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Abstract 

Background: An effective use of surgical antibiotic prophylaxis (SAP) appears essential to prevent the development 
of infections linked to surgery while inappropriate and excessive prescriptions of prophylactic antibiotics increase the 
risk of adverse effects, bacterial resistance and Clostridium difficile infections. In this study, we aimed to analyze SAP 
practices in an acute secondary hospital in Belgium during the years 2016–2021 in order to evaluate the impacts of 
combined stewardship interventions, implemented thanks to a physician-pharmacist collaboration.

Methods: A quasi-experimental study on SAP practices was conducted during 5 years (2016–2021) in a Belgian 
University Hospital. We first performed a retrospective observational transversal study on a baseline group (2016.1–
2016.4). Then, we constituted a group of patients (2017.1–2017.4) to test a combined intervention strategy of steward-
ship which integrated the central role of a pharmacist in antibiotic stewardship team and in the pre-operative delivery 
of nominative kits of antibiotics adapted to patient factors. After this test, we collected patient data (2018.1–2018.4) to 
evaluate the sustained effects of stewardship interventions. Furthermore, we evaluated SAP practices (2019.1–2019.4) 
after the diffusion of a computerized decision support system. Finally, we analyzed SAP practices in the context of the 
COVID-19 pandemic (2020.1–2020.4 and 2021.1–2021.4). The groups were compared from year to year in terms of 
compliance to institutional guidelines, as evaluated from seven criteria (χ2 test).

Results: In total, 760 surgical interventions were recorded. The observational study within the baseline group 
showed that true penicillin allergy, certain types of surgery and certain practitioners were associated with non-com-
pliance (p < 0.05). Compared with the baseline group, the compliance was significantly increased in the test group for 
all seven criteria assessed (p < 0.05). However, the effects were not fully sustained after discontinuation of the active 
interventions. Following the diffusion of the computerized decision support system, the compliance to guidelines 
was not significantly improved. Finally, the COVID-19 pandemic did not appear to affect the practices in terms of com-
pliance to guidelines.

Conclusions: This study shows that optimization of SAP practices is achievable within a proactive multidisciplinary 
approach including real-time pharmaceutical interventions in the operating area and in the care units practicing SAP.
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Background
The Lancet Commission on Global Surgery identi-
fied that 313 million surgical procedures are performed 
worldwide each year and that at least 4.2 million people 
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worldwide die within 30 days of surgery each year. This 
number of postoperative deaths accounts for 7.7% of all 
deaths globally, making it the third greatest contributor 
to deaths in the world [1]. In a study of the University 
Hospital of Charleroi in Belgium, post-operative mortal-
ity rates within 30 post-operative days were 1.1% [2]. In 
this hospital, risk factors of post-operative mortality were 
identified as the absence of an anesthesia nurse, Ameri-
can Society of Anesthesiologists scores (ASA scores) > 2, 
emergency, duration of surgery and rate of admission to 
critical care unit [2, 3].

Surgical site infections (SSIs) have been shown to com-
pose up to 20% of all healthcare-associated infections [5]. 
Appearing in at least 5% of patients undergoing a surgi-
cal procedure, SSIs are an important source of morbid-
ity which increase the postoperative mortality [4, 5]. The 
use of surgical antibiotic prophylaxis (SAP) is an effective 
measure to prevent the development of SSIs. In addition, 
it appears that inappropriate and excessive prescriptions 
of prophylactic antibiotics increase the risk of adverse 
effects, bacterial resistance and Clostridium difficile 
infections, but also increase the length of stay and the 
costs of health care [6–8].

To evaluate the compliance of SAP practices to guide-
lines, several criteria for SAP prescriptions can be 
observed: the indication, the antibiotic agent, the anti-
biotic dose, the route of administration, the timing of 
administration, the number of administrations and the 
duration of the prophylaxis [6]. In our study, we mainly 
focused on surgical interventions to which surveillance 
was recommended by the Belgian Antibiotic Policy 
Coordination Committee (BAPCOC): hip prosthesis, 
coronary artery bypass grafting, colorectal intervention 
and endoscopic prostate resection [9].

