompromised persons, patients with cancer at any stage (these
groups were excluded to reduce confounding, as their altered immune status
may independently increase infection risk and warrant different antibiotic
protocols), pregnant women, and patients who died soon after surgery were
all excluded.

2.3. Data Collection

Data was collected prospectively by daily visits to surgical wards using
a structured case proforma. The proforma collected important pre- and post-
operative clinical data, such as age, gender, admission date, pre-operative
hospital stays, medical and medication history, as well as comorbidities and
the type of surgery (elective or emergency).

Preoperative antibiotic data comprised the prophylactic agent's name,
dose, time relative to surgical incision, and duration of antibiotic usage.
During their hospitalization, patients were examined daily for signs and
symptoms of SSIs, such as redness, swelling, and localized pain. Following
discharge, patients were followed for up to 30 days via telephone calls or
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outpatient visits, in accordance with the Centers for Disease Control and
Prevention's (CDC) definition of SSIs.

2.4. Ethical Considerations

The study protocol was approved by the Institutional Ethical Review
Committee with the reference number KUST/Ethical Committee/1402. All
procedures were carried out in compliance with the International
Conference on Harmonization (ICH) 2012 criteria for Good Clinical
Practice (GCP), which ensured patient confidentiality and privacy.
Additionally, the hospital protocols and ethical guidelines of Rehman
Medical Complex Peshawar were strictly followed throughout the study.

2.5. Statistical Analysis

The descriptive statistical analysis was carried out using IBM SPSS
Statistics for Windows, Version 20.0 (IBM Corp., Armonk, NY, USA).
Categorical variables were reported as frequencies and percentages, whilst
continuous variables were represented as means and standard deviations. A
p-value <0.05 indicated statistical significance.

2.6. Study Summary

The study was carried out in different phases mentioned as follows:

Total 250 patients were
recruited in the study
over six months from

Sep, 01, 2023 to Feb,
292024.

-~

Case Performa was
designed through
which all data were
collected

Out of 250 patients six
patients didn’t met
#| inclusion criteria and
were excluded from the
study.
(" Remaining 244 All the collected
patients were data were analysed
> included in the descriptively
study and all data through SPSS
\___ were collected. / version 20.0.

Figure 1. Overview of Study Design and Patient Recruitment Process

This schematic depicts the studys methodological structure, which
includes patient selection and data collection. A structured case proforma
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was used to collect clinical data from 250 patients undergoing abdominal
surgery over a six-month period (September 1, 2023—February 29, 2024).
After removing 6 patients based on predetermined criteria, data from 244
patients was analyzed using descriptive statistics in SPSS version 20.0.

3.RESULTS AND DISCUSSION
3.1. Patient Demographics

A total of 250 patients were initially enrolled in the study. Following the
application of inclusion and exclusion criteria, 244 patients were included
in the final analysis, while six patients were excluded due to non-eligibility
with females accounting for 145 (59.4%) and males for 99 (40.6%).
Although, the incidence of SSIs was observed to be slightly higher among
male patients as compared to females, the difference was not statistically
significant. This finding aligns with a multicenter study conducted between
2015 and 2018, which reported no significant correlation between patient
gender and the risk of SSIs following abdominal surgeries [12]. Similarly,
another study suggested that while male patients may show a relatively
higher incidence of SSIs post-abdominal surgery, further investigation is
necessary to establish gender as a definitive risk factor [13].

3.2. Age and Risk of Surgical Site Infections (SSIs)

Age is a well-recognized factor influencing susceptibility to
postoperative infections. In this study, the average patient age was in the
late 40s, with elderly patients demonstrating a higher tendency towards
developing SSIs. This observation is supported by previous literature,
which indicates that advancing age, particularly beyond 60 years, is
associated with increased SSIs risk due to immunosuppressed and comorbid
conditions [14]. Another study similarly concluded that the likelihood of
developing SSIs rises progressively with age. This highlights the
importance of age-based risk stratification in surgical care planning [15].

