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Frequently used abbreviations

AMR = antimicrobial resistance

AMT = antibiotic management team

ASP = antimicrobial stewardship program

ATC = Anatomical Therapeutic Chemical classificatio
BAPCOC = Belgian Antibiotic Policy Coordination Camitee
CDC = Centers for Disease Control and Preventich@tUnited States
DDD = defined daily doses

ECDC = European Centre for Disease Prevention amdral
EARS = European Antimicrobial Resistance Surved&hetwork
ED = emergency department

EPOC = Cochrane Effective Practice and Organisatid®are
ESAC = European Surveillance of Antimicrobial Comgion
MIT = multidisciplinary infectious diseases team

PK/PD= pharmacokinetic/pharmacodynamic

TATFAR = Transatlantic Task Force on Antimicrobiresistance
TFAD = time to first antibiotic dose

WHO = World Health Organization



CHAPTER 1: INTRODUCTION



1. General introduction

The discovery of penicillin by Alexander Fleming 1929 triggered the development of different
antimicrobials during the following decennia (1)ntAnicrobials have contributed to the control of
infectious diseases that seven decades ago refesde leading cause of human morbidity and
mortality. Effective antimicrobial therapy rendenedny fields of modern medicine feasible, such as
major surgery, the care of premature infants, cacbemotherapy, care of the critically ill, and
transplantation medicine (2).

At present however health care is challenged bythergence of antimicrobial resistance and the low
number of truly new antimicrobials against mudisistant bacteria (3,4) (Figure 1). From the 1940s
up to the 1970s the pharmaceutical industry dewelgeveral antimicrobials with new mechanisms to
treat problems caused by bacterial resistance.eSthen, only three systemically-administered
antibiotics (quinupristindalfopristin, linezolid dndaptomycin), including two from new classes
(oxazolidinones and lipopeptides,) have been meadkén the EU to treat infections caused by
multidrug-resistant Gram-positive bacteria. Theeothystemic antimicrobials that have reached the
EU market during this period belong to existingsekss of antimicrobials and had no superior activity
against the majority of organisms already resisiamther agents in the same class (4). There rmay b
some new treatments, such as ceftazidim/avibacgaimst a range of resistant Gram negatives. With
this paucity of options, the field has been pusim@d the reintroduction of old, often poorly

documented antimicrobials, such as colistin.

Figure 1. Discovery of new classes of antibiotics
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Recently a new cell wall inhibitor, teixobactin, svdiscovered in a screen of uncultured bacteria.
Hopefully the methodology used can lead in therfuto the discovery of other uncultured bacteria

that are likely to harbour new antimicrobials (5).

The World Health Organization (WHO) has recogniaetimicrobial resistance (AMR) as a growing
global health threat, and has called upon MembateStand the international community to take
measures to curtail the emergence and spread mhiambial resistance (6). The most important
cause of AMR has been a massive overuse of antbals worldwide across all ecosystems over the

past decades, including humans, animals, aquaeutind agriculture (7).

The Centers for Disease Control and PreventiomefUnited States (CDC) prioritized bacteria into
one of three categories: urgent, serious, and coimge(7) (Table 1). Bacteria within the category
“urgent” are immediate public health threats thedquire urgent and aggressive action. Bacteria
defined as “serious threat” require prompt andanstl action to ensure the problem does not grow.

Careful monitoring and prevention action are neddethacteria within the “concerning” category.

Table 1. CDC's prioritized list (categories: urgenf serious, and concerning) with bacteria regardindevel

of concern
Urgent Threats Serious Threats Concerning Threats
Clostridium difficile Multidrug-resistanAcinetobacter Vancomycin-resistarftaphylococcus
Carbapenem-resistaBhterobacteriaceae Drug-resistanCampyl obacter aureus (VRSA)
(CRE) Fluconazole-resista@andida (a fungus) | Erythromycin-resistan®roup A
Drug-resistanieisseria gonorrhoeae Extended spectrufirlactamase producing Streptococeus
Enterobacteriaceae (ESBLS) Clindamycin-resistan®roup B
Streptococcus

Vancomycin-resistarinterococcus (VRE)

Multidrug-resistanPseudomonas

aeruginosa

Drug-resistaniNon-typhoidal Salmonella

Drug-resistangalmonella Typhi

Drug-resistanghigella

Methicillin-resistantStaphyl ococcus aureus

(MRSA)

Drug-resistan&treptococcus pneumoniae

Drug-resistant tuberculosis
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CDC defines four core actions that will help figlgadly infections (7):
» preventing infections and preventing the spreagsistance (immunization, safe
food preparation, handwashing, and using antimiatsbaccording guidelines and only when
necessary)
» tracking resistant bacteria
» improving the use of current antimicrobials
» promoting the development of new antimicrobials aedeloping new diagnostic tests for

resistant bacteria

On a European level, the European Parliament adapteon-legislative resolution on antimicrobial
resistance in which it stresses that AMR has becarhage issue (8). EU surveillance systems have
been developed to monitor AMR (European AntimicabliResistance Surveillance Network-EARS)
and the consumption of antimicrobials (Europeanvé&illance of Antimicrobial Consumption,
ESAC). These systems provide key information anth dia support of prevention and control of
AMR. Although the levels of resistance in Gramipes pathogens §treptococcus pneumoniae,
Saphylococcus aureus, Enterococcus faecium and Enterococcus faecalis) tend to stabilize, or even
decrease -in some countries-, there is a generaddae across Europe of antimicrobial resistance in

the Gram-negative pathogeris¢herichia coli, Klebsiella pneumoniae and Pseudomonas aeruginosa)

(9).

2. Resistance impacts on clinical outcome

Antimicrobial resistance is associated with inceghpatient mortality, longer hospital stays, and
increased healthcare costs (10). Increasing resstzompromises effective treatment. This may tesul
in failure of initial therapy if an ineffective ageis chosen, and effective therapy may be deléyed
several days until the culture and sensitivity Itssior a resistant organism are available (11jhéf
organism is resistant to multiple antimicrobial gsuthe cure may be severely limited and in a few
cases there may be no effective therapy. Due te@ased emergence of bacterial resistance and
declining development of new antimicrobials, ‘oldepompounds, previously banned because of
efficacy/toxicity considerations (colistin, fosforig, fusidic acid) are being reintroduced into the
clinic for multidrug resistant bacteria (12). A®#e antimicrobials have never been subjected to the
contemporary drug development process, their rdderent using contemporary analytical and
pharmacokinetic/pharmacodynamic methods are driticarder to optimize therapyColistin is an
example of successful redevelopment in which the o$ new state-of-the-art bioanalytical,
microbiological and pharmacokinetic/pharmacodynarajproaches has generated an improved
understanding of its clinical pharmacology, and &aabled rational optimization of patient therapy
(12).
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In a recent systematic review the health impadnfaictions caused by third generation cephalogpori
resistant (including ESBLE. Coli, fluoroquinolone resistari. Coli, third generation cephalosporine
resistant. pneumonia , carbapenem resistalit pneumonia and MRSA was assessed . For all type of
infections there was a significant increase otalise mortality. Bacterium-attributable mortalitgsv
significant increased except for infections withidtoquinolone resistare. Coli and carbapenem
resistanK. pneumonia. Hospital LOS was significant increased fRSA infections. Admission to an
ICU was significant increased for fluoroquinolone resi$E. Coli and third generation cephalosporin

resistanK. pneumonia (13).

Roberts et al. reported that twice as many patiefitts antimicrobial-resistant infections died than
patients infected with nonresistant organisms. Wheitiresistant pathogens are prevalent, clinicians
are forced to use broader spectrum and usually mxgensive agents to treat seriously ill patiefls.

of these effects contribute to increasing healthead societal costs (14).

An estimation of the yearly human burden of infeati due to selected antimicrobial-resistant bateri
in EU Member States, Iceland and Norway in 2007&th386.100 cases of infection, 25.100 extra
deaths and 2.536.000 extra hospital days (9). fdsislted in an overall cost of 1.534.100.000 euro
(927.800.00 EUR extra in hospital costs, 10.000.BOR extra outpatient costs, 150.400.000 EUR
productivity losses due to absence from work argl22D.000 EUR productivity losses due to patients

who died from their infection.

Smith et al published recently a report on the eowo burden of antimicrobial resistance. They

concluded that the current estimates of antimi@iot®@sistance show a low economic impact (15).

They add that all of the published studies do rmisder a world which there are no effective

antimicrobial available and concluded that we may ever be able to make an accurate forecast of
costs. They suggest that rather than see expeadituantimicrobial policies as costs, we shouldkhi

of it as an insurance policy against a catastrg¢pse

3. The Antimicrobial Stewardship balance

The yearly report on “Surveillance of antimicrob@nsumption in Europe 2012"of the European
Centre for Disease Prevention and Control (ECDOnhafestrated that the consumption in the
community varied by a factor of 2.8 between thehbi consumption (31.9 defined daily doses
(DDD) per 1 000 inhabitants and per day in Greexrs) the lowest (11.3 DDD per 1 000 inhabitants
and per day in the Netherlands) (16) (Figure 2)thWd consumption of 29.8 DDD per 1 000
inhabitants, Belgium has a high consumption oftamtiics in the community comparable with Greece,
Romania, Cyprus and France. The ECDC report cossldldat a significant increasing trend in the

consumption during 2008-2012 was observed in Belg@ammunity. However a recent study by
12



Coenen et al showed that the number of packageriera appropriate measure than the number of
DDDs when assessing outpatient antibiotic use (D@é)ng so consumption figures demonstrate no
increase of antibiotic consumption expressed inlemof packages during 2008-2012 in Belgium.
Increasing numbers of DDDs per package (more itparspackage and higher doses per unit for
amoxicillin and co-amoxiclav) explain these disemegies. The authors observed less frequent
treatments of fewer individuals with higher amouaofsactive substance (more DDDs) and higher
proportions of recommended antibiotics (more amtixig since the start of the national public

antibiotic awareness campaigns in Belgium.

Figure 2. Consumption of antibacterials for systenu use (ATC group J01) in the community

sector in EU/EEA countries, 2012, expressed as DOder 1 000 inhabitants and per day
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In 2012, the consumption of antibacterials for egst use (Anatomical Therapeutic Chemical (ATC)
classification system group J01) in the hospitat@evaried from 1.00 (the Netherlands) to 2.8 DDD
per 1 000 inhabitants and per day (Finland) withexlian of 2.0 DDD per 1 000 inhabitants and per
day (16) (Figure 3). With 1.71 DDD per 1000 inhahis and per day, Belgian hospitals have a
moderate consumption of antibacterials for systense (ATC group JO1) compared with other
European countries (16). In Belgium 10% of the It@@nsumption (DDD) of antibacterials for

systemic use is used in hospitals.
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Figure 3. Consumption of antibacterials for systent use (ATC group JO01) in the hospital sector

in EU/EEA countries, 2012, expressed as DDD per D@ inhabitants and per day
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For several antimicrobial-pathogen combinationg,. @uoroquinolone-resistancen E. coli, K.
pneumoniae, P. aeruginosa and forMRSA, a north-to-south gradient is evident in Europegéneral,
lower resistance percentages are reported in tith aod higher percentages in the south of Europe.
These geographical differences may reflect diffeesnin infection control practices and antimicrbbia
use in the reporting countries (9). A recent syst@nreview of the effects of antibiotic consumptio
on antibiotic resistancen Europeconfirmed that studies conducted in southern Eunspee more
likely to find a strong positive relationship be@veantibiotic consumption and resistance whereas
studies that examined B-lactam consumption or MRS#led to find a weaker relationship between

consumption and resistance (18).

Recent data from the Belgian Scientific InstitutePablic Health show an antibiotic consumption of
548.2 DDD (median) per 1000 beddays ( p25 = 541 &= 603.2) in 2013 (Table 2).

Table 2. Evolution antibiotic use (J01) in Belgianhospitals for non-paediatric departments

(DDD/1000 patient days)(Source:Anne INGENBLEEK. Scientific Institute of Public Health, Brussels,Belgium)

Non- Paediatric Departements

(including Intensive Care & Haemato-oncology)
Antibiotics (J01) 2007 2008 2009 2010 2011 2012 2013*
Frequency 54 95 98 96 96 92 70
Mean 534.1 528.6 537.5 541.9 557.9 567.6 541.6
P25 453.8 459.7 465.9 477.9 474.8 484.9 472.4
Median 518.9 523.3 530.6 535.4 553.5 555.0 548.2
P75 620.7 580.2 601.8 605.3 620.8 631.9 603.2

2013*: Provisional (but representative) data
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Antimicrobials account up for an important parttbé hospital pharmacy budgets while literature
shows that up to 50% of antimicrobial use is inappiate, adding considerable cost to patient care
(29).

The European Surveillance of Antimicrobial Consump{ESAC) has established a method for point
prevalence of antimicrobial prescribing intervenido improve antimicrobial prescribing practices
for hospital inpatients. Results of the “2009 syfvehow that the indication for treatment was not

compliant with local or national guidelines in 3&#¥gatients (20).

Appropriate use of antimicrobials is necessary sttered their useful lifetime. This means that a
prospective, formalized, strategy is needed to rensbat antimicrobials are used appropriately.
Programs developed from this strategy are callédhamobial stewardship programs (ASPs) (21).

The ultimate objective is to achieve a balance betwan effective antimicrobial treatment and the

risk for collateral damage through the selectionesistant pathogens (Figure 4).

Figure 4. The Antimicrobial Stewardship balance

An effective antimicrobial treatment fof Unnecessary use of broad-spectrun

patients antimicrobials resulting in the selection

of resistant pathoge

In 2007, the Infectious Diseases Society of AmefiD&A) and Society for Healthcare Epidemiology
of America (SHEA) jointly published guidelines fahe development of programs to enhance
antimicrobial stewardship in the institutional sejt (19). The primary goal of antimicrobial
stewardship is to optimize clinical outcomes whinimizing unintended consequences of
antimicrobial use, including toxicity, the selectiof pathogenic organisms, and the emergence of
resistance. A secondary goal of antimicrobial steefasip is to reduce health care costs without

adversely impacting quality of care (19,22,23,24).
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4. Belgian Antibiotic Policy Coordination Committee

In 1999, the Belgian Ministry of Health establisheyl Royal Decree the Belgian Antibiotic Policy
Coordination Committee (BAPCOC) (25,26,27). Theegbyes of BAPCOC are to promote judicious
use of antimicrobials in humans and animals ancuecd infection control and hospital hygiene, with
the overall aim of reducing antimicrobial resistanto address these specific tasks BAPCOC founded
five multidisciplinary working groups: ambulatorgre, hospital care, awareness campaigns, infection
control and veterinary medicine. The BAPCOC workf@pup Hospital Care was able to secure
federal funding, provide technical guidance ancerofidvanced specialist training for the formal
establishment and follow-up of antibiotic managetteams (AMTSs) for all Belgian hospitals. The
minimum composition, mandate and tasks of hospitdlls have been consolidated in legislation
through publication of the Royal Decree of 12 Fabyu2008 on the norms for AMTs as dedicated
subgroups of the hospital Drugs and Therapeutic rGittee (25,26). AMTs are responsible for the
development of an antibiotic formulary and clinigahctice guidelines on antimicrobial therapy and
prophylaxis, active initiatives to limit the inagpriate use of antimicrobials, education of healthc
workers, audit with feedback to prescribers andreillance of local antibiotic consumption and
microbial resistance. The AMTs must provide yeaalgtivity reports and consumption figures
(25,26,27). Each AMT receives a yearly compilecbrefrom the BAPCOC working Group Hospital
Care. The Belgian Scientific Institute of Publicditl provides an online tool where each hospital ca

compare their own consumption figures with natiditalres.

Antimicrobial stewardship by itself is not the osiglution for the problem of antimicrobial resistan
It is a necessary part of a global approach inolydiegulatory policies, interventions to control
antibiotic use in livestock, educational measures #iggering incentives to the research and

development of new classes of safe and effectitienamobials (28).

5. Complexity of anti-infective management

An infectious disease is explored by determining thkite of infection, defining the host
(immunocompromised, diabetic, of advanced age), awablishing, when possible, the
microbiological cause (29) (Figure 5). A succesdnti-infective management depends on the
immunity of the host, the management of the infectsite and on the choice of an appropriate
antimicrobial agent (30). The initiation of the thapy should be guided by the urgency of the sibmati

In critically ill patients, such as those in semhock, and patients with bacterial meningitis, gimp
therapy should be initiated immediately after on@arrently with collection of diagnostic specimens
(31). The optimal dose of an antimicrobial agentesals on the pharmacokinetic/pharmacodynamic

properties of the agent and the pathophysiologstridution, clearance, ..) of the patient.

16



Figure 5. Complexity of anti-infective management Blot S, 2008 - all rights reserved (with

permission)
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6. A closer look at the antimicrobial stewardship progam in current literature

The Infectious Diseases Society of America and3beiety for Healthcare Epidemiology of America
describe two proactive strategies as foundaticanantimicrobial stewardship program (19).

An effective program should include a prospectiuditawith direct intervention and feedback to the
provider and/or preauthorization requirements fatinaicrobial use (19) (Figure 6). Other elements
with good evidence in literature are education ltidigciplinary development of evidence-based
practice guidelines, streamlining or de-escalatbrtherapy, optimization of antimicrobial dosing
(based on individual patient characteristics, ctwsa organism and pharmacokinetic/
pharmacodynamic characteristics of the drug) amgstematic plan for parenteral to oral conversion
of antimicrobials with excellent bioavailability. dderate evidence exists for antimicrobial order
forms and poor evidence for antimicrobial cyclimgla&ombination therapy.

Core members of an optimal multidisciplinary antirobial stewardship team include an infectious
diseases physician, a clinical microbiologist,iaichl pharmacist with infectious diseases trainiag
information system specialist and infection conpaifessional.

Effective audit with intervention and feedback cae facilitated through computer assisted
surveillance of antimicrobial use, allowing theesming of specific services or units where problems
exist, as well as identification of patients reaajvparticular agents or combinations of agents tha
might benefit from intervention (19).

17



Figure 6. Type of antimicrobial stewardship intervantions according to the Infectious Diseases

Society of America and the Society for Healthcare fEidemiology of America
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Structure, process and outcome indicators can é tasevaluate the grade of implementation and the

results of antimicrobial stewardship programs @&2,34).