Recommended tools for an action plan include: (A) an 
antibiotic stewarship multidisciplinary team, (B) local 
guidelines, (C) implementation of guidelines, (D) specific 
prescriptions and stop orders, (E) expert systems and 
audits. Indeed, according to the literature, individual and 
educational barriers could be overcome by local consen-
sus (tool B) and education [10]. Education is considered 
essential in a stewardship strategy, but studies confirm 
that education alone, without the incorporation of active 
actions, is not significantly effective in improving the fre-
quency of compliance with practices [11–14].

Previous published papers showed that SAP practices 
could be optimized by the implementation of isolated 
strategies such as the pre-operative delivery of nomina-
tive kits of antibiotics [15], the implementation of a com-
puter-based prescription system [16], and pharmacist 
Interventions [17–19].

In Belgium, Management Group of Antibiotics are 
regulated under Belgian law and have been mandatory 

since 2007 in all acute hospitals and in all large chronic 
hospitals (with a minimum of 150 beds). Belgian Man-
agement Group of Antibiotics should be composed of 
at least the following members: the hospital’s antibiotic 
therapy management delegate, a hospital pharmacist, 
physicians from different specialties (clinical infectiol-
ogy and/or medical microbiology, hospital hygiene), a 
clinical biologist who can be a physician or a pharma-
cist. In 2016, the Belgian University Hospital in which 
this study was conducted was equipped with tools (A) 
and (E), tool (B) having to be partly updated. To imple-
ment updated institutional guidelines (tool (C), it was 
necessary to solve the three types of barriers to imple-
mentation: individual, educational and structural. The 
structural barrier could be lifted by a structural solu-
tion such as the modification of the role of the phar-
macy. During the year 2016, it was therefore decided 
that the updating of the institutional guidelines and 
the education of the practitioners applying antibiotic 
prophylaxis would be carried out by three members of 
the Management Group of Antibiotics of the hospital: a 
pharmacist, a microbiologist and an infectious disease 
specialist. These three members constituted an antibi-
otic stewardship multidisciplinary team dedicated to 
SAP.

In this study, we aimed to evaluate the impacts on SAP 
practices of several collaborative physician-pharmacist 
strategies implemented after the identification of risk fac-
tors associated with non-compliance towards updated 
institutional guidelines. SAP practices were thus studied 
each year from 2016 to 2021, knowing that the years 2020 
and 2021 were affected by the Coronavirus 2019 disease 
(COVID-19) pandemic. A previous study carried out in 
our hospital revealed that antibiotics were overused dur-
ing the COVID-19 pandemic in 2020 [20]. Therefore, our 
last audits aimed to evaluate the impact of the COVID-19 
pandemic on SAP practices.

Methods
Design, setting and participants
A retrospective study was performed on a cohort of 
patients hospitalized in a 600-bed teaching hospital in 
Charleroi, Belgium. Patients were included if they were at 
least 18 years old and had undergone one of the following 
operations: hip prosthesis, coronary artery bypass graft-
ing (CABG), colorectal surgery, transurethral resection 
of the prostate, endoscopic retrograde cholangiopancrea-
ticography (ERCP). Patients were excluded if they were 
diagnosed as infected at the time of the surgery. Patients 
under 18 years old were also excluded.

Six groups of patients were thus constituted during the 
following time periods of 15 weeks:
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• period 0: between January 11, 2016 and April 22, 
2016 (baseline group)

• period 1: between January 9, 2017 and April 21, 2017 
(test group)

• period 2: between January 8, 2018 and April 20, 2018 
(post-test group)

• period 3: between January 7, 2019 and April 19, 2019 
(post-computerized tool group)

• period 4: between January 6, 2020 and April 17, 2020 
(first group of the COVID-19 period)

• period 5: between January 4, 2021 and April 16, 2021 
(second group of the COVID-19 period).

The baseline group was constituted during a pre-inter-
vention stage (period 0) without stewardship. On this 
baseline group, we performed an observational trans-
versal study in order to identify risk factors associated 
with non-compliance towards prophylactic antibiotic 
guidelines.

