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Introduction
Background: Surgical Antibiotic Prophylaxis (SAP) is the standard of care worldwide to prevent postoperative surgical site infection (SSI) 

and to minimize the risk of antibiotic‐related adverse events including but not limited to clostridium difficile‐associated diarrhea and selective 
pressure leading to antibiotic resistance as a result of prolonged prophylaxis exceeding 24 hours. Overuse, under‐use, improper timing, and misuse 
of antibiotics occur in 25–50% of operations. This study aimed to develop a group of interventions that could be used to improve SAP at a tertiary 
care healthcare institute in Riyadh, Kingdom of Saudi Arabia (KSA). 

Methods: A pre‐post longitudinal quality improvement project was conducted from January 2016 until December 2019. A multidisciplinary 
team was assembled to identify and overcome the barriers that were responsible for patients receiving suboptimal antibiotic prophylaxis. Multiple 
educational campaigns and an open forum with anesthesia, surgical, nursing, and operating room staff were organized. Only the patients that had 
undergone surgery requiring SAP were included. Compliance with an appropriate antibiotic selection, timing, dosing, and duration was measured 
and year wise comparison was made. 

Results: One reference quarter results from each year from 2017‐2019 were used for final analysis. Five hundred surgical case files from 2017, 
186 from 2018, and 229 from 2019 were reviewed. The cefazolin dose adjustment based on BMI was done only for 32, 13, 25% of the patients over 
consecutive years respectively. However, weight‐based dosage showed improvement from 2017‐2019 (70‐75 %). All patients (100%) received 
antibiotic prophylaxis with average compliance of 89% for appropriate antibiotic selection, 95% for proper timing, 71% of patients received weight‐
based dosage as per guidelines, and only 68% discontinued prophylaxis within 24 hours of the surgery end time. 

Conclusion: Our multidisciplinary quality improvement initiative successfully improved compliance to key performance indicators of surgical 
antibiotic prophylaxis for patients undergoing surgery requiring SAP.

Abbrevations: SAP: Surgical Antibiotic Prophylaxis; SSI: Surgical Site Infection; SSIs: Surgical Site Infections; KFMC: King Fahad Medical City; BMI: 
Body Mass Index; MH: Main Hospital; KSHC: King Salman Heart Center; CSH: Children Specialized Hospital; NNI: National Neuroscience Institute; 
WSH: Women Specialized Hospital
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Background
Surgical Site Infection ranks second common among healthcare‐

associated infections. Systemic antibiotics administered before 
the surgical incision for a selected type of surgery is an important 
preventive strategy to reduce the incidence of surgical site infections 
(SSIs) and is known as surgical antibiotic prophylaxis (SAP) [1]. 
SAP has revolutionized the health care system by decreasing the 
mortality and morbidity rates for patients undergoing various 
types of surgeries [2]. In addition, SAP plays a major role in reducing 
hospital stay, the financial burden of health care cost, resulting in 
improved patient satisfaction and outcomes [2]. Surgical antibiotic 
prophylaxis has proved its effectiveness for surgical procedures as 
per several published studies [3‐4]. A specific set of criteria should 
be met for using appropriate antibiotics in patients to reduce SSI; 
prescribing the right antibiotic choice with optimal dosage at 
the right time for the shortest effective duration [1‐8]. The WHO 
recommendations were developed with a global perspective and 
they take into account the balance between benefits and harms, 
the evidence quality level, cost and resource use implications, and 
patient values and preferences [4]. 

Most of the studies stress administering the preventive antibiotic 
closely before the incision time, while several others disagree and 
urge the antibiotic administration to be slightly earlier to provide 
effective prevention against SSI [9‐13]. On the other hand, a large 
randomized controlled clinical trial conducted in Switzerland could 
not reveal the ideal preoperative timing of SAP administration [14]. 
Recently, the Centers for Disease Control and Prevention updated 
evidence‐based recommendations for the prevention of SSI among 
different types of surgeries for better patient safety [15].

This study aimed to demonstrate performance improvement 
in SAP in terms of selection, dosing, timing, and duration of 
prophylaxis in patients undergoing surgery.