The Cochrane Collaboration recently updated a syie review “Interventions to improve antibiotic
prescribing practices for hospital inpatients” (3blis review showed that of all literature pubésh

only one fifth or 89 studies could be included. dther words, literature is still dominated by
inadequate interrupted time series (ITS) or uncdienl before-after (CBA) studies that do not previd

interpretable or conclusive data.

In the Cochrane Collaboration review outcome messwere antibiotic prescribing process measures
(decision to treat, choice of drug, dose, routadwration of treatment), clinical outcome measures
(mortality, length of hospital stay) and microbi@itcome measure (colonization or infection with
Clostridium difficile or antibiotic-resistant bacteria). Interventiongrev categorized based on the
Cochrane Effective Practice and Organisation oEGBPOC) criteria. We can distinguish restrictive,

persuasive and structural interventions (figure 7).

18



Figure 7 Interventions to improve antibiotic presciibing practices for hospital inpatients

according The Cochrane Collaboration
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Restrictive interventions were implemented throvggtriction of the freedom of prescribers to select
some antibiotics using compulsory order forms, ipriglary expert approval, restriction by removal
(for example by removing restricted antibioticsnfravards) and review and make change (here the
reviewer changes the prescription rather than giviralth professionals either a verbal or written
recommendation). Persuasive interventions usedomnare of the following methods for changing
professional behavior: dissemination of educatiorsources, reminders, audit and feedback, or
educational outreach. Structural interventioncdlesed the rapid reporting of laboratory resultsl an
on the introduction of tests of inflammatory maskéss).

In the Cochrane Collaboration review several cihioutcomes were analysed (35,36) (Table 3).
Interventions intended to increase effective pibsay did not significantly affect mortality (RR=82
[95% CI 0.69, 1.22]; n=3). Interventions intendexincrease effective prescribing by increasing
guideline compliance in patients with pneumoniausstl mortality (RR=0.89 [95% CI 0.82, 0.97];
n=4). Based on meta-analysis of 10 RCTs and 1 @@&rventions intended to decrease excessive
prescribing did not affect mortality (RR=0.92 [98%60.81, 1.06]). Six of the studies reported length
of stay and found no significant difference (medffecence -0.04 [95% CI -0.34, 0.25] days). Five
studies reported readmission. The combined resagt avsignificant increase in overall readmissions
(RR=1.26 [95% CI 1.02, 1.57]).
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Table 3. Clinical outcome by Intervention Aim (from Davey et al 2013)

Risk Ratio [95% Study designs,
Intervention aim Outcome Confidence 12 number of

Interval] participants (n)

] o ] 2 RCTs, 1 CCT,

Increase effective prescribing Mortality 0.92 [0.6P2] 72%

n=1,484

o ) ) 1 RCT, 3 CBAs;
Increase guideline compliance (CAR) Mortality 0.88p, 0.97] 0% 22 526

n=22,

7 RCTs, 3 cluster|
Decrease excessive prescribing Mortality 0.92 [01806] 0% RCTs, 1 cluster
CCT; n=9,817

Mean difference
4 RCTs, 2 cluster

Decrease excessive prescribin Length of st3 days) -0.04 [- 63%
P g g y (days) [ RCTs; n=8,071

0.34, 0.25]

Readmission (all
4 RCTs, 1 cluster

Decrease excessive prescribing | cause or infection| 1.26 [1.02, 1.57] 9%
RCT; n=5,856

related)

1% = test for heterogeneity; RCT = randomized contebligal; CBA = controlled before and after trial; CGTcontrolled
clinical trial

The impact on prescribing outcome for persuasiwstrictive and structural interventions is

mentioned in Table 4 (36). For the persuasive watetions, the median (interquartile range) change i

antibiotic prescribing was 42.3% for the interrupteterrupted time series studies (ITSs), 31.6% for
the controlled interrupted time series studies &I 17.7% for the controlled before-after studies
(CBAs), 3.5% for the cluster-randomized controltedls (CRCTs) and 24.7% for the randomized
controlled trials (RCTs). The restrictive interviens had a median effect size of 34.7% for the
interrupted time series designs, 17.1% for the rolletl before-after designs and 40.5% for the
randomized controlled trials. The structural inggrttons had a median effect of 13.3% for the RCTs
and 23.6% for the cluster-RCTs.

The Cochrane update provides evidence that incri@aséective treatment can be associated with
reduced mortality and that decrease in excessitiBiatic use can be associated with improvement in
microbial outcome without compromising clinical coines. It provides also stronger evidence about
clinical outcomes and lists 11 interventions thateal to decrease exposure to antibiotics by reducin
the percentage of patients that received treatroenby shortening duration of a treatment or

prophylaxis.
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Table 4 Median Change* in Antimicrobial Prescribing by Intervention Type and Study Design
(from Davey et al., 2013)

Intervention type RCT CRCT CBA ITS CITS
Persuasive 24.7% 3.5% 17.7% 42.3% 31.6%
Dissemination of educational materidls -3.1% 16.1% 10.6% | 42.5%
n=1) | (=2) |(=2) | (n=1)
Reminders| 27.4% 20.0%
(n=3) (n=5)
Audit and feedback 3.5% | 7.5% 32.7% | 24.3%
(n=1) | (n=2) | (n=4) | (n=2)
Educational outreach 25.0% 20% 46.3%
(n=10) (n=1) (n=10)
Restrictive 40.5% 17.1% 34.7%
Compulsory order formg 7.3%
(n=5)
Expert approval -2.8% | 24.1%
(n=1) | (n=7)
Removal by restrictior] 37.0% | 60.7%
(n=1) | (n=7)
Review and make change 40.5% 94.3%
(n=2) (n=2)
Structural 13.3% 23.6%
(n=6) (n=2)

RCT = randomized controlled trial; CRCT = clustandomized controlled trial; CCT = controlled cliaidrial; CBA = controlled before
and after study; ITS = interrupted time series; £ controlled interrupted time series; n = nundfestudies
*Positive change is a change in the direction efithended change

Interventions intended to decrease excessive fbesgmere associated with reductionGostridium
difficile infections and colonization or infection with amgtycoside- or cephalosporin-resistant gram-
negative bacteria, methicillin-resiste®aphyl ococcus aureus and vancomycin-resistainterococcus
faecalis. Meta-analysis of clinical outcomes showed thair fomterventions intended to increase
effective prescribing for pneumonia were associatgl significant reduction in mortality (risk rati
0.89, 95% CI 0.82 to 0.97), whereas nine interesistiintended to decrease excessive prescribing

were not associated with significant increase imtaity (risk ratio 0.92, 95% CI 0.81 to 1.06).

Interventions to reduce excessive antibiotic pibsay to hospital inpatients can reduce antimicabbi

resistance or hospital-acquired infections, an@rugntions to increase effective prescribing can
improve clinical outcome. The meta-analysis sugptiie use of restrictive interventions when the
need is urgent (such as in an outbreak situatibnj, suggests that persuasive and restrictive

interventions are equally effective after six manth

The objective evaluation of outcomes poses a pdatly difficult problem for studies of
antimicrobial stewardship interventions. Multiplecfors - not just appropriate antimicrobial
prescription - determine antimicrobial resistanates and clinical outcomes. Controlling of the

confounding factors is difficult as the great majoof published antimicrobial stewardship studies
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have been of quasi-experimental design, typica#fole- and after-implementation studies, where

“treatment” allocation and other potential confoungdfactors are not controlled (28).

The result of the Cochrane review demonstratesctieging hospital antibiotic use is a challenge of
paramount complexity. Many determinants as culfwahtextual, and behavioral aspects, can affect
antibiotic use in hospitals (33,34). To improve gbians' antimicrobial practice, it is important to
identify barriers to and facilitators of guideliaeherence (39). Cortoos et al demonstrated thfit sta
members are influenced by previous routine andtéabihile residents are guided by external
influences such as how much control they experie@g both groups of physicians different
approaches to improving antimicrobial use may heeggary.

It seems obvious that education on antimicrobieWwardship is likely to be more successful when
started at the time knowledge; attitude and bemafiprofessionals are being shaped (40). Thdtds t
reason why education on prudent antibiotic presugibshould also be an important part of

undergraduate medical/professional curriculum (40).

Successful antimicrobial stewardship programs ohelwall the elements of successful quality
improvement programs and measuring the effectigonéprogram activities is a key component. In
an ASP, this usually includes measuring antimi@bbse, auditing the quality of prescribing, and
monitoring process and outcome indicators. Thisrmftion can then be used to provide feedback to
prescribers, and inform the AMT and drug and theuips committee of the effect of stewardship

initiatives on antimicrobial use and resistancegoas (41).

Controlling for confounding can be a special prabfer studies of antimicrobial stewardship because
while antimicrobial use is a major factor that detimes antimicrobial resistance, it is not the only
factor. Other factors can be changes in patientogeaphic profile, changes in patient case mix or

changes in infection control measures or theimisitg (33).

In general, hospitals need to make choices anddosfon a limited bundle of measures that are

feasible and likely to be implemented rather traaléborate an expanded set of measures.
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7. Research aims and overview of the different chapter
The first aim of this research was to develop iafttics for evaluating antimicrobial stewardship
programs in a hospital setting (Chapter 2 and B 3econd aim was to evaluate components of an

antimicrobial stewardship program in a hospitatisgt(Chapter 3,4,5,7).

Indicators for evaluating antimicrobial stewardship programs in a hospital setting
After a general introduction in Chaptervie describe the development of quality of caredattirs

towards antimicrobial stewardship programs (Chaptand 3).

In chapter 2, a prospective multicenter feasibiitydy of a quality of care indicator for intraveisdo
oral switch therapy with highly bioavailable antibcs was performed ifive university hospitals in

Austria, Belgium and Germany.

Research question:
* Is it feasible to implement a quality of care iratiar for intravenous to oral switch therapy with
highly bioavailable antibiotics?

» Is there heterogeneity of the performance gap derisig intravenous to oral switch therapy|in

five European hospitals?

Chapter 3 describes the development and validatfopotential structure indicators for evaluating

antimicrobial stewardship programmes in Europeapitals.

Research question:

* Which structure indicators for hospital antimicrabstewardship programmes could be used
according different professionals (infectious deseapecialists, clinical microbiologists, hospital
pharmacists, and quality and health care sciepfisis four countries?

e Is it feasible to implement the selected indicatnrsleven European hospitals?

» Is there a heterogeneity among participating centgdth regard to their score for structural

components?

Components of an antimicrobial stewardship programin a hospital setting

In chapter 4, the results of a survey of beta-factantibiotics and vancomycin dosing strategies on
intensive care units and general wards in Belgiasphals are described. Optimization of

antimicrobial dosing based on pharmacokinetic amatmpacodynamic characteristics of the drug is a
part of an antimicrobial stewardship program. Tusvey not only describes the implementation of
prolonged and continuous infusions in Belgian hiadpibut also reveals the pitfalls in implementing

such dosing regimens.
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Research question:
* Which beta-lactam antibiotics and vancomycin dostrgtegies are recommended in intensive
care units and general wards in Belgian hospitals.

* What are the pitfalls to consider by implementirgeaded or continuous antibiotic infusions?

In chapterb, the time to the first antibiotic administratiorr fadult patients admitted to the emergency
department was assessed before and after the implation of corrective interventions. The time to
first antibiotic dose was evaluated as it can besictered as a marker of optimal care in patients
treated with antimicrobials for an infection. Fast@redicting delays in time to first antibiotic s#o

were evaluated.

Research question:
* What is the time to first antibiotic dose (TFAD)rfadult patients admitted to the emergency
department in a tertiary hospital?

e What is the impact of an intervention to optimike TFAD?

Chapter 6, presents the implementation of guidelfoe sequential therapy with fluoroquinolones in a
Belgian hospital. One can presume that one ofithplest cost-savings stewardship initiatives is the
recommendation to switch select antimicrobials fintravenous-to-oral therapy. This study describes

the results of three different interventions origratoutcome and on fluoroquinolone consumption.

Research question:
e  Which interventions can be used to promote intrausrto-oral therapy switch with
fluoroquinolones in a tertiary hospital?

* What is the impact on the antibiotic treatment eodsumption?

Chapter 7, describes the type and acceptance fatgeoventions provided by a multidisciplinary
infectious diseases team (MIT) in a tertiary hadpiProspective audit with persuasive intervention,

i.e. intervention and feedback, is considered @@a antimicrobial stewardship strategy.

Research question:
* Which recommendations are made by a multidiscipfimaection team in a tertiary hospital?

* What is the acceptance rate of the interventions?
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CHAPTER 2: PROSPECTIVE MULTICENTER FEASIBILITY

STUDY OF A QUALITY OF CARE INDICATOR FOR

INTRAVENOUS TO ORAL SWITCH THERAPY WITH

HIGHLY BIOAVAILABLE ANTIBIOTICS
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Prospective multicenter feasibility study of a quaty of care indicator for intravenous to oral

switch therapy with highly bioavailable antibiotics

F. M. Buyle, S. Metz-Gercek, R. Mechtler, W. V. KerH. Robays, D. Vogelaers and M. J.
Struelens on behalf of the Members of the Antibi@trategy International (ABS) Quality Indicators

Team
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Abstract

Background

Enhanced oral (po) bioavailability of antimicrobidiugs allows conversion to po therapy once
a patient meets defined clinical criteria. This caduce length of hospital stay, healthcare casts a

risk of complications related to intravenous (ietass. We developed a quality indicator for assgssi

the appropriate iv-to- po switch of bioavailabletiliotics and evaluated its feasibility and clidica

relevance across acute healthcare systems.

Methods

The study was designed as a multicenter, multinatimbservational audit. The indicator was
the proportion of inappropriate iv treatments ay gqooint in time in adult patients treated with
fluoroquinolones, clindamycin, linezolid or metrdaizole. Treatments were prospectively evaluated
by a trained physician or clinical pharmacist usprgdefined clinical criteria. The feasibility diet
indicator was evaluated by measuring data avaitgbiflata collection workload and sensitivity to

improvement

Results

Data were collected over a 3 month period in fiveversity hospitals in Austria, Belgium and
Germany and iv treatment was assessed in 211 fmatiBne indicator was measurable in 99.1% of
cases. By intention to- treat analysis, 37.0% (95p80.5-43.9) of treatments were inappropriate,
ranging from 17.5% to 53.8% across hospitals. Tleelian time needed for case assessment and

documentation was 29 min.
Conclusions

This quality indicator was found to be generallyadible in hospitals across three European

countries, and informative about the local neectfimical quality improvement.
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Introduction

The project ‘ABS International—Implementing antitiostrategies for appropriate use of antibiotics
in hospitals in member states of the European Urom-financed by the European Commission)
started in September 2006. The objectives wereet@ldp and evaluate the feasibility of quality

indicators for hospital antibiotic use.

Quality indicators can be defined as ‘a measurabpect of care provided for which there is evidence
and/or consensus that it represents quality orgtbends of scientific research or consensus among
experts’'(1). As part of the ABS project, qualitglicators of antimicrobial therapy were developed by

expert consensus and evaluated in an internatsamaple of acute care hospitals.

Antimicrobial stewardship programmes promote therapriate use of antimicrobials by selecting the
appropriate drug, dose, duration and route of adtnation (2). High oral (po) bioavailability of

antimicrobial drugs, like fluoroquinolones, linezblmetronidazole, clindamycin, fluconazole and
voriconazole, allows conversion to po therapy oagqmtient meets defined clinical criteria. This can
result in reduced length of hospital stay, healthic@osts, potential complications due to
intravenous (iv) access and a lower work burdennfmsing staff. Many studies show a significant

delay in switching from iv to po antibiotic theragiter criteria for the po route are met (3-9).

By considering the evidence relating to iv-to-pateky an indicator for measuring the performance of

hospitals was tested.

Methods

The objective of this multicentre, multinationaloppective observational audit was to evaluate the
feasibility and clinical relevance of measuringiagicator of appropriate iv use of highly bioavaik
antibiotics in acute care hospitals across Euromemamtries. The indicator rate (%) was calculated
using the following formula: the number of patienith inappropriate fluoroquinolone, clindamycin,
linezolid or metronidazole treatment by iv routeided by the number of patients treated with iv

fluoroquinolones, clindamycin, linezolid or metrdazole multiplied by 100.

Data were collected from 1 February 2008 to 30 IAREO8 in five university hospitals: two in
Austria, two in Belgium and one in Germany. Treaiteein inpatients (>18 years) were identified
based on daily review of prescriptions. The appedeness of the iv administration route was
evaluated by a physician or pharmacist trainediactious diseases and antibiotic stewardship. The
following criteria were used to define the inappiag iv route: body temperature <38°C during

the previous 24h, decreasing or normal blood legteocount, absence of unexplained tachycardia,
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functional gastrointestinal tract (patient is abdeeat or has a functional gastric feeding tube), n

vomiting, no diarrhea and no severe sepsis.

Consecutive cases were audited until 40 treatn@mses were included or the study completion date
was reached. Data collected were patient's age gedder, infection type, antimicrobial
treatment, indication and type of care (medicatgisal or intensive care) using a standardized case
record paper form (CRF). The feasibility of theiogador was evaluated by measuring data availability
(%), data collection workload (min/case) and baselate of the indicator (% inappropriate caree Th
minimum value of 80% cases with available data wasdefined as the threshold of general
feasibility. The average time spent by the datesss per assessed case for collecting and regewin
the data, and filling the CRF was used as the waiklparameter. The baseline indicator rate,
expressed as the proportion of cases with nonadbete recommended practice, reflects the
‘performance gap’ or sensitivity to improvement ihme process of care by antimicrobial
stewardship interventions. No pre-set value wafgaed to this endpoint as the performance level
achieved was expected to vary by hospital accorttimgevious or ongoing local quality intervention

programmes.

Case-mix stability of the indicator was explored tymparing indicator rates by type of care,
infection, age group, antibiotic used, gender aralability of an iv-to-po switch improvement

programme in the previous 2 years.

The protocol was approved by the Ethics Committeke$&hent University Hospital and Erasme

University Hospital. Ethics Committee approvallie fparticipating German hospital was available for
general hospital wide antibiotic prescription poiprevalence surveys covering the present
investigation. The Austrian Ethics Committee did see the necessity for an ethics review as actual
patient treatment was not part of the project amdonly dealt with retrospective and anonymous

data collection.

