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Abstract
Introduction. Surgical site infections (SSIs) are common surgical complications and perioperative antibiotic prophylaxis (PAP) con-

tributes to the reduction of the associated risk. The aim of the present review article is to summarize the most recently published

studies with a special focus on challenges, strategies and quality indicators of PAP.

Methods. Literature searches in the Medline database, using PubMed, were carried out for studies published from January 2011

to April 2015. Inclusion criteria were all types of epidemiological studies investigating: i. compliance with PAP recommenda-

tions at different levels by using process indicators, and ii. the effect of different interventions conducted in order to improve

PAP compliance.

Results. A total of 28 studies were retrieved. Overall compliance with all included PAP indicators ranged from 9.4% to 80%.

Generally, compliance with the PAP process indicators significantly improved after interventions.

Conclusions. The present review summarizes the recent published studies and indicates an overall inadequate compliance with

PAP recommendations, underlining the need to develop and to implement successful strategies to improve adherence to guide-

lines. Different interventions were found efficacious in order to increase compliance with appropriate PAP administration.

(Epidemiol Prev 2015; 39(4) Suppl 1: 27-32)
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Riassunto
Introduzione. Le infezioni del sito chirurgico sono frequenti complicanze in chirurgia e la profilassi antibiotica perioperatoria

(PAP) contribuisce alla riduzione del rischio. Obiettivo di questa revisione è riassumere gli studi più recenti concentrandosi sulle

sfide, sulle strategie e sugli indicatori di qualità della PAP.

Metodi. Una ricerca bibliografica degli articoli, pubblicati dal gennaio 2011 all’aprile 2015, è stata condotta sul database

Medline, utilizzando PubMed. Gli studi epidemiologici inclusi riportavano: i. l’adesione alle raccomandazioni sulla PAP a diffe-

renti livelli, utilizzando indicatori di processo; ii. l’effetto di differenti interventi condotti per migliorare l’adesione alla PAP.

Risultati. In totale, sono stati inclusi nella revisione 28 studi. L’adesione complessiva, considerando tutti gli indicatori di PAP, va-

riava dal 9,4% all’80%. Generalmente, l’adesione alla linee guida sulla PAP migliora significativamente dopo gli interventi.

Conclusioni. Questa revisione riassume gli articoli più recenti e indica un’inadeguata adesione complessiva alle raccomandazioni

per la PAP, sottolineando la necessità di sviluppare e implementare le strategie per migliorare l’adesione alla PAP. Diversi inter-

venti si sono dimostrati efficaci nel migliorare l’aderenza a un’appropriata somministrazione della PAP.

(Epidemiol Prev 2015; 39(4) Suppl 1: 27-32)

Parole chiave: profilassi antibiotica perioperatoria, infezioni del sito chirurgico, sorveglianza, adesione, linee guida
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INTRODUCTION
Surgical Site Infections (SSIs) are common surgical compli-
cations and Perioperative Antibiotic Prophylaxis (PAP) con-
tributes to the reduction of the associated risk.1,2 Guidelines
with specific recommendations are available about the ap-
propriate decision-making, choice, and dose of the antibiotic,
timing, and duration of PAP. A technical report and system-
atic review conducted by the European Centre for Disease Pre-
vention and Control (ECDC) identified the key PAP modal-
ities to be implemented in order to improve compliance with
PAP practices for the prevention of SSIs.2 Briefly, the follow-
ing points were identified:
■ establishing a multidisciplinary team;
■ ensuring administration of PAP within 60 minutes prior to
incision;

■ assigning responsibility for timely administration of PAP to
the anaesthesiologist;

■ administering only a single dose of PAP;
■ suspending PAP at the end of the procedure.
However, implementation of PAP guidelines is a true chal-
lenge, and failure to adhere with such standard of care has been
reported, indicating that there are opportunities for improve-
ment in many settings. Furthermore, the European report
identified barriers to wide implementation of PAP practices.2

Different studies have reported successful interventions to
improve PAP compliance, however, methodology and re-
porting of studies is often suboptimal, and caution in apply-
ing the results of these studies to the general practice is
needed.3

The aim of the present review article is to summarize the most
recently published studies, with a special focus on challenges,
strategies, and quality indicators of PAP.

