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Abstract: Surgical site infections (SSIs) are a major concern in public healthcare, leading to increased morbidity,
prolonged hospital stays length, and significant economic costs. Understanding the epidemiology and risk
factors of SSIs is crucial for developing effective prevention and management strategies. In the last century,
CDC 's HICPAC improved a bundle for prevention of HAIs based on the use of aseptic procedures, disinfection
of the skin and correct use of antibiotics for SSIs. In our country, Gelli-Bianco law introduced the national health
guidelines system that include the prophylaxis antibiotic therapy pre- and post-surgery. The aim of our study
is to evaluate adherence and appropriateness of the use of antibiotic-preoperative prophylaxis in a province of
southern Italy and to identify risk factors that may influence the development of an SSI. The study found many
statistically significant associations among the factors examined, i.e. the timing of administration adherent to
guidelines, with 47% of the analyzed files administering antibiotics within 60 min before the intervention and

62.7% using intravenous administration.

Keywords: surgical site infections; healthcare

1. Introduction

Surgical site infections (SSIs) are among the most common healthcare-associated infections
(HAIs), accounting for approximately 31% of all HAIs globally [1]. They represent a significant
economic and social burden for patient care and healthcare systems [2]. Numerous studies reported
variable SSI rates, ranging from 2% to over 20% depending on the surgical procedure and healthcare
setting [2]. The prevalence of SSIs varies according to the times of surgeries, patient populations, and
healthcare facilities. Several studies have documented fluctuating SSIs rates worldwide [3]. In Italy,
the SNICh study group reported data on non-prosthetic surgery from the Italian SSI surveillance
program from 2009 to 2011 [4]. The analysis revealed that SSIs were observed in 1,628 cases (2,6%)
with 60% of SSIs being diagnosed through 30-day post-discharge surveillance [4]. Another study
found a higher prevalence of SSIs up to 11% [5]; in this study risk factors associated with a higher
incidence of SSI were found to be elderly age (>55 years), diabetes mellitus (especially hyperglycemia
in the perioperative period), immunocompromised patients (mainly HIV and immunosuppressive
therapy patients), surgeon skill (higher in senior professors compared with junior residents), nature
of the cases, (emergency surgeries), placement of drains, wound class (highest in dirty wounds), type
of closure (multilayer closure), prolonged duration of hospital stay, longer duration of surgery (>2
hours), type of surgery (highest in cholecystectomy). The highest rates of causative organisms for
SSIs found were Staphylococcus aureus, Escherichia coli and Klebsiella ssp [6]. So, the occurrence of SSIs
is influenced by many factors, including patient characteristics, surgical techniques, and microbial
pathogens. Patient-related factors include advanced age, obesity, smoking, immunosuppression, and
comorbidities such as diabetes mellitus [7-9]. Procedure-related factors include the complexity of the
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intervention, duration, perioperative blood loss, and the use of devices [10]. 70% of HAIS were, in
fact, related to an invasive device [11] Healthcare system-related risk factors encompass inadequate
sterilization techniques, inappropriate antimicrobial prophylaxis, and poor compliance with
infection prevention and poor adherence to infection prevention protocols [12].

The pathogens responsible for SSIs primarily originated from the patient's endogenous skin
microbiota or exogenous sources [13]. Gram-positive bacteria, particularly Staphylococcus aureus and
coagulase-negative Staphylococcus, were the most common pathogens including methicillin-sensitive
Staphylococcus (MSSA) and methicillin-resistant staphylococci (MRSA) [14]. Their ability to form
biofilms and antibiotic resistance contribute to their persistence and virulence at surgical wound sites,
posing additional challenges for treating and preventing these infections [15]. Gram-negative
bacteria, such as Escherichia coli, were also frequently involved and commonly observed in abdominal
or urinary tract HAIs [16]. Several studies highlight the role of E. coli as a primary pathogen in these
infections, which are of concern due to their potential association with antimicrobial resistance and
extended-spectrum beta-lactamase (ESBL) production [13]. Even more emerging infections are those
derived from Enterococcus spp., particularly Enterococcus faecalis and Enterococcus faecium. Their
intrinsic resistance to various antibiotics, including vancomycin, posed challenges to treatment and
prevention strategies [14,15].