Each investigator completed a questionnaire inolgidthe implementation of an improvement

programme for iv-to-po switch in the previous 2ngea

Data were analysed using the PASW.v18 softwaregueckSPSS Inc., Chicago, IL, USA). Ttfaest
was used to assess differences in inappropriatehgsescribing and was performed with two-sided
probability of type 1 error at a significance lewélP=0.05. A logistic regression model was built to

identify factors associated with the inappropriatmof prescribing.
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Results

The size of the five participating hospitals rangeen 835 to 1600 beds. Infectious disease spstsali
(n=4), microbiologists (n=3) and pharmacists (n»&ye involved in data collection. Two hundred
and eleven patients with an iv treatment with foguinolones, clindamycin, linezolid or
metronidazole were included in the study (Table Fgur hospitals collected data on 40 treatment
courses and one on 51 courses. The mean age phtients was 59 years and 56% were female.
Respectively, 45.9%, 31.2% and 20.8% of the paiemtre admitted to a surgical, medical and
intensive care ward. The most frequent site ofdid@ was the respiratory tract (24.6%), followsd b
skin, soft tissue, bone or joint (22.7%), urinanygenital tract (18.0%) and intra-abdominal cavity
(17.0%). Fluoroquinolones were the most frequeadministered drug class.

Table 1. Percentage inappropriate IV antibiotic treatments by indication, type of care,

antibiotics used, participating center and the avdability of an iv-po improvement program.

Number of treatments  Number of inappropriote  Percentage of inappropriate

(%) (N=211) treatments iv treatments P value
Indication
skin, soft tissue, bone or joint infection 48 (22.7) 33 68.8 <0.001
respiratory tract infection 52 (24.6) 20 38.5
urinary/genital troct infection 38 (18.00 14 36.8
intra-obdominal infection 36 (17.00 7 19.4
other/unknown 19 (9.00 2 10.5
treatments 1 day before a planned operation 18 (8.5) 2 11.1
Type of care®”
surgical care 97 i45.9) 36 371 0.007
medical care 66 (31.2) 32 &£8.5
intensive care 44 (20.8) 8 18.
Antibiotics”
fluorequinclones 89 (42.1) 28 315 0.008
metronidazole 55 (26.00 16 29.1
clindarmycin 37 (17.5) 23 62.2
combinations 19 (9.0} & 31.6
linezolid 8(3.7) 5 62.5
Fartidipating centre
A 40 (18.9) 18 45.0 0.001
B 40 (18.9) 21 538
€ 40 (18.9) 7 17.5
D 51 (24.2) 12 23,
E 40 (18.9) 207 51.3
Auailability of an improvernent pragramme for iv-to-po
switch during the last 2 years®
yes (two hospitals) 91 (43.1) 19 209 0.001
no (three hospitals) 118 (55.9) 59 50.0

24 not documented:3 not documented:1 not documented:1 not documented:2 not documented

In two hospitals one treatment could not be evallibecause of missing data, resulting in avaitgbili
for this indicator of 99.1%. The median time neettedssess the case and fill in the CRF was 29 min
(range 20-37 min).
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The intention-to-treat analysis showed that 37.096% CIl 30.5-43.9) of the patients were

inappropriately treated with iv antibiotics.

The reasons for inappropriate iv administrationesére ability to eat (90%) and the availabilityeof
functioning gastric feeding tube (10%). Among patsewho were appropriately receiving iv therapy,
a non-functioning gastrointestinal tract (24.6%)akility to swallow (23.7%), vomiting (17.5%),
diarrhoea (13.2%) or severe sepsis (5.3%) rendeseehteral administration necessary. Appropriate
iv therapy was given to 15.8% of the patients based written medical order to switch to po therapy

the next day.

Comparing inappropriateness by indication, the datlir rate ranged from 11.1% inappropriate
treatments 1 day before a planned operation td&68x8 skin, soft tissue, bone or joint infectior<(P
0.001). The highest proportion of inappropriatéherapy was found in the medical wards (48.5%),
followed by surgical (37.1%) and intensive care.2¥8) wards (P=0.007).

The percentage of inappropriate iv treatments lyreeanged from 17.5% to 53.8% (P=0.001). The
average proportion of inappropriate iv administnativas 20.9% in the hospitals (C and D) with an

improvement programme versus 50.0% in the othegpitads (P=0.001).

After adjusting for type of care and type of infent absence of an iv-to-po switch programme was
associated with more inappropriate prescribing @F; 95% CI 3.02-15.23; P<0.001). Age group
(P=0.442) and gender (P=0.131) were not signiflgaertated to inappropriateness of prescribing.

Discussion

This study evaluated the feasibility and clinicaéfulness of an iv-to-po switch indicator in fiveute
care hospitals from three European countries. ltapdy, two participants reported that, in the 2nge
preceding the study, local quality improvement paogmes were in place to improve the process

of care under study. Therefore, the results obskeaeenot reflect ‘baseline’ practice.

More than 99% of the required data proved availalshéch is higher than the pre-set threshold value
of 80%. On average, the workload required for ctiltgy, reviewing the data and filling the CRF was
29 min per assessed case. Significant inter-hdspitation suggests that the efficiency of data
extraction depends on the quality and accessibitify clinical and pharmacy data sources.
Opportunities for automated data extraction froompoterized patient records should enhance the

efficiency of monitoring such indicators (10).
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The indicator revealed a substantial heterogerditthe performance gap, with a range of 17.5%—
53.8% of antibiotic iv administrations consideredoidable. Hospitals with an iv-to-po switch
improvement programme scored significantly betoerthis indicator, although this study did not aim
to test this hypothesis. This indicator suggesbstntial sensitivity to improvement in this samepte
hospitals and may be selected as the target faf tpeality improvement efforts. The iv-to-po switch
improvement programme in the two hospitals condiefeyearly educational letters, poster campaigns

and support by clinical pharmacists and infectidisease physicians.

For this indicator, results can preferably be regmbiby type of care and type of infection, as these
characteristics were associated with significafitedinces in the rate of appropriate use. Medical
patients were more often inappropriately treatedompared with surgical patients. Skin, soft tigsue
bone or joint infection had the highest proport@ninappropriate iv treatments, which could reflect
physicians’ reluctance to treat this type of inf@ctpo. For bone and joint infection it is importan
emphasize that in the acute phase of the illneshdrapy is the standard administration route. The
high proportion of inappropriate iv treatments tenexplained by the limited evidence that suggests
that the route of administration does not affeet thte of disease remission in the treatment of
acute osteomyelitis (11,12). Each center used radatdized CRF to collect the data. As skin, soft
tissue, bone or joint infections were grouped as type of infection it was not possible to specify
retrospectively which patients were treated foroaebor joint infection, which is a limitation ofigh

study.

It is important to mention that fluoroquinolonesdavoriconazole administered by a gastric feeding
tube should not be given simultaneously with emtézading. A common practice is to withhold

enteral feeding for at least 1 h before and 2 ér dlitoroquinolone and voriconazole dosing (13).

In conclusion, the results of this study indicatattthe ABS iv-to-po quality indicator is widely
applicable to acute care hospitals. Hospital amtithimanagement teams can consider adopting it as a

tool to evaluate compliance with iv-to-po switchidglines.
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Abstract
This study describes the development of strucnateators for hospital antimicrobial stewardship

programmes and pilot validation across Europeapitads.

A multidisciplinary panel from four European couesr developed structure indicators in three steps:
identification and listing of indicators, remotenking of indicators using multi-criteria scoring,
selection of indicators in a face-to-face consemsesting. Additionally, the top-ten indicators were
identified as a minimal set of key indicators. Angy was sent to the directors of antimicrobial
stewardship programmes in European hospitals. Tes/ng answers for the indicators were

transformed into numbers in order to calculatetth® scores.

A list of 58 indicators was selected and categdrineo the following topics: antimicrobial
stewardship services (12 items), tools (16 itefmginan resources and mandate (6 items), health care
personnel development (4 items), basic diagnostialilities (6 items), microbiological rapid te§s
items), evaluation of microbiological drug resistardata (3 items), antibiotic consumption contBol (

items) and drug use monitoring (4 items).

The indicator scores, reported by 11 pilot hospifedm five European countries, ranged from 32 to
50 (maximum score=58) and from 5 to 10 points (mmaxn score= 10) for, respectively, the complete
and the top-ten list. An international panel seddd@8 potential structure indicators, among whiels w

a minimal set of ten key structure indicators, tladuld be useful for assessment of the

comprehensiveness and resource-intensity of anbhial stewardship programmes.

There was significant heterogeneity among particigacentres with regard to their score for

structural components of effective antimicrobiavsardship.
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Background

The increasing incidence of antibiotic resistanepresents a serious worldwide problem. In
November 2001, the European Council adopted a nemgrdation on the prudent use of antimicrobial
agents in human medicine (2002/77/EC), with a foauws the surveillance of antimicrobial
resistance, surveillance of antimicrobial use, rdnd preventive measures, education and training

and research [1].

The project proposal “Implementing antibiotic stigies (ABS) for appropriate use of antibiotics in
hospitals in member states of the European Union-S-ABternational” was presented to the EU
Commission in 2005. The project started in Septemd@06 and was implemented in nine
Member States of the EU: Austria, Germany, Belgidtaly, Poland, Hungary, Czech Republic,

Slovenia and Slovakia [2, 3].

As part of the project, structure and process aidis for evaluating activities of antimicrobial
stewardship committees were developed in orderdwigie antimicrobial stewardship committees or
antimicrobial management teams (AMTSs) with quadissessment tools for evaluating their activities
[4]. Structural indicators describe the organisaiod resources as well as communication and
evaluation tools available at the hospital level fimplementing a multi-modal, multi-disciplinary
antibiotic stewardship programme [5-7]. These iatlics should focus on the appropriateness of
antimicrobial drug prescribing and administratiorhospital care, with reference to national stadslar
and international, national or local practice giirdes. In addition to optimising individual patiecere
outcome, the quality objective for antibiotic usealso an important ecological dimension, namely, t
minimise the risk of antibacterial resistance d&ecand spread associated with individual and

population antibiotic exposure.

Finally, in a general setting of budgetary limitgus, the efficient use of financial and human reses:
should also be considered in recommending anywatgions to modify or monitor antimicrobial drug
use. Antibacterial drugs are among the most frefpieadministered drugs in hospital care and a

significant driver of drug acquisition, administoat and bio-monitoring costs.

This study describes the development of structmdicators for antimicrobial stewardship and
antibiotic use in a hospital setting by a multitoaél expert panel. Furthermore, it reports on the
results of a validation survey based on the saledtmdicators across a pilot sample of

European hospitals.
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Methodology

Development of structure indicators

A multi-disciplinary team composed of five infeai®disease specialists, two clinical microbiolagist
three hospital pharmacists and three quality ofltheeare experts from four countries (Austria,
Germany, Belgium, USA) developed and selected strecndicators on hospital organisation and
resources, as well as drug use. This team was @®@dpmn an ad hoc basis with experts participating
in the ABS International project. The developmeinstoucture indicators was achieved in three steps.
In the first step, candidate quality indicators evédentified based on the scientific literature and
structured list was compiled by all team membefse $econd step was to score and rank the listed
quality indicators using multi-criteria scoring leds on their perceived scientific value and
applicability. Finally, quality indicators were seted by consensus during a general discussion in a

face-to-face meeting.

The identification of potential quality indicatorgas based on effective interventions and programme
components identified in recent reviews of the rditere, quality indicators as proposed in
national/international guidelines and standardswel as ABS/BAPCOC (The Belgian Antibiotic
Policy Coordination Committee) questionnaires usedustria and Belgium for auditing the quality

of antibiotic stewardship programmes [8-16].

Multi-criteria decision analysis was used to scanel rank the quality indicators based on scientific
value and applicability. Multi-criteria decision @wsis is a procedure aimed at supporting decision
makers who need to assess a number of optionssagaitentially conflicting criteria, combining

those evaluations into an overall evaluation dcdtreé value through a transparent and traceable

process. It provides a clear audit trail for repaythe decision-making process.

The methodology for scoring and ranking the po#gmuality indicators was adapted from the

procedure described by Schouten et al. [17]. Adiscussion in the consensus group, two sets of
criteria were agreed upon; a first set of foureci#t was used for ranking the potential value of
all proposed indicators and a second set of twer@iwas scored to assess the assumed appligabilit

across health care centres in Europe.

For both sets of criteria, a scoring scale of &v@st value) to 5 (maximum value) was used for sgpri
by each of the 13 team members to remotely andperttiently assess each proposed quality
indicator; the sum of rates for each criterion jled the final mean score (maximum of 20 for value
ranking) for each quality indicator. This rankirgpse was used to prioritise the options in descendi

order within the structure indicators. The appliigbscore was used during a group discussion to
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decide upon suitability for inclusion in the fieldlidation phase. Scoring criteria for ranking scor
was based on clinical relevance, ecological releeaneconomic relevance and scientific
validity (Table 1).

Table 1. Scoring criteria for ranking and applicallity score

Scoring criteria for ranking

Clinical relevance: Is the quality indicator likely predict a health benefit for the patient and if
so, how big a benefit to expect?

Ecological Is the quality indicator likely to predict an effean reducing/minimising the

relevance: development of antibiotic resistance, and if so lhigva benefit to expect?

Economic relevance Is the quality indicator likely to predict more iefént use of hospital care
resources, including drug acquisition, delivery amzhitoring costs?

Scientific validity: What is the strength and volenof scientific evidence from published
studies linking the quality indicator to either @alth benefit or ecological
benefit for reducing resistance or improved coftativeness of care?

Criteria for applicability score

Generalisability: How widely applicable is the qualindicator across hospitals and
healthcare systems?

Assumed feasibility] How easy will be the data collection for measurthg quality indicatof
from routinely available administrative and clificacords?

Previous systematic reviews, evidence-based goeeknd meta-analyses were used as the main
sources for ranking this dimension. Scoring crtefor calculating the applicability score were
generalisability and assumed feasibility basedhenetxpert experience (Table 1). Finally, a consensu
meeting was organised to discuss the ranking sesmitl select the quality indicators. Additionally,
based on the highest score for ranking and applityalthe top ten indicators were identified a€th

minimal set of key structure indicators.

Structured questionnaire survey

To pilot the feasibility and validate the discriratory power of the selected indicators, a struckure
guestionnaire survey comprising hospital infornmaflbospital affiliation, number of beds, number of
intensive care unit (ICU) beds] and questions toresdndicators was developed. The survey was
administered by email (April 2008) to the directdithe antimicrobial stewardship programme in 11
volunteer acute care hospitals participating inABS project: five in Austria, two in Belgium, orire

the Czech Republic, two in Germany and one in Si@avelhe respondents could send back the filled
in questionnaire by email or post to a central dataager. For further analysis, the yes/no answers
for the indicators were transformed into numbersormder to calculate the total scores for each
dimension of structure. One point was given indhse of a “yes” answer and zero points in the case
of a “no” answer. This calculation was made forhbibte extensive list of structure indicators arel th

top-ten key indicators
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Results

Development of indicators

A list of 74 potential quality indicators was id#igd based on a literature review and nationaligua
indicators implemented in the countries participgtiin the project. Each indicator was scored,
resulting in a ranking and applicability score. Twores were used during the consensus meeting to

select and clarify the final indicators.

Based on the initial list of 74 structure indicatoand after screening for redundancy, a finallisi8
indicators were selected and categorised in thewolg topics: antimicrobial stewardship services
(n=12), tools (n=16), human resources and manaet&)( health care personnel development (n=4),
basic diagnostic capabilities (n=6), microbiologicarapid tests (n=2), evaluation of
microbiological data on antibiotic resistance (n=a)tibiotic consumption control (n=5) and drug use
monitoring (n=4) (Table 2). The top-ten structunelicators with the highest score for ranking and
applicability are identified with an asterisk (*hdwere considered to be key elements of an effecti

antibiotic stewardship programme.

Validation survey

Eleven hospitals, including seven university anar fgeneral hospitals, participated in the pilotdgtu
The size of the hospitals ranged from 280 to 2{3&#s, with the number of ICU beds ranging from 9
to 132.

As shown in Table 3, the total score of individumlspitals ranged from 32 to 50 points. The
maximum possible score of 58 was not reached byhaspital. When only the ten indicators of key
elements of an effective antibiotic stewardshipgpgonme were listed for the hospitals, the score

ranged from 5 to 10 points (maximum possible scbdg=
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Discussion

An extensive list of 58 potential structure qualitdicators was selected as being useful for the
assessment of the comprehensiveness and resotensityn of antibiotic stewardship programmes.
The extensive list offers hospitals a tool to chegase and evaluate the activities and resourtes o
the local programme. As we were aware that indisatught to be few and simple to be used in
practice, we have identified a set of ten key iattics as recommended for monitoring the effective
deployment of antimicrobial stewardship programniesacute care hospitals. The top-ten key
structure indicators focus on the availability afantibiotic formulary and guidelines for the pr&ien

of a formal mandate for a multi-disciplinary AMT gh would be able to deliver bedside antibiotic
advice, educate prescribers and audit complianad Vacal clinical guidelines. To strengthen
the AMT decisions, one of the team members sholgdd be present on the drugs and therapeutics

committee.

One can presume that the selected indicators sedra already implemented in most hospitals, but
the literature shows the opposite. A survey in 820Bean hospitals showed that 52 % of the hospitals
had no antibiotic committee and 23 % had no artiibiformulary [18]. A survey of infectious
diseases physician members of the Infectious Dése&ociety of America Emerging Infections
Network (IDSA EIN) revealed that 27 % of respondeamported that their institutions did not have or
were not planning an antibiotic stewardship progremnLack of funding and lack of personnel were
reported as major barriers to implement a programme recent Policy Statement on
Antimicrobial Stewardship by the Society for Healihe Epidemiology of America (SHEA), the
IDSA and the Pediatric Infectious Diseases Soci€¢BIDS) outlines recommendations for
the mandatory implementation of antimicrobial stelghip throughout health care, suggests process
and outcome measures to monitor these interventams addresses deficiencies in education [19].
Another survey in Belgium demonstrated a well-depet structure of AMTSs in hospitals and a broad
range of services provided [16]. The Belgian exgreseé showed that the mandatory implementation of
antimicrobial stewardship programmes in hospitald the yearly mandatory review of structure
indicators was the key to the extensive implemeriabf antimicrobial stewardship programmes
across the national hospital care system. AlsoSitatish Antimicrobial Prescribing Group (SAPG)
has demonstrated that the implementation of relyuleviewed national prescribing indicators,
acceptable to clinicians, implemented through rgulsystematic measurement, can drive

improvement in the quality of antibiotic use in k&dinical areas [20].