Methods
Patients who underwent surgery and required SAP, between 

Jan 2016‐ Dec 2018 at tertiary care hospital in Riyadh, KSA were 
included in the study. An interdisciplinary team was created for 

better patient safety among patients undergoing different surgical 
procedures after identifying a gap in clinical practice in the hospital. 
Under infectious diseases, specialist leadership, physicians, nurses, 
and quality improvement staff, and subsequently surgeons came 
together and identified an opportunity to improve practice through 
optimizing the choice, timing, dosing, and duration of preoperative 
SAP.

This study was carried out in 3 hospitals and two centers 
that cater to surgical procedures in our institution. Five hundred 
surgical case files in 2017 (from two‐quarter reports), 186 in 2018 
(one‐quarter report), and 229 (one‐quarter report) that required 
antimicrobial prophylaxis were studied for the whole period of the 
audit by reviewing medical, anesthesiologist, and nursing records, 
along with medication administration charts. They administered 
antibiotics were compared to hospital guidelines on SSI prevention 
using the following audit measures: Selection of the type of the 
antibiotic prophylaxis as per guideline; weight‐based dosage as 
per guideline and the adjustment of cefazolin to 3 grams in obese 
patients with body mass index (BMI)>35; timing of giving the 
antimicrobial prophylaxis (within 60 minutes before the incision); 
discontinuation of prophylaxis within 24 hours; and re‐dosing 
of SAP in cases of prolonged procedures (more than 4 hours) or 
massive blood loss (more than 1.5 liters).

Data were presented as number (percentage) and p‐value < 
0.05 was considered significant. The Institutional Review Board 
approved this study at King Fahad medical city (KFMC), Riyadh, 
KSA.

Results
After reviewing the files over three years, the percentage 

compliance showed improvement in the right choice of SAP 
from 89% to 93%. However, there remains room for improving 
compliance with a dose adjustment of cefazolin (32, 13, 25 in 
2017, 2018, 2019) and timing of antibiotic prophylaxis (95, 89, 
91 in 2017, 2018, 2019) Figure 1 and Table 1. Re‐dosing in case of 
prolonged procedures was improved from 80% compliance to 92 % 
in 2019 (Figure 1,2 &Table 1). 

Table 1: Baseline compliance with SAP key performance indicators: proper selection, timing, dosage, and duration (2017).

Hospitals MH~ Surgical Spe-
cialties KSHC* CSH^ NNI$ WSH^^ Total

No. of Files Reviewed 260 60 60 60 60 500

1. Patients who underwent 
surgery and received SAP if 

indicated

No. % No. % No. % No. % No. % No. %

260 100% 60 100% 60 100% 60 100% 60 100% 500 100%

2. The type of Antibiotic is 
selected as per guidelines 211 81% 60 100% 60 100% 59 98% 57 95% 447 89%

3. The timing of antibiotic 
prophylaxis is appropriate 
(within 60 minutes of the 

incision)

253 97% 56 93% 59 98% 51 85% 58 96% 477 95%

4. The weight‐based dosage 
as per guideline 172 66% 52 87% 37 62% 52 87% 40 67% 353 71%
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5. Prophylactic antibiotic is 
discontinued 24 hours after 

surgery end time
144 55% 58 97% 41 67% 40 67% 55 92% 338 68%

~ Main Hospital: General surgery, colorectal, hepatobiliary, reconstructive orthopedic, plastic surgery, Urology, Ophthalmology, Otorhinolaryngology; 

*King Salman Heart Center; ^Children Specialized Hospital; $National Neurosciences Institute (Neurosurgery); s^^ Women Specialized Hospital

Figure 1:

Figure 2:

Table 1 shows compliance with SAP key performance indicators: 
proper selection, timing, dosage, and duration as per specialty in 
our hospital. Of the 500 cases that underwent surgery in 2017, 260 
patient files were reviewed for general surgical specialties and 60 

each for other specialties (Cardiac, neurosurgery, pediatric, and 
obstetrics, and gynecology). The least compliance was towards 
prophylactic antibiotic being discontinued 24 hours after surgery 
end time and weight‐based dosage as per guideline (55% and 66% 
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respectively) while among non‐surgical specialties the compliance 
percentage was slightly higher. The overall dose adjustment of 
cefazolin to 3 grams in all surgical patients was 32% (25/78 
patients). Table 2. Of the 500 reviewed cases that underwent 

surgery, 125 surgeries were prolonged for more than 4 hours, only 
in 100 (80%) patients, antibiotic prophylaxis was re‐administered 
every 4 hours Table 3‐5.