Table 1. Gender-wise Distribution of Patients Included in the Study (n=244)

Gender Frequency Percentages
Males 99 40.6
Females 145 59.4
Total 244 100.0
School of Pharmacy {@3 U MT489
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3.3. Comorbidities

Comorbidities were evaluated to assess their potential association with
the development of SSIs. Among the 244 patients included in the study, the
majority (n = 134, 54.9%) had no comorbid conditions. The remaining 110
patients (45.1%) presented with one or more of the following comorbidities.

Although, patients with hypertension and/or diabetes mellitus were
observed among those who developed SSIs, no statistically significant
association was found between these comorbidities and SSI incidence (p =
0.317, chi-square test). These findings are in contrast with previous studies,
which identified hypertension and diabetes as significant risk factors for SSI
development [16]. The lack of statistical significance in the current study
may be attributed to sample size or clinical management protocols that
minimize infection risk in comorbid patients.

Table 1. Prevalence of Comorbidities among Patients (N = 244)

Comorbidities Frequency Percentages
Hypertension 57 234
Diabetes Mellitus 11 4.5
Hypertension + Diabetes Mellitus 42 17.2
No comorbidities 134 54.9
Total 244 100.0

3.4. Pre- and Post-operative Hospital Stay

The duration of hospital stays before and after surgery was documented
to assess its potential relationship with the incidence of SSIs and the
associated healthcare costs. Among the 244 patients included in the study,
the majority (n = 226; 92.6%) were admitted one day prior to their surgical
procedure. A smaller proportion of patients underwent surgery two days
after admission (n = 8; 3.3%), while 10 patients (4.1%) had surgery
performed on the same day as their admission.

Table 3. Distribution of Patients by Number of Pre-operative
Hospitalization Days

No. of Pre-operative Days Frequency Percentages
0 10 4.1
1 226 92.6
2 8 3.3
Total 244 100.0
90— ( DR Currents In Pharmaceutical Research
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Post-operatively, most patients (n = 185; 75.8%) were discharged within
24 hours of surgery. Forty-five patients (18.4%) were discharged after 48
hours, while 10 patients (4.1%) remained hospitalized for 3 days post-
surgery. Only 4 patients (1.6%) required a hospital stay of 4 days following
the procedure. Although, a trend was observed toward longer post-operative
stays among patients who developed SSIs, statistical analysis showed no
significant association between length of hospital stay and SSI occurrence
(p = 0.091). Nonetheless, prolonged hospitalization is widely recognized as
a contributor to increased risk of healthcare-associated infections, including
SSIs, and represents a substantial economic burden. These findings
underscore the importance of timely surgical care and effective infection
prevention strategies to reduce unnecessary hospital stays and healthcare
costs.

Table 4. Distribution of Patients by Number of Post-operative
Hospitalization Days

No. of Post-operative Days Frequency Percentages
1 185 75.8
2 45 18.4
3 10 4.1
4 4 1.6
Total 244 100.0

3.5. Surgical Antibiotic Prophylaxis (SAP)

SAP was administered to patients undergoing surgical procedures in
order to prevent the development of SSIs. Out of the 244 patients included
in the study, 236 (96.7%) received prophylactic antibiotics, while 8 patients
(3.3%) did not receive any preoperative antibiotic coverage due to various
clinical considerations.

Among the patients who received prophylaxis, a range of antibiotics
was used. Intravenous (IV) meropenem 1 g was the most frequently
administered antibiotic, prescribed to 98 patients (40.2%), followed by IV
ceftriaxone 1 g, which was given to 42 patients (17.2%). Ceftriaxone (IV)
2 g was administered in 4 patients (1.6%), while 27 patients (11.1%)
received IV cefoperazone/sulbactam 2 g. Other regimens included IV
meropenem 2 g (n = 5; 2.0%), IV amoxicillin/clavulanate 1.2 g (n = 3;
1.2%), and IV metronidazole 500 mg alone (n = 8; 3.3%). Combination
regimens were also noted, including IV meropenem 1 g plus IV
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metronidazole 500 mg (n = 24; 9.8%), IV cefoperazone/sulbactam 1 g plus
IV metronidazole 500 mg (n = 1; 0.4%), and IV cefoperazone/sulbactam 2
g plus IV metronidazole 500 mg (n = 14; 5.7%).

