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Abstract

Background: Implementation of guidelines in daily clinical practice
is often suboptimal, mainly due to doctors’ poor compliance with
them. Perioperative antibiotic prophylaxis (PAP) is many times ad-
ministered in patients undergoing elective surgery without proper
indication or for longer time than needed. Aim of this study is to
investigate the effect of a simple intervention on the compliance of
the medical staff with the American Society of Health-System Phar-
macists (ASHP) guidelines concerning PAP administration.

Methods: A prospective 3-month audit took place including routine
surgical procedures (laparoscopic cholecystectomy, inguinal hernia
repair and thyroidectomy). An intervention aiming to educate the
medical staff was implemented. The intervention included the dem-
onstration of a poster and the training of the medical staff over the
guidelines. A re-audit recorded the changes in daily clinical prac-
tice.

Results: The compliance rate regarding the number of PAP doses
significantly increased from 0% before the intervention to 68.8% af-
ter the intervention for hernia repair and to 53.1% for laparoscopic
cholecystectomy. The adherence rate in thyroidectomies increased
from 25% to 50%, but without statistical significance. No signifi-
cant difference was found for other parameters of PAP administra-
tion, namely the type of antibiotic used and the timing of the dose
administration. Regarding secondary outcomes, hospitalization days
were reduced, and cost of antibiotics was significantly decreased (P
<0.05).

Conclusions: A simple intervention intending to educate the medi-
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cal staff was successful in achieving significant improvement on the
compliance rate with the PAP guidelines, highlighting the importance
of promoting adherence to the already existing, well-established
guidelines.

Keywords: Antibiotic prophylaxis; Surgical site infection; Interven-
tion; Compliance

Introduction

Although new antibiotic agents are developed and tested
every day, infections continue to be difficult to handle [1].
One of the reasons of this problem is overuse and misuse of
antibiotics, leading to creation of resistant bacterial agents.
According to World Health Organization (WHO) Report on
Surveillance of Antibiotic Consumption, Greece has the sec-
ond highest rate of antibiotic consumption following Turkey
[2]. Cassini et al reported that Greece and Italy are the coun-
tries with the highest numbers of infections from resistant
bacteria in the European Union [3]. Solution to this prob-
lem is probably not the development of stronger antibiotic
agents, but the preservation of the already existing antibiot-
ics’ effectiveness [1].

Towards this direction antimicrobial stewardship pro-
grams were created in order to educate the medical staff and
promote the appropriate use of antimicrobial agents [4]. One
of these programs’ tools is audits. An audit is the monitoring
of the compliance of health care workers with specific, widely
accepted guidelines [5].

Perioperative administration of antibiotics as prophy-
laxis for surgical infections is one of the fields that antibiotic
consumption can easily be monitored and its misuse restrict-
ed.

Different studies examined the compliance of the medi-
cal staff with specific guidelines regarding PAP and proved
that the rates are indeed quite low [6, 7]. According to a WHO
factsheet either the medical practitioners are not adequately
informed about the guidelines or the surveillance of their im-
plementation is unsatisfactory [8].

Our study aims to investigate whether the compliance of
the medical staff can improve with an educative intervention
involving easily accessible and comprehensible information
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over the specific field of PAP.

Materials and Methods

ASHP Guidelines

Low risk patients: no AP (Strength of evidence=A)

High risk patients (for example diabetes, anticipated procedure
duration exceeding 120 minutes, risk of intraoperative gallbladder
rupture, age of >70years, acute cholecystitis, anticipated bile
spillage, jaundice, nonfunctioning gallbladder, and
immunosuppression): a single dose of AP

Guidelines suggest a single dose of antimicrobial prophylaxis to
all patients undergoing laparoscopic cholecystectomy.

A single dose of second-generation cephalosporin
(cefoxitin).

For patients with MRSA, add a single preoperative
dose of vancomycin. (Strength of evidence for
prophylaxis= A.)

No AP recommended.

With placement of prosthetic material: a
preoperative dose of cefazolin or cefuroxime is
recommended. (Strength of evidence against
prophylaxis without prosthesis placement = B;
strength of evidence for prophylaxis with prosthesis
placement = C.)