In this scenario, the prevention of SSIs requires a multifaceted approach. Key measures include
optimizing the patient before surgery, adhering to sterile techniques during the procedure,
appropriate antimicrobial prophylaxis, meticulous hand hygiene, aseptic wound care, and enhanced
surveillance [12]. Additionally, implementing interventions, such as those recommended by the
Healthcare Infection Control Practices Advisory Committee (HICPAC), has significantly reduced SSI
rates [16]. In the last century, HICPAC improved a bundle for the prevention of HAIs based on the
use of aseptic procedures, disinfection of the skin and correct use of antibiotics for SSIs. Moreover, in
our country, the Gelli-Bianco law introduced the national health guidelines system including the
prophylaxis antibiotic therapy pre- and post-surgery [17].

Based on these premises, our study aims to evaluate adherence to and appropriateness of
perioperative-antibiotic prophylaxis use in a province of southern Italy and to assess potential risk
factors that may negatively affect the progression of SSIs.

2. Results

We collected a total of 117 patients in the study of which 70,9%(n=83) were from Thoracic
Surgery, and 34 were from Vascular one (29,05%), with a mean age of 63 (+ 12.36 SD). All the
examined patients were immunocompetent and data about socio-demographic value were
represented in Table 1. All patients contacted chose to apply for this study.

Table 1. Distribution of the study sample according to socio-demographic data and risk factors.

N %
Mean age+ SD 63+ 12.36
Body Mass Index
<17 4 3%
18-24 35 29,9%
25-29 44  37,6%
>30 15 12,8%
Sex
Male 85 72,6%
Female 32 27,3%
Smoke 39 33,3%
Actual smoker

39 33,3%
Not smoker

27  23,07%
Past Smoker 3.07%
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Table 2. Distribution of the study sample according to clinical data.

N %
g/;en of operation (NAS-NCR) 13 15.3%
. 97 82.9%

Clean Contaminated

. 2 17.09%
Contaminated
Use of blood transfusion or derivatives 5 4.27%
Implants 8 6.8%
Videoendoscopy 53 45.2%
zlASA Score 4 3.49%
” 31 26.49%
-3 82 70.08%
Duration of surgery (min)
<15 4 3.4%
15-44 49 4.8%
45-60 16 13.67%
>60 40 34.2%

We found that 11.7% (n=10) of the sample had a long hospitalization length (>15 days) for the
Vascular Surgery ward was 9.44+ 10.24 SD days and for Thoracic Surgery was 8.89+9.92 SD.
Analyzing the individual risk factors of the population, approximately 72.54% (n=85) of the sample
had a BMI 225, of which 25.74% (n=30) were smokers and about 20% (n=24) were diabetics.

In most cases, the healthcare liability of administration antibiotics is of the anesthetist (see Figure
1la) and the main class of antibiotics administered is cefazolin in line with National Guideline System
(SNLG) indications (see Figure 1b) [18].

VASC mTHORAC wAMOX| wPIP+TAZ wCEFAZOLINE wCEFAMEZINE
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Figure 1. Liability of administration of antibiotics by ward and HCWs (a) and type of antibotics
administered (b).

In most cases the administration of antibiotics is mainly after surgical procedures such as
indicated by Table 3.

Table 3. Administration of antibiotics first, during and past surgical procedure versus qualitative
characteristics.
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Administration of First of surgical During surgical After surgical p
antibiotic procedure procedure procedure value
Total 40.2 (n=47) 2.6 (n=3) 43.6 (n=>51)
p=0.66
Gender 2
Males 68.1 (n=32) 66.7 (n=2) 68.6 (n=35) p=0.85
Females 31.9 (n=15) 33.3 (n=1) 31.4 (n=16) 1
p=0.39
1
p=0.74
Diabetes 0
Yes 78.7 (n=237) 66.7 (n=2) 82.4 (n=42) p=0.32
Not 21.3 (n=10) 333 (n=1) 17.6 (n=9) 6
p=0.29
5
p=0.51
Use of corticosteroids 0
Yes 87.2(n=41) 100 (n=3) 80.4 (n=41) p=0.35
Not 12.8 (n=16) 0 (n=0) 19.6 (n=10) 6
p=0.00
1
ICD9 CM code
Fiberoptic endoscopy  21.3 (n=10) 33.3 (n=1) 21.6 (n=11) p=
Drainage 27.7 (n=13) 33.3(n=1) 33.3 (n=17) 0.049
Angioplasty 36.2 (n=17) 33.3 (n=1) p=0.73
. 27.5 (n=14)
Lung resections 10.6 (n=5) 0 (n=0) 9.8 (n="5) 3
Biopsies 4.3 (n=2) 0 (n=0) 7.8 (n=4) }6)=0.07
Type of surgical p=0.00
procedure 1
In emergency 34 (n=16) 333 (n=1) 19.6 (n=10) p=0.00
Election 63.8 (n=30) 66.7 (n=2) 78.4 (n=40) 5
p=0.34
6
Classification of
surgical procedure p=0.28
12.8 (n=16) 0 (n=0) 9.8 (n=5) 0
Clean 87.2 (n=41) 100 (n=23) 88.2 (n=45) p=0.41
Contaminated clean 0 (n=0) 0 (n=0) 2(n=1) 8
Contaminated p=0.33
7
Prosthesis implant p=0.00
Yes 17(n=18) 100 (n=3) 92.2 (n=47) 1
Not 21 (n=1) 0 (n=0) 3.9 (n=2) p=0.00