Current guidelines issued by the World Health Organization (WHO) and
the American Society of Health-System Pharmacists (ASHP) recommend
administering a single dose of prophylactic antibiotic within 60 minutes
prior to surgical incision. When used appropriately, prophylactic antibiotics
have been shown to significantly reduce the risk of SSIs. Numerous studies
support this strategy, highlighting that the timely and appropriate use of
surgical SAP is associated with substantially lower SSI rates as compared
to patients who receive antibiotics only postoperatively or notatall [17, 18].

Distribution of Surgical Antibiotic Prophylaxis (n=244)
100 93

@
o

o
<

42

Number of Patients
Ey
=]

Antibiotic Regimen

Figure 2. Frequency of Various Antibiotic Regimens Used for Surgical
Prophylaxis in the Study Population (n = 244)

This bar chart depicts the frequency of SAP treatments provided to 244
patients. Meropenem 1g was the most popular antibiotic (n=98), followed
by Ceftriaxone 1g (n=42) and cefoperazone/sulbactam 2g (n=27).
Meropenem plus Metronidazole (n=24) and other regimen were used less
frequently. The widespread use of broad-spectrum antibiotics indicates a
significant emphasis on broad preventive coverage, which is likely
impacted by local AMR patterns and infection control policies. These
findings emphasize crucial aspects of antibiotic management in surgical
settings.
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3.6. Surgical Procedures Performed

During the six-month study period, a total of 244 abdominal surgical
procedures were performed. The majority of procedures were carried out
using laparoscopic techniques. Laparoscopic cholecystectomy was the most
frequently performed procedure, accounting for 119 cases (48.8%),
followed by hernioplasty in 73 patients (29.9%), laparotomy in 29 patients
(11.9%), appendectomy in 20 patients (8.2%), hemorrhoidectomy in 8
patients (3.3%), and gastrojejunostomy in 1 patient (0.4%).

The preference for laparoscopic procedures among surgeons has grown
considerably, supported by various studies indicating a lower risk of SSIs
associated with minimally invasive techniques. The adoption of
laparoscopic surgery has significantly increased since the 1990s [19, 20]. A
multicenter study involving 25 hospitals reported that the incidence of SSIs
following laparoscopic cholecystectomy was 1.08%, compared to 4.41%
for open cholecystectomy procedures [21].

Distributicn of Abdominal Surgical Procedures (n=244)

120

100 -

80 [

60 [

Number of Patients

40 f-

Surgical Procedure
Figure 3. Distribution of Abdominal Surgical Procedures among Patients
(n=244)

This bar chart depicts the frequency of abdominal surgeries performed
on 244 people. The most commonly performed procedure was laparoscopic
cholecystectomy (n=119), followed by hernioplasty (n=73) and laparotomy
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(n=29). Less common operations were appendectomy (n=20),
hemorrhoidectomy (#n==8), and gastrojejunostomy (n=1). The popularity of
minimally invasive techniques, such as laparoscopic cholecystectomy
reflects modern surgical preferences to reduce complications and improve
recovery. These data provide insights into surgical case mix and service
consumption at the research site.

3.7. Duration of Surgical Procedure

In this study, the majority of surgical procedures were completed within
80 minutes, with a mean operative time of 66.56 minutes. Only a few
surgeries extended beyond 2 hours, and no procedure exceeded 3 hours in
duration. The length of a surgical procedure is a critical factor influencing
the risk of SSIs. Procedures with extended durations are more likely to
increase the patients exposure to environmental contaminants and
compromise aseptic conditions, thereby increasing the risk of SSI.

A systematic review has reported that the likelihood of developing an
SSI increases proportionally with the duration of surgery. Specifically, the
risk increases by approximately 13% for every additional 15 minutes, 17%
for every 30 minutes, and up to 37% for every 60 minutes beyond the
standard operative time [22]. In the current study, the relatively shorter
durations of surgery may have contributed to the lower incidence of SSI
observed.

