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ABSTRACT

This study aimed to compare empirical prophylactic treatment with decoloni-
zation-decontamination prophylaxis protocol in order to reduce surgical site 
infections. The study was conducted in Kosovo Ortomedica Orthopedic Hos-
pital, the data from all patients admitted to the hospital between June 2018 
and June 2019 was collected retrospectively, all the patients admitted to the 
hospital between November 2021 and January 2022 were followed prospec-
tively. 127 patients were treated empirically, and 93 patients were prospec-
tively treated with decolonization-decontamination prophylaxis protocol. The 
empirically treated patients were given cefazolin before surgery. However, the 
prospectively treated patients were first tested for MRSA infections and the 
observed infections were treated with decolonization-decontamination proph-
ylaxis protocol. The infection status and the postoperative CRP values of the 
patients were compared and found to be significantly higher in the empirical 
group (4.7% versus 0, p=0.038 and 7.1% versus 0, p=0.006, for empirical and 
decolonization -decontamination groups respectively).  In conclusion, the im-
plementation of the decolonization-decontamination protocol has been shown 
to effectively decrease the incidence of infections in orthopedic surgical pro-
cedures. Nevertheless, it is imperative to conduct additional research utilizing 
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a more extensive sample size and pharmacoeconomic studies in order to sub-
stantiate its viability as a prophylaxis measure.                                                                                      

Keywords: surgical site infection, empirical, decolonization, decontamina-
tion, orthopedic surgery

INTRODUCTION 

Surgical site infection (SSI) is a major concern for both the patient and the 
operating surgeon. It is defined as an infection observed at or near the incision 
site within 30 days of surgery or one year after implant insertion and is thus 
responsible for healthcare costs, mortality, and patient injury1,2. These infec-
tions account for approximately 40% of nosocomial infections after surgical 
intervention3. During the first eight weeks after hospital discharge, the cost of 
care for patients with SSI is approximately three times that of surgical patients 
without infection4,5. In addition to impairing the patient’s quality of life, and 
increased morbidity and mortality4, these infections are also responsible for 
increased hospitalization and treatment cost related to surgical operation6,7.

Surgical antibiotic prophylaxis (SAP) is the universal protocol used to reduce 
postoperative SSIs. It is initiated closely prior to the operative procedures8. 
Since the inception of SAP in the 1960s, antibiotic administration has reduced 
mortality, and the time taken for patients to return to normal life, thereby low-
ering the cost of treatment and the length of hospital stay9.

The primary reference for SAP is found in the guidelines of the American So-
ciety of Health-System Pharmacists (ASHP)10, however, in local recommen-
dations, the uncertainty of the indications, antibiotic selection, preoperative 
timing, and duration of administration may change the surgeon’s approach 
towards SSI. Moreover, these personal preferences have a significant impact 
on global antibiotic consumption, which saw an increase of more than 60% 
over the last decade11. The barriers to guideline adherence include the logistical 
insufficiency of surgical wards as well as a lack of awareness of the appropriate 
guidelines and compliance with their recommendations12. As a result, the per-
sonal preference for antibiotics and their duration of administration have led 
to inappropriate antibiotic use in half of all general elective surgeries13 and the 
emergence of bacterial resistance14.This study aimed to compare the empiri-
cal prophylactic treatment with decolonization-decontamination prophylaxis 
protocol effectivness in the reduction of surgical site infections.
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METHODOLOGY

This is an observational study that is both retrospective and prospective in na-
ture. This study included all orthopedic surgery patients who were admitted to 
Kosova Ortomedica Orthopedic Hospital between June 2018 and June 2019 
as group 1, and those admitted between November 2021 and January 2022 
as group 2. The demographics variables (age, sex, socioeconomic status, edu-
cational status, history of antibiotic use), duration of hospital stay, laboratory 
tests, antibiotics, and other drug dosing frequency, type of surgery, and comor-
bidities of all patients admitted to Kosovo Ortomedica Orthopedic Hospital 
and who underwent surgery between June 2018 and June 2019 were retrospec-
tively collected. These data had already been thoroughly documented on the 
patient profile, and a double check had been made during the data collecting 
procedure; additionally, the data had been compared with hospital pharmacy 
records to guarantee its accuracy. The treatment protocol for these patients 
(Group 1) was empirical based on ASHP therapeutic guidelines10. In brief, all 
of the patients were given cefazolin 1g one hour before surgery. We couldn’t 
conduct the prospective study immediately after the retrospective one because 
of the COVID-19 pandemic, so we had to wait until the condition improved. For 
Group 2, between 15 November 2021 and 10 January 2022, nasal/throat/skin 
swab samples were collected from all patients before any surgical operation 
and then the patients followed prospectively. Five days before surgery, these 
samples were tested for the presence of methicillin-resistant Staphylococcus 
aureus (MRSA). If MRSA was not detected, no further action was taken. If the 
results were positive, nasal decolonization was performed for patients via ad-
ministration of 2% mupirocin cream twice a day for the next five days up to 
the date of surgery. Decontamination of the skin was carried out by showering 
using chlorhexidine gluconate soap the night before and the morning of the 
procedure. Cefazolin was given as prophylaxis the day before and during the 
surgery. Patients were followed prospectively for any signs of a new infection, 
such as an elevated white bold cell (WBC), C-reactive protein (CRP), fever, or 
other signs of infection at the surgery site daily for 3 weeks. The prospective 
(Group 2) study protocol was adapted from a previous study that followed a 
similar protocol, and these studies were included in the ASHP report10, 15, 16. 
Additionally, intranasal mupirocin has been approved by the FDA for the treat-
ment of MRSA nasal colonization in adult patients and healthcare workers17.