Then, we conducted a quasi-experimental study to 
assess the impacts of collaborative physician-pharma-
cist stewardship strategies on SAP practices from 2016 
to 2021. In the test period of 2017, which served as an 
interventional period, a full-time pharmacist provided 
guidance to prescribing physicians in order to optimize 
SAP practices. The test group was constituted during this 
test period (period 1). Then, the pharmacist retrospec-
tively audited the test group in terms of SAP practices. 
Real-time pharmaceutical stewardship was discontinued 
after the period 1 and to evaluate the sustained effects of 
stewardship, SAP practices were also audited in a cohort 
of patients hospitalized in 2018 after the interventional 
period (post-test group). The impact of the diffusion of 
a computerized decision support tool was then assessed 
by auditing SAP practices in 2019 in the post-computer-
ized tool group. Finally, we evaluated the impact of the 
COVID-19 pandemic by evaluating SAP practices on two 
cohorts of patients operated respectively in 2020 (first 
group of the COVID-19 period) and in 2021 (second 
group of the COVID-19 period).

Criteria
With reference to the Belgian/Luxembourg edition of 
the Sanford guide to antimicrobial therapy [21] and the 
recommendations of several American scientific socie-
ties summarized in one report [22], the antibiotic stew-
ardship multidisciplinary team of the hospital established 
in 2016 institutional guidelines which specified, for each 
type of intervention, the antibiotic prophylaxis regimen 
to use when it is indicated. These updated institutional 
guidelines were also based on the results of the antimi-
crobial resistance analysis within the hospital. These 
guidelines cover all surgical disciplines for adult patients 

within the hospital and promote the rational use of anti-
biotic prophylaxis starting in the pre-operative period of 
specific clean and clean contaminated operations.

To evaluate the use of prophylactic antibiotics in 
the hospital, for the five interventions audited, seven 
parameters (Indication, Drug agent(s), Dose(s), Route of 
administration, Time of pre-operative dose administra-
tion, Number of administration(s), Duration of prophy-
laxis) were assessed against the institutional guidelines 
(Table 1).

Prophylactic antibiotic regimens recommended in 
the updated institutional guidelines for the operations 
included in the study are:

• for hip prosthesis and coronary artery bypass graft 
surgery:

o cefazolin i.v (+ vancomycin i.v if meticillin-resist-
ant Staphylococcus aureus (MRSA) carriage)

p vancomycin i.v + aztreonam i.v for patients with 
penicillin IgE-mediated allergy

• for colorectal surgery:

o cefazolin i.v + metronidazole i.v (+ vancomycin 
i.v if MRSA carriage)

p vancomycin i.v + aztreonam i.v + metronida-
zole i.v for patients with penicillin IgE-mediated 
allergy

• for transurethral resection of the prostate:

o ciprofloxacin oral
p cefuroxim i.v for patients with ciprofloxacin IgE-

mediated allergy

• for endoscopic retrograde cholangiopancreaticogra-
phy and in case of biliary obstruction (cholestasis):

o amoxicillin–clavulanate i.v
p moxifloxacin i.v for patients with penicillin IgE-

mediated allergy

Audits and stewardship interventions
Collaborative physician-pharmacist combined interven-
tions started after the 2016 baseline period and included: 
(i) From November to December 2016, the central role of 
a pharmacist in the antibiotic stewardship multidiscipli-
nary team for compilation of updated guidelines, audits, 
feedback of audit and educational seminar to prescrib-
ing physicians; (ii) From January 9, 2017 to April 21, 2017 
(test period), the pharmacist aiming to implement the 
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updated guidelines by making outreach visits to practi-
tioners and delivering pre-operatively nominative kits 
containing the antibiotics with a written recommenda-
tion adapted to the type of intervention and to patient 
factors (recommendation also made available in the elec-
tronic patient record); (iii) In the period May–August 
2017, the pharmacist making audits and feedback to the 
stewardship team; (iv) A physician-pharmacist collabo-
ration developing an internal computer-based decision 
tool (https:// db. serv- idb. net/ antib iopro ph) validated by 
the Management Group of Antibiotics and diffused in the 
hospital in December 2018 (use recommended but not 
mandatory); (v) In the period July 2019-February 2020, 
the pharmacist making audits and feedback to the Man-
agement Group of Antibiotics and to prescribing physi-
cians; (vi) In the period September–November 2021, the 
pharmacist finalizing audits.

Data collection and statistical analysis
For each group of the study, data were collected from 
patients’ medical records. Compliance to guidelines was 
evaluated within each group through the seven items 
described here above.