Table 2: Adjustment of SAP when BMI > 35 (2017).

Hospitals MH Surgical Spe-
cialties KSHC CSH NNI WSH TOTAL

No. of Files Reviewed 51 7 NA 10 10 78

 No. % No. % No. % No. % No. %   

3. Cefazolin is adjusted to 3g in patients with BMI 
>35 17 33% 0 0% NA NA 4 40% 4 40% 25 32%

Table 3: Re-dosing of SAP (2017).

Hospitals MH Surgical Specialties KSHC CSH NNI WSH TOTAL

No. of Files Reviewed 48 40 8 29 NA 125

 No. % No. % No. % No. % No. %   

5. Re‐dosing in cases of pro‐
longed procedures (more than 

4 hours)
37 74% 31 78% 8 100% 24 83% NA NA 100 80%

Table 4: SAP Key Performance Indicators per Surgical Specialty.

Department
General Sur-

gery/Surgical 
Oncology 

Ear, Nose, 
Throat Urology Orthopedics Plastic 

No. of files reviewed 60 60 60 60 20

Criteria/Standards No. % No. % No. % No. % No. %

All patients who underwent surgical procedure 
received an antimicrobial prophylaxis 60 100% 60 100% 60 100% 60 100% 20 100%

The type of Antibiotic is selected as per guideline 59 98% 57 95% 17 28% 59 98% 19 95%

The timing of antibiotic prophylaxis is appropriate 
(within 60 minutes of incision) 59 98% 58 97% 56 93% 60 100% 20 100%

Weight‐based dosage as per guidelines 47 78% 48 80% 11 37% 52 87% 14 70%

Number of cases with BMI >35 17 8 8 13 5

 If BMI is greater than 35, cefazolin dose is adjusted 
to 3 grams. 11 65% 3 43% 0 0% 3 25% 0 0%

Prophylactic antibiotic discontinued within 24 hours 
of surgery end time 42 70% 33 55% 16 27% 41 68% 12 60%

No. of Cases with prolonged surgeries of more than 
4 hours 15 25 3 4 3

(5) Re‐dosing in cases of prolonged procedures 
(more than 4 hours) 9 60% 20 80% 2 67% 3 75% 3 100%

Table 5:

Antimicrobial use for the Prevention of Surgical Site Infection

Criteria/Standards KFMC Surgical Wards    

 Male SW (%) Female SW (%) Children‐SW (%) KSHC‐SW (%) Total (%)

All patients who underwent surgical procedure received an 
antimicrobial prophylaxis 100 100 100 100 100

The type of Antibiotic is selected as per guideline 93 100 100 100 99

The timing of antibiotic prophylaxis is appropriate (within 
60 minutes of incision) 93 97 98 100 97

The weight‐based dosage as per guideline 86 73 71 91 80

If BMI is greater than 35, the cefazolin is adjusted to 3 grams. 71 36 NA 0 43
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Prophylactic antibiotic discontinued 24 hours post opera‐
tively 67 80 76 48 68

Re‐dosing in cases of prolonged procedures (more than 4 
hours) 60 NA NA 81 76

The 24 hour preset order sheet is available in the patient file 70 83 90 NA 82

The 24 hour preset order sheet is complete 48 38 100 NA 69

Total compliance 80 80 91 86 85

Table 2 depicts the adjustment of SAP as per BMI. Only 33% of 
the records showed compliance with this parameter in all surgical 
specialties. Table 3 shows re‐dosing of SAP in cases of prolonged 
procedures, re‐dosing was compiled to 74% in MH surgical 
specialties while it was 78% was a cardiac specialty.

The above table shows compliance for surgical specialties. 
Urologic surgery showed the lowest compliance inappropriate 
antibiotic selection (28%) and weight‐based dosage compliance 
(37%). The least KPI compliance overall was for cefazolin dose 
adjustment for high BMI.

Discussion
This study showed remarkable improvement in the right choice 

of SAP and compliance with appropriate timing achieved over the 
years through various improvement initiatives. However, there is 
still room to improve compliance and dose adjustment as per BMI. 
Effective communication between doctors, nurses, anesthesia staff, 
infection control, and clinical auditing team can result in behavioral 
change toward applying best practices in process KPIs related to 
SAP to reduce or prevent SSI.

This quality improvement study revealed that there was 
poor adherence to the surgical prophylaxis guidelines in the 
pre‐intervention phase. This lack of adherence was attributed 
mainly to the absence of comprehensive institutional guidelines 
and a lack of awareness about the best practices related to SAP. 
Remarkable compliance with SAP was noted in the current study 
after the implementation of a quality improvement project by the 
hospital multidisciplinary team. The initiation of hospital‐wide 
comprehensive guidelines and several educational sessions played 
a significant role in the improved compliance observed in the 
post‐intervention phase. This may have been due to the presence 
of explicit instructions that outlined the appropriate antibiotics 
for common surgeries, along with increased knowledge among 
physicians and surgeons regarding institutional policies and 
procedures regarding the appropriate antibiotic choice, timing, 
dose, and duration. Previous studies using SAP for varied surgical 
procedures such as orthopedic, cardiac, and gastrointestinal 
highlighted the efficiency of teamwork with a defined role to 
enhance SAP compliance [16‐25]. 

These pre‐intervention findings are consistent with those 
reported by other studies at both local and international levels [26‐
32]. A multidisciplinary quality improvement project in the current 

study, particularly with regards to the appropriateness and timing of 
antibiotic prophylaxis improved adherence to surgical prophylaxis 
guidelines by surgical staff which is reflected in the compliance 
percentage improvement over the years. The implementation of 
institutional policy and procedures for surgical prophylaxis and 
simplifying it in a comprehensive protocol plays a significant role in 
guiding surgeons to use the most appropriate antibiotic choice and 
dose based on evidence‐based recommendations. These guidelines 
should be tailored to the needs of each institution based on the 
most common types of surgeries performed and the antibiotics 
available. In a study conducted by Willemsen et al., a standardized, 
comprehensive protocol for antibiotic prophylaxis was linked with 
enhancement in antibiotic dosing and timing [33].

Furthermore, Ozgun et al. demonstrated that education is 
essential to promote evidence‐based practice, but insufficient 
alone to change the practice. The educational intervention resulted 
in the improvement of indications, choice, and dosage of surgical 
antimicrobial prophylaxis but not in improving prophylaxis or 
total compliance rate. The researchers recommended educational 
interventions within protocols and guidelines to improve overall 
adherence [34].

In the current study, the authors believe that strict 
implementation of SAP pre‐printed order set will assist in 
reducing variation in the process and maintain the highest 
possible compliance. Continuous audit and feedback to prescribers 
with benchmarking among surgeons may further improve low‐
performing surgeons.

Effective communication between doctors, nurses, anesthesia 
staff, Infection control, and clinical auditing team can result in 
behavioral change toward improving adherence to best practice 
processes related to SAP to achieve the goal of SSI prevention. In a 
recent study, the presence of a pharmacist in a surgical department 
was associated with a decrease in the number of patients receiving 
prophylactic antibiotics without justifiable indications, a reduction 
in the rate of prolonged duration of prophylaxis, and an increase in 
the number of patients receiving correct antibiotics [35]. A future 
direction towards such a measure will also prevent the overuse 
of antibiotics when not needed. Adoption of a comprehensive 
approach and continuous evaluation of that approach aiming to 
improve adherence to antimicrobial prophylaxis guidelines in Saudi 
Arabia at all major hospitals will improve health care and cut costs 
related to surgical procedures. Future studies are recommended to 
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explore the effect of adherence to antimicrobial prophylaxis on the 
rate of postoperative surgical infections. 

Conclusion
A multidisciplinary quality improvement intervention and 

implementation of a comprehensive institutional policy and 
procedures led to an improvement in the proper choice of antibiotic 
and timing of the antibiotic prophylaxis. The results of this study 
suggest that a focused multidisciplinary intervention can enhance 
adherence to institutional surgical antimicrobial prophylaxis 
guidelines and protocols.
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