https://doi.org/10.20944/preprints202409.1579.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 September 2024

5
p=0.36
4
p=0.00
Blood transfusion 1
Yes 87.2 (n=41) 100 (n=3) 88.2 (n= 45) p=0.00
Not 8.5 (n=4) 0 (n=0) 7.8 (n=4) 1
p=0.06
0
Time of antibiotic }1)=0'00
wﬁgféa;?:utes 55.3 (n=26) 33.3(n=1) 78.4 (n= 40) p=0.00
) 17 (n=8) 0 (n="0) 196 (m=10) 7
Two hours first
p=0.05
1

At the same time, in 6.8% of cases, we found the onset of an infection first to recovery of the
patient (community infection).

We can state, regarding the comparison of qualitative characteristics and timing of antibiotic
prophylaxis, the following observations: in 6.8% of the sample, HAIs were detected, and in half of
the sample, the administration of an antibiotic, particularly beta-lactamase, was noted after surgery
(approximately 43.6% of procedures).

Concerning gender, a higher prevalence of postoperative antibiotic administration was found in
males, although no statistically significant difference was observed in antibiotic administration across
the three phases studied (p > 0.05).

Among diabetics, approximately 82.4% (n=42) received postoperative antibiotics, but no
statistically significant difference were highlighted in our study (p > 0.05).

The association between preoperative systemic corticosteroid use and postoperative antibiotic
administration was statistically significant (p = 0.001), with about 80.4% (n=41) of corticosteroid users
and 19.6% (n=10) non-corticosteroid users receiving postoperative antibiotic therapy.

Additionally, when comparing the type of surgical intervention, coded using ICD-9-CM,
significance was found for preoperative administration (p = 0.049), particularly for video endoscopy
(21.3%), drainage (27.7%), angioplasty (36.2%), pulmonary resection (10.6%), and biopsies (4.2%).

Regarding the type of procedure, whether emergency or elective, there was a significant
difference in preoperative and intraoperative antibiotic administration (p = 0.005), particularly in
association with preoperative administration (p = 0.001).

About 70% (n=82) of the interventions in the studio were classified as clean-contaminated. The
time of administration was adherent to the guidelines (47% of the administration antibiotics occurred
after 60 min from the intervention; of these 62.7% had such an administration intravenous). The
comparison between ASA score and preoperative administration was statistically significant
(p<0.001) as well as class ASA score vs second dose of antibiotic administration before surgery
(p<0.01); also significant was the association between duration of surgery intervention, use of
systemic corticosteroids and postoperative administration of antibiotics (p<0.001). No statistically
significant correlation was found between the administration of a second dose of antibiotic during
surgery and the risk factors examined except for the type of intervention (urgent or in the election;
p<0.01), start time of administration (within 60 minutes; two hours before; greater than two hours;
p<0,05). The administration of a second dose of antibiotic was not related to the investigated risk
factors and administration of a dose of antibiotic after surgery was related to lower albumin values
and longer albumin duration. The administration of additional doses of antibiotics after the end of
the surgery has generally not proven effective in further reducing the frequency of SSIs.
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Another factor considered was the percentage of serum albumin as a predictor of poor surgical
outcomes, with a higher likelihood of SSIs.