All the data collected for (Group 1), was also collected for (Group 2). The re-
searchers then examined the efficacy of the empirical and decolonization-de-
contamination prophylaxis protocol. The primary outcome measures were the 
percent of postsurgical infection, the C-reactive protein level three weeks post-
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surgery, and hospitalization days. 

All procedures were carried out following the ethical guidelines of the Cham-
ber of Pharmacists of Kosovo Non-invasive Ethical Committee (Decision Num-
ber: 378, 12.11.2021). Individual written informed permission was obtained 
from all participants in the study. The STROBE Checklist combined was used 
to evaluate the quality of both retrospective and prospective data.

The data obtained in the research were analyzed using the SPSS for Windows 
(Version 22.0). Numbers, percentage, and mean and standard deviation were 
used for descriptive statistical analysis. The Kolmogorov-Smirnov test was uti-
lized to assess the normality of the data, and the findings indicated that the 
data follows a normal distribution. The t-test was applied to compare quantita-
tive, normally distributed, continuous data between two independent groups 
and the Chi-square test was used to compare independent variable groups. Re-
sults were considered statistically significant at p ≤ 0.05. 

RESULTS and DISCUSSION

In this study, we compared the empirical prophylactic treatment protocol to the 
decolonization-decontamination prophylaxis protocol to determine the best reg-
imen to use at Kosovo Ortomedica Orthopedic Hospital. All patients in the em-
pirical treatment group received empirical prophylaxis before surgery, whereas 
in the decolonization-decontamination prophylaxis group, the antibiotic was di-
rected by the culture results. Both Groups 1 and 2 have comparable demographic 
variables and comorbidities (p>0.05). Despite some differences in some labora-
tory data (p<0.05), these data are still within the normal healthy range. 

Among the 127 patients analyzed retrospectively in Group 1, 68 were female, 
and 59 were male. The mean age was 41.9 ±20.6. There were 93 patients eval-
uated prospectively in Group 2. Among them, 54 were female and 39 were 
male. The mean age was 54.9 ±21.9. The most common reasons for 127 pa-
tients in Group 1 to be admitted to the hospital were knee surgery in 53 cas-
es (42%), hip replacement in 30 cases (24%), and spine surgery in 27 cas-
es (21%). In contrast, among the 93 patients inGroup 2, 37 patients (40%) un-
derwent knee surgery, 17(18%) underwent hip replacement surgery, 11 
(12%) underwent spine surgery, and 13 (13) underwent bone surgery (14%). 
Those in Group 1 received antibiotic prophylaxis 1 hour before surgery, and 
those in Group 2 received it the day before and 1 hour before surgery.

Table 1 presents the demographic characteristics, laboratory results for both 
Group 1 (empirical prophylaxis) and Group 2 (decolonization-decontamina-
tion prophylaxis). 
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Table 1. Demographic characteristics and laboratory results of Group 1 (empirical 
prophylaxis) and Group 2 (decolonization-decontamination prophylaxis)

Variables Group 1 Patients
(n = 127) n (%)

Group 2 Patients 
(n = 93) n (%) p value

Sex Female       68 (53.5)
Male          59 (46.5)

Female       54 (58)
Male           39 (42) p=0.5

Age (years) 41.9 ±20.6 54.9 ±21.9 p=0.24

Average WBC count 8.07±11.2 7.4±3.78 p=0.05

ALT U/L 26.2 ±27.3 24.25±40.8   p=0.460

AST U/L 25.2± 11.4 21.59±10.1   p=0.01*

Urea mmol/L 4.68 ±2.17 5.48±4.65     p=0.002*

Creatinine mmol/L 70.3±37.9 71.5±12.1   p=0.765

Comorbidities 41 (32.3) 32 (34.4)   p=0.425

Hypertension 32 (25.2) 27 (29)   p=0.315

Hyperlipidemia 3 (2.4) 3 (3.2)   p=0.503

Lower Respiratory 
Tract Infection 0 (0) 1 (1.1)   p= 0.423

Medication Use in 
Chronic Disease 42 (33.1) 31 (31.3)  p=0.540

*p<0.05 considered significant1 

The infection status revealed that infected patients and 3-week postoperative 
CRP levels were found to be higher in Group 1 (4.7% versus 0, p=0.038 and 
7.1% versus 0, p=0.006, for empirical and decolonization -decontamination 
groups respectively). Table 2 shows the differences between the two groups in 
terms of the primary outcome measures like infection status, CRP and hospi-
talization days.
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Table 2. Comparison of empirically treated (Group 1) versus decolonization-decontamination 
prophylaxis (Group 2) patients in terms of primary outcome measures

Variables

Group 1 Group 2

pN % N %

42 33.1 31 33.3

Infection
No 121 95.3 93 100

p=0.038*
Yes 6 4.7 0 0

3-Week Post-
Surgery CRP 

  

No 118 92.9 93 100

p=0.006*

Yes 9 7.1 0 0

Hospitalization 
days

Mean 
±SD 3 ±4.9 3.2 ±4.7 p=0.827

 *p<0.05 considered significant

During the hospitalization time, 14 patients in Group 1 required additional an-
tibiotic treatment 5 female (36%) and 9 male (64%), the average age was 45.9 
±23.4 years, the average hospital stay was 3.62 ±0.4 days, and 4/14 patients 
had an infection three weeks following surgery (28.6 %).  Of the 113 patients 
who did not receive further antibiotics therapy, 63 (56%) were female and 50 
(44%) males, with a mean age of 41.4 ±20.2, a mean hospital stay of 3 ±5.1 
days, 36/113 chronic diseases, and with 2/113 (1%) who acquired an infection 
three weeks after surgery. The number of patients with infection in the first 
three weeks post-surgery was higher if the patient had been administered fur-
ther antibiotic treatment (p<0.05). In Group 2, nose, throat, and skin swab 
samples taken from the patients before surgery revealed Staphylococcus au-
reus (S. aureus)-based infection in 13 of the 93 patients. Of these 13 patients 
(average age 54.9 ±21.9 years), 10 (18%) female and 3 (8%) male, received 
prophylactic therapy, and three weeks following surgery none had developed 
an infection. Similarly, 80 patients 44 (82%) female and 36 (92%) male did not 
have an S. aureus infection and hence did not require prophylactic treatment.

Table 3 and Table 4 summarize the characteristics of the patients who received 
antibiotics in Group 1 (empirically treated) and Group 2 (decolonization-de-
contamination prophylaxis) respectively.



36 Acta Pharmaceutica Sciencia. Vol. 62 No. 1, 2024

Table 3. Characteristics of patients who received antibiotics in Group 1 (empirically treated)

Variables Sex
Infection in the 
First 3 Weeks 
Post-Surgery

Hospitalization 
(days)

Age 
 (years)

Patients Receiving 
 Further Antibiotics 

Treatment 
 n=14

Female   5
Male      9 4 (28.6%) 3.6 ±2.4 45.9 ±23.4

Patients Receiving No 
Further Antibiotic Treatment 

 n=113

Female      
63

Male         
50

2 (1%) 3 ±5.1 41.4 ±20.2

p value >0.05 <0.05* >0.05 >0.05

*p<0.05 considered significant 

Table 4. Characteristics of patients who received antibiotics in Group 2 (decolonization-
decontamination prophylaxis)

Variables Sex Infection in the 
First 3 Weeks 
Post-Surgery

Hospitalization 
(days)

Age 
 (years)

Infection in the First 3 Weeks 
Post-surgery

n=0

Female   
Not 

applicable
Male      
Not 

applicable

0 (0%) Not applicable Not 
applicable

Patients Receiving No 
Prophylactic Treatment 

 n=80

Female     
44

Male        
36

0 (0%) Not applicable 43.6 ±19.7

p-value >0.05 <0.001* >0.05 >0.05

* p<0.05 considered significant

In this study, we compared the empirical prophylactic treatment protocol to 
the decolonization-decontamination prophylaxis protocol to determine the 
best regimen to use at our hospital. All patients in the empirical treatment 
group received empirical prophylaxis before surgery, whereas in the decoloni-
zation-decontamination prophylaxis group, the antibiotic was directed by the 
culture results. 



37Acta Pharmaceutica Sciencia. Vol. 62 No. 1, 2024

In our study, six of the 127 (4.7%) patients who followed the empirical prophy-
laxis plan, which included antibiotic medication given 1 h before surgery and 
up to 4 h during surgery, developed infections. Vargas et al. studied the effect 
of a short-term antimicrobial prophylaxis regimen on the prevalence of post-
operative infection in elective orthopedics and traumatology. In the group that 
received the empirical antibiotic treatment, the prevalence of infection was 
3/69 (4.3%), which is virtually identical to our findings18. Antibiotic prophy-
laxis before surgery is critical to ensure adequate antibiotic concentrations. 
We administered the antibiotic 1 h before the surgery. In the medical litera-
ture, the administration timing is still up for debate, and in different stud-
ies, ranges between 15 and 120 min before the skin incision19-21. According to 
Yeap et al., antibiotics should be given 30–60 min before surgery, during an-
esthesia induction, or at least 10 min before the tourniquet is inflated19. Most 
antibiotics should be given 30 min before skin incision, according to Stefáns-
dóttir et al., and administration more than 60 min before surgery or incision 
is linked to a greater risk of surgical infection22. Several investigations have 
found a link between S. aureus colonization and the development of surgical 
site infection in cardiothoracic, gastrointestinal, and orthopedic surgeries23. In 
2017, the American College of Surgeons (Chicago, Illinois) and the Surgical 
Infection Society (East Northport, New York) published guidelines that ad-
dressed this issue, stating that screening and decolonization should be based 
on baseline surgical site infection and methicillin-resistant S. aureus rates24. 
Before total joint replacement and cardiac surgeries, the American Society of 
Health-System Pharmacists (Bethesda, Maryland) recommends screening and 
decolonization for all patients colonized with S. Aureus10. Methicillin-resistant 
S. aureus bundles (screening, decolonization, contact precautions, and hand 
hygiene) are extremely successful when all of the components are used to-
gether. The guidelines also state that in the literature, no single decoloniza-
tion technique has been proven effective. Nasal mupirocin has been used alone 
and in combination with chlorhexidine gluconate bathing. The anterior nares 
have also been decolonized with povidone-iodine solutions25. This guideline 
was used in our prospective group (n = 93), and we noticed that there was no 
infection in this group.  

In our study, we started nasal mupirocin five days before surgery and informed 
patients who had a positive MRSA culture result to shower the night before 
and in the morning of the procedure. We had remarkable success with this 
strategy because the infection rate was zero and no elevation in CRP noted. 
Nasal decolonization exhibited a significant prophylaxis effect against surgical 
site infections caused by S. aureus, according to a meta-analysis of 17 stud-



38 Acta Pharmaceutica Sciencia. Vol. 62 No. 1, 2024

ies. Essentially, seven studies looked at a protocol that included decolonization 
and glycopeptide prophylaxis only for MRSA-colonized patients, as we did in 
our study, and found that it had a significant prophylaxis effect against Gram-
positive surgical site infections26.  For the outcome to be effective, Murphy et 
al. advocated the use of these techniques within three months of surgery27.

Schweizer et al., by comparing the empirical antibiotic prophylaxis with the 
decolonization-decontamination method, concluded that S. aureus screening, 
decontamination, and targeted prophylaxis as part of a bundle were linked to a 
small but statistically significant reduction in complex S. aureus SSIs26.

A study conducted in an orthopedic hospital in Spain and published in 2019 
revealed findings that are comparable to those of the present study. The study 
encompassed a control group consisting of 400 patients who underwent sur-
gical procedures from January 2009 to December 2013. Additionally, a sec-
ond intervention group of 403 patients was included, who were exposed to a 
screening and decontamination strategy for nasal carriers of S. aureus between 
January 2014 and December 2016. Upon doing a comparative analysis of sur-
gical-site infection (SSI) rates, it was observed that the intervention group ex-
hibited a statistically significant decrease in both overall SSI (p<0.009) and S. 
aureus-specific SSI (p<0.02)28.

The study covered all patients who underwent orthopedic surgery during a 
specific time period, and because the hospital has a limited capacity and the 
restricted condition of COVID-19, only a small number of patients were in-
cluded, which is a constraint that prevents the study’s findings from being 
generalized. Additionally, the economic burden of the decolonization-decon-
tamination implementation approach was not measured in our study, which 
is another limitation. 

According to our findings, using the decolonization-decontamination method 
reduces the rate of infection in orthopedic surgeries, and we can advocate it 
as a preventive strategy. However, more pharmaco-economic research with a 
larger sample size is needed to determine the cost-effectiveness and practical 
utilization of the method.
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