METHODS
Literature searches in theMedline database, using PubMed, were
carried out for relevant studies published from January 2011 to
April 2015. The searches were limited to papers written in
English and were conducted independently by two Authors.
The keywords used in combination were: «perioperative an-
tibiotic prophylaxis», «compliance», «adherence», and «inter-
vention». Inclusion criteria were all types of epidemiological
studies investigating:
■ the compliance with PAP recommendations at different
levels by using process indicators;

■ the effect of different interventions conducted in order to
improve PAP compliance.

No limits were stated for healthcare setting and type of surgi-
cal procedures investigated. Only studies whose full-text arti-
cles met the inclusion criteria were retained for review. Stud-
ies were excluded from review if:
■ antibiotics were administered as treatment;
■ publications were conference papers or articles without de-
tailed descriptions of methods and results.

Moreover, the reference lists from selected articles were
checked to search for further relevant studies.
A total of 28 studies were retrieved. Authors independently re-

viewed all the eligible studies and abstracted the following in-
formation in two standard formats. In the first format (table
1) the following information was included: first Author’s last
name, year of publication, study design, surgical procedures in-
vestigated, indicators used to assess compliance with PAP
guidelines and results. In the second format (table 2) the in-
formation included was: first Author’s last name, year of pub-
lication, study design, surgical procedures investigated, inter-
ventions to improve compliance with PAP guidelines and
their effects.

RESULTS
Compliance with PAP guidelines
Several studies have evaluated current practices of PAP in pa-
tients undergoing different types of surgical procedures. Table
1 reports a summary of study design, surgical procedures in-
cluded, and the main results of the 19 recent published papers
included in the present review.4-22

These studies were carried out in various geographical areas:
eight studies were conducted in the United States of America,
six in Italy, and one in each of the following countries: Ger-
many, the Netherlands, Turkey, Thailand, and China. The
most frequent type of study was prospective (12 out of 19) fol-
lowed by retrospective studies (5 out of 19). Retrieved articles
included various types of surgical units performing different
surgical procedures. Two studies included procedures per-
formed on neonates or paediatrics patients.6,22

Compliance was mainly assessed considering specific PAP
recommendations developed at the local (or institutional), na-
tional, and international level. Furthermore, recommendations
for appropriate PAP included in care bundles for the preven-
tion of SSIs were also considered. Specifically, compliance
with the World Health Organization’s surgical checklist
(WHO «Safe surgery saves lives» checklist),23 which includes
methods for preoperative removal of hair, appropriate PAP,
avoidance of perioperative hypothermia, management of pe-
rioperative blood glucose and effective skin preparation, was
evaluated in one study.18 Furthermore, some studies evaluated
compliance with the guidelines of the Surgical Care Im-
provement Project (SCIP),24 which included other measures
for SSI prevention than those specific for appropriate PAP (ini-
tiating prophylactic antibiotics within one hour of surgical in-
cision; administering the appropriate antibiotic, and discon-
tinuing antibiotic use within 24 hours).12,13,15 Finally,
adherence to the SSI care bundle developed by the Dutch Hos-
pital Patient Safety Program (DHPSP), including PAP, hair re-
moval before surgery, perioperative normothermia, and disci-
pline in the operating room was also reported.17

Generally, in the included studies, compliance of the current
PAP practices with guidelines, a process measure, was assessed
mainly considering one or more of the following indicators:
■ indication (appropriate decision-making regarding the use
or non-use of antimicrobial prophylaxis) (8 studies);

■ timing of administration (the first dose of antibiotic should
be administered immediately prior to anaesthesia: 30 to 60
minutes before incision) (15 studies);
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Authors/year Study design Surgical procedures Indicators Results

Agodi et al., prospective survey ■ hip or knee replacement ■ indication, timing, antimicrobial agent, ■ compliance with indication: 99.4%;

2015(a) total duration of PAP with antibiotics: 57.7 %; with timing: 73%;

with duration: 70.2%

■ overall compliance: 43.6%

Agodi et al., prospective survey ■ herniorrhaphy, other digestive ■ indication, timing, antimicrobial agent, ■ overall compliance:12.4%

2015(b) system, cholecystectomy, other total duration of PAP

endocrine system, colon surgery,

mastectomy, appendectomy,

small bowel surgery

Murray et al., quasi-experimental ■ cardiac procedures performed ■ appropriate antimicrobial agent, dose, ■ compliance with the 4 process measures

2014 study on neonates timing, discontinuation of PAP significantly improved after an intervention