Auwaerter PG, Weinstein RA, Napolitano LM, Bratzler DW, Fish DN, Bolon
MK, et al. Clinical practice guidelines for antimicrobial prophylaxis in
surgery. Am J Heal Pharm. 2013;70(3):195-283.

AP: Antibiotic Prophylaxis
MRSA: Methicillin-resistant Staphvlococcus aureus

Figure 1. Antibiotic prophylaxis guidelines poster.

ducted between November 2018 and April 2019, and includ-
ed adults undergoing elective laparoscopic cholecystectomy,
inguinal hernia repair or thyroidectomy. Following an initial
audit which took place between November 2018 and January
2019, the medical staff was trained, by means of a poster (Fig.

A single-institution prospective audit and re-audit were con- 1) and an explanatory session about the guidelines regard-
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Table 1. Number of Patients per Operation and in Total, Before and After the Intervention

Before intervention

After intervention

Laparoscopic cholecystectomy 37
Hernia repair 25
Thyroidectomy 4

Total 66

32
16
2

50

ing PAP [9]. The medical staff included the general surgeons,
the residents and the nurses of one single surgical ward. The
explanatory session was a one-point intervention, where the
guidelines were explained and a poster with the guidelines
written very simply (Fig. 1) was displayed at the doctors’ and
nurses’ working rooms for the duration of the re-audit.

The re-audit was conducted between February 2019 and
April 2019. Informed consent by all participants in the study
was obtained. The study protocol was approved by the hospi-
tal’s ethics committee and received the Institutional Review
Board approval. The study protocol was in accordance with
The Code of Ethics of the World Medical Association (Decla-
ration of Helsinki).

The main data collected for every patient were the tim-
ing of the administration of the antibiotic prophylaxis, the type
of the antibiotic prescribed and the number of doses adminis-
tered. History of anaphylactic reaction to antibiotics was also
recorded. Secondary data included the days of hospitalization
and the cost effect of PAP overuse. Other data collected were
age, sex and diabetes status.

In order to monitor the compliance rate, a single dose of an-
tibiotic prophylaxis (AP) was reckoned as compliance with the
guidelines for elective laparoscopic cholecystectomy [9, 10].
For inguinal hernia repair procedure (mesh-plug technique),
the recommended AP is a single dose of a first-generation
cephalosporin (cefazolin) (strength of evidence: A). Instead
of cefazolin, the administration of a single dose of a second-
generation cephalosporin (cefoxitin) was considered as base-
line prophylaxis by the local infectious diseases committee.
Thyroidectomy is considered as a clean procedure, so no AP
is recommended (strength of evidence: B), except in the case
of placement of a prosthetic material, such as a drain, where
the administration of a single dose of cefazolin or cefuroxime
preoperatively is recommended (strength of evidence: C).

Ciprofloxacin was administered to patients allergic to pen-
icillin or cephalosporins.

The timing of PAP administration was recorded by an in-

Table 2. Patients’ Characteristics Before and After the Intervention

vestigator who noted whether the AP was administered “within
60 min” before surgical incision or not.

The primary outcome of the study was to estimate the
adherence to the guidelines regarding the AP. Secondary out-
comes were the cost of the antibiotics administered and the
days of hospitalization.

The statistical analysis was performed by using the R stu-
dio (version 1.1.442° 2009 - 2018 RStudio, Inc.). The study
population characteristics are presented as mean and standard
deviation or median and interquartile range. The compliance
rate was estimated by using Chi-squared test or Fisher’s exact
test when needed. The significance level was set to 0.05.

Results

A total of 116 patients were enrolled in the study. Sixty-six
patients took part at the initial audit and 50 patients at the
post-intervention re-audit (Table 1). Patient characteristics are
shown in Table 2. Age, sex, diabetes mellitus status and history
of allergy demonstrate no statistically significant differences
between the study population before and after the intervention.

Concerning the number of PAP doses, it was found that
before the intervention there was not adherence to the guide-
lines for hernia repair and laparoscopic cholecystectomy with
a mean number of four PAP doses administered. After the in-
tervention, compliance improved significantly to 68.8% (P <
0.05) for hernia repair and 53.1% (P < 0.05) for laparoscopic
cholecystectomy. Compliance in thyroidectomies before and
after the intervention was 25% and 50% respectively without
significant difference (P > 0.05). The overall compliance re-
garding the number of PAP doses increased from 1.5% to 58%
(P <0.05) (Table 3).