Frequency Distribution of Surgical Procedure Durations
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Figure 4. Distribution of Surgical Procedure Duration among Patients
Undergoing Surgery (n = 228)
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This bar graph depicts the distribution of surgical procedures by
duration. Most procedures (36.88%) were finished in less than 60 minutes,
with notable frequencies of 50 (11.8%) and 70 minutes (14.75%).
Procedures longer than 75 minutes were less prevalent. These findings
suggest efficient surgical scheduling and are consistent with infection
control efforts, as shorter operating times are associated with lower SSI risk.

3.8. Post-operative Antibiotics

All 244 patients in the study received post-operative IV antibiotics,
regardless of whether they had received prophylactic antibiotics prior to
surgery. The most commonly prescribed regimens included
cefoperazone/sulbactam 1g for two doses (n = 59), meropenem 1g for two
doses (n = 52), and ceftriaxone lg for two doses (n = 38). Other
combinations included cefoperazone/sulbactam 1g for two doses with
metronidazole 500 mg for two doses (n = 22), cefoperazone/sulbactam 1g
for four doses (n = 17), meropenem 1lg for four doses (n = 15), and
meropenem 1g for two doses combined with metronidazole 500 mg for two
doses (n =10). A smaller number of patients received ceftriaxone 1g for two
doses with metronidazole 500 mg for two doses (n = 4), meropenem 1g for
six doses with metronidazole 500 mg for nine doses (n = 4), and
amoxicillin/clavulanate 600 mg for two doses (n = 4). According to WHO
and other international guidelines, antibiotic prophylaxis should be limited
to a single dose or continued for no more than 24 hours post-operatively,
except in specific cases, such as cardiac surgeries where a 48-hour course
may be justified. The use of antibiotics beyond this period is not associated
with a reduction in SSIs and may contribute to adverse effects, increased
healthcare costs, and the development of antimicrobial resistance. Despite
guidelines advising discontinuation within 24 hours post-operatively, all
patients (100%) received antibiotics beyond this duration, underscoring a
critical AMS gap. This practice represents a significant deviation from
established guidelines and highlights a potential area for intervention to
reduce unnecessary antibiotic use and its associated risks.
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Post-operative Antibiotic Regimens in 244 Patients

Cefoperazone/sulbactam 1g, 2 doses 59
Meropenem 1g, 2 doses -5 2eraenrennd

Ceftriaxone 1g, 2 doses

Cefoperazone/sulbactam 1g, 2 doses + Metronidazole 500mg, 2 doses

Cefoperazonefsulbactam 1g, 4 doses

Meropenem lg, 4 doses

Meropenem 1g, 2 doses + Metronidazole 500mg, 2 doses

Ceftriaxone 1g, 2 doses + Metronidazole 500mg, 2 doses

Meropenem 1g, 6 doses + Metronidazole 500mg, 9 doses

Amoxicillin/clavulanate 600mg, 2 doses

0 10 20 30 40 50 60
Number of Patients

Figure 5. The Frequency of each Post-operative Antibiotic Regimen
Administered to 244 Patients

This bar chart depicts the frequency of post-operative antibiotic
regimens for 244 individuals. Cefoperazone/sulbactam 1g (2 doses) was the
most often prescribed medication (n=59), followed by meropenem 1g (2
doses, n=52) and ceftriaxone 1g (2 doses, n=38). Combination therapy, such
as cefoperazone/sulbactam with metronidazole and meropenem with
metronidazole, were less popular. The distribution reflects efforts to ensure
adequate coverage while adhering to AMS standards specific to surgical risk
and local practices.