Yang Ou et al., prospective multicenter ■ clean or ■ indication, antimicrobial agent ■ compliance with indication: 18.6%;

2014 survey clean-contaminated surgery combination, antibiotic choice, dose, with antibiotics: 30.8%; with dose: 76.4%:

dosing interval, route of administration, with dose interval: 65.3%; with route of

timing of first administration, administration: 85.3%; with timing: 30.3%;

duration of prophylaxis with duration: 26.7%

■ overall compliance: 9.4%

Brubaker et al., retrospective study ■ cesarean delivery ■ compliance with the recommendation ■ 59.5% of women received PAP

2014 for universal PAP

Goede et al., retrospective charts ■ cardiac, neurosurgery, orthopedics, ■ according to institutional practice ■ compliance with timing: 57.2%;

2013 review general, vascular surgery; standards, antibiotic selection, dosing, with antibiotic selection 89.2%

colorectal, gynecology, thoracic, timing, redosing ■ overall compliance: 24.4%

and solid organ transplantation

Napolitano et al., prospective study on a ■ various types of surgery ■ antimicrobial agent, timing, ■ compliance with type of antibiotic: 25.5%;

2013 randomly selected sample length of the prophylaxis with timing: 53.4%

Bozkurt et al., two prospective studies ■ general, thoracic, head and neck, ■ indication, antimicrobial agent, ■ compliance with the antibiotic chosen: 91.7%

2013 before and after neurosurgery, cardiovascular, timing, number of doses, and 99%; suitable antibiotic: 77.6% and 90.6%

an intervention plastic, orthopedic, and urological duration of treatment ■ non-compliance with the duration of PAP:

77.0% and 44.7%

■ overall compliance: 15.4% before and 39.3%

after the intervention

van der Slegt et al., prospective study ■ peripheral or central vascular ■ according to SCIP antimicrobial ■ compliance with administration of antimicrobial

2013 reconstruction prophylaxis criteria: timing, choice agent: 95%; with the appropriate type

of appropriate antimicrobial agent, of antibiotic: 98%; with duration: 87%

duration ■ compliance with all 3 indicators: 80%

Lee et al., retrospective ■ hip or knee replacement, ■ according to SCIP antimicrobial ■ compliance with administration of antimicrobial

2013 observational cohort vaginal or abdominal prophylaxis criteria: timing, choice agent: 98%;with timing: 95%; with duration: 80%

with nested case hysterectomy, colorectal surgery, of appropriate antimicrobial agent, ■ compliance with all 3 indicators: 6.9%

control study or vascular surgery duration

Durando et al., observational ■ general, orthopaedic, ear, nose, ■ indication, antimicrobial agent, ■ inappropriate prophylaxis in 55.2% patients

2012 prospective study and throat, obstetric timing, number of doses,

and gynecologic, cardiac, vascular, duration of treatment

and chest, urologic surgeries,

neurosurgery, and others

Smith et al., retrospective review ■ patients who underwent ■ according to SCIP antimicrobial ■ compliance with the four SCIP criteria: 49.3%

2012 emergency trauma laparotomy prophylaxis criteria: antimicrobial

agent, timing, correct antibiotic

selection, duration

Hohmann et al., prospective review ■ different types of surgery ■ choice of antibiotic drug ■ compliance in 70.7% of the cases

2012 and the duration of PAP

Crolla et al., prospective study ■ colorectal surgery ■ compliance with an SSI bundle including ■ antibiotic prophylaxis had a relative

2012 PAP, in repetitive measurements high compliance during the entire study period

Kasatpibal et al., prospective study ■ compliance with theWorld Health ■ PAP had been given within 60 min. before

2012 Organization (WHO) surgical the incision in 71% of the cases

safety checklist

Young et al., prospective study ■ cesarean deliveries ■ timing of PAP ■ a multidisciplinary approach was successful

2012 in achieving 100% adherence to institution

policy change regarding timing of PAP

Barchitta et al., a pilot investigation ■ different types of procedures ■ indication and timing ■ overall compliance: 54.5%

2012 followed by four 1-day of administration (from 44.7% to 32.7%)

SSI point-prevalence

surveys, with a 3 month

interval between

investigations

Prospero et al., prospective study ■ general surgery, orthopaedic ■ indication, timing, and duration ■ compliance with indication: 65%;

2011 surgery, neurosurgery, vascular with timing: 95%; with duration: 82%

surgery, and other surgery

Rangel et al. retrospective study ■ general and urological ■ indications for PAP ■ 82% of patients received antibiotics during

2011 procedures in paediatric patients procedures when PAP was indicated

PAP: perioperative antibiotic prophylaxis; SCIP: surgical care improvement project; SSI: surgical site infection

Table 1. Studies on compliance with PAP guidelines included in the review. / Tabella 1. Studi sull’aderenza alle linee guida sulla PAP inclusi nella revisione.
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Table 2. Studies on interventions to improve PAP compliance included in the review.

Tabella 2. Studi di intervento per il miglioramento dell’aderenza alle linee guida sulla PAP inclusi nella revisione.

Authors/year Study design Surgical procedures Intervention Effects

Owens et al., prospective survey ■ vascular, breast, colorectal, ■ a week-long educational initiative, ■ not statistically significant improvement

2015 and general surgery via poster campaign, and face to face in appropriateness of PAP (timing and duration)

educational sessions about

PAP recommendations

Murray et al., quasi-experimental ■ cardiac procedures performed ■ an interdisciplinary task force developed ■ compliance with 4 process indicators

2014 study on neonates a standardized PAP protocol significantly improved after the intervention

Sutherland et al., prospective survey ■ different types of surgery ■ education and direct notification ■ improved compliance

2014 of SCIP PAP dosing errors

Bozkurt et al., cross-sectional study ■ general surgery, cardiovascular . ■ meetings with the infection control ■ inappropriate durations of PAP decreased

2014 surgery, neuro-surgery, orthopedics, committee; inspections and monthly from 89.7% in 2011 to 40.6% in 2012

otorhinolaryngology, plastic surgery, training seminars

thoracic surgery and urology

Bozkurt et al., before and after study ■ general, thoracic, head and neck, ■ meetings with the infection control ■ after the intervention, the rates of the correct PAP

2013 neurosurgery, cardiovascular, committee; inspections and monthly timing increased from 91.7% to 99.0% (p <0.001),

plastic, orthopedic, and urological training seminars while the excessively long administration of PAP

decreased from 77.0% to 44.7% (p <0.001)

■ overall compliance with the guidelines increased

from 15.5% to 40.2% (p <0.001)

Barchitta et al., a pilot investigation ■ different types of surgery. ■ specific campaign, including posters, ■ rates of non-compliance significantly increased

2012 followed by four 1 day leaflets and brochures providing main in the first three surveys, then decreased in the last

SSI point-prevalence information one after the intervention, from 55.3% to 45.5%

surveys, with a 3 month ■ literature was distributed to a wide (p = 0.002)

interval between audience of surgeons attending

investigations seminars and workshops

Kim et al., retrospective study ■ arthroplasty, gastrectomy, ■ implementation of clinical performance ■ PAP quality significantly improved, especially timing

2012 and hysterectomy; indicators of PAP as a part ■ the use of unfavourable antibiotics significantly

craniotomy and spine of the National Hospital decreased to 28.9-35.3% overall in 2007-2008

Evaluation Program (NHEP) ■ the proportion of first antibiotic doses administered

within 1 h before skin incision was almost 100%

after the intervention

■ the mean duration of PAP after the end of surgery

decreased to 7-10 days in 2007-2008

Young et al., prospective study ■ caesarean deliveries ■ notification of a policy change in PAP ■ 100% of compliance with the new policy

2012 through department-wide e-mails was achieved in 5 weeks

and verbal dissemination

at departmental meetings, education

sessions, and local champions

Benning et al., retrospective study ■ total hip replacement ■ 2nd phase of a Safer Patients Initiative ■ the data collected on SPI2 suggest that an additional

2011 and open colectomy (SPI) program (learning sessions with effect of SPI is difficult to detect over and above

the Institute for Healthcare Improvement; the improvements occurring across the health service

web-based learning; participation ■ adherence rates for many of the specific criteria

in safety culture surveys; creation reflecting quality of care remained high over time

of a collaborative learning community) in both groups of hospitals, possibly reflecting

a long history of quality improvement in areas

such as perioperative care

McHugh et al., prospective survey ■ general surgery ■ learning program, over a six-month ■ a significant improvement in the administration