Cefoxitin was used in almost all the patients, except in the
case of history of allergy when ciprofloxacin was used instead.
In some cases, intravenous cefoxitin was converted to cefuro-
xime per os. Intraoperative bile spillage because of rupture

Before intervention After intervention P value
Age (years), mean 58.15+14.05 53.82+17.82 0.1598
Sex
Male 39/66 30/50
Female 27/66 20/50 0.9213
Diabetes mellitus 7.6% 14% 0.2605
Allergy history 9.1% 2% 0.1388
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Table 3. Compliance With the Dose of Perioperative Antibiotic Prophylaxis per Operation and in Total, Before and After The Inter-

vention
ASHP criteria Before intervention After intervention P value
Hernia repair One single dose, preoperatively 0% 68.8% P <0.005
Thyroidectomy AP depending on prosthetic material 25% 50% 1
Laparoscopic cholecystectomy One single dose, preoperatively 0% 53.1% P <0.005
All operations 1.5% 58% P <0.005

ASHP: American Society of Health-System Pharmacists; AP: antibiotic prophylaxis.

Table 4. Number of Doses of Antibiotics Before and After the Educational Intervention

Before intervention

After intervention

Cefoxitin 269
Metronidazole 15
Ciprofloxacin 13
Amikacin 3
Cefuroxime -

132
65
9

32

of the gallbladder due to manipulations led surgeons to add
metronidazole alongside the standard antibiotic used as PAP
(1.5% of cases before the intervention and 12% of cases after
the intervention). In one case before the intervention amika-
cin was administered along with cefoxitin and metronidazole
(Table 4).

According to the American Society of Health-System
Pharmacists (ASHP) guidelines, the antibiotic prophylaxis
should be administered “within 60 min” before surgical inci-
sion. The results showed no statistically significant difference
regarding this parameter before and after the intervention. The
compliance rates for all the three types of operations ranged
around 50% (P > 0.05, Table 5).

Secondary aims were the cost of the PAP and the days of
hospitalization before and after the intervention.

We estimated that the cost of the antibiotics decreased
significantly (P < 0.05). The cost decreased from a median of

€15.08 before the intervention to a median of €3.77 after the
intervention (Table 6).

Days of hospitalization were statistically decreased (P =
0.046). Patients before the intervention stayed in hospital a
median of 6 days and after the intervention a median of 4 days
(Table 7).

Discussion

The aim of this study was to examine how a simple interven-
tion could affect the standard routine of a single surgical de-
partment. The observation that some surgical patients under-
going the same operation were not receiving the same PAP,
led to the finding that this approach was not in accordance
with the recent PAP guidelines. The audit and the re-audit that
took place demonstrated that single actions such as inform-

Table 5. Compliance With the Timing of Administration per Operation and in Total, Before and After the Educational Intervention

Before intervention After intervention P value
Hernia repair 57.14% 42.86% 0.61
Thyroidectomy 50% 50% 0.47
Laparoscopic cholecystectomy 50.88% 49.12% 0.32
All operations 52.44% 47.56% 0.13
Table 6. Median of Cost (€) per Operation and in Total, Before and After the Educational Intervention

Before intervention After intervention P value
Hernia repair 15.08 3.77 <0.001
Thyroidectomy 13.2 14.72 0.933
Laparoscopic cholecystectomy 15.08 3.77 0.0017
All operations 15.08 3.77 <0.01
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Table 7. Mean of Hospitalization Days per Operation and in Total, Before and After the Educational Intervention

Before intervention After intervention P value
Hernia repair 5.2 4.81 0.291
Thyroidectomy 7.25 4 0.4
Laparoscopic cholecystectomy 5.11 4.77 0.304
All operations 6 4 0.046

ing the medical staff and providing them with written material,
namely an easily readable poster, were enough to significantly
improve compliance with the guidelines.

Concerning the strengths, this study was innovative, be-
cause clinicians in Greece are not familiar with the concept of
audits and interventions. People that were involved, had access
to the guidelines all the time and they were written in a very
comprehensible way. The intervention was plain, economical
and easily reproducible.

Patients’ characteristics did not differ between the pre-in-
tervention and the post-intervention group, so surgeons’ choice
of PAP administration was not influenced by patients’ param-
eters. Our findings indicate that lack of knowledge is the main
reason of the pre-intervention low adherence rate, since a sim-
ple notification greatly improved the situation. One study con-
ducted in UK managed to prove such an association between
the intervention and the audits results, by using a questionnaire
that examined the medical staff’s knowledge of PAP guide-
lines before and after an educative intervention [11].

Guidelines adherence varies significantly between differ-
ent studies. Van Kasteren et al describe a low rate of overall
compliance (28% full adherence) while the adherence to the
separate parameters of PAP is quite high [6]. Hohmann et al,
on the contrary, included pharmacy interns in the study and
estimated a 70.7% overall compliance to the guidelines [12].
Palacios-Saucedo et al implemented an intervention that in-
cluded both hard and electronic copies of the guidelines and
notification of every doctor over their individual compliance
rate. Results showed significant improvement (P < 0.05) to all
parameters of PAP [13]. In a similar study by Brink et al, face
to face sessions were used as quality improvement techniques;
and a 24.7% (P < 0.0001) increase in overall compliance with
PAP guidelines was found [14]. Many published data describe
similar intervention with similar results [15, 16].

In opposition to the present study, Knox et al report a 3%
decrease (P > 0.05) in overall compliance after the application
of an intervention, including display of the guidelines at the
department’s ward and on the hospital’s site [17]. A decrease
of about 6% (P = 0.59) in total adherence rate is described
by Ozgun et al despite the informative sessions over prudent
PAP administration [18]. Similar results from other studies
[19, 20] prove that interventions do not always return positive
outcomes.

One of the limitations of the study is that anesthesiologists
were not involved in the intervention. This fact can explain
why the compliance with the timing of administration showed
no statistically significant difference, since surgeons are re-
sponsible for the type of antibiotic that will be used as PAP,
but anesthesiologists are responsible for the timing of the AP
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administration in the operating theater.

Another limitation of the study is that we did not take
into consideration the weight of the patients. According to the
ASHP guidelines, the dose of the antibiotic should be weight-
adjusted. Both before and after the intervention, a standard
dose of PAP was administered in the study regardless of the
patients’ weight. This parameter was neither included in our
poster nor explained to the medical staff.

The study proved that a simple intervention was enough
to cause a significant improvement, regarding the appropriate
dosing of PAP according to the ASHP guidelines, for a short
period of time. The long-term results of the study may dif-
fer from the short-term results, since the intervention was a
one-point interference and not a continuous feedback with the
ability to detect and correct emerging mistakes. The imple-
mentation of repeated interventions may be necessary in order
to achieve the same rates in the long term. The long-term pres-
ervation of the compliance is very important, because in order
to prevent the development of antibiotic resistance it is vital to
be consistent with the prudent use of antibiotics.

Another point of attention is that the baseline compliance
of our study was very low, especially for laparoscopic chol-
ecystectomy and hernia repair. It is questionable whether the
same intervention could provoke such a great improvement in
compliance rates if it was applied in a department where the
baseline adherence was higher. Probably, for such a case, more
complicated interventions would be needed. The use of hard
copies, however, distributed to the medical staff and displayed
to different rooms, is considered to be an effective and time
saving education method, since the medical staff has continu-
ous access to the guidelines. The combination of this method
with an educative lecture constitutes a very simple but very
effective way to inform the staff for the existing guidelines.

In a similar way, cost was significantly reduced, because
the compliance rate before the intervention was very low. So,
it is not guaranteed that the application of the same study in
another department will yield the same results.

Conclusions

Every department and every clinical practitioner individually
have to make an effort to comply with the guidelines regard-
ing the antibiotic administration. This study shows that a really
simple and cost-effective intervention efficiently improved the
compliance rate and subsequently promoted the prudent use
of antibiotics. Further research is needed in order to design an
intervention that will reduce the cost and ensure adherence to
the PAP guidelines in the long term.
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