3. Discussion

SSIs contribute to considerable morbidity and mortality, leading to increased hospital length of
stay, readmissions, and healthcare costs [2]. In our study, we found that in all cases the administration
of antibiotics fit the local guidelines. SSIs are common postoperative complications, occurring in 2-
5% of all surgical procedures [15].

Gender disparities in the beginning of SSIs are rarely studied in research. The risk of surgical
site infections (SSIs) in abdominal surgery was shown to be lower in women than in men while in
cardiac surgery, women had a greater incidence of surgical site infections (5.50 vs. 3.02; p < 0.001),
but there was no gender-specific differences in orthopedic or vascular surgery. [19,20]

Although the relationship between diabetes and higher incidence of surgical site infections (SSI)
as well as the possible connection between hyperglycemia and SSI has been extensively documented
in the media in recent years. [21,22]. No statistical difference was detected.

In our study we found a statistical correlation between diabetes and use of PAP; in the scientific
literature we found several studies that confirm this and , in particular, recent meta-analysis revealed
a strong correlation between diabetes and SSI that held true after adjusting for BMI and across a
variety of surgical procedures. Even though we were able to confirm a link between pre- and post-
operative hyperglycemia and SSI, meta-analyses of trials that adjusted for hyperglycemia still
showed that diabetes history was a substantial risk factor [23].

Numerous inflammatory and autoimmune diseases are treated with chronic steroid therapy, yet
side effects are well-known. Regarding the part that continuous steroid therapy plays in predisposing
patients to perioperative problems, there is still a gap in the literature. Chronic preoperative steroid
medication has been shown by Ranson et al. to be an independent risk factor for perioperative
complications, including as wound dehiscence, urinary tract infection, pulmonary embolism,
readmission, and nonhome release. Patients who are excessively obese are even more at risk [24]

ICD-9-CM diagnosis codes for surgical site infections (SSI) have not been extensively studied
[25]. However, in our study when comparing the type of surgical intervention, coded using ICD-9-
CM, significance was found for preoperative administration (p = 0.049), particularly for video
endoscopy (21.3%), drainage (27.7%), angioplasty (36.2%), pulmonary resection (10.6%), and biopsies
(4.2%). Similar results to what was reported by Onyekwelu et al, where the association between
Surgical Wound Classification (SWC) and SSI development is not statistically significant (p>0.005)
[26]. This may indicate that the model has predictive value for future SSIs, which was not its initial
intended application.

Moreover, the rate of SSI was significantly associated with ASA classification. Similar results
have been reported by other studies [27] such as indicated by the literature, where some authors
reported that ASA class 1 decreased the risk for SSIs by 0.3 times as compared to ASA 3 [28]

Additionally, in patients undergoing prolonged antibiotic treatments, it is certainly less likely to
isolate bacteria from the wound swab [29]. In the literature same association was evaluated in patients
undergoing cardiac surgery showing that a longer duration of prophylaxis doesn’t alter the
percentage of SSIs even in the long-term [30].

A recent observational study conducted on patients undergoing cemented hip arthroplasty
shows a lower number of reoperations for removal or replacement of the prosthesis when
prophylaxis is continued for 24 hours, and an antibiotic is added to the cement [31]. Three recent
studies, one conducted on patients undergoing appendectomy (for non-perforated appendicitis), one
on patients undergoing surgery for gastric carcinoma, and a third on patients undergoing
gynecological surgery, confirm that the administration of a single perioperative dose of antibiotic has
the same effect in preventing surgical site infections as repeated doses. [32] No evidence continuing
antibiotic prophylaxis in the presence of a drain reduces postoperative infectious complications.

Regarding the type of procedure, whether emergency or elective, there was a significant
difference in preoperative and intraoperative antibiotic administration (p = 0.005), particularly in
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association with preoperative administration (p = 0.001); the finding that administration of antibiotics
could impact the incidence of SSI is well known. [33]

In our study about 70% (n=82) of the interventions were classified as clean-contaminated. The
time of administration was adherent to the guidelines (47% of the administration antibiotics occurred
after 60 min from the intervention; of these 62.7% had such an administration intravenous)
confirming literature results [34].

Moreover, in our study, we found that the percentage of serum albumin was a predictor of
negative surgical outcomes with an increased probability of SSI as indicated by He et al [35].

Patients who develop SSIs often require additional surgical interventions, experience impaired
wound healing, and suffer from long-term disabilities [29]. The costs incurred due to SSIs are
staggering and, several studies [36-38] prevention strategies [39] Direct medical costs associated with
SSIs include prolonged hospital stays, additional surgical procedures, and expensive antibiotic
regimens [40]. Furthermore, indirect costs such as lost productivity, rehabilitation, and long-term
care exacerbate the economic impact [41].

Multiple preventive measures have proven effective in reducing SSIs and associated costs (e.g.
hand hygiene, preoperative antimicrobial prophylaxis, careful surgical site preparation, and patient
and healthcare personnel education) [42—44]. Enhanced surveillance and mandatory reporting
systems are essential for monitoring and mitigating SSIs [45]. Additionally, various cost-containment
strategies, such as bundled payment systems and value-based care models, can help optimize
resource allocation and reduce the economic burden. The escalating costs of managing SSIs highlight
the urgency to implement robust preventive strategies and are thus crucial to reduce both individual
and societal healthcare burdens.

4. Materials and Methods

The study was conducted from 2022 to 2023, at the University Hospital “G. Martino” in Messina.
Data on the evolution of surgical site infections in patients undergoing Thoracic and Vascular surgery
were collected through an ad hoc questionnaire.

The questionnaire was divided into the following sections: a) socio-personal data; b) risk factors
(Smoking, diabetes, steroids, etc.); ) clinical data (serum albumin, ongoing clinical infection, drug
allergy); d) type of surgery (ICD9 CM code, urgent or elective surgery, video endoscopy surgery,
classification of surgery, duration, ASA Physical Status Classification System score of American
Anesthesiology Society (ASA score); implantation, type of anesthesia, blood transfusion and blood
product transfusions, antibiotics administration before surgery); e) evaluation of adherence to
preoperative antibiotic use guidelines; f) data on the healthcare workers (HCWs), responsible for
administration/non-administration, type of antibiotic, place of administration, start time, route of
administration before, during, and after the surgical procedure.

5. Conclusions

Antibiotic resistance has become a global public health concern, leading to increased morbidity,
mortality, and healthcare costs. Monitoring and understanding the spread of antibiotic-resistant
bacteria is crucial for effective control and prevention measures [46]. Since its initial edition, the
National Plan to Combat Antimicrobial Resistance (PNCAR) saw the consolidation of ICA
surveillance, which included site infections. Surveillance of infections related to the assistance also in
support of PNCAR", coordinated by the Higher Institute of Health. [47] Surveillance systems play a
vital role in the early detection, evaluation, and response to antibiotic resistance by tracking the
prevalence of specific antibiotic-resistant strains, such as extended-spectrum (-lactamase (ESBL)-
producing Escherichia coli [48]. Surgical site infections remain a significant challenge in healthcare
settings. Understanding the epidemiology of SSls, including risk factors, common antibiotic-resistant
pathogens, prevention strategies, and their impact on patient outcomes, is essential for implementing
effective prevention interventions. By implementing evidence-based guidelines, healthcare
professionals' education and correct antibiotic use can reduce the burden of SSIs by improving patient
care. Further research is warranted to explore novel preventive measures and therapeutic
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interventions to reduce the burden of SSIs. Antimicrobial resistance has become a global health crisis,
threatening the effectiveness of antibiotics and rendering once-treatable infections increasingly
difficult to manage [49]. In response to this challenge, the World Health Organization (WHO)
introduced the AWaRe classification system as a tool to promote responsible antibiotic prescribing
practices [50]. The Access, Watch, and Reserve (AWaRe) classification system is an evidence-based
approach that aims to guide healthcare professionals in the appropriate use of antibiotics.
Antimicrobial stewardship programs can significantly contribute to the overall reduction in
antimicrobial resistance [51]. By improving prescribing practices and promoting appropriate
antibiotic use, these programs aim to prolong the effectiveness of existing antimicrobial agents. The
evidence presented in this review indicates that effective implementation of stewardship
interventions can help optimize antibiotic use, reduce patient harm, and preserve the efficacy of
antibiotics for future generations. The findings from recent studies reinforce the need for ongoing
research, improved surveillance systems, and continued efforts to implement and evaluate
antimicrobial stewardship initiatives to combat the global threat of antimicrobial resistance [52].
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