In order to identify risk factors associated with non-
compliance, a retrospective observational transver-
sal study was achieved on the baseline group. In this 
study, the outcome variables were the compliance rates 
to guidelines in terms of the seven items audited and 
the independent variables were as follows: age, obe-
sity, gender, IgE mediated penicillin (or Ciprofloxacin) 
allergy, multidrug-resistant organisms, ASA Score > 2, 
length of preoperative stay, type of intervention, sur-
geon or gastroenterologist, anesthetist, presence of a 
nurse anesthetist during the intervention, duration of 
the intervention, blood loss during surgery ≥ 1.5L. A 

Table 1 Institutional Criteria for the rational use of antibiotic prophylaxis

Assessed parameter included in the institutional guidelines Recommendations for rational use

Indication for prophylaxis Specific interventions of clean and clean contaminated operations where the benefit 
is demonstrated

Recommended drug(s) (+ Alternative drugs for patients with 
IgE-mediated allergy to the recommended drug(s))

Antibiotics active on bacteria presumed responsible for infections (incision site/
surgical site) with the narrowest spectrum of antibacterial activity. The prophylactic 
regimen should cover MRSA for carriers identified before the intervention

Dose of anti-infective agent(s) Determination of the antibacterial dose by integrating the following elements:
The individual characteristics of the patient: its weight and its rate of glomerular 
filtration (in renal impairment, the first dose does not require dose adjustment but 
the subsequent doses may need adjustment according to the results of glomerular 
filtration rates)
The antimicrobial specific pharmacokinetic and pharmacodynamics properties

Number of administration(s) Determination of the number of administration(s) by integrating the following ele-
ments:
The maximum duration of prophylaxis
The patient’s glomerular filtration rate (in renal impairment, the first dose does not 
require adjustment but the number of subsequent doses may need adjustment 
according to the results of glomerular filtration rates)
The half-life of the drug
The type and the duration of the intervention and the volume of blood lost during 
the intervention

Route of administration Intravenous route generally. Oral route for antibiotics that reach equivalent tissue 
concentration when given orally

Time of administration The most important administration is that performed before the incision. The timing 
of this administration depends on the infusion time (i.v route) or the absorption time 
(oral route) of the drug agent:
The antibiotic must be administered 15–60 min before the incision for antibiotics 
with rapid i.v administration (e.g. cefazolin).
Earlier administration is necessary for i.v. antibiotics which must be administered over 
a period of ≥ 60 min (e.g. 2 h before the incision for vancomycin) or for oral antibiot-
ics (e.g. 2 h before the operation for ciprofloxacin tablets).
A dose will be re-administered intraoperatively (4 h after the initial dose for cefazolin) 
when the duration of the intervention from initiation of preoperative dose is greater 
than twice the half-life of the drug agent. When blood loss is significant (≥ 1.5 L), an 
additional dose must be re-administered intraoperatively after fluid resuscitation.
Postoperative doses are recommended for interventions specified in the guidelines, 
in the event of an intervention with a higher risk of postoperative infection (long, 
complex intervention) or if a postoperative infection would have serious conse-
quences (implanted prosthetic material)

Duration of prophylaxis The antibiotic prophylaxis should not exceed 24 h in total (except in heart valve 
replacement surgery where 48 h of prophylaxis should not be exceeded)

https://db.serv-idb.net/antibioproph


Page 5 of 12Pardo et al. Antimicrobial Resistance & Infection Control          (2022) 11:100  

multivariate statistical analysis (Wald test) was thus 
realized considering variables with a P < 0.10 in the 
univariate analysis. All the tests were bilateral, and 
the significance level for p-values was 0.05. The over-
all significance of the model was determined using 
the χ2 test at a significance level of 0.05. Interventions 
for which the studied outcome variable was missing 
were excluded (3 excluded for the compliance rate 
in terms of "Time of pre-operative dose administra-
tion", 2 excluded for the compliance rate in terms of 
"Duration of prophylaxis"). Interventions for which the 
independent variables studied was missing were also 
excluded (only 1 excluded for the dependent variable 
"ASA score > 2").

Odds ratios for the relationships between each inde-
pendent variable and each outcome variable were then 
determined.

The groups from year to year were then compared 
in terms of clinical and demographic characteristics 
and in terms of compliance to guidelines for each of 
the seven items audited. Data were analyzed using χ2 
for categorical data (sex, number of patients per type 
of intervention, number of long duration interventions 
(> 3  h), number of allergic patients, compliance to 
guidelines for each of the 7 items audited) and t tests 
for continuous data (age).