In this article, we describe the development oficttire indicators for assessing antimicrobial
stewardship programmes. The project “Implementimgp#otic strategies (ABS) for appropriate use of
antibiotics in hospitals in member states of theoBaan Union—ABS International” validated also

process indicators for evaluating surgical antibigtrophylaxis (indication, drug choice, timing
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and duration of administration) and process ingicatfor antibiotic therapy: (1) management of
community-acquired pneumonia (blood culture drafionella antigen tests and drug choice for
empirical treatment); (2) management SHphylococcus aureus bacteraemia (echocardiography,
IV catheter removal and duration of effective tipghaand (3) IV-PO switch for treatment with fully
bio-available antibiotics [4, 21, 22].

Less focus was given on outcome indicators whichewerceived to fall outside the scope of the
validation in the ABS feasibility study. Nathwarti &. noted that “measurement for improvement is
not focussed on judging whether data meet a cong®idhreshold or target but rather is a means of
determining whether the changes we make to imprave effective and to what degree”

[20]. Outcome indicators are, indeed, necessampaasure this. Recently, McGowan Jr et al. stated
that antimicrobial stewardship programmes are &@at®ut with desirable outcomes for clinical care

and cost reduction, but that less evidence exwtsréduction in antibiotic resistance as a result
of antimicrobial stewardship programmes and foirthesteffectiveness [23]. They also focussed on
the methodological problems in assessing outcomkish are barriers in developing evidence-based

outcome indicators.

Since the performance of the ABS study, other swudin indicators for assessing antimicrobial
stewardship programmes have been published. TheGS#d3 developed prescribing indicators for
hospital and primary care [24]. Improvement in ctiane with the indicators has been demonstrated
with resultant reductions irClostridium difficile infection rates. In 2007, New South Wale
Therapeutic Advisory Group (NSWTAG) developed adfgtrocess indicators to measure the quality
use of medicines (QUM) in Australian hospitals imll@boration with the NSW Clinical
Excellence Commission (CEC) [25]. As part of thedpean Commission concerted action Antibiotic
Resistance Prevention and Control (ARPAC) Projdata on antibiotic stewardship were collected
and relationships investigated by antibiotic congtiom in European hospitals using antibiotic
stewardship indicators with focus on the structaesign and content of written hospital antibiotic
policies and formularies [18]. Policiesand prassic relating to antibiotic stewardship
varied considerably across European hospitals. Mntember expert panel from Canada and the
United States defined five quality metrics for amtrobial stewardship programmes with focus on
process and outcome indicators from three domainsluding antimicrobial consumption,

antimicrobial resistance and clinical effectivengg.

Participants of the pilot validation survey had eleped a local antibiotic stewardship programme
with dedicated resources and provided a wide rafigelucation, evaluation and regulation tools for
local prescribers. In particular, 10 out of theckhtres had local multi-disciplinary practice guiiges

for antibiotic prophylaxis and therapy, and seventies had already performed clinical audit of ¢hes
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guidelines. There was significant heterogeneity rmgngarticipating centres with regard to their
scoring for structural components of effective laiotic stewardship, which ranged from 32 to 50 out
of the maximum score of 58. Hospitals with a lovgepre for the complete set of indicators also
performed poorly for the top-ten key indicatorse$@ findings confirm the results of the
previously mentioned surveys in Europe and UnitethteS revealing heterogeneity among
participating hospitals when considering the im@atation of antimicrobial stewardship programmes
[18, 27].

Our study has several limitations. The selectedcatdrs were developed by consensus of a multi-
disciplinary team of professionals (infectious dmse specialists, clinical microbiologists, hospital
pharmacists, and quality and health care scieptiftom four countries. Although this
composition reflects the range of expertise comsifleico be optimal for the composition of an
antibiotic policy group for hospital care, no atfgmvas made to extend its composition beyond the
ABS project group to represent all stakeholderg. (government authorities, policy makers, patient
platforms) in the field due to the timelines of thmject. Therefore, it only reflects the subjeetiv
opinion and knowledge of a selfselected group gleets. Here we can also mention that no indicator
in the dimension of microbiological rapid test fahieved high ranking which could be explained by
the low number of microbiologist participating teetstudy and the lack of evidence in literature. A
second limitation was the methodology used for ingothe scientific validity of quality indicators
based on the secondary literature and personalledge of the primary literature of the ABS
quality indicator team members. A third limitatioould be the use of multi-criteria decision analysi
to score and rank the quality indicators. Althodlgis methodology was recently also used by Rello et
al. for the development of a European care bundie tie prevention of ventilator-associated
pneumonia, most studies developing indicators imdmw medicine used a modified Delphi method
[26, 28]. Nevertheless, we can conclude that tiferdnt stages are more or less the same comparing
the multi-criteria decision analysis and the maifDelphi method like for instance used by Mortis e
al . Each expert scored each indicator in regatddahosen items (taken from the literature) ded t
next stage was to send the individual ranking scooeall experts. Everybody scored the indicators

again and, afterwards, there was discussion iexperts’ consensus group.

Benchmarking by comparisons between hospitals caranb important stimulus to quality

improvement [18, 29]. Variations may reflect remdaimportant variations in actual health care
quality, e.g. inappropriate antibiotic use, thatindurther investigation and action, but some
apparent variation may also arise because of atieeading factors. such as the lack of adjustment

for case-mix differences.
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We suggest that a selection among the potentiadtsiie indicators examined in this study, with focu

on the top-ten indicators proposed by the ABS fgonal group, could be used for regular
assessment of the extent and strength of hospitahiarobial stewardship programmes. This can
be done by administering questionnaire surveys omad#onal or international basis. These
organisational elements should be seen as pdredidspital patient safety and quality of careeyst

In order to operate, they should be adequatelysigg and empowered and funded by health
authorities and hospital management. Verificatidnthe actual implementation of these structure
indicators may be considered by national or rediom@alth authorities responsible for

hospital accreditation.

Conclusion

An international multi-disciplinary team developadd tested 58 potential structure indicators for
feasibility across health care settings, of whicmiaimal set of ten key structure indicators were
selected, that may be used for antibiotic stewapdstogramme monitoring and comparing efforts by
health institutions to improve antimicrobial prébarg quality. In this pilot survey in five
European countries, there was significant hetersigerwith both the extensive and key indicator

results among participating centres.
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Abstract

Extended and continuous infusions with betalactaib®tics have been suggested as a means of
pharmacokinetic and pharmacodynamic optimisatiorarttfmicrobial therapy. Vancomycin is also

frequently administered in continuous infusionhaltgh more for practical reasons.

A survey was undertaken to investigate the recondaigons by the local antibiotic management
teams (AMTSs) in Belgian acute hospitals concerrting administration (intermittent, extended or
continuous infusion) and therapeutic drug monirof four beta-lactam antibiotics (ceftazidime,
cefepime, piperacillin—tazobactam, meropenem) amacemycin for adult patients with a normal

kidney function.

A structured questionnaire survey comprising thdeenains was developed and approved by the
members of the Belgian Antibiotic Policy Coordimai Committee (BAPCOC). The questionnaire
was sent by e-mail to the official AMT correspontdenf 105 Belgian hospitals, followed by two

reminders.

The response rate was 32 %, with 94 %, 59 %, 1000% % and 100 % of the participating Belgian

hospitals using ceftazidime, cefepime, piperacilimzobactam, meropenem and vancomycin,
respectively. Comparing intensive care unit (ICUjthwnon-ICU wards showed a higher

implementation of extended or continuous infusifimsceftazidime (81 % vs. 41 %), cefepime (35 %
vs. 10 %), piperacillin—tazobactam (38 % vs. 12 ftgropenem (68 % vs. 35 %) and vancomycin (79
% vs. 44 %) on the ICU wards. A majority of the pitels recommended a loading dose prior to the
first dose. For vancomycin, the loading dose amdttbugh target concentration were too low based

on the current literature.

This survey shows that extended and continuoussios with beta-lactams and vancomycin are

widely implemented in Belgian hospitals.
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Introduction

Beta-lactam antibiotics and vancomycin are commasigd to treat severe infections. Beta-lactams
exhibit timedependent killing, with minimal or nergistent effects. The time during which the free
concentration remains above the minimum inhibitooypcentration (MIC) (fT >MIC) is their main
pharmacokinetic/pharmacodynamic (PK/PD) index dtafy. Vancomycin also has timedependent
killing, but shows moderate to prolonggeersistent effects, which makes the area under the

concentration— time curve (AUC)/MIC ratio its m&/PD index for efficacy]].

Time-dependent killing antibiotics would, theoretlg, benefit from continuous administration, and
animal as well as in vitro studies have shown impdoefficacy when using extended or continuous
infusions [I]. A systematic review concluded that the contirsi@dministration of beta-lactam
antibiotics is not associated with an improvemantlinical cure or in decreased mortality, but the
authors pointed out that the wide confidence irlsrvobserved in this analysis did not allow
excluding true differences between both forms ahiadstration p]. A systematic review focusing on
continuous versus intermittent infusion of vancomyshowed that continuous infusion is not
associated with differences in mortality but withsignificantly lesser risk of nephrotoxicitys][
Wysocki et al. also found that target concentraioere reached faster with continuous infusion and
that there was lesser variability in the AUC24huesl f].

In this context, a survey was undertaken in Belgiargain knowledge about which recommendations
were made by the local Antibiotic Management Tea($Ts) regarding dosing strategy

(intermittent, extended or continuous infusion) ahdrapeutic drug monitoring of four betalactam
antibiotics (ceftazidime, cefepime, piperacillinzddactam, meropenem) and vancomycin in adult

patients with a normal kidney function.

Methods

A structured questionnaire survey covering thremalos was developed: (1) hospital and contact
information; (2) a form for each antibiotic abobketdosing regimen, indications, use of therapeutic
drug monitoring (TDM), type of administration (refl clamp, volumetric pump, syringe pump) and
volume of infusion; (3) literature references dnatinformation on which these regimens were based.
The respondents could enter the AMT’s recommendsatior each antibiotic’s (intermittent, extended
or continuous infusion) unit doses (for intermittexdministration) and loading (if applicable) and
maintenance doses (for extended and continuousianfy type of patients involved (all patients,
intensive care patients, patients with a specifithpgen); therapeutic drug monitoring and the

corresponding target concentration(s).
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The study questionnaire was revised through pdsting and was approved by the Belgian Antibiotic
Policy Coordination Committee (BAPCOC]][ The questionnaire was sent by email to the iaffic

AMT correspondent of each involved Belgian hospitet105) on March 25th 2011, with reminders
on April 21st and May 9th 2011. The respondentsddceend back the questionnaire by e-mail or post.

Results

Thirty-four (32 %) responses were received, of W (79 %) were from general and 7 (21 %) were
from university hospitals. Ten (29 %) hospitalsioaded to have less than 300 beds, 13 (38 %) had
between 300 and 600, and 11 (32 %) had more th@nTéte numbers of intensive care unit (ICU)
beds ranged from 6 to 96. The questionnaires wemgpleted by medical specialists in infectiology,
pneumology or intensive care medicine (n=16), imichl microbiology (n=10) or by clinical
pharmacists (n=11) on behalf of the AMT.

The recommendations for the administration of laetalms and vancomycin are shown in Table

Ceftazidime, piperacillin—-tazobactam, meropenemwamtomycin were used in almost all hospitals.

Table 1. Recommendations for administration of foubetalactam antibiotics and vancomycin:

ICU versus non-ICU

Non ICU ICU
Intermittent Prolonged infusions | Combination Intermittent Prolonged Combination
infusions infusions infusions
N 11 (%) EC (%) | CI (%) 1/CI (%) 1 (%) EC (%) Cl%) 11/CI (%)

ceftazidime | 32 19 (59) 0 (0) 13 (41) 0 (0) 6 (19) 0(0) | 26(81) 0 (0)
cefepime 20 18 (90) 1(5) 1(5) 0 (0) 13 (65) 5)(26 2 (10) 0 (0)
piperacillin- | 34 30 (88) 4(12) 0 (0) 0 (0) 21 (62) 12(35) | 1(3) 0 (0)
tazobactam
meropenem 34 22 (65) 11 (32) 1(3) 0 (0) 11 (32) (63 1(3) 0 (0)
vancomycin | 34 19 (56) 0 (0) 12 (35) 3(9) 7 (20) 0(0) | 24(71) 3(9)

II: intermittent infusion; EC: extended infusiont: €ontinuous infusion

Considering the non-ICU wards, the main recommeodsitwere: (i) for ceftazidime: almost equal
distribution between intermittent administration @ntinuous infusion (no hospital used extended
infusion); (ii) for piperacillin—tazobactam and rmpenem: mainly by intermittent infusion and, if not
by extended infusion only (meropenem was used btiraoous infusion in one hospital only); (iii) for
cefepime: mainly by intermittent infusion and, ibtn by continuous infusion only; (iv) for
vancomycin: about two-thirds by intermittent infusiand one-third by continuous infusion. Moving

now to ICU wards, we see that: (i) continuous iidnsvas the predominant mode of administration
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for ceftazidime and vancomycin; (ii) extended indmswas most often recommended for meropenem
(four hospitals mentioning that it was for infecttowith multidrug-resistant pathogens; one hospital
recommended continuous infusion); (iii) intermitteadministration remained predominant for
cefepime and piperacillin-tazobactam, with extendatusion being the next most popular
recommendation (continuous infusion was also recentted by several hospitals for cefepime, but

by only one hospital for piperacillin—tazobactam).

The recommended dosing regimens for each modemingtration of each antibiotic are shown in
Table2.

Table 2. Recommended dosing regimens for intermitte,, prolonged and continuous infusions.

Intermittent Prolonged Continuous
ceftazidime 2 g q8h/30 min 2 g/30min loading dose + 6 g q24h/24h
cefepime 1 g g8h/30 min 2 g q8h/3h 2 g/30min loading dose + 2 g g8/8h
2 9 q8h/30 min 2 g/30min loading dose + 6 g q24/24h
piperacilline 4/0.5 g q8h/30 min 4/0.5 g q6h/3h 169/2g q24h/24h
tazobactam . . .
4/0.5 g q6h/30 min 4 g/0.5g /30min loading dos
+ 4/0.5 g g6h/3h
meropenem 0.5 g6h/30min 1gg8h/3h 1 g/30 min loading dose + 1 g g6h/6h
1 g q8h/30 min 1 g/30 min loading dose + 1 g
. . q8h/3h
1 9/30 min loading dose + 0.6
g g4h/30 min 2 ¢/30 min loading dose + 1 g
. q8h/3h
2 9 q8h/30 min
2 g q8h/3h
2 g/30 min loading dose +2 g
q8h/3h
vancomycin 15 mg/kg q12h/1h 15 mg/kg /2h loading dose + 30 mg/kg
g24h/24h
20 mg/kg g12h/1h
20 mg/kg /2h loading dose + 30 mg/kg
g24h/24h

For the intermittent administration of beta-lactartiee most recommended daily doses were rather
fixed for ceftazidime (6 g) and piperacillin—tazckam (12-16 g), but variable for cefepime (3t96 g
and meropenem (2 to 6 g). For prolonged infusidmggs limited to 3 h), similar daily doses as ie th
intermittent mode of administration were recommehdler cefepime, piperacillin-tazobactam and
meropenem, with a loading dose recommended onlytHerlatter two antibiotics. For continuous
infusion, a loading dose (usually corresponding the@ normal unit dose of an intermittent
administration) was recommended for ceftazidimémene and meropenem, but not for piperacillin—

tazobactam, while the maintenance dose corresporegesgntially, to the total daily dose of the
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intermittent administration mode. For vancomyche tdose recommended was 15 to 20 mg/kg for its
intermittent mode of administration and 30 mg/k@io24 h preceded by a loading dose corresponding

to what was recommended for intermittent adminigtnafor its continuous administration.

With respect to practical aspects of continuoussion administration of cefepime and meropenem,
one hospital prepared syringes with 2 g of cefegnaee administered over an 8-h period, but another
hospital prepared syringes with 6 g cefepime fa aser 24 h, whereas meropenem was usually

prepared in a syringe containing 1 g of antibicdi®e administered over 6 h.

Concerning monitoring, all hospitals assayed van@im recommending trough serum levels
between 5 and 20 mg/L for intermittent administmatend stable serum levels between 15 and 25
mg/L (two hospitals) and 20-30 mg/L (19 hospitdis) continuous infusion. One hospital was
measuring the serum concentrations of meropenem.

Most of the participants did not provide data conitey the devices used for administration or
infusion volumes. One hospital, however, mentioaeswitch from an extended to an intermittent
(loading dose of 1 g followed by 500 mg g6h) merae infusion after the observation of 40 % loss
of the antibiotic dose due to line dead sp&cé&]|

The hospitals based their recommendations on trentsc literature (65%), an opinion leader
(59%), information from a university hospital (53%he “Sanford guide to antimicrobial therapy”
(35%) or summaries of product characteristics (Se)R&%) B—10].