2011 period, consisting of online education, of PAP prior to incision and a significant decrease

lectures and posters for surgical trainees in inappropriate dressing changes during the initial

to improve infection control practices 48 hours following surgery

in the areas of SSI and catheter-related ■ the proportion of prophylactic antibiotics

bloodstream infection administered prior to incision increased

from 30.0% to 59.1% (p <0.001)

Haynes et al., quasi-experimental ■ different types of surgery. ■ a computer-based order system designed ■ the computer-based order intervention significantly

2011 study to avoid excessive duration of PAP improved the proportion of procedures with timely

discontinuation of antimicrobial agents

from 38.8% to 55.7% (p <0.001)

Sun et al., prospective survey ■ coronary artery bypass ■ regular institutional quality improving ■ instances of prophylactic interval within 1h prior

2011 grafting activities; regional symposium on PAP; to incision significantly increased from 66.7%

recommendations compatible with to 97.4%

adequate references; organizing a team; ■ rates of prophylactic duration less than 24h

work flow in administering significantly increased from 2.8% to 66.1%

prophylactic antibiotics

PAP: Perioperative Antibiotic Prophylaxis; SCIP: Surgical Care Improvement Project; SSI: Surgical Site Infection
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terventions. Notably, in one study the notification of a policy
change in PAP through different tools achieved 100% of com-
pliance in five weeks19 (table 2).

DISCUSSION AND CONCLUSIONS
The optimization of PAP is one of the most important inter-
ventions to prevent SSIs. The appropriate administration of
PAP has a significant effect on the prevention of SSIs, as reported
in a systematic review of 21 meta-analyses.1The recent techni-
cal report of the ECDC included several studies, published be-
tween 2000 and 2011, describing a decrease in SSI rates when
an increase in compliance with PAP guidelines was observed.2

The present review summarizes the recent published studies
and indicates an overall inadequate compliance with PAP rec-
ommendations, underlining the need to develop and imple-
ment successful strategies to improve PAP compliance. A mul-
timodal approach is considered the current challenge for the
effective control of SSI risk; different interventions were found
efficacious in order to increase adherence with appropriate PAP
administration. However, the previously described obstacles
and barriers for the implementation of appropriate PAP should
be addressed.2

A limitation of our review is that the papers included were very
heterogeneous in the study design and methods used to assess
PAP compliance and evaluate interventions to improve it; in
addition, studies were performed in different healthcare settings
and considered heterogeneous surgical procedures. Further
systematic reviews and meta-analyses are needed in order to as-
sess the effect of changes on SSI rates in the compliance with
PAP guidelines, to inform appropriate policies and programs.
Indeed, infection control education and training are the focus
of increasing attention in Europe and the basis of all patient
safety and infection control programs.33

Conflicts of interest: none declared

■ antimicrobial agent (12 studies);
■ dosing of antibiotic administered (5 studies);
■ total duration of prophylaxis (discontinuation of the agent
within 24 hours after procedure or 48 hours for cardiotho-
racic procedures) (12 studies).

Cumulative compliance was calculated considering all indica-
tors investigated. The numerator of compliance was the num-
ber of patients who appropriately received antimicrobial pro-
phylaxis and the denominator the total number of selected
operations performed, multiplied by 100.
In the included studies, overall compliance with all included
PAP indicators ranged from 9.4%7 to 80%12,13 or 100% af-
ter an intervention.19 Compliance with indication ranged
from 18.6%7 to 99.4%4 and with timing from 30.3%7 to
95.0%.13,21

Interventions to improve PAP compliance
Table 2 reports a summary of studies conducted in order to as-
sess the efficacy/effectiveness of interventions to improve com-
pliance with PAP guidelines. A total of 12 recent published pa-
pers were included in the present review. 6,11,19,20,25-32

Different types of surgical procedures, performed in a variety
of surgical units, were implemented. One study included car-
diac procedures performed on neonates.6The strategy for im-
provement chosen by almost all investigations was based on ed-
ucation of healthcare workers about appropriate administration
of PAP by regular training meetings and through posters,
leaflets, and brochures. In two studies strategies included the
creation of an interdisciplinary team which aimed to develop
a standardized PAP protocol.6,32 Furthermore, a computer-
based order system to avoid excessive duration of PAP was im-
plemented in one study and a significant improvement of the
proportion of procedures with timely discontinuation of an-
timicrobial agents was demonstrated.31Generally, compliance
with the PAP process indicators significantly improved after in-
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