3.9. Discharge Antibiotic Use

Of the 244 patients included in the study, 164 (67.2%) were prescribed
oral antibiotics at the time of discharge, typically for a duration of five days.
The most commonly prescribed oral antibiotics included moxifloxacin 400
mg once daily (n = 62) and a combination of ciprofloxacin 500 mg twice
daily with metronidazole 400 mg three times daily (n = 52). Other discharge
regimens included ciprofloxacin 500 mg twice daily (n = 25), linezolid 600
mg twice daily for 10 days (» =9), and amoxicillin/clavulanate 625 mg three
times daily (n = 5). Less frequently prescribed combinations included
linezolid 600 mg twice daily for 10 days with metronidazole 400 mg three
times daily (n = 4), metronidazole 400 mg three times daily alone (n = 3),
moxifloxacin 400 mg once daily with metronidazole 400 mg three times
daily (n = 2), and cefixime 400 mg once daily (» = 2). Additionally, 4
patients were discharged on IV antibiotics: two received meropenem 1 g
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twice daily for 3 days combined with metronidazole 400 mg three times
daily for 5 days, and two received cefoperazone/sulbactam 1 g twice daily
for 3 days along with metronidazole 400 mg three times daily for 5 days.

The 20™ century marked a significant advancement in medicine with the
introduction of antibiotics; however, antibiotic resistance has since emerged
as a global public health crisis. A point prevalence survey conducted in
surgical departments in Italy from 2008 to 2016 revealed an increase in
prophylactic antibiotic use from 6.1% to 24.2% [23]. The overuse and
misuse of antibiotics, especially in surgical care, is a key driver of resistance
and associated healthcare costs. In this study, more than half of the patients
were discharged with antibiotics in the absence of clinical indications or
adherence to established guidelines. This reflects a pattern of irrational
prescribing, which not only fails to provide additional benefit but also
contributes to the growing threat of AMR and unnecessary financial burden
on patients and healthcare systems.

Antibiotics on Discharge
Drdoxiﬂoxacin 400mg, PO, OD
for 5 days.

Eno discharge antibiotics
Ciprofloxacin S00mg, PO,
.BD for 5 days +
Ietronidazole 400mg, PO,
TID for 5 days.
Ciprofloxacin 500mg PO, BID
.fo'r’ S days. 9

Linezolid 600mg, PO, BID for
Ditdays. 0

.Amnxicilin + Clavulanate
625mg, PO, TID for 5 days.,
Linezolicl 5800mg, PO, BID for

[J10 days + Metronidazole
400mg, PO, TID for 5 days.

[Metroniciazole 400mg, PO,
TID for 5 days.

Moxifloxacin 400mg, PO, OD

[lfor 5 days + Metronidazole

400mg, PO, TID for S days.

DCeﬁxime 400mg, PO, OD for

S days.

1.V Cefoparazole/Salbactum

|:|1g BID for 3 days +
hetronidazole 400mg, PO,
TID for 5 days
IV Meropenem 1g BID for 3

M days + Metronidazole
400mg, PO, TID for 5 days.

Figure 6. Distribution of antibiotic regimens among the 164 patients who
received antibiotics upon discharge.
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This pie chart depicts the distribution of antibiotics provided upon
discharge. Moxifloxacin 400 mg once daily for 5 days was the most
commonly used medication (27.19%), followed by ciprofloxacin plus
metronidazole (26.32%) and ciprofloxacin alone (22.81%). Notably,
10.96% of patients were released without antimicrobials. Less prevalent
regimens included linezolid, amoxicillin-clavulanate, and a transition from
IV to oral antibiotics. These patterns reflect the various clinical decisions
made depending on infection risk, surgical outcomes, and patient-specific
characteristics.

3.10. Prevalence of Surgical Site Infections (SSIs)

SSIs were observed in 5 out of 244 patients, representing a prevalence
rate of 2.0%. All SSIs identified in the study were superficial and confirmed
through positive pus cultures obtained from the surgical site. According to
a WHO report, the incidence of SSIs in LMICs ranges from 1.2% to 23.6%
[23]. The SSI rate observed in this study is consistent with findings from
similar studies and reflects the effectiveness of preventive measures
implemented during the pri-operative period. One notable factor
contributing to the low SSI rate was the high proportion of laparoscopic
procedures, which are associated with a significantly lower risk of infection
compared to open surgeries. In this study, all SSIs occurred in patients who
underwent open surgical procedures, specifically laparotomies. This aligns
with the results of a large retrospective study involving 6,000 patients,
which demonstrated that the incidence of SSIs was substantially lower in
laparoscopic surgeries (2.0%) compared to open surgeries (10.0%) [24].
Another contributing factor to the low SSI rate was the short duration of
surgical procedures; all operations in this study were completed within 3
hours. Previous studies demonstrated that the risk of SSIs increases
progressively with longer operative durations, rising by approximately
13%, 17%, and 37% with each additional 15, 30, and 60 minutes of surgery,
respectively [25]. These findings highlight the significance of adopting
minimally invasive surgical techniques and maintaining efficient operative
timing as key strategies to reduce the risk of SSIs.

3.11. Microorganisms Identified

Pus samples were collected from patients with SSIs and submitted for
microbiological analysis to identify the causative pathogens. Laboratory
cultures revealed Staphylococcus aureus in two samples, while Klebsiella
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pneumoniae was isolated from one. Another sample demonstrated mixed
growth of S. aureus and Escherichia coli, and one culture showed no
microbial growth. Among the identified organisms, S. aureus was the most
frequently isolated pathogen. As a common component of the normal skin
flora, S. aureus is frequently associated with both superficial and deep
wound infections, particularly when introduced into a surgical site.

These findings align with the existing literature that identifies S. aureus as
a primary causative agent of SSIs. A study conducted at a tertiary care
hospital in India similarly reported S. aureus as the most commonly isolated
pathogen, followed by E. coli and Pseudomonas aeruginosa [26—28]. These
results underscore the need for targeted AMS interventions and rigorous
adherence to aseptic techniques to prevent infections caused by common
skin flora and healthcare-associated pathogens..

]
h

S.aureus K.pneumoniae  S.aureus + No growth
E .coli)

Figure 7. Distribution of Microorganisms Identified in SSIs

The bar chart illustrates the distribution of bacterial isolates obtained
from wound cultures in patients with SSIs. S. aureus was the most
frequently identified pathogen (n=2), followed by K. pneumoniae (n=1),
and a mixed infection involving S. aureus and E. coli (n=1). One culture
showed no microbial growth, which may be attributed to prior antibiotic
administration or inadequate sample collection. These findings underscore
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the importance of microbiological identification in guiding targeted
antibiotic therapy for SSIs..

3.12. Resistance Pattern of Microorganisms

A total of 3 distinct bacterial species were isolated from SSIs: S. aureus,
E. coli, and K. pneumoniae. The S. aureus isolate was identified as MRSA
and was susceptible to vancomycin and linezolid. E. coli demonstrated
resistance to penicillin and cephalosporins but remained sensitive to
meropenem, doxycycline, and minocycline. K. pneumoniae exhibited
resistance to penicillin and first and second generation cephalosporins while
retaining  susceptibility to  higher  generation cephalosporins,
aminoglycosides, meropenem, and colistin.

The detection of MDROs in this study represents a significant clinical
concern, emphasizing the urgent need for a comprehensive strategy to
combat antimicrobial resistance. Key measures include the prompt
initiation of appropriate empirical therapy upon clinical suspicion of SSIs,
timely collection of microbiological cultures, and the prudent de-escalation
of antibiotic therapy based on culture results. These findings reinforce the
importance of strict adherence to established prophylactic antibiotic
guidelines and the implementation of robust infection prevention and
control protocols. This aligns with previous studies, including one
conducted at a tertiary care hospital, which reported methicillin resistance
in 90% of S. aureus related SSIs [22].

3.13. Management of Surgical Site Infections (SSIs)

All patients diagnosed with SSIs received antibiotic therapy tailored to
culture and sensitivity findings. In one case, K. pneumoniae demonstrated
susceptibility to cefoperazone/sulbactam, which was administered
intravenously at a dose of 2.0 g every 12 hours for five days. In 2 cases
involving S. aureus, patients were treated with oral linezolid 600 mg every
12 hours. One patient had a mixed culture of S. aureus and E. coli and was
prescribed moxifloxacin 400 mg orally for 5 days. However, sensitivity
testing did not support this therapy and it was not regarded active against
the isolated pathogens.

Three of the 4 culture-positive patients were treated with antibiotics
relevant to their culture and sensitivity results. One patient was given an
antibiotic regimen that did not match the sensitivity pattern of the identified
pathogens, indicating irrational antibiotic use.
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SSIs are among the most prevalent surgical complications, contributing
considerably to increased morbidity, longer hospitalization, and healthcare
expenses [29]. Proper SSI management entails rapid diagnosis,
microbiological identification, and an appropriate administration of
antibiotics based on culture and sensitivity tests. In the current investigation,
4 patients had SSIs and their therapy indicated both reasonable and
irrational antibiotic utilization strategies [30].

Currently, there is no formal AMS program or audit-feedback
mechanism in place at the study site, limiting the capacity to enforce or
monitor rational antibiotic use. Antibiotic stewardship programs stress the
significance of adopting targeted therapy based on microbiological data to
decrease resistance and adverse medication responses [31]. A 2022
multicenter study in South Asia underlined that empirical broad-spectrum
antibiotics should be avoided until critically vital, and that de-escalation
based on sensitivity testing should be followed regularly [32]. Another
study from Pakistan emphasized that misuse and improper selection of
antibiotics after surgery contribute considerably to antibiotic resistance,
especially in low- and middle-income countries where surveillance is poor
[33].

Furthermore, observing evidence-based guidelines from the WHO and
the CDC is critical to implementing effective SSI therapy. These guidelines
promote culture-directed therapy and oppose prolonged post-operative
antibiotic usage, unless clinically required [34, 35].

The findings of current study showed that moxifloxacin was clearly
overused, highlighting a serious flaw in current clinical prescribing
guidelines. This trend emphasizes the critical need for ongoing medical
education initiatives designed to improve physicians' understanding of
sensible antibiotic usage. Furthermore, it highlighted the inadequate
implementation of AMS procedures, which are critical for guiding
clinicians toward evidence-based decisions in the management of SSIs.

In the local clinical context of Pakistan, the practice of defensive
medicine is commonly observed. Surgeons often prescribe prolonged
courses of antibiotics, influenced not only by limited microbiological
support but also by concerns over medico-legal issues and patient
expectations. These cultural norms and institutional gaps may help explain
the continued pattern of inappropriate antibiotic use noted in the findings.
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According to the findings, it is evident that excessive use of broad-
spectrum antibiotics, without culture sensitivity data, may lead towards the
emergence of resistant bacterial strains, hence limiting future treatment
options. Resultantly, it is critical to implement strong antibiotic stewardship
methods that not only monitor prescribing patterns but also ensure
compliance with hospital or national norms.

To address developing antibiotic resistance and ensure optimal patient
outcomes, healthcare providers must be trained and encouraged to properly
evaluate microbiological culture and sensitivity results. This would allow
for the selection of the most appropriate and focused antibiotic therapy,
reducing unnecessary exposure to broad-spectrum medicines while keeping
their efficacy in cases when they are actually needed.

3.14. Conclusion

The current study highlighted notable trends in the use of surgical
antibiotic prophylaxis and post-operative care practices in a tertiary care
hospital. While the preference for laparoscopic procedures is associated
with a lower risk of SSIs, the widespread and prolonged use of post-
operative antibiotics often exceeding 24 hours and lacking culture-guided
justification raises serious concerns about AMS and the risk of promoting
AMR. Although, most SSIs were managed based on microbial sensitivity,
instances of irrational antibiotic use were observed. These findings
underscore the urgent need to implement standardized, evidence-based
protocols for surgical prophylaxis and SSI management. The study
recommended implementing a mandatory AMS review for all discharge
prescriptions, along with the integration of audit and feedback mechanisms
into routine surgical workflows. Development and enforcement of hospital-
specific SAP protocols, combined with regular training sessions for
prescribers, should be prioritized to enhance compliance and optimized
antibiotic use.

3.15. Limitations

This study has several limitations. It was conducted at a single tertiary
care hospital, limiting the generalizability of findings. The follow-up period
was restricted to 30 days, potentially underreporting late-onset SSIs. The
absence of a control group and detailed cost analysis limits assessment of
the clinical and economic impact of antibiotic overuse. Microbiological data
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were only obtained from patients with SSIs, and the rationale behind
prescribing practices was not explored.
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