Discussion

To our knowledge, this survey represents the éttempt to describe the implementation of extended
and continuous infusions in hospitals at a natioeatl in Europe. The adoption of continuous and
extended infusion regimens for beta-lactams wasigr and largely depended on the antibiotic, but i
is remarkable that the implementation of these mardeadministration was between 10 % and 44 %
for the non-ICU wards and between 35 % and 81 %h@iCU wards. These modes of administration
can, therefore, no longer be ignored. Actually,tcarous infusion is included as an accepted mode of
administration for both ceftazidime and vancomytinthe SmPCs of the corresponding branded
products in Belgium (Glazidim® and Vancocin®), aslwas in the Belgian edition of the “Sanford
guide to antimicrobial therapy'8f10]. The higher level of adoption in ICUs is consigtavith the
literature, suggesting that prolonged beta-lactafusions are advantageous for infections with more
resistant pathogens, in critically ill and immunogiyomised patients, and in patients with unreliable

pharmacokineticsifl].
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A loading dose prior to the initiation of the extie or continuous infusion is essential to shotten
time needed for obtaining a steady-state concémtratt the targeted levell?, 13]. This was not
always recommended for betalactams, which is mo$briunate, because a simple but effective
approach is simply to use the normal initial doseommended for intermittent dosing. Studies have
stressed the importance of using a sufficientlygdatoading dose of vancomycin when using
continuous infusion to avoid insufficiént drug centrations in the early phase of therafiy-{16].
Even for the intermittent mode of administratidme infectious Diseases Society of America (IDSA)
consensus recommendations suggest a loading dadg-80 mg/ kg in order to rapidly reach the
desired target serum concentratiai][ Of note, this loading dose should be administereer at least

1 h (or even 2 h if the dose is 2 g) to avoid @ ‘m@an” syndrome. This was taken into account by all
hospitals recommending continuous infusion, but rgt those recommending intermittent

administration.

Serum concentrations for beta-lactam antibioticeewmt measured (except in one hospital). A recent
study shows that standard dosing regimens for agilén—tazobactam, ceftazidime and cefepime may
lead to serum concentrations insufficient to coless susceptible pathogens in the early phase of
severe sepsis and septic shotg].[But optimal targets for beta-lactam therapy rim@ontroversial
[19]. Low trough drug concentrations in critically latients seem to be associated with increased
renal clearance, suggesting that TDM could be U$efuhis type of patient]0]. For vancomycin, the
trough serum levels (5-20 mg/L) recommended byptiréicipating hospitals are too low to achieve
an AUC/MIC ratio 0of>400 in most patients if the MIC of vancomycin fbettarget organism isl
mg/L [17]. For continuous infusion, optimal serum levels Bss clearly defined, with targets of 15—
20, 20-25 and 25-30 mg/L mentioned in the liteefdy 17, 21, 22]. These should cover organisms
with a vancomycin MIC up to 1 and 2 mg/ L for tloevest and largest targets, respectively. Should
organisms with a vancomycin MIC > 2 mg/L become@rent [these organisms should be reported as
resistant according to the European Committee otmAerobial Susceptibility Testing (EUCAST)
interpretative criteria], we may face a severetttnon in our therapeutic approach with this awtiioi,
because stable concentrations > 28 mg/L (needebtton a satisfactory AUC/MIC ratio) have been
associated with a significant increase in renaictox[23]. Nevertheless, a meta-analysis shows that
continuous vancomycin infusion is associated withsignificantly lower risk of drug-related
nephrotoxicity compared with intermittent infusiomsth the same daily dose8]] As there is a
tendency to use higher vancomycin dosages, it itant to determine their impact on drug-related
toxicity [24, 25].

Antibiotic stability and incompatibility with othemdrugs are important considerations in the
implementation of prolonged infusions. Piperacitizobactam, ceftazidime and vancomycin are

stable for at least 24 h at 25 °C, but concerdratdutions of cefepime quickly change in colo2@][
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and meropenem is unstablg7] 28]. Several drugs incompatibilities have been désdiP].
Vancomycin is incompatible with all beta-lactamsidaboth beta-lactams and vancomycin are
incompatible with propofolq]. In ICU wards, the problem can easily be avojdesi most patients
have multiple-lumen catheters, but this may notHeecase in non-ICU wards, where most patients

have single-lumen catheters.

A first limitation of the study is the low responsse (32 %), which questions the generalisabdity
our conclusions. However, all hospital types, basethe number of beds and academic profile, were
represented. A second limitation is that no validoimation was obtained on the mode of
administration or infusion volume. Implementing lpreged infusions can have important practical
implications, such as the availability of syringenps, multi-lumen catheters (to avoid direct drug

interferences) and appropriate control of the arhotiantibiotic effectively delivered.

It is clear that the Belgian AMTs are in favour mfolonged infusions. However, there is much
variation in the recommended dosing regimens, éslbedor meropenem, which reflects the
variability in the literature data (Tablg). It is important to emphasise that AMTs have the
responsibilities to support their recommendations €ontinuous and/or extended infusions of
antibiotics with  clear guidelines for appropriageiministration (doses, schedules, stability,
incompatibility) to allow their safe and easy implentation by physicians, nurses and clinical

pharmacists.

Conclusion

This survey showed that extended and continuoussiiorh of ceftazidime, cefepime, piperacillin—
tazobactam, meropenem and vancomycin are widellemmgnted in Belgian hospitals. For intensive
care unit (ICU) wards, a majority of the hospiteécommended ceftazidime and vancomycin in
continuous and meropenem in prolonged infusionsnba-ICU wards, ceftazidime, meropenem and
vancomycin were frequently used in continuous angdmlonged infusions, despite the lack of
evidence of clinical advantage for non-critical ipats. Conversely, cefepime and piperacillin—
tazobactam are mostly used as intermittent adméieh. A majority of the hospitals recommended a
loading dose prior to the first dose. For vancomytlie recommended loading dose and trough target

serum concentrations were too low if considerirgdtrrent literature data.
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Abstract

Background

The time to first antibiotic dose (TFAD) definedtag time in hours from arrival of the patient lae t
emergency department (ED) to the administratiorthef first antibiotic dose is described in the
literature as a quality indicator for the treatmehtinfections. This indicator was evaluated in our

institution followed by educational interventiomsarder to optimize TFAD.

Methods

In this retrospective observational single hosgstably, the TFAD for adult patients with a diagisosi

of an infection in the ED for which an antibiotreatment was prescribed and who stayed for at Zeast
days in hospital were compared before and afteintipgementation of corrective interventions (period
A versus B) .

A multivariate model was set up to detect key fextmssociated with TFAD. The following factors

were entered in the model: age, gender, LOS, CRHACGHE Il score, place of first administration,

type of infection.

Results

Sixty-five patients were included in period A anti4lpatients in period B. In period A, 46 (71%)

patients received the first dose in the ED, ve&L$80%) patients in group B (p=0.200). The other
patients received the first dose after transfeh¢oward.

The univariate analysis showed that the median ThAPeriod A was 2.44 hours ( IQR 1.78-4.19)

versus 3.30 hours (IQR 2.40-4.50) in period B (p3@). The median TFAD when the first dose was
administered in the ED was 2.14 hours in periodefsus 3.2 hours in period B (p<0.001). When the
first dose was administered on the ward the TFAR w&6 hours in period A and 4.26 hours in
period B (p=0.535)

The multivariate analysis showed no difference™AD between period A and B but showed that

the place of the first antibiotic dose and typénééction were significantly associated with TFAD.
Conclusion

In conclusion we demonstrated significant perststeom for improvement for TFAD in infections in

patients admitted to the ED, in spite of a targétéetvention.
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Introduction

For critically ill patients with septic shock andeningitis data suggest that early administration of
antibiotics is associated with higher survival safg, 2, 3). Community acquired pneumonia (CAP),
usually is less rapidly progressive compared tptisshock and meningitis. There has been a debate

over the use of the time to first antibiotic do§€AD) as a performance measure.

For severe sepsis (acute organ dysfunction secptola@iocumented or suspected infection) and septic
shock (severe sepsis plus hypotension not revevgadiuid resuscitation) administration of broad-
spectrum antimicrobials therapy within 1 hour otagnition is recommended (4). For bacterial
meningitis, administration of antimicrobial theraplgould be initiated as soon as possible after the
diagnosis of bacterial meningitis is suspected rowvgn. This may include administration prior to
hospital admission if the patient initially preseoutside the hospital (5).

For pneumonia data are not so straightforwardedeRey a cross-sectional analysis of 95,704 adult
ED admissions with a diagnosis of pneumonia in B88pitals in the USA showed no association
between the publicly reported TFAD quality meagueeformance and pneumonia inpatient mortality
(6). However in a study of 529 patients with comiysacquired pneumonia admitted to the intensive
care unit in 33 hospitals, early oxygenation assegs was associated with more rapid antibiotic
delivery and better intensive care unit survivdleaing the importance of prompt management,

including antibiotic delivery (7).

For CAP the Joint Commission on Accreditation ofaltecare Organizations (Joint Commission or
JC) has instituted in 2002, a quality of care stmddhat evaluates whether pneumonia patientsvecei
their first dose of antibiotics within four hour$ loospital arrival (8). In 2006, it became parteof
measure set linked to additional payments undegraépilot pay-for performance programs in USA
hospitals. This standard has been criticized asaditg standard because it put pressure on climscia
to rapidly administer antibiotics despite diagnostincertainty at the time of patients’ initial

presentation. In 2007, the allowed time window watended to 6 hours in response to this criticism

(8).

In 2005 the local Antibiotic Management Group of tBhent University Hospital evaluated in
cooperation with the emergency department (ED) BAdT for patients with suspected or proven
infections admitted to the ED and transferred tavard for further treatment. Following this
evaluation, organizational interventions were immp@ted to improve timely drug administration. A
didactic presentation was once provided in 200@¥ED physician towards ED physicians and ED
nurses, during a regular staff meeting, to emphkasiz importance of timely antibiotic administratio
Pharmacy collaborators were also educated (on260d6, 2008 and 2010) by a pharmacist with focus

on the clinical impact of delays in pharmacy logist This topic is part of a hospital wide training
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program on antibiotic skills towards nurses whistpiovided twice a year by an infectious disease
physician and a clinical pharmacist. Another measuansisted of the extension of the ED stock of
some frequently prescribed antibiotics as lackomediate availability of these antibiotics could
result in a delayed administration. In 2008-2009eaond study was performed to re-evaluate the
TFAD and to analyse the factors that could explanation in TFAD. In this study we report the

retrospective evaluation of this process.

Methods

In this retrospective observational single hostatly, all medical records of patients admitteth®
ED between February 28, 2005 and March 22, 20060gh&\) and between December 1, 2008 and
January 31, 2009 (period B) were screened. Adulems (>18 years old) with a diagnosis of an
infection on the ED for which an antibiotic treatmh&as prescribed and who stayed for at least 2 day
in hospital were included. Patients who had reakiastibiotics within 24h before ED arrival were

excluded.

TFAD was defined as the time from arrival of tredignt at the ED to the administration of the first
antibiotic dose. Medical and pharmaceutical chagee reviewed and the data were extracted using a
standardized case record paper form (CRF). Theviilg data were collected: gender, type of
infection, type of antibiotic, length of stay (LQ®)e, APACHE Il score, C-reactive protein, plate o
first antibiotic dose (ED versus ward) and houadfmission on ED.

The APACHE (Acute Physiology And Chronic Health Eaaion) Il score or modified APACHE I
score (in those patients were not all data werdadla) were calculated based on clinical paranseter
For period B also the availability of the prescdbantibiotic on ED and the workload on ED was

collected. The workload was defined as the numbpatents on ED, 4 hours before each admission.

On the ED, antibiotics are stocked in an electrenitomated dispensing system (Pyxis Medsystem®
station) which allows to register the exact timeewhhe nurse or physician takes out the medication.
The time of taking out the antibiotic was usediagetpoint of administration, as the nurse normally
administers immediately the antibiotic after remoffam the electronic automated dispensing
system.

An emergency physician reviewed all medical chaftpatients in period B with a TFAD of 6 hours
or more in order to assess the reason for the delay

Data analysis was performed using the Statistiaak&ye for Social Science (SPSS version 20.0 Inc.,
Chicago, IL, USA). Variables were compared betw@eniod A and period B. The categorical
variables were compared using the Chi-square d¢estjnuous variables with the Mann-Whitney U-

test. The significance level was set at p < 0.05.
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A multivariate model was set up to detect key fextmssociated with TFAD. The following factors

were entered in the model: age, gender, LOS, CRFFAGHE Il score, place of first administration,

and type of infection.

The protocol was approved (approval number: B6702@83) by the Ethical Committee of Ghent

University Hospital.

Results

Sixty-five patients were included in period A arthIpatients in period B. The patient charactesstic

for the two study periods were similar except foe APACHE Il score (Table 1).

In period A, 46 (71%) patients received the firgsel in the ED, versus 91 (80%) patients in group B

(p=0.20).

Table 1. Patients characteristics

Period A Period B P-value
(n=65) (n=114)
Age, years (median, IQR) 66 (54-74 66 (52-76¢) .842
Sex (male), N (%) 32 (49%) 61 (54%) .642
Type of infection
Pulmonary infection, N (%4) 45 (69%) 71 (62%)
Skin infection and others, N (%) 7 (11%) 9 (8%)
Intra-abdominal infections, N (%) 10 (15%) 13 (12%) 009
Urinary tract infections, N (%) 3 (5%) 21 (18%)
LOS 8 (5-13) 8 (6-12) .269
First antibiotic administration on the ER, N (%) @d.%) 91 (80%) ,200
CRP mg/dL on admission (median, IQR) 11 (4-29) 3497 435
APACHE Il score (median, IQR) 12 (8-17) 11 (743 .038

a: 19 missing data

The univariate analysis showed that the median THAPeriod A was 2.44 hours (IQR 1.78-4.19)
versus 3.30 hours (IQR 2.40-4.50) in period B (p38@) (Table 2). The TFAD 95-percentile was in
period A respectively 12.76 hours versus 8.25 hiouperiod B.

The median TFAD when the first dose was administarghe ED was 2.14 hours (IQR 1.41-2.56) in
period A versus 3.20 hours (IQR 2.36-4.33) in p@ri® (p<0.001). When the first dose was
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administered on the ward the TFAD was 4.56 hou@R(#.18-9.39) in period A and 4.26 (IQR 2.60-
7.35) hours in period B (p=0.535)

Table 2. Time to first antibiotic dose comparing pgod A en period B (univariate analysis)

. . Period A Period B p value
Median TFAD (in hours)
Overall n=65 n=114
0.034
(median, IQR) 2.44 (1.78-4.19) 3.30 (2.40-4.50)
first dosein the ED n=46 n=91
<0.001
(median, IQR 2.14 (1.41-2.56) 3.20 (2.36-4.33)
first dose on the ward n=19 n=23
0.535
(median, IQR 4.56 (4.18-9.39) 4.26 (2.60-7.35)

After adjustment for age, gender, LOS, CRP, APAGHEcore, type of infection and place of first
antibiotic administration and period of evaluatiomp factors were identified as being associatet wi
TFAD (Table 3). Patients receiving the first antiic dose on the ED had a lower TFAD compared
with those who received the first dose on a waatieRts with a pulmonary infection had a lower
TFAD compared with patients with an abdominal ititez. TFAD was not associated with the period
of registration (A and B) and with parameters Efleg the severity of illness (APACHE Il score,
CRP and LOS). R squared of this multivariable moeid 0.276.

In period B, the median workload, expressed amtimaber of patients on ED 4 hours before each
admission, was 6.0 patients (range 0 - 15) whick nat statistically correlated with TFAD in an

univariate analysis. This variable was not asseisspdriod A.

For patients receiving the first dose in the E@émniod B (n=91), median TFAD was 3.5 hours (range
0.41-7.6 hours ) when the antibiotic was availablthe ED (n=82) compared to 3.0 hours (range 1.6-
5.4 hours) when the antibiotic was not availablehim ED (n=9). There was no statistical difference

between these two subgroups (p=0.386).

For the patients receiving the first dose on thedvia period B, in 11 (47.8%) patients the antilgiot
was available in the ward stock with 4.9 hours a&slian TFAD (range 2.08-10.9 hours). For 12
(53.3%) patients the antibiotic was not availabiettee ward with 8.12 hours as median TFAD (range
0.26- 16.75 hours). There was no statistically ificant difference between these two subgroups
(p=0.193).
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For the majority (85%) of the patients in periodtii® first antibiotic dose was prescribed to be
administered intravenously. Amoxicillin/clavulaniacid IV (53.2%), piperacillin/tazobactam IV
(20.3%), moxifloxacin PO (8.7%), levofloxacin IV.GPb), ciprofloxacin PO (6.3%) and moxifloxacin

IV (5.5%) were the most frequently prescribed aatibs.

Thirteen medical charts of patients in period Bnvat TFAD exceeding 6 hours were reviewed by an
emergency physician. In two patients the higher DFAas linked to diagnostic complexity. In
another two patients the initial diagnosis wasclear and antibiotics were only administered adter
final diagnosis on the ward. In one patient a reaigrphysician did not order antibiotics in the ED
although the patient had a urinary tract infectath a history of sepsis . For 2 patients a writbeder
was found to give the first dose on the ward. Fopdiients, it was not possible to evaluate

retrospectively the reason for a higher TFAD.

Table 3. Linear regression modélfor TFAD

Estimate 95% CI lower bound 95% CI upper bound P
Intercept 7.958 5.895 10.002 .000
Period A -.309 -1.260 .642 521
Period B 0°
First dose on ER -3.252 -4.267 -2.236 .000
First dose on ward 0°
Sex, male -.219 -1.115 .677 .630
Sex, female 0°
Infection type
Pulmonary infection -1.401 -2.798 -.005 .049
Skin infection and
-.976 -3.147 1.194 375
others
Intra-abdominal 0°
Urinary tract -1.607 -3.359 .145 .072
Age .005 -.021 .032 .699
LOS .020 -.046 .086 .559
CRP .016 -.023 .055 413
APACHE Il score -.087 -.184 .011 .080

%R squared = .276

® this parameter is set to zero because it is redundant
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Discussion

In this retrospective observational study, the THaDadult patients with a diagnosis of an infegtio
in the ED for which an antibiotic treatment wassurbed and who stayed for at least 2 days in

hospital were compared before and after the imphéatien of interventions (period A versus B) .

The study showed that 75% of the patients recethied first antibiotic dose within 4.19 hours in
period A and within 4.50 hours in period B aftermaskion on the ED. In 5 % of the patients TFAD

exceeded 12.7 hours in period A and 8.25 hoursiiog@ B which is unacceptable.

Although the univariate analysis suggested thaf#&D was higher in period B versus period A for
patients receiving this first dose on the ED, thétivariate analysis showed no difference betwéen t
two periods. We can conclude that the interventionsur study did not result in any long term

improvement.

In a similar study performed in a Dutch hospitad fThFAD was 5.0 h before and 3.2 h after an
intervention including the development of guidefineducational programs (lectures to the medical
and nursing staff) and improvement of the avdilgbdf antibiotics in the ED in a readily accedsib
place (9). In another study in the USA, evaluatihg TFAD for 2.076 patients with pneumonia
admitted in the ED, 78.6% of the patients receiadibiotic therapy within 4 hours which is

comparable with our results (10).

Even after a teaching intervention, which resulted modest increase of antibiotics being delivered
in the ED, still one fifth of the patients receivii first antibiotic dose only after transfer taard in
period B. This was not related to the workload e tED. This is in contradiction with two
retrospective studies performed in the USA. In shaly including 334 patients, the emergency
department occupancy rate was associated withasecetime to antibiotic treatment for patients
admitted with pneumonia (11). In another retrosipecstudy of 694 patients with pneumonia treated
in an ED crowding on ED resulted in more frequard bonger delays in delivering antibiotics (12).
The lack of association between workload and TFADUr study could be the result of the limited

number of patients. Unfortunately the workload lo& ED was not measured in period A.

The longer TFAD for patients receiving the firstsdaon the ward can be the result of a combination
of factors. One of the reasons for this delay cdnddhe time needed to transfer the patient fraen th
ED to the ward, but this was not measured in thidys In general nurses administer medication at

scheduled times. When the physician not emphagizetiminister the first antibiotic dose sooner,
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then this could lead to a higher TFAD. A Dutch stighowed that more than half of the patients

received indeed their first dose at scheduled ti(h8s

Although there was no significant correlation betweTFAD and availability of the prescribed
antibiotic on the ward, the TFAD is considerablgder for those patients for whom the antibiotic was
not in stock on the ward. One of the reasons fa tielay could be the delivery time from the
pharmacy to the ward. To limit this delay physisiaand nurses were asked to mention the targeted
time of administration on the prescription form wehniallows the pharmacy to give priority to these
shipments. Dee et al showed indeed that the maisorefor delay in antibiotic administration was

failure to label antibiotic orders as first dosd)(1

For the patients receiving the first dose in the B2 availability of the antibiotic in the ED wast
linked to a lower TFAD. We can presume that in éhoases where the antibiotic was not available in

the ED there was a good communication between Elpharmacy about the emergency for delivery.

The multivariate analysis showed that TFAD was @®rably longer for intra-abdominal compared
to pulmonary infections. This could be explainedrbgre complex and time consuming diagnostic
procedures (i.e. CT scan). The same multivariaedyais did not demonstrate shorter TFAD with

higher severity of iliness, although this may haeen due to the limited sample size.

All frequently prescribed antibiotics, except fopgracillin/tazobactam IV and ciprofloxacin PO, wer
available in the electronic automated dispensirsiesy on the ED. After the discussion of the result
of period B piperacillin/tazobactam IV was alsocéted on the ED. Ciprofloxacin PO was not added

because levofloxacin PO, being a valid alternativees already available.

The experience in the USA with a public qualityigador for TFAD of 4 hours in CAP resulted in too
rapid administration of antibiotics despite diagiosincertainty which illustrates the unintended
consequences of the introduction of an indicatukeld to accreditation programs. Although the link
between early TFAD and clinical outcome is not clea all type of infections, we agree with Bordon
et al that early TFAD should be considered as groitant marker of optimal care of patients rather

than as a factor predicting outcomes for patiet$. (

The results of this study show that further coivectctions are necessary to optimise the number of
patients that receive the first antibiotic dosetlom ED. This is also recommended in the Infectious
Diseases Society of America/American Thoracic Sgaensensus CAP guideline (16). This was also
supported by a Dutch study where the administradfoantibiotics in the ED was strongly associated

with antibiotic administration within 4 h (17). Waamphasize here that the first antibiotic should be
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given in the ED as several properties of the EDirenment like manpower, the presence of

physicians and the availability of antibiotics erstimely administration.

In order to enhance the number of patients thativecthe first antibiotic dose on the ED, we will
continue to provide education to nurses, physicerg pharmacy collaborators. For physicians it is
important to communicate clearly the time frameadministration of antimicrobials towards (with)
the nurses. Performing a structured interview wiitle key players on the ED could provide
information on the barriers to administer timelg first antibiotic dose.

The most frequently used antimicrobial agents on &P available in the electronic automated
dispensing system on the ED. In case other anidtigl agents are necessary outside the opening
hours of the pharmacy (10 pm — 8 am), all antinbicxbagents are available in an emergency cabinet
which is 24h/24h accessible for all nurses and iplarss. Furthermore the implementation of the
computerized physician order entry (CPOE) systethprbbably optimise the TFAD as there will be
no delay in forwarding the antibiotic prescriptitm the pharmacy. The effect of this intervention
could not be assessed in our study due to theelimiumber of wards that were already using the
CPOE system during the study period in our hospifadtually CPOE is implemented for 90% of the
wards which allows the pharmacist to check the hafuadministration of each antimicrobial agent

prescribed and to give priority for shipment to terd.

The first limitation of this study is the retrosgige design. The hours of administering the antibs
are based on the time the nurse took the antibanticof the Pyxis Medstation which allows us to
register the time at the level of minutes. We pmasuhere that this time correlates with the
administration of the antibiotic. On the wards veedi the nursing file where a cross is placed in an
hour time table which is likely to result in a margrror. In this study the delays in diagnossisting
and in consultant advice were not evaluated whech second limitation for this study. Thirdly it sva
not possible to evaluate the time between the &lrov the prescription in the pharmacy and the
delivery of the antibiotic on the ward which coldd one of the reasons for a high TFAD on the
wards. The review of the patient files by the ereagy physician showed that for 50 % of the patients
it was not possible to detect retrospectively reador a long TFAD which suggest to perform such
evaluations in the future prospectively in order itentify causes for delays. Fourthly most
confounders used in the multivariate analysis Wiaileed to the outcome of the patient (age, LOS,
CRP, APACHE II score, place of first administrati@nd type of infection). Ideally also the factor
working hours/night was included as Natsch et algd that the TFAD was significantly shorter in
patients admitted at night than in patients adahithering office hours (3.7 vs. 6.0 h) (13).

Fifthly the evaluation of the appropriateness @ #mtibiotic administration according the guidedine
should have been helpful to interpret the relevasfca shorter TFAD. Sixthly in this study we only

evaluated the long term improvement. Ideally wdgrered also a short term evaluation.
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In the future we should asses TFAD in a bundle @ggr including other process indicators like
timely oxygenation, obtaining of blood and sputummgles and choice of empiric systemic

antimicrobial therapy according local guidelineg,(B).

Conclusion

Seventy five percent of the patients received thist antibiotic dose within 4.19 hours in periéd
and within 4.50 hours in period B after admissiontioe ED. Even after a teaching intervention, still
20% of the patients received the first dose onigréafansfer to a ward. This underscores the need f

further interventions aiming at long term improverme
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Abstract

Objective
This study measured the impact of three intervestior physicians, in order to implement guidelines

for sequential therapy (intravenous to oral coneajswith fluoroquinolones.

Setting
A Belgian university hospital with 1.065 beds.

Method

The first intervention consisted of the hospitattvipublication of guidelines in the local drugdett
towards all prescribers. The consumption of fluoinglones was measured by means of an
interrupted time-series (ITS) analysis 21 month®rdee(period A) and 24 months after publication
(period B). The second intervention was an edugatignteractive session, by infectious disease
specialists, to the medical staff of orthopaedind endocrinology. The third intervention comprised
proactive conversion programme on the abdominajesyr gastro-enterology and plastic surgery
wards, where pharmacists attached a pre-printezl with a suggestion to switch to an oral treatment
every time a patient met the criteria for switchifidgne second and third intervention took place 6
months after the first intervention. Fluoroquinadneatments were evaluated during a 2 month period

before (group 1) and after the introduction of skeeond (group 2) and third (group 3) intervention.

Main outcome measure

The monthly ratio of intravenous versus total faguinolone consumption (daily defined doses per
1,000 bed days) was measured to assess the infdhet first intervention. The impact of the second
and third intervention was measured in relationtite number of days that intravenous therapy
continued beyond the day that the patient fulfilled criteria for sequential therapy and the aatibi

cost.

Results

The ITS demonstrated a reduction of 3.3% in thi® @t intravenous versus total consumption after
the publication of the guidelines (P = 0.011). houp 1, patients were treated intravenously for 4.1
days longer than necessary. This parameter dedr@ageoup 2 to 3.5 days and in group 3 to 1.0 day
(P = 0.006). The mean additional cost for longeraienous treatment decreased from 188.0€ in
group 1, to 103.0€ in group 2 and 44.0€ in gro@p 2 0.037)
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Conclusion
This study demonstrated that active implementatioguidelines is necessary. A proactive conversion
programme by a pharmacist resulted in a reduchiome duration of the intravenous treatment, and

the treatment cost.
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Introduction

Efficient treatment of infection involves selectitige most appropriate drug at its optimal dosage an
duration in order to eradicate the infection whibenimizing side effects and selection of resistant
strains [1]. In addition, the route of administoatiof the drug is an important factor. “Intravesou
(IV) to oral” switch or sequential therapy is catered as a method to achieve a more efficient
utilisation of antibiotics. Sequential therapy iefided as conversion from intravenous to oral
formulation of the same medication while maintagniequivalent potency [2]. Several advantages
have been associated with this strategy: less magpa time, easier drug administration, patient
comfort, lower risk of bacteraemia and thromboptiigbsavings in antibiotic costs and potential
shortening of the length of hospital stay [2—14v&al clinical trials have demonstrated the effjca
of sequential therapy [11-14].

The main obstacle to sequential therapy is thegpdian by physicians that IV antibiotics are better
than oral. One erroneous concept is that all patieith an infectious disease need IV treatmenti-An
infective treatment should be evaluated regardbés®ute of administration. If orally administered
medications are well absorbed and provide bloodtmssde levels that are the same as those attained

by IV administration, then the therapeutic outcasmeomparable [15].

Antibiotic costs represent a significant proportioha hospital's budget. In the Ghent University
Hospital, a Belgian tertiary hospital with 1065 bethe antibiotics for systemic use represent 12% o
yearly drug budget for hospitalised patients, dadrbquinolones (FQ) are responsible for 16% o thi

total.

Most FQ show excellent bioavailability, which makisem ideal for intravenous-to-oral antibiotic
switches in hospitalised patients. They are alswattierised by excellent penetration into mostiéss
and body fluids. Studies showed that FQ, like amiymosides but in contrast to b-lactams, work

mainly in a concentration-dependent manner and exearked post-antibiotic effect [16].

Considering the impact on the drug budget and xbelkent bioavailability of FQ and the evidence for
sequential therapy for this antibiotic group fouimd the literature, a programme to implement

sequential therapy was started.
Considering these figures and the excellent bidab#ity of FQ and the evidence for sequential

therapy for this antibiotic group found in the ta&ure, a programme to implement sequential therapy

was started.
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Aim of the study

The objective of this study was to assess the ilpfatiree professional interventions for physisia

in order to implement sequential therapy for FQmaly: publication and dissemination of guidelines
in the local drug letter, educational interactivessons by an infectious disease specialist to the
medical staff of orthopaedics and endocrinology andproactive conversion programme by

a pharmacist on the abdominal surgery, gastro-@otgy, and plastic surgery ward.

The monthly ratio of intravenous versus total fluguinolone consumption, in daily defined doses per
1,000 bed days, was measured to assess the infhet forst intervention. The impact of the second
and third intervention was measured in relationthe number of days that intravenous therapy
continued beyond the day that the patient fulfillled criteria for sequential therapy and the aotibi

cost.

Method

I nterventions

The local Antibiotic Work Group, composed of infects disease specialists, microbiologists,
intensive care physicians and pharmacists, develapédelines for sequential therapy based on
literature data [3, 7, 14].

The guidelines were approved by the Pharmacothetiag@ommittee. The activities of the Antibiotic
Work Group and Pharmacotherapeutic Committee gobogky defined in Belgian legislation and the
development of guidelines for rational drug usenantioned as one of their key activities [17]. The
criteria proposed for sequential therapy were: dedyperature <38°C for 24 h, decreasing or normal
leukocyte count, no unexplained tachycardia, patigilerance of oral dosing or feeding, no

malabsorption (vomiting, diarrhoea), no plannedysoy within 24 h [7] (Table 1).

Table 1 Criteria for sequential therapy with fluoroquinolones

Body temperature < 38°C for 24 b
Decreasing or normal leukocyte count

Mo unexplained tachycandia

Patient tolerance of oral dosing or feeding
Mo malabsorption (vomiting, diarthoea)

Mo planned surgery within 24 h

The first intervention consisted of the publicatiand dissemination of guidelines in the local drug

letter [period A (before intervention) versus Btéafintervention)] in October 2003. The drug letter
89



the official letter of the Pharmacotherapeutic Cattea, where new recommendations are published
and disseminated. This intervention was orientedatds all physicians (approximately 650) in the
hospital. The sequence of the interventions istithted in Fig. 1.

Figure 1. Sequence of the interventions
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inlervention 2 (moath 28 an edwcational interactive session given by two infectious disease specialists to the
medical siaff of orthopasdics and endocrinology
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intravenousty fluoroguinolones met the criteria for saquential therapy
proup | {month 26 — 28) evaluntion of 36 intrevenous fleoroguinolone tresiments before intervention 2 and 3 on
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orthopeedics and endocrinology words
groap 3 (moath 28 — 30k evalustion of 24 mtravenous fooroguinclone reatments after intervention 3 on the
shdominal sergery | plastic surgery and gastro-enterology wards

The wards where the second and third interventamk place were orthopaedics, endocrinology,
abdominal surgery, gastro-enterology, and plasiigesy, which were selected based on their high
fluoroquinolone consumption. Orthopaedics and endology were randomly assigned to the second

intervention and abdominal surgery, gastroentesglagd plastic surgery to the third intervention.

The second intervention consisted of an educatiotedactive session given by two infectious diseas
specialists to the medical staff of orthopaedicd andocrinology at the end of March 2004. The
rationale and advantages of implementing sequeahishpy were presented and discussed with the
participating physicians (approximately 15 physisiaat each meeting). The main focus of this
intervention was to convince the physicians thatlpradministered fluoroquinolones are as effective
as those given intravenously if the patient’s clistatus complies with the criteria for sequéntia

therapy.
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During the third intervention, clinical pharmacistsinforced the guidelines every time a patient
treated with intravenously fluoroquinolones met dnigeria for sequential therapy. Infectious digeas
specialists were consulted by the clinical pharstadn cases where there was doubt about patient’s
clinical status. A pre-printed note for the prelseriwas attached to the patient’s chart by thecelin
pharmacist, with a suggestion to switch to an tedtment and a short summary of the advantages.
The prescriber was also asked to explain the reakdhe advice was not taken. The third
intervention took place on the abdominal surgergstigp-enterology, and plastic surgery wards
between 1 April 2004 and 31 May 2004.

This study was approved by the Ethics CommitteBlodnt University Hospital.

Interrupted time-series (ITS) analysis.

The impact of the interventions was measured atéwels, macro and micro.

At the macro level the hospital consumption of B€okacin, ciprofloxacin, levofloxacin,
moxifloxacin) was used to evaluate the long ternpdoi of the publication of the guidelines by
performing an interrupted time-series (ITS) anayéB, 19. This study design is characterized by
a series of measurements over time in order tcdspmntaneous evolution and discriminate from the
effect of an intervention, thus avoiding possibiasb Consumption data were expressed in daily
defined doses (DDD) using the Anatomical Therape@nhemical (ATC) classification rates were
expressed in DDD/1,000 bed days. The monthly onal & FQ consumption and the ratio of IV
versus total FQ usage were counted, starting 2thmdyefore until 24 months after the publication of

the guidelines.

Pre- and post- prospective study

At a micro level, a pre- and post-prospective stwag performed in order to assess the impact of the
educational sessions and the proactive conversiogrggmme. All patients treated with intravenous
FQ were included for a period covering 2 monthoteetlintil after the intervention. For every patient
the following variables were collected: age, typénéection, co-morbidity, leukocyte level, heaste,
antibiotics used, concomitant drugs, administratiome of antibiotics. In the baseline period (grou

1) data were collected on the orthopaedics, endology, abdominal and plastic surgery and
gastroenterology wards. The impact of the educaltisassions was assessed on the orthopaedics and
endocrinology wards (group 2). The impact of theagtive conversion programme was assessed on
the abdominal, plastic surgery and gastro-enteyolegrds (group 3). The data were collected by a
hospital pharmacist. The severity of the underlyiimgss was defined for each patient by countiveg t

case mix index [20]. The case mix index is cal@datsing diagnosis-related groups (DRG’s), a
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measure that is nowadays routinely obtained in ouari countries as a basis for hospital
reimbursement. DRG’s developed as an instrumentelate the case mix of a hospital to the
costs, classify patients depending on their diagnaseatments, age and other information into

mutually exclusive, clinically and financially hogeneous categories [21].

A panel of one hospital pharmacist and two infedidisease specialists evaluated the treatment of
each patient and identified the moment the pafidfitted the criteria to switch to oral therapyteirf
starting intravenous treatment. The number of dagsintravenous therapy continued beyond this day
enables measurement of the impact of the interwenfio calculate the potential financial impact,
the cost of continuing intravenous therapy when B could have been used was determined for
each treatment and compared with the cost of ahtmratment. Indirect costs for preparing and

administering the FQ were not considered.

At the end of the study the results were presetatedl participating prescribers.

Statistical analysis

Statistical analysis was performed using R (a lagguand environment for statistical computing)
[22]. The categorical variables were compared uliegChisquare test, continuous variables with the
Mann-Whitney U-test and Kruskal-Wallis test. Segtédmregression analysis was used for the two

time periods. The significance level was set at0a08, two-tailed.
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Results

I mpact publication of guidelines

An interrupted time-series analysis demonstratetecaeasing IV versus total (IV + PO)FQ
consumption since the publication of the guideli(ffég. 2). The mean ratio of IV versus total (IV +
PO) FQ usage was in the 21 months before the enéon 44.5% and decreased to 41.2% in the
following 24 months (P = 0.011).

Impact of educational sessions and pro-active intervention

Eighty-one patients were included, 36 in group LLjr2group 2 and 24 in group 3 (Table 2). The
number of type of infections was significantly @ifént for skin and soft tissue infections and
prosthetic material infections. Therewas no d#fere for wurinary tract infections,
gastrointestinal infections, pneumonia and osteditisieThe case mix index, mean age and gender
ratio were similar. The case-mix index was not ladé for two patients in group 1 and five patients
in group 2 and 3. The mean time to reach the @ifer sequential therapy was 5.2 days in group 1,

5.8 days in group 2 and 5.0 days in group 3 (F934),

Table 2 Comparison of patient characteristics in goup 1 (baseline), group 2 (educational
sessions by infectious disease specialist) and gpo8 (proactive conversion-programme by a

pharmacist)

Characteristic Group 1 Group 2 Group 3 P
N =36 N=121 N =24

Type of infection

Urinary tract infection 11 5 12 0.117*
Skin and soft tissue infection 4 7 . 0.4 8"
Gastro-intestinal infections 7 0 6 0.061"
Pneamonia 3 1 I 0857
Prosthesis-infection 0 5 0 0.001*
Osteomyelitis 0 2 0 0.065*
Others 11 1 3 0.037*
Mean case mix index (SD)" 1.7 (1.4) 1.5 (09) 1.6 (1.4) 0.966"
Mean age, years (SD) 62 (15) 59 (16) 58 (15) 0574"
Gender ratio, m/f 22/14 9/12 14/10 0.398"
Mean ume stant therapy untl fulfilment of critena (days) (SD) 5.2 (5.2) 58(62) 5.0 4.7) 0.934"

* Chi-square test (Fisher’s exact test)

" Kruskal-Wallis test

© Data not available for two patients in group 1, five patients in group 2 and five patients in group 3
SD standard deviation

In group 1, patients were treated for a furtherdhys after they fulfilled the criteria (Table Jhis
parameter decreased in group 2 to 3.5 days ancbupd to 1.0 day (P = 0.006). The pharmacist's
advice in group 3 was accepted 22 times (91.7%wincases (8.3%) the physicians did not follow

this advice because the patient had started vagnitin
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Table 3 Comparison patient outcome group 1 (basel@), group 2 (educational sessions by
infectious disease specialist) and group 3 (proaeé conversion-programme by a pharmacigt

Characteristic Group 1 Group 2 Group 3 P
N =36 N=21 N=24
Mean duration of IV treatment 8.6 (6.6) 93 (7.9 4.7 (4.5) 0.029*
Mean duration of extra IV treatment (SD) 4.1(5.8) 3549 10 (1.3) 0.006"
188.7 (2929) 103.6 (131.5) 44.8 (60.2) 037"

Mean additional cost by longer 1V treaiment in € (SD)°

* Kruskal-Wallis test and Mann—Whitney U-test
" Difference extra IV treatment and similar oral PO treatment for an individual patient

SD standand deviation; P < 0.03 = significant

The economical impact was demonstrated by coutiieglifference in cost of antibiotics between an
intravenous and oral treatment (difference extratridatment and similar oral PO treatment for an
individual patient). The mean extra cost per patien longer IV treatment decreased significantly

from 188.0€ in group 1, to 103.0€ in group 2 and84n group 3 (P = 0.037).

Figure 2. Evolution of the ratio of IV versus total(IV/ PO) FQ usage, expressed in daily defined

doses per 1,000 bed days, starting 21 months befaratil 24 months after the publication of the

guidelines in the drug letter
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Discussion

The results of this pilot study demonstrate that delay in switching to oral FQ therapy once the
criteria for sequential therapy were met was sigaiftly shorter during the intervention where the
pharmacist provided immediate feedback to the pitemcabout a specific patient. There was a limited
impact of the educational interactive sessions. Toeg-term impact of the publication of
the guidelines for all physicians, based on congiomgdigures, shows a small decrease in usage of

intravenous FQ.

Six months after publication of the guidelines M&O ratio was increasing (Fig. 2). This illuseat
that such an intervention has a gradual rather d@inainstant effect (learning effect) which may dwezl
over time (decay effect). The IV/PO ratio may bdraticator for implementing sequential therapy but
could be biased by confounding factors. An exangla possible confounding factor is the length of
stay of the patients. Patients who are switchexhtoral therapy could be discharged earlier asihle
therapy can easily be continued at home. In thég the IV/PO ratio will increase as we only look at

the consumption in the hospital.

In the pre and post prospective study, the meaa tonreach the criteria for sequential therapy was
approximately 5.0 days for the three evaluated ggoin comparable studies, this varies between 2.4
and 3.6 days [6, 13, 14]. The high figure in owdsgtcould be explained by the case mix index of the

included patients.

The most important outcome was the extra IV treatraéier reaching the criteria for sequential
therapy. In the baseline period, patients werddtefor an additional 4.1 days. This was reduced by
0.6 days after the education sessions and by 3y& daring the proactive intervention. Studies

measuring the impact of proactive interventionsdbe a reduction of 1.5-4.0 days [4, 13].

The impact of a once-only educational sessionaardbut not significant. It was remarkable during
these sessions that the majority of the physiciaar® not aware of the bio-equivalence of intravenou
and oral FQ and the difference in costs betweerothk and intravenous preparations. The limited
reduction in extra IV days after the educative iemssan possibly be explained by the fact
that physicians, although being aware of the ginde| were reluctant to initiate oral therapy iflyda

practice.

The impact of the pro-active programme by a phaishaas significant. The physicians mostly
accepted the advice of the pharmacist. This intdioe was not considered as interference by the

physicians, something that became clear duringtlkepresentation at the end of this study wheee th
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results were discussed with the prescribers. Thécadwas well founded and difficult cases
were discussed in advance with an infectious désesecialist. When the pharmacist suggested
switching to an oral therapy, possible food-drugl attug—drug interactions were also taken into
account. In this case the pharmacist suggestech&tering the interacting drug 2 h after
the administration of the FQ to avoid reduced gitsam of the FQ antibiotic. Physicians and nurses
considered this important as they were not alwayara of these potential pitfalls during oral FQ

treatment.

The relation between the case mix index and thatiur of an intravenous treatment is not clear. A
shorter IV treatment with FQ was not associatech vaitshorter length of stay. Studies with more

statistical power are necessary to evaluate thasoaship.

The pre and post prospective study has limitatiéisst the small number of patients limited the
statistical power of the study. More inclusions @idchave been possible if the study was conducted
over a longer period than 2 months before and dfter study. Second, a control group was
not included after the second and third intervemtichat's the reason why this study is not congider
as a controlled before and after study but a poeparst study. The limitation with this type of syud
that, without reference to a control group, it catrenswer whether the improvement or decline would
have occurred anyway, even without the interventibine results of this study however confirms
the conclusions of similar publications [13, 14hirf, the first evaluation of patients’ charts (gpal)
took place 4 months after the publication of tha&lglines and started 2 months before the educdtiona
sessions by the infectious disease specialistllydehe same evaluation should have been done 2
months before and after the publication of the glings in order to evaluate the impact of this

intervention based on clinical data.

It is clear that an early switch to oral treatmesnlinked to lower costs. In this study only thestof

the antibiotics was considered. The advantagesnareality higher, taking into account supplies for
administration, labour in drug preparation and aulsiration, and avoiding
infusionrelated complications. In addition, thedémof stay may be shortened if patients are able t
complete their course of therapy outside the hakpib a pharmaco-economic study evaluating a
pharmacist-managed programme for automatically edimg levofloxacin route from IV to oral,
the total cost per patient decreased from 121 &t8. The length of stay decreased from 9.5 to 6.0
days [5].

This study will be the start of an extensive postmpaign in our hospital. The campaign will focus
not only on FQ but also on clindamycin, linezolftjconazole and metronidazole, which are also

equally bioavailable. Most educational initiativee® planned at the beginning of the medical year in
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order to promote early development of optimal piiegty habits for new residents in a
teaching hospital. Pro-active interventions cambegrated into an electronic prescribing programme
This will give the opportunity to develop computgnerated reminders based on an algorithm, to

indicate when a patient can be treated orally atstd 1V.

Conclusion

This study demonstrated that an active implementabf guidelines for sequential therapy is
necessary. Several methods of implementation wengpared: publication of guidelines, educative
sessions by an infectious disease specialist gnd-active intervention by a clinical pharmacisteT
results show that a pro-active intervention resimtsa significant reduction of the duration of

the intravenous treatment, and a reduction inrgernent cost.
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Abstract

Background

In January 2011, as part of an antimicrobial stee@p program the Antimicrobial Management
Team (AMT) at the Ghent University Hospital inigdta multidisciplinary Infectious Diseases Team
(MIT) consisting of infectious diseases physiciacigical microbiologists and clinical pharmacists.
The aim of this study is to describe the type arwkptance rate of recommendations provided by the
MIT.

Methods
Prospective, observational study in a tertiary cangversity teaching hospital with 1062 beds im no

consecutive hospitalized adult patients, excludingnsive care units and pediatrics.

Results

The MIT communicated 432 recommendations in 87 ddogerved. Of the 293 patients for whom a
recommendation was made, the median age was 5% {faage 16—-91 years) and 169 (57.7%) were
male. Skin or soft tissue infections (14%), resfoiry tract infections (13%), infections without
known focus (11%), abdominal infections (11%) arwhdd infections (8%) were most common.
Recommendations were made to perform additionalcdi investigation(s) [N = 137 (27%)], to
adjust the dose of an antimicrobial drug [N = 4%)B to stop an antimicrobial drug [N = 104 (21%)],
to switch from a parenteral to an oral drug [N =(8%)] or to initiate an antimicrobial drug [N =87
(36%)] with an acceptance rate of 73.0%, 83.3%/%®1 76.9% and 84.0% respectively.

Conclusions
The MIT formulated about 5 recommendations a dawyamily focusing on pharmacotherapy but also

on clinical investigations. In both fields a higtcaptance rate was observed.
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Background

Antimicrobial stewardship refers to coordinatecemaentions designed to improve and measure the
appropriate use of antimicrobial agents by prongptire selection of the optimal antimicrobial drug
regimen including dosing, duration of therapy aodte of administration [1]. The major objectives
are to optimize the clinical outcomes related tobnaigrobial use while minimizing toxicity and other
adverse events and limiting the selective pressaigacterial populations that drives the emergefice

antimicrobial-resistant strains.

Infections caused by multidrug-resistant bacter@ associated with higher mortality, prolonged
hospital stay and increased costs [2]. The emeegesfc multidrug-resistant organisms limits
therapeutic choices in hospital-acquired infections

Reducing and preventing antimicrobial resistancetyancing the appropriate use of antimicrobials
is one of the cornerstones of the European Uniolicyp@gainst antimicrobial resistance [3].
Antibiotic stewardship programs are proposed ambtd optimize the prescribing of antibiotics [4].
Antimicrobial stewardship may also reduce excessivgts attributable to suboptimal antimicrobial
use [1]. A recent study has shown that 38% of thébitic usage in European hospitals was not

compliant to guidelines which need to be promoltedugh an antimicrobial stewardship program [5].

To influence the antimicrobial prescribing behavjoa multidisciplinary approach which involves
opinion leaders and senior clinicians is preferaldeally such a multidisciplinary antimicrobial
stewardship team should bring different competeriogether, including infectious diseases (ID)
physicians, clinical microbiologists and clinicddggmacists.

Since 2002, the Belgian Antibiotic Policy Coordinat Committee (BAPCOC) was able to secure
federal funding, provide technical guidance ancerofidvanced specialist training for the formal
establishment and follow-up of Antimicrobial Managent Teams (AMTS) in Belgian hospitals [6].
The minimal composition, mandate and tasks of haspiMTs have been consolidated in legislation
(Royal Decree of 12 February 2008) on the normsAfdiTs as dedicated subgroups of the hospital

Drugs and Therapeutic Committee [6].

The AMT of the Ghent University hospital provideational (The Sanford Guide To Antimicrobial
Therapy - Belgian/Luxembourg Edition) and localimitrobial guidelines to the prescribers [7]. The
electronic medical record allows physicians to oftnghe microbiological results of the clinical
laboratory, including identification and suscejpiipiof pathogens. Eighty percent of the wards ase
computerised physician order entry (CPOE) systernwhiich dosing regimens are incorporated in
medication order sets and where current and pdshiarobial therapies can be consulted. Wards
where CPOE is not yet implemented can prescriligictes] antimicrobials (voriconazol, caspofungin,

anidulafungin, liposomal amphotericin B, meropengipgeracillin/tazobactam, linezolid, tigecycline,
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vancomycin, teicoplanin, colimycin, ceftazidim, ¢éloxacin, moxifloxacin, ciprofloxacin) with a

specific antibiotic prescription form.

The AMT at our hospital initiated a multidisciplimyainfectious diseases team (MIT) in January 2011,
as part of an antimicrobial stewardship programictviis directed by ID physicians and also consists
of clinical microbiologists and clinical pharmaasiOnce a week, a haematologist joins the team.
Figure 1 gives a schematic representation of thieites of the MIT. The MIT meets daily to discuss
(a) requests for ID consultations reviewed by Iypbians, (b) positive blood cultures and cultures
with resistant strains or with organisms requirspggcial attention, reviewed by microbiologists (c)
presumed inappropriate therapies identified by ipharsts. The pharmacists review therapies with
antifungals, meropenem, piperacillin/tazobactameZolid, tigecycline, vancomycin and teicoplanin,
blood concentrations of antimicrobials requiring nitoring (vancomycin and teicoplanin,
aminoglycosides,voriconazole) and antimicrobialthwigh bioavailability that may be switched from
parenteral to oral administration based on the treeic medical patient record. The MIT
communicates its recommendations to the physidignshone and by notes in the electronic patient
file where a specific MIT section is available. TMET limits its interventions to adult patients
hospitalized in non-critical care departments.i€altcare patients are discussed weekly in a sapara
meeting with clinical microbiologists and intensigare physicians. The pediatric department has a

dedicated pediatric ID physician.

The aim of this pilot study is to describe the tymel acceptance rate of interventions providechby t
MIT.

Methods

A prospective, observational study was performed iartiary care, teaching hospital with 1062 beds.
The MIT pharmacists registered every recommendatmnmunicated by the MIT during 87 non-
consecutive days between October 2011 and May 2012.

The following data were registered in a standadisese record form: date of MIT recommendation,
hospitalisation ward, type of infection and curreantimicrobial treatment. Five types of
recommendations can be distinguished: (a) iniigtim changing an antimicrobial regimen; (b)
additional clinical investigations; (c) dosing astiments;(d) switching from parenteral to oral
formulations (5) discontinuing antimicrobials. Tiaionale for the recommendations and the specific
antimicrobials involved were registered.

Recommendations were scored as accepted when &iphyBnplemented the recommendation(s)
within 3 days after the communication. The accegarate was classified as “not documented” in
those cases where it was not possible to docunmétreétrospectively (e.g. patient discharged or

transferred to another health care facility).
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The study was approved by the local Ethics Committe

Results

The MIT communicated 432 recommendations duringi@&7-consecutive days in 293 patients The
median age was 57 years (range 16-91 years) an(b16%6) were male.

Skin or soft tissue infections (14%), respirataact infections (13%), infections without known érsc
(11%), abdominal infections (11%) and bone andtjmifections, including prosthetic infections (8%)

were most frequently involved .

In 277 (64.1%) of the recommendations the MIT pegaba modification in therapy or further clinical
investigations which were accepted. In 84 (19.4%}he recommendations the MIT suggested to
continue the actual therapy which was implementéik resulted in a total acceptance rate of 83.5%.
For the other recommendations, 57 (13.2%) werémplemented and for 14 (3.2%) implementation

could not be documented.

MIT recommendations originated from new electraljcrequested ID consultations (61%), current
antimicrobial therapies provided by pharmacist@gL&ollow up of earlier requested ID consultations
(12%), microbiological information provided by mabiologists (4%), current therapies provided by
ID physicians (3%) and haematologists (2%). Thetebaical ID consultations were ordered by 30

medical disciplines, ranging from 1 to 24 (medigs) Tequests per discipline.

The majority of the recommendations were made fifepts on the following wards: abdominal

surgery (16.2%), gastroenterology (9.3%), thorasoukar surgery (7.9%), rehabilitation medicine
(5.8%) and orthopaedics (5.0%).

Some of the 432 recommendations consisted of nriltypes of recommendations, which were taken

into account individually in table 1. This resuli@db00 individual recommendations.

Recommendations were made to perform additionalcell investigation(s) [N = 137 (27%)], to
adjust a dose of an antimicrobial drug [N = 42 (B%) stop an antimicrobial drug [N = 104 (21%)],
to switch from a parenteral to an oral drug [N =(8%)] and to initiate an antimicrobial drug [N =
178 (36%)] with an acceptation rate of respectivi3y0%, 83.3%, 81.7%, 76.9% and 84.0% (Table
1). Of the 178 initiated antimicrobials 113 (63%@r& a replacement of and 26 (15%) an addition to

the current therapy.

Within the accepted recommendations, vancomycirgerpiillin/tazobactam and meropenem
treatments were more frequently stopped versustigit (respectively 31 vs. 5, 21 vs. 7 and 20 vs.

14). Considering the administration route, pamahtéherapies were more frequently stopped than
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initiated (148 versus 97). In general, treatmergsavmore frequently discontinued instead of irétiat

(184 versus 152) after a MIT recommendation. Tisat a likelihood but a frequency distribution as

recommendations to continue treatments were mkedylto be implemented.

Table 1. Classification of the recommendations proged by the MIT with acceptance rates.

Number of Acceptance not
recommendations Accepted documented Not accepted
Classification of recommendation N (%) N (%) N(%) N(%)
Additional clinical investigation 137 (27%) 100 (73%) 5(4%) 32 (2%)
Dosing adjustment 42 (8%) 35 (83%) 3(7%) 4 (10%)
Reason Subtherapeutic or toxic serum 15 (36%) 12 (80%) 0(0%) 3(20%)
concentration
Evidence-based guidelines 15 (36%) 12 (80%) 2(13%) 1(7%)
Other* 8 (19%) 7 (88%) 1(13%) 0 (0%)
Compromised renal function 4 (10%) 4(100%) 0(0%) 0 (0%)
Type of Increase 22 (52%) 16 (73%) 2 (9%) 4(18%)
adjustment Reduction 11 (26%) 11 (100%) 0 (0%) 0(0%)
Same daily dose, other dosing 9(21%) 8 (89%) 1(11%) 0(0%)
regimen
Stop antimicrobial therapy 104 (21%) 85 (82%) 4 (4%) 15 (14%)
Reason No indication to proceed 70 (67%) 57 (81%) 4 (6%) 9(13%)
Prolonged therapy 25 (24%) 22 (88%) 0(0%) 3(12%)
Tentative 9 (9%) 6 (67%) 0(0%) 3(33%)
Switch parenteral to oral therapy 39 (8%) 30(77%) 1(3%) 8(21%)
Initiation antimicrobial therapy 178 (36%) 150 (84%) 11 (6%) 17 (10%)
Reason Replacement 113 (63%) 94 (83%) 7 (6%) 12 (11%)
Untreated indication 35 (20%) 30 (86%) 1(3%) 4(11%)
Addition 26 (15%) 23 (88%) 1(4%) 2 (8%)
Restart 2 (1%) 1(50%) 0(0%) 1(50%)
Reason unknown 2 (1%) 2 (100%) 0 (0%) 0(0%)

* different length of administration, increase of dose to reach the sternum, increase of dose because of intermediate sensitivity of bacterial

strain, increase of dose because of infection of vascular prosthesis, different dosing regimen because of parenteral administration in home

setting, increase of dose because of high body weight, tentative.

Discussion

This study shows that an average of five recomntéantaper day were provided by the MIT, of
which 83% were accepted This acceptance rate ipa@hble with numbers in similar studies
performed in the USA, Brazil, Singapore and Ausdradhowing acceptance rates ranging from 64%
to 80% [8-12].

Remarkably, the number of recommendations seemstiglinigher in our study. This could be the
result of the inclusion of pharmacotherapeutic al as diagnostic recommendations, in contrast to
the previously published reports. In the other igsidhe AMT program was performed by ID
physicians together with clinical pharmacists whsrenly in one study there was also participation o
a clinical microbiologist [9]. The numbers of bedsaged from 60 to 1596 [8-12].

Our recommendations cover a wide range of infectygres, with a majority of skin or soft tissue

infections, respiratory tract infections, infectoomvithout known focus and abdominal infections.
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Some of these infections can be complicated andolrequiring a long duration of therapy, a

setting in which the advice of the MIT can be intpat.

The majority (61%) of the recommendations origingiten ID consultations. This may reflect the

embedment of this clinical service within the htspi A significant number (18%) of

recommendations originate from therapies reviewgdclmical pharmacists. Pharmacists spend
approximately 2 hours per day in analysing treatsiemith antifungals (with the exception of

fluconazole), meropenem, piperacillin/tazobactaneolid, tigecycline, vancomycin, teicoplanin and
antimicrobials with a high bioavailability that mag switched from parenteral to oral administration
Because this represents a significant workload &gz of antimicrobial agent is reviewed only once
a week. Data-mining software able to generate aatieinreports based on pharmaceutical, clinical
and microbiological data could have a time-saviffgot [11]. This should allow us to enhance the
frequency of the actual antimicrobial agents andet@luate additional antimicrobial agents .
Furthermore, computer decision support systemsdceupport physicians upon the initiation of a
therapy [13,14]. Such a system is already appliedh® intensive care unit of our hospital [14].

However, this was outside the scope of the custrdy.

The number of recommendations originating from {dasi microbiological cultures provided by
clinical microbiologists is small, because durimg ttime period of the study, most of the positive
cultures were directly discussed by the clinicatnmibiologists with the treating physicians outdide
framework of the MIT. This is a direct consequenté¢he different organisation of the microbiology
laboratory, where the results are generated earthe morning, in contrast with the MIT meetings

which are held in the late afternoon.

The majority (73%) of the recommendations focusptarmacotherapy. All recommendations to
reduce the dose of antimicrobials were acceptedewbcommendations to increase the dose had a
lower acceptance rate. Physicians seem to feel monéident with reducing doses considering
compromised renal function or risk of side effedisey may not yet be fully aware of the concept of
individualised antimicrobial therapy. This may wée increasing doses e.g. in infections with less
sensitive strains, in patients with significant phaco-kinetic changes such as increased distributio
volume (burns, cirrhosis) or the phenomenon of amed renal clearance in critically il.
Recommendations that propose a tentative stop ahtimicrobial therapy and an observation of the
clinical evolution imply a greater degree of una@ty for physicians which can explain the low

acceptance rate in this setting.

The acceptance rate to switch from a parenterahtoral formulation (IV-PO switch) of the same

antimicrobial is relatively low. An explanation ddube that pharmacists’ only source to consider
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possible switches is the electronic medical reaendre clinical data that could support the medical
decision to continue parenteral therapy (e.g. gevemiting, diarrhea, not functional tube) were not
always documented. The proportion of recommendstmoposing an IV-PO switch is small, which
could be the result of other and earlier initiasitewards physicians. Within the same hospital we
have reported high compliance with internal guredi on IV/PO switch [16,17]. These initiatives
were developed outside the framework of the MIT\bette coordinated by the AMT.

Recommendations to initiate an antimicrobial thgrapve the highest overall acceptance rate with
physicians. Most recommendations in this categoop@se to replace a current antimicrobial by an
alternative. Most persuasive reasons to initiatargimmicrobial therapy were to enhance effectivenes
to narrow spectrum and to allow a switch to orardpy. The analysis of accepted recommendations
suggests that the MIT was able to de-escalate pglessato switch to oral antimicrobials and to
discontinue antimicrobials when applicable.

About 17% of the recommendations focus on additiolmaical investigations with an acceptance rate
of 73%, which is lower compared to pharmacothe@nted recommendations but comparable with
a recently published similar study [18]. The loveeceptance rate on diagnostic issues suggests that
physicians more readily accept recommendations learnpacotherapy as compared to critical
reflections on their diagnostic path. This is alsbown by the low uptake of performing
transesophageal echocardiography in patients Stébhyl ococcus aureus bacteraemia. As a result of
these data, patients withSsaphylococcus aureus bacteraemia are now prospectively followed during

their hospital stay to ensure echocardiographyesing for latent infective endocarditis [19].

Establishing a culture of measurement and clinideedback is an effective stewardship strategy
[4,20]. The effectiveness can be improved by thedBack Intervention Theory through providing
specific, frequent and written suggestions for ioyement [21]. This was also applied by the MIT by
documenting recommendations in the CPOE systembgnddditional communication by phone.
Another strength of the MIT is that follow up byettMIT is provided for patients with complex
infections. This is strongly appreciated by the gitigns. The multidisciplinary composition of the
MIT reflects the recommendations in literature [22}. The MIT is directed by an infectious disease
physician who is a respected authority which isirdmental feature in marketing the MIT concept
[23]. Initially the pharmacist reviewed only prolyed therapies (>10 days) of the target antimictobia

agents which has changed over time to all treatsnent

Pre-authorization of restricted antimicrobial ageistnot implemented in our hospital and only oace
week each type of antimicrobial agents is reviewdte combination of these two factors indicates
potential for further optimization. This will incase the workload which can be in turn reduced by

implementingautomated reports. One study from a hospital iniB8é& with 513 beds described that
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software-generated antimicrobial therapy reportgaa information on approximately 60—-80 patient
cases, resulting in about 20 cases daily afteuatiah by a pharmacist. These cases are then regiew
together with an ID physician. Projecting this noethio our hospital, this could generate 36 cases on

daily basis to discuss within the M[T1].

In order to support physicians during the diagmostialuation of the patient, some guidelines as no
linked to the data of clinical chemistry (e.g. smriconcentration levels of glycopeptide and
aminoglycoside agents are linked to drug therapemtonitoring guidelines) and microbiology
(positive  blood cultures witt&taphylococcus aureus are linked to theSaphylococcus aureus

bacteremia guideline).

This pilot study has some limitations. Reasonseidide a recommendation were not assessed. Recent
literature on antimicrobial stewardship focusegtm behaviour of individual prescribers. This could
lead to understanding the barriers to and faaiitabf behavioural change [24]. This should be rtake

into account for further research.

No statements can be made on the cost-effectivepatisnt safety, impact on morbidity and mortality
and local resistance patterns. Restricted antdsiofe.g. vancomycin, piperacillin-tazobactam and
meropenem) were more frequently stopped than tediaand oral therapies were more frequently
initiated compared with parenteral therapy. Thiggasts that the MIT can have a positive impact on
antimicrobial expenditure. In the past this wasvamon our hospital for an IV-PO switch program
[16]. This is in line with documented positive ingpbeof antimicrobial stewardship programs on

antimicrobial expenditure and clinical outcome [B25].

Conclusion

This prospective observational pilot study showeat the multidisciplinary infectious diseases team,
as part of an antimicrobial stewardship programmidated about 5 interventions a day for non-
critically ill adult patients. Recommendations wer@nmunicated by phone and by notes in the
electronic patient file resulting in high acceptancates. Acceptance rates were higher for

recommendations on pharmacotherapy as comparedgoastic issues.
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CHAPTER 8 DISCUSSION AND GENERAL CONCLUSION
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Discussion and general conclusion

Antimicrobial stewardship stimulates the appropriaélection, dosing, route of administration, and
duration of antimicrobial therapy. In conjunctioitiwinfection prevention it is a key to the prevent

and control of the emergence of antimicrobial tesise.

In this thesis we describe the development andlaadin of quality indicators in order to monitor
antimicrobial stewardship programs in a Europeamecd (Chapter 2-3). Furthermore we described
elements of an antimicrobial stewardship prograrogtimize antimicrobial prescribing in a hospital
setting (Chapter 4-5-6-7).

In the following chapter the main findings of eathdy will be summarized followed by a general

discussion and directions for future research.

1. Main findings

1.1.Development of quality indicators for evaluating atimicrobial stewardship programmes

In the first (Chapter 2) and second study (Chapeve described the development and validation of

guality indicators for evaluating antimicrobialwsgrdship programmes in a European context.

In the first study (Chapter 2), a prospective obsonal study in 5 acute care hospitals in Austria
Belgium and Germany, we evaluated the feasibilitgt alinical relevance of measuring an indicator
for intravenous to oral switch therapy with higbipavailable antibiotics. The feasibility of the
indicator was evaluated by measuring data avaitgbillata collection workload and sensitivity to

improvement. Data were collected over a 3 montiodeesulting in 211 patients.

Main findings
Feasibility of the indicator.

More than 99% of the required data proved availabl@ch was higher than the pre-set threshold
value of 80%. On average, the workload requiredcfalecting, reviewing the data and filling the
CRF was 29 min per assessed c&sgnificant inter-hospital variation suggests ttia efficiency of
data extraction depends on the quality and acackssibf clinical and pharmacy data sources.
Opportunities for automated data extraction frormpoterized patient records should enhance the

efficiency of monitoring such indicators.

Heterogeneity of the performance gap

By intention-to-treat analysis, 37.0% (95% CI 38X9) of treatments were inappropriate, ranging

from 17.5% to 53.8% across hospitals which revealedbstantial heterogeneity of the performance.
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The average proportion of inappropriate iv admiatgtn was 20.9% in the hospitals with an
improvement programme versus 50.0% in the othepitads (P=0.001).

After adjusting for type of care and type of infent absence of an iv-to-po switch programme was
associated with more inappropriate prescribing @0R8; 95% CI 3.02-15.23; P<0.001).

General conclusion

The results of this study indicated that the ipteguality indicator is widely applicable in acutare

hospitals and could be a tool to evaluate compéamith iv-to-po switch guidelines.

In the second study (Chapter 3we developed structure indicators for antimicrbbtawardship and
antibiotic use in a hospital setting. Furthermave,performed a validation study based on the sdect

indicators across a pilot sample of European halspit

A multidisciplinary panel from four European coues developed structure indicators in three steps:
identification and listing of indicators, remotenking of indicators using multi-criteria scoring,
selection of indicators in a face-to-face consemsasting. Additionally, the top-ten indicators were
identified as a minimal set of key indicators. Ansty was sent to the directors of antimicrobial
stewardship programmes in eleven European hospitaks yes/no answers for the indicators were

transformed into numbers in order to calculatetdh® scores.

Main findings

Development of structure indicators

A final list of 58 indicators was selected and gatésed in the following topics: antimicrobial
stewardship services (n=12), tools (n=16), humaoures and mandate (n=6), health care personnel
development (n=4), basic diagnostic capabilitiestjn microbiological rapid tests (n=2), evaluation
of microbiological data on antibiotic resistance3d) antibiotic consumption control (n=5) and drug
use monitoring (n=4). The top-ten structure indcaitwith the highest score for ranking and
applicability were considered to be key elementaroéffective antibiotic stewardship programme in a

hospital setting (Table 1).
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Table 1. Top ten indicators considered as key elems of an antimicrobial stewardship

programme (cfr Chapter 3)

Item Indicator description

Services Bedside expert consultant advice regarding antitsoti by
microbiologist/infectious disease specialist/amtiioi officer on request available

on the same day

Regular ward rounds by members of AMT (multidiscigty antibiotic

management team) performed (at least weekly)

Clinical audit of prescribers' compliance with locdinical guidelines/guide
performed by AMT/AB Officer

Tools AB formulary/ list biannually updated

Local clinical practice guidelines/guide for miciologically documented therapy

updated biannually

Local clinical practice guidelines/guide for empai therapy available

Local clinical practice guidelines/guide for sumgicantibiotic prophylaxis

available

Human resources and mandate Formal mandate for hospital multi-disciplinary dmitic management team
(AMT) existing

AB officer or AMT member is member of the drugs @herapeutics committee

Personnel development Prescriber education by personalized interactivthads (like daily ward rounds

performed

Validation survey

There was significant heterogeneity among particigacenters with regard to their scoring for
structural components of effective antibiotic stedghip, which ranged from 32 to 50 out of the
maximum score of 58. Hospitals with a lower scaretfie complete set of 58 indicators were also less

performant on the top-ten key indicators.

General conclusion

We concluded that a selection among the poterttiattsire indicators examined in this study, with
focus on the top-ten indicators could be used égular assessment of the extent and strength of

hospital antimicrobial stewardship programmes.

1.2.Elements of an antimicrobial stewardship program tooptimize antimicrobial prescribing

In the third study (Chapter 4) we describe a national Belgian survey investigatiime

recommendations by the local antibiotic managenears (AMTS) in Belgian acute hospitals for the
administration (intermittent, extended or continsiinfusion) and therapeutic drug monitoring of four
beta-lactam antibiotics (ceftazidime, cefepimegpagillin—tazobactam, meropenem) and vancomycin
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for adult patients with a normal kidney functionhiffy-four (32%) of the 105 Belgian hospitals

participated to the survey.

Main findings
Dosing strategies in Belgian hospitals

The implementation of extended/continuous modesdafinistration was between 10% and 44% for
non-ICU wards and between 35% and 81% for ICU wards

For the non-ICU wards ceftazidime the intermittadininistration or continuous infusion method was
almost equally used. Piperacillin-tazobactam andopenem were mainly recommended by
intermittent infusion and, if not, by extended isitn. For cefepime intermittent infusion was most
recommended and if not, by continuous infusion. Varcomycin about two-thirds of the ICU wards
recommended intermittent infusions and one-third@daytinuous infusion.

For the ICU wards continuous infusion was the pmgidant mode of administration for ceftazidime
and vancomycin. Extended infusion was most oftecomenended for meropenem. Intermittent
administration remained predominant for cefepimeal aiperacillin—tazobactam, with extended
infusion being the next most popular recommendation

The higher level of adoption in ICUs is consisteith the literature, suggesting that prolonged beta
lactam infusions are advantageous for infectiornth wiore resistant pathogens, in critically ill and

immunocompromised patients, and in patients witteliable pharmacokinetics.

Pitfalls
For continuous infusion, a loading dose was reconal@é for ceftazidime, cefepime and meropenem,
but not for all piperacillin—tazobactam dosing ragns. Compared with the recommendations of

current literature, the loading dose and the traagipet concentration for vancomycin were too low.

General conclusion

Belgian AMTs adopt recent literature on extendedliomous modes of administration in daily
practice but more attention should be given to eppate administration (loading dose, vancomycin

target concentrations,.. ).

In Chapter 5 and 6 of this thesis we describe 2 interventional steidi@ optimize antimicrobial
prescribing with focus on appropriate timing of tinéiation of an antimicrobial treatment and on
parenteral to oral conversion of fluoroquinolondildatics. Both interventions are examples of

persuasive interventions, according to The Coch@oilboration which combine audit and feedback.

In the fourth study (Chapter 5) the time to first antibiotic dose (TFAD), definad the time in hours

from arrival of the patient at the emergency deapart (ED) to the administration of the first
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antibiotic dose, was investigated. This indicatt@scribed in literature as a quality indicator tioe
treatment of infections, was evaluated in the GHeéniversity Hospital followed by educational

interventions in order to optimize the TFAD.

In this retrospective observational study, the THaDadult patients with a diagnosis of an infegtio
in the ED for which an antibiotic treatment was qurébed were compared before and after the
implementations of an intervention (period A verB)s

A multivariate model was set up to detect key fexctmssociated with TFAD. The following factors
were entered in the model: age, gender, LOS, CRFFAGHE Il score, place of first administration,

type of infection. Sixty-five patients were inclubim period A and 114 patients in period B.

Main findings

Time to first antibiotic dose

The study showed that 75% of the patients recetilied first antibiotic dose within 4,19 hours in
period A and within 4,50 hours in period B h afiemission on the ED.

The univariate analysis showed that the median ThAPeriod A was 2.44 hours ( IQR 1.78-4.19)
versus 3.30 hours (IQR 2.40-4.50) in period B (p38). The median TFAD when the first dose was
administered in the ED was 2.14 hours in periodefsus 3.2 hours in period B (p<0.001). When the
first dose was administered on the ward the TFAR w&6 hours in period A and 4.26 hours in
period B (p=0.535).

Impact of an intervention to optimize the TFAD

The multivariate analysis showed no differenceAD between period A and B but showed that
the place of the first antibiotic dose and typénééction were significantly associated with TFAD.

General conclusion

This study showed that our intervention to improVEAD did not result in any long time

improvement.

In the fifth study (Chapter 6) the implementation of guidelines for sequentiakrépy (intravenous to
oral conversion) with fluoroquinolones (FQ) in ald@an hospital are described. In an interventional
monocentric study three persuasive interