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دعباًموي90-30للاخيحارجلاعقوملاتاباهتلاثدحت:ثحبلافادهأ
نوكيثيحاهثودحليلقتيفدعاستةيويحلاتاداضملابيئاقولاجلاعلا.ةحارجلا
ءاطعإمدعبةيلاحلاتايصوتلاحصنت.اًمادختسارثكلأاداضملاوهنيلوزافيسلا
ىلإةساردلاهذهتفده.ةريصقةدملاهلوانتوأةحارجلادعبةيويحلاتاداضملا
اهريثأتوةدملاكلذكوةحارجلاعونلةيئاقولاةيويحلاتاداضملاةمءلامىدممييقت
.ةحارجلاعقومتاباهتلاثودحيف

نيغلابلاعيمجلةظحلاملاىلعةمئاقةيعلاطتساةساردهذهتناك:ثحبلاقرط
وأنطبلاتايلمعل2019ربوتكأووينوينيبةيحارجتايلمعلاوضرعتنيذلا
ىدميهةيلولأاتاجرخملاتناك.ةيئاقوةيويحتاداضماوقلتنيذلاوماظعلا
.ةيملاعلاتايصوتللةيحارجلاةيلمعلادعبةيئاقولاةيويحلاتاداضملاةدمقفاوت
ةيئاقولاةيويحلاتاداضملارايتخاةمءلامىدمةيوناثلاةياهنلاطاقنتنمضت
.ةحارجلاعقومتاباهتلاثودحتلادعمو

ةيحارجةيلمعل16و23و59عضخثحبلامهلمشاًضيرم98نيبنم:جئاتنلا
ةطسوتملاتارتفلاتناك.يلاوتلاىلعنطبلالفسأونطبلاىلعأوماظعلايف
ةيولعلانطبلاتاحارجيتعومجميفلوطأةحارجلادعبةيويحلاتاداضملل
ةميقلا؛مايأ5لباقم7(ماظعلاةحارجةعومجملباقمةيلفسلاو
ثيحنمةيهيجوتلائدابمللماعلالاثتملااناكوحنلااذهىلع.)0.03=ةيلامتحلاا
لكيف٪0و٪13و٪13.6(٪11.2ةحارجلادعبةيويحلاتاداضملاةدم
رايتخاناكلباقملاب.)0.3=ةيلامتحلااةميقلا؛يلاوتلاىلع،ةيحارجةعومجم
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و٪72.9(٪71.4ةبسنبتايصوتلاعمريبكلكشباًقفاوتمةيويحلاتاداضملا
.)0.74=ةيلامتحلااةميقلا؛يلاوتلاىلعةيحارجةعومجملكيف٪75و65.2٪

ةحارجلاعقومتاباهتلاثودحللقأتلاامتحاعمريبكلكشباًطبترماذهناك
.)0.63-0.09%95ةقثلالاجم؛0.24=ةيحجرلأاةيبسن(

نمةيملاعلاتايصوتلاعمقفاوتلامدعةساردلاهذهترهظأامنيب:تاجاتنتسلاا
ةطبترمتناكوةيلاعتناكةيويحلاتاداضملارايتخاةمءلامنألاإةدملاثيح
تايصوتلاعابتابءابطلأاحصنيُ.ةحارجلاعقومتاباهتلاثودحللقأةيلامتحاب
ليلقتويحارجلاعقوملاتاباهتلاثودحعنمربعىضرمللةياعرلاةدوجنيسحتل

.ةيويحلاتاداضمللايريتكبلاةمواقمروطترطخ

عقوملاتاباهتلا؛ةيويحلاتاداضملابيحارجلاءاقتلاا:ةيحاتفملاتاملكلا
ةحارجلادعب؛ةيداشرلاادعاوقلا؛يحارجلا

Abstract

Objectives: Surgical site infections (SSIs) develop within

30e90 days postoperatively. Antibiotic prophylaxis helps

reduce SSI incidence, with cefazolin being the most used

agent. Current guidelines recommend against post-

operative antibiotic administration or a very short course.

This study evaluated the appropriateness of prophylactic

antibiotics by surgery type, as well as duration and their

impact on SSI incidence.