Data were entered and subsequently analyzed using 
Microsoft Excel (version 2016; Microsoft Corporation, 
Redmond, WA, USA) except for the multivariate sta-
tistical analysis that was performed on the program-
ming software R (R 3.2.3, December 2015, R Core 
Team). The missing data corresponding to an outcome 
variable were excluded from the statistical analysis (for 
the variable "Compliance rate in terms of time of pre-
operative dose administration": 3, 10, 1, 3, 4 and 5 data 
were excluded from the baseline group, the test group, 
the post-test group, the post-computerized tool group, 
the first group of the COVID-19 period and the sec-
ond group of the COVID-19 period, respectively; for 
the variable "Compliance rate in terms of duration of 
prophylaxis": 2 data were excluded from the baseline 
group and 2 from the second group of the COVID-19 
period).

Data were analyzed using a t test for comparison 
between the baseline group and the test group in terms 
of prophylactic antibiotics cost.

Results
In total, 760 interventions were recorded within the 
six groups described in Table 2. The groups were con-
stituted by using identical time period to eliminate any 
potential seasonal influence.

Identification of risk factors of non‑compliance 
in the baseline group (Period 0)
The baseline group included 130 interventions car-
ried out between January 11, 2016 and April 22, 2016, 
as indicated in Table  2. The results of compliance to 
updated guidelines within the baseline group and the 
results of the multivariate statistical analysis are shown, 
respectively, in Tables 3 and 4. The following variables 
appeared as risk factors of non-compliance in the mul-
tivariate statistical analysis (overall significance of the 
model: P ≤ 0.0001): (i) in terms of indication: the varia-
ble IgE-mediated penicillin allergy; (ii) in terms of drug 
agent: the variables IgE-mediated penicillin allergy, 
colorectal surgery and transurethral resection of the 
prostate; (iii) in terms of dose: the variables colorectal 
intervention and transurethral resection of the prostate; 
(iv) in terms of route of administration: the variables 
transurethral resection of the prostate and two anesthe-
tists; (v) in terms of time of pre-operative dose admin-
istration: the variable transurethral resection of the 
prostate; (vi) in terms of duration of prophylaxis: the 
variable hip prosthesis.

Improvement of SAP practices in the test group 
that received real time pharmaceutical stewardship (Period 
1)
Regarding the test group, 118 surgical interventions were 
included between January 9, 2017 and April 21, 2017. In 
terms of clinical and demographic characteristics, the 
test group was similar to the pre-test group (Table  2). 
Compared with the pre-test group, the compliance was 
significantly increased in the test group for all the seven 
criteria audited (p < 0.05). Moreover, as requested by the 
BAPCOC, the items drug agent(s) (97.5%) and duration of 
prophylaxis (96.6%) became, in the test group, compliant 
to local guidelines in more than 90% of cases.

No economic impact on antibiotic prophylaxis comparing 
the baseline group with the test group
The mean prophylactic antibiotics cost (mean ± stand-
ard deviation) for the patients in the baseline group was 
9.2 ± 6.8 € while it was 10.8 ± 10.9 € for the patients in 
the test group. The statistical analysis did not show a sig-
nificant difference (p = 0.17) between the two groups in 
terms of prophylactic antibiotics cost.

Decrease of the compliance to guidelines in the post‑test 
group (Period 2)
Between January 8, 2018 and April 20, 2018, 124 surgical 
interventions were recorded to constitute the post-test 
group (Table 2). The comparison of antibiotic prophylaxis 
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practices in the 2017 test group (n = 118) versus the 2018 
post-test group (n = 124).

revealed a significant decrease in compliance for 5 of 
the 7 items assessed (p < 0.05 for the items Drug agent(s), 
Dose(s), Time of pre-operative dose administration, Num-
ber of administration(s), and Duration of prophylaxis). 
The rates of compliance in terms of drug agent(s) (89.5%) 
and duration of prophylaxis (84.7%) had thus fallen back 
below 90% in the post-test group.