Methods: This was an observational prospective study of

adults admitted between June and October 2019 for

abdominal or orthopedic surgery who received prophy-

lactic antibiotics. The primary endpoint was compliance

of postoperative prophylactic antibiotic duration with the

guidelines. Secondary endpoints included appropriate-

ness of antibiotic choice and SSI rates.
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Results: Of the 98 patients, 59, 23, and 16 had orthope-

dic, upper abdominal, and lower abdominal surgery,

respectively. Median postoperative antibiotic durations

were longer in the abdominal surgery group than in the

orthopedic surgery group (7 vs. 5 days; P ¼ 0.03). Hence,

overall compliance with the guidelines in terms of post-

operative antibiotic duration was 11.2% (13.6%, 13%,

and 0% in each surgery group, respectively; P ¼ 0.3).

Conversely, antibiotic choice was highly compliant with

the guidelines at 71.4% (72.9%, 65.2%, and 75% in each

surgery group, respectively; P ¼ 0.74). This was signifi-

cantly associated with a lower risk of SSIs (odds ratio

0.24, 95% confidence 0.09e0.63).

Conclusion: While there was a lack of guidelines

compliance in terms of duration, appropriateness of

antibiotic choice was high and was associated with a

lower likelihood for SSIs. Clinicians are encouraged to

follow the guidelines to improve patients’ quality of care

by preventing SSIs and reducing the risk of antimicrobial

resistance development.

Keywords: Guidelines; Postoperative; Surgical antibiotic

prophylaxis; Surgical site infections

� 2022 The Authors. Published by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Surgical site infection (SSI) is an infection that occurs
after surgery in the part of the body where the surgery took

place.1 SSIs typically occur within 30 days if there are no
implants or 90 days in the presence of implants after
surgery.2,3 The Centers for Disease Control and Prevention
(CDC) list three types of infections at the surgical site:

superficial SSI cutoff, defined as infection that occurs at
the exact incision site in the skin area; deep SSI incision,
defined as infection that occurs in the muscle under the

region of the incision and the tissues that surround the
muscles; and organ space, defined as infection that occurs
in any region of the body other than the skin, muscle, and

adjacent tissue that was involved in the surgery.3 SSI can
manifest as redness, delayed healing of the surgical wound,
fever, pain, tenderness, warmth, or inflammation.4 The

most common organisms associated with SSIs include
staphylococci, streptococci, and Pseudomonas aeruginosa.5

Patients with SSIs are twice as likely to die, 60% more
likely to be admitted to the intensive care unit, and more

than five times more likely to be readmitted to the hospital
after discharge.5 The occurrence of SSI is estimated to raise
hospital stay by 7e10 days and add more than $3000 to

care expenses. In a comparative study of SSI patients
versus uninfected patients, the average direct cost of
hospitalization was $7531 and $3,844, respectively.6

Properly administered prophylactic antimicrobials can
reduce the incidence of SSIs.6 In fact, prophylaxis is not only
used for contaminated or dirty surgical operations but is also
usually used in all clean-contaminated and some clean sur-
geries. Unfortunately, there is significant evidence of exces-

sive and unsuitable use of antimicrobials to prevent SSIs.
One of the main variables affecting the effectiveness of
antimicrobial prophylaxis is the timing of prophylactic

antibiotic administration.7

The latest antimicrobial prophylaxis in surgery guidelines
recommend only a short postoperative course of antimicro-

bials with either a single dose or no more than 24 h of
therapy.7e9 Cephalosporins (namely cefazolin) are suitable
first-line agents for most surgical procedures as they
target the most probable organisms while avoiding broad-

spectrum coverage that may lead to antimicrobial resis-
tance.7 Lower abdominal procedures also require additional
agents for anaerobic coverage, such as metronidazole.

Improper antibiotic prophylaxis (e.g., wrong timing or
overconsumption) increases rates of adverse drug reactions,
superinfections, development of antimicrobial resistance,

and cost of treatment.10 Unfortunately, some resistant
pathogens, such as methicillin-resistant Staphylococcus
aureus and Candida species, are frequently involved in sur-
gical wound diseases.5 Numerous variables may influence the

selection of appropriate antibiotics, such as the most
frequent organisms causing wound infection in a particular
surgery, as well as the relative expenses of available agents.11

A recent study in orthopedic surgery showed that lack of
compliance with surgical antimicrobial prophylaxis guide-
lines is significantly associated with increased rates of SSIs.12

Additional studies in other surgery types are needed to
confirm these findings. Therefore, the purpose of this study
was to evaluate the appropriateness of prophylactic

antibiotics in terms of antibiotic choice and duration in
patients undergoing abdominal and orthopedic surgical
operations according to the latest antimicrobial surgical
prophylaxis guidelines.

Materials and Methods

Study design and patients

This was a single-center observational prospective study
that was conducted at a large tertiary hospital over a 4-
month period between June 2019 and October 2019. Pa-

tients were screened for eligibility twice weekly on the days
on which surgeries are typically scheduled. Figure 1 details
the study design and process.

All adult patients (�18 years) admitted for abdominal or
orthopedic operations during the study period who received
surgical antibiotic prophylaxis were included in the study.
Patients who died or were discharged within 24 h after sur-

gery were excluded.

Study endpoints

The primary endpoint was the rate of compliance of
postsurgical antibiotic prophylaxis duration with the latest
surgical antimicrobial prophylaxis guidelines.7e9 Secondary

endpoints were the rate of guidelines compliance in terms
of antibiotic choice with the respective surgery type, as well
as the incidence of SSI. Impact of different factors,

http://creativecommons.org/licenses/by-nc-nd/4.0/


Figure 1: Detailed methodology of the study.
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including compliance with the guidelines, on the incidence of
SSIs was also assessed.

Data collection

Data were retrieved from the patients’ medication chart

and electronic medical records. If antibiotics were to be
continued for more than 24 h after surgery, the reasons for
the prolonged usage were explored. Each patient was

reviewed from the time of admission until their discharge
from the hospital. The wound classification and SSI criteria
were based on the CDC standards.3 SSI is considered when
there is at least one of the following: redness, edema,

tenderness, gaping, abscess or purulent discharge, fever
(>38 �C), or positive culture of fluid or tissue from the
surgical site within 30 days of the operation. Compliance

with the guidelines for antimicrobial surgical prophylaxis
was evaluated for each patient in terms of selection of
proper agents for the operation done and duration of

prophylaxis not exceeding 24 h postoperatively.

Statistical analyses

Comparisons were made between the group of patients in
which compliance with the guidelines was recorded versus
patients where lack of compliance with the guidelines was

observed. Continuous variables were assessed for normality
using ShapiroeWilk tests for normality. Given the lack of
normal distribution, median and interquartile range were used
to represent the continuous variables, which were compared

using the ManneWhitney U test. Categorical variables were
expressed as numbers and percentages and compared using
the chi-square or Fisher’s exact test. Odds ratio (OR) with

95% confidence interval (CI) was calculated to assess the
relationship between different factors, including guidelines
compliance and incidence of SSIs. Data were analyzed using

SPSS version 24.0 (SPSS Inc., Chicago, IL, USA).

Results

A total of 98 patients who fulfilled the criteria were
included in the study. Table 1 lists the baseline characteristics
of patients. The median age was 52.5 years, and the majority

(60.2%) were males. Cefazolin was the most common
antibiotic used in orthopedic and upper abdominal
procedures (72.9% and 43.5%, respectively), whereas

metronidazole was the most common antibiotic in lower
abdominal procedures (62.5%). Median durations of
postoperative antibiotics were 2 days longer in the upper

and lower abdominal surgery groups versus the orthopedic
surgery group (7 vs. 5 days; P ¼ 0.03) with overall
duration reaching 14 days in some patients. As such,

overall compliance with the guidelines in terms of
postoperative antibiotic duration was 11.2% (13.6%, 13%,
and 0% in orthopedic, upper abdominal, and lower
abdominal surgeries, respectively; P ¼ 0.3). Conversely,

antibiotic choice showed a higher rate of compliance with
the guidelines at 71.4% (72.9%, 65.2%, and 75% in the
orthopedic, upper abdominal, and lower abdominal

surgeries, respectively; P ¼ 0.74). SSIs occurred in 38.1%
of patients (37.9%, 47.8%, and 25% in orthopedic, upper
abdominal, and lower abdominal surgeries, respectively;

P ¼ 0.35). Most of the reported SSIs were skin infections
(56.8%).

Table 2 shows the ORs for SSI incidence considering

different factors. All tested variables did not influence the
incidence of SSIs, except compliance with guidelines in
terms of antibiotic choice, which showed a lower odds of

SSI development when antibiotic choice was appropriate
(OR 0.24, 95% CI 0.09e0.63; P ¼ 0.004).

Discussion

SSIs are an important cause of morbidity, mortality, and
economic burden. They can be either local (e.g., skin or soft

tissue infection, meningitis in case of neurologic surgeries, or
urinary tract infection in case of urologic surgeries) or sys-
temic (i.e., result in sepsis). SSIs can be prevented by

appropriate antimicrobial prophylaxis considering antibiotic
choice and duration. Appropriate antibiotic choice was
highly prevalent in our study and significantly associated

with a lower SSI incidence. However, duration of antibiotic
therapy exceeded guideline recommendations. Although not
assessed in our study, unnecessary prolonged duration of

antibiotic administration can increase the risk of developing
antimicrobial resistance, potential superinfections (e.g.,
Clostridioides difficile infection), as well as increased length
of stay and high healthcare costs as previously re-

ported.1,2,6,13e16 It is worth noting that findings from this
study can be applicable to any surgical procedure that
requires preoperative antibiotic prophylaxis.

Clinical guidelines are developed by a panel of experts
based on careful evaluation of all available evidence and
most recent data on the diagnosis, management, and



Table 2: Odds ratios for SSI incidence in the presence of

different factors.

Factor OR (95% CI) P value

Age 1.02 (0.99e1.05) 0.110

Sex

� Male 1.86 (0.77e4.45) 0.170

� Female Ref Ref

Surgery type

� Orthopedic 2.19 (0.28e17.21) 0.456

� Upper abdominal 4.64 (0.54e39.9) 0.162

� Lower abdominal Ref Ref

Antibiotic duration 1.08 (0.79e1.46) 0.631

Compliance with

antibiotic choice

0.24 (0.09e0.63) 0.004

Compliance with

antibiotic duration

1.36 (0.34e5.39) 0.660

Table 1: Baseline and clinical characteristics of patients.

Characteristic Total (n ¼ 98) Orthopedic

(n ¼ 59)

Upper abdominal

(n ¼ 23)

Lower abdominal

(n ¼ 16)

P value

Age 52.5 (28e65) 62 (29e71) 50 (35e62) 32.5 (20e49) 0.004

Sex (male) 59 (60.2) 40 (67.8) 10 (43.5) 9 (56.3) 0.122

Antibiotic receiveda 0.003

� Cefazolin 56 (57.1) 43 (72.9) 10 (43.5) 3 (18.8)

� Cefuroxime 12 (12.2) 3 (5.1) 6 (26.1) 3 (18.8)

� Metronidazole 20 (20.4) 4 (6.8) 6 (26.1) 10 (62.5)

� Meropenem 5 (5.1) 4 (6.8) 0 (0) 1 (6.3)

� Imipenem 2 (2) 1 (1.7) 1 (4.3) 0 (0)

� Gentamicin 4 (4.1) 2 (3.4) 2 (8.7) 0 (0)

� Clindamycin 3 (3) 2 (3.4) 0 (0) 1 (6.3)

� Piperacillin/

tazobactam

3 (3) 1 (1.7) 1 (4.3) 1 (6.3)

� Co-amoxiclav 3 (3.1) 2 (3.4) 0 (0) 1 (6.3)

� Ciprofloxacin 3 (3.1) 0 (0) 2 (8.7) 1 (6.3)

Antibiotic durationb 6.5 (4.75e7.5) 5 (5e10) 7 (4.5e8) 7 (4.5e7) 0.027

Developed SSI 37 (38.1) 22 (37.9) 11 (47.8) 4 (25) 0.352

Infection type 0.352

� SSTI 21 (56.8) 14 (63.6) 6 (54.5) 1 (25)

� Other infection
16 (43.2)

8 (36.4) 5 (45.5) 3 (75)

Data are presented as n (%) or median (interquartile range).

IQR, interquartile range; SSI, surgical site infection; SSTI, skin and soft tissue infection.
a Some patients received more than one antibiotic.
b Includes total duration of presurgical plus postsurgical durations.
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prevention of certain diseases.17 They may also include
recommendations based on cost-effectiveness and risk/
benefit ratio. The latest guidelines on surgical antimicrobial

prophylaxis were developed by the CDC in 2017 preceded by
World Health Organization guidelines in 2016 and joint
guidelines by the American Society of Health-System
Pharmacists, the Infectious Diseases Society of America,

the Surgical Infection Society, and the Society for Health-
care Epidemiology of America in 2013.7e9 Our study
provides evidence that antibiotic choices made on the basis

of guideline recommendations result in favorable
outcomes. Previous studies have also shown benefit when
such guidelines were followed. A study by Walczak et al.18

demonstrated a lower incidence of SSIs when surgical
prophylaxis guidelines were adhered to compared with the
non-compliance group (3.3% vs. 8.1%; P ¼ 0.07). Simi-
larly, a study in 930 patients showed a cumulative incidence

of SSIs of 4.6% when antibiotic prophylaxis was in
compliance with the guidelines (relative risk ¼ 0.5, 95% CI
0.1e1.9).19 Such findings of low SSI rates corroborate our

findings but with added statistical significance (OR 0.24,
95% CI 0.09e0.63). By contrast, lack of compliance with
surgical antibiotic and venous thromboembolism (VTE)

prophylaxis guidelines reportedly increased the risk of
both SSIs and VTE, respectively, in a large study
involving 3285 orthopedic surgery patients.12 As expected,
cefazolin was the most prescribed antibiotic, particularly

for orthopedic and upper abdominal procedures. This
compliance with the guidelines helps reduce the risk of
developing antimicrobial resistance since cefazolin is not

considered a broad-spectrum antibiotic while still covering
potential SSI organisms including Gram-positive pathogens
(namely Streptococci, methicillin-susceptible S. aureus, and

coagulase-negative staphylococci) and Gram-negative
Enterobacterales.

Non-compliance with the guidelines when it comes to

surgical antibiotic prophylaxis is a universal issue20; hence,
expecting compliance with the guidelines may not be
sufficient in the absence of an enforced hospital-specific
protocol or care bundle, education, and adherence tracking

to minimize SSI risk. In our institution, surgical antibiotic
prophylaxis use is based on updated constructed local hos-
pital guidelines on antimicrobial therapy, which were

developed according to the hospital’s antibiogram. The
surgical prophylaxis protocol is one part of these guidelines,
whereas the other parts include empirical antimicrobial

therapy and therapeutic drug monitoring. These hospital
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guidelines are updated every 4 years by the antimicrobial
stewardship subcommittee.

In a comprehensive review discussing SSIs and reasons
for poor compliance, Leaper, et al.21 listed seven
recommendations to improve patient outcomes and reduce

SSI rate through compliance with the guidelines. These
included tracking compliance with hospital’s care bundles
and conducting pertinent qualitative research, including the

care bundles in the patient’s informed consent to ensure
transparency of the process, establishing national or
regional SSI surveillance programs, continuous updating of
the national (or at least hospital) guidelines as new

evidence evolves, recognition of compliant surgery teams,
logging issues that could otherwise be prevented, and plan
effective communication strategies if advice is needed from

experienced healthcare providers.
Our study revealed the significance of guidelines compli-

ance and importance of the protocol developed. Nonetheless,

it was limited by the small sample size, which was attributed
to the short study duration due to time constraints. Also,
culture results from patients who developed SSIs were not
collected, although the outcomes of SSI treatment were not

the scope of this study.

Conclusion

In conclusion, our study showed that compliance with the
guidelines in terms of antibiotic choice was associated with a

lower likelihood of SSI development. However, lack of
compliance was noticed with the duration of antibiotic
administration. Therefore, a protocol enforcing short post-
operative antibiotic courses and detailing the correct anti-

biotic to be selected for each surgery type should be
developed by responsible multidisciplinary teams involving
the surgical and pharmacy departments. Moreover, clini-

cians are encouraged to follow the updated guidelines and
hospital protocols to improve patients’ quality of care by
preventing SSI incidence and reducing the risk of antimi-

crobial resistance development.
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