Non‑statistically significant impact of the computerized 
decision support tool in terms of compliance to guidelines 
(Period 3)
The post-computerized tool group was constituted 
between January 7, 2019 and April 19, 2019 and included 
120 surgical interventions (Table  2). The comparison of 
antibiotic prophylaxis practices in the 2018 post-test 
group (n = 124) versus the 2019 post-computerized tool 
group (n = 120) revealed a trend of compliance increase 
for 5 of the 7 items assessed (non-significant, p > 0.05) 
allowing a return above 90% for the two BAPCOC indi-
cators (the items drug agent(s) (92.5%) and duration of 
prophylaxis (90%)).

No obvious impact of the COVID‑19 pandemic in terms 
of compliance to guidelines (Period 4 & 5)
The first group of the COVID-19 period was similar 
to the 2019 post-computerized tool group in terms of 
demographics characteristics (p > 0.05) except for the 
gender (p < 0.05); regarding clinical characteristics, sta-
tistically significant differences (p < 0.05) were observed 
for certain types of interventions decrease in the rate 
of transurethral resections of the prostate and increase 
in the rate of colorectal procedures, p < 0.05 (Table  2). 
Therefore, a bias, probably linked to the first wave of 
COVID-19 in Belgium, could not be excluded when com-
paring the compliance rates between these two groups of 
2019 and 2020. Nevertheless, there were no statistically 
significant differences for all items of compliance except 
for the variable indication of prophylaxis (p < 0.05). The 
two groups of the COVID-19 period were, for their part, 
similar with respect to demographics and clinical char-
acteristics and in terms of compliance rates. A similarity 
was also observed when comparing demographics, clini-
cal and compliance characteristics of the second group of 
the COVID-19 period with the 2019 post-computerized 
tool group (Tables 2 and 3).

Discussion
At the beginning of this work, surgical antibiotic prophy-
laxis practices were not in line with updated national and 
international guidelines. Indeed, the first audit, achieved 

on the baseline group, revealed an over 13% non-com-
pliance to updated guidelines for six of the seven items 
audited. Through a multivariate statistical analysis, the 
present work allowed to formulate hypotheses regarding 
the various risk factors associated with this non-com-
pliance: Penicillin IgE-mediated allergy, certain types of 
surgery (colorectal surgery, hip prosthesis surgery, tran-
surethral resection of the prostate) and two anesthesiolo-
gists who were frequently associated with transurethral 
resections of the prostate. Therefore, we cannot exclude 
some dependence between these two practitioners and 
the transurethral resections of the prostate.

These data are consistent with those of the literature 
which also revealed as risk factors for non-compliance 
IgE-mediated penicillin allergy and certain types of sur-
gery, in particular urological surgery and digestive sur-
gery [7, 23].

As reported by Muller’s team for the pre-operative 
administrations [7], one of the least respected crite-
ria in the baseline group was the time of pre-operative 
dose administration. Post-operatively, the number of 
administrations was frequently non-compliant with the 
main reason being a number of administrations higher 
than that recommended. Lack of education and incom-
plete professional rules were the main barriers associ-
ated with the risk factors identified in our study. Our 
former institutional guidelines in particular, did not 
specify intraoperative re-administration and alternative 
drugs in the event of IgE-mediated allergy.

After analysis confirming the similarity between 
groups, a statistical analysis indicated a significant dif-
ference in compliance between the test group and the 
baseline group for all audited items (Table  4). These 
results show a positive impact of our global steward-
ship strategy on compliance to the updated recommen-
dations for surgical antibiotic prophylaxis. However, 
this improvement in compliance was not associated 
with an economic benefit since we observed no signifi-
cant difference between the baseline group and the test 
group in terms of prophylactic antibiotics cost.

To our knowledge, the literature does not men-
tion studies developing a global strategy of this order 
to improve SAP practices. Comparing with previous 
reports applying more restrained strategies, our results 
also confirm a positive impact on SAP practices, in 
particular with an increase in the rational selection of 
antibiotics, the appropriate duration of prophylaxis, 
and the correct time of administration of the first pre-
operative dose [15, 16, 19, 24]. Moreover, our global 
strategy herein developed allowed us to reach rates 
of compliance higher than those obtained in previ-
ous reports [15, 16, 19]. As described in the guidelines 
written by the Infectious Diseases Society of America 
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[25], this type of strategy with a persuasive aim has 
certain advantages and disadvantages which were also 
observed during the implementation of the action plan 
in our hospital.

For the benefits encountered:

• Increased visibility of the stewardship program 
thanks to the presence of the pharmacist in the oper-
ating room and in departments involved in the study.

• Establishment of good collegial relationships facilitat-
ing consensus (in the various departments involved 
in the study, presentation of the pharmacist as the 
referent for "Antibioprophylaxis" with facilitation of 
collaboration and support to prescription).

• Educational benefit and improved adherence to rec-
ommendations by prescribers (combinations of per-
suasive interventions accomplished during the action 
plan).

For the inconveniences encountered.

• Success depends on the interventional method used. 
In this work, the dissemination/display of paper rec-
ommendations and the delivery by the pharmacist 
of antibiotic prophylaxis kits incorporating a recom-
mendation sheet adapted to the patient were highly 
effective and largely contributed to the success of 
practices improvement.

• Intensive work and determination are required, espe-
cially for the delivery of the kits early in the morning 
for the very first surgeries and a constant monitoring 
of the operating schedule that can change from hour 
to hour.

• Need to convince practitioners who can be resistant 
to change.

After this test phase, we evaluated the sustained effect 
of the collaborative physician-pharmacist stewardship 
implemented. The results revealed that, without active 
stewardship, there were a significant decrease in the 
compliance to guidelines for 5 out of 7 items assessed 
(p < 0.05, comparing the test group with the post-test 
group). Despite this, for all items assessed, the rates of 
compliance in the post-test group were still higher than 
those measured in the baseline group.

The impact of computerized decision support tool was 
non significant, with similar compliances to updated 
guidelines between the post-test group and the post-
computerized tool group (p > 0.05). There was how-
ever a slight increase in compliance for 5 out of 7 items 
assessed (p > 0.05) allowing a return above 90% in terms 
of compliance rate for the two BAPCOC indicators stud-
ied. In our hospital, the computerized decision support 
tool we implemented has also certain advantages and 
disadvantages.

For the benefits encountered:

• The tool integrates the guidelines updated and vali-
dated by the different actors of antibiotic prophylaxis 
and allows to consider specific patient criteria.

• The tool allows rapid and efficient decision-making, 
adapted to the patient’s parameters and in compli-
ance with guidelines.

• Recommendations are accessible via a computer link 
(also from outside the hospital).

• Stewardship strategy is less labor-intensive.
• The tool can sensitize the teams to the importance of 

antibiotic prophylaxis.

For the inconveniences encountered.

Table 4 Risk factors of non-compliance to SAP guidelines identified in the baseline group

Risk factor of non
Compliance

Compliance item impacted Z‑test P OR
(95% IC)

IgE Mediated Penicillin Allergy Indication − 2.383 0.0172 0.0345(0.0022–0.5502)

Drug agent(s) − 2.012 0.0442 0.1282(0.0173–0.9481)

Colorectal surgery Drug agent(s) − 3.233  < 0.01 0.0187(0.0017–0.2086)

Dose(s) − 3.321  < 0.01 0.0623(0.0194–0.2007)

Transurethral resection of the prostate Drug agent(s) − 3.07 0.021 0.0933(0.0205–0.4243)

Dose(s) − 2.824  < 0.01 0.1614(0.0455–0.5724)

Route of administration − 4.44  < 0.01 0.0393(0.0094–0.1641)

Time of pre-operative dose administration − 6.093  < 0.01 0.0293(0.0094–0.0918)

Hip prosthesis Duration of prophylaxis − 5.002  < 0.01 0.0602(0.0200–0.1811)

Anesthetist Y Route of administration − 2.377 0.0174 0.0761 (0.0091–0.6365)

Anesthetist Z Route of administration − 2.074 0.0381 0.0815 (0.0076–0.8713)
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• No connection with the computerized record of the 
patient (requiring a manual encoding by practition-
ers).

• Absence of reminder recalling the pre-operative 
administration of antibiotics.

• Underused by practitioners (use not mandatory).

The above three points would need to be developed 
and implemented in order to positively impact SAP prac-
tices. As reported in the literature [16, 26–28], computer-
based help for clinical decision and prescription seems 
to be a useful tool for surgical antibiotic prophylaxis but 
it should be accompanied by direct regular educational 
measures.

On 11 March 2020, the Belgian Hospital in which this 
study was conducted admitted for the first time a patient 
with a positive SARS-CoV-2 reverse transcriptase poly-
merase chain reaction (RT-PCR) test [20]. The Hospi-
tal & Transport Surge Capacity committee in Belgium 
announced that hospitals must stop all consultations, 
examinations and interventions planned from 14 March 
2020. On April 30, 2020, the committee communicated 
guidelines to hospitals for a gradual resumption of reg-
ular care [29]. The first group of the COVID-19 period 
was therefore affected in terms of distribution of the dif-
ferent interventions studied, with a particular decrease in 
the rate of transurethral resections of the prostate. In this 
2020 group, only compliance rates in terms of indication 
were significantly decreased compared to the 2019 group. 
The two groups of the COVID-19 period were, for their 
part, similar with respect to all demographic, clinical and 
compliance characteristics. In order to exclude a possi-
ble bias linked to the redistribution of interventions from 
the 2020 first wave of COVID-19, we also compared data 
collected for the second group of the COVID-19 period 
with those of the 2019 group. This comparison revealed 
no statistically significant differences in terms of demo-
graphic, clinical and compliance characteristics con-
firming that the COVID-19 pandemic did not affect the 
compliance of SAP practices to institutional guidelines. 
Out of 147 RT-PCR tests carried before hospitalization 
within the second group of the COVID-19 period, 5 were 
found to be positive with no obvious impact on compli-
ance (data not shown).

The stewardship carried out in this work appears to be 
adapted to the objective of renewing antibiotic prophy-
laxis practices. However, more improvement measures 
are needed for a long-term effect. In particular, the pre-
operative computerized and automated prescription 
of SAP based on computerized patient data; the deliv-
ery by the pharmacy of nominative SAP kits based on 
the doctor’s computerized prescription; the repetition 
of active interventions and audits in order to maintain 

the awareness of practitioners, particularly in a univer-
sity hospital with a high turnover of doctors in training. 
These quality improvement initiatives require the dedi-
cation of specific personnel at all decision-making lev-
els and the release of time dedicated to the maintenance 
and continuous improvement of quality. The support of 
the members of the hospital management is therefore 
essential.

The study we developed presents a series of limita-
tions commonly encountered in observational and quasi-
experimental studies. On one hand, confounding bias 
linked to the change of practioners from year to year 
cannot be ruled out in the quasi-experimental study. 
Also, in the observational study, some uninvestigated 
factors could influence noncompliance. For practical, 
economic and swiftness reasons, convenience sampling 
was selected; but, indeed, the absence of randomiza-
tion may reveal a selection bias. Identical seasonal peri-
ods and the same period of time had been determined in 
order to limit the occurrence of this type of bias. On the 
other hand, the study could not be blinded; practitioners 
were aware of participating in a study. Biases such as the 
Hawthorne effect could therefore appear [30]. Also, our 
data collection procedure resulted in the absence of some 
data. Collecting a full amount of data prospectively would 
require such a large amount of work that the IT solution 
used for retrospective analysis was clearly necessary. 
The inclusion of several services in this study, aids the 
generalizability of the results, but the limited time and 
monocentric aspect of the study significantly reduce the 
number of patients within each unique category, thereby 
limiting the prediction power. The limited number of 
patients within each group and the lack of accessibility of 
patient health data after discharge from hospital did not 
allow to evaluate the evolution of clinical or microbio-
logical outcomes such as incidence of surgical site infec-
tions or infections with antimicrobial-resistant bacteria. 
Despite this, the compliance with SAP recommendations 
that we measured in this work represents an undeniable 
quality indicator in the prevention process.

Conclusions
Rational use of SAP requires a long-term proactive, col-
laborative and common approach including SAP pre-
scribers and antibiotic stewardship multidisciplinary 
team. Indeed, this study shows that, among all steward-
ship strategies implemented to positively impact SAP 
practices, the most performant strategy clearly appear to 
be real-time pharmaceutical interventions in the oper-
ating area and in the care units concerned by antibiotic 
prophylaxis. The discontinuation of these active interven-
tions, however, results in a slight decrease in compliance 



Page 11 of 12Pardo et al. Antimicrobial Resistance & Infection Control          (2022) 11:100  

to local guidelines. Finally, SAP practices did not appear 
to be affected by the COVID-19 pandemic in terms of 
compliance to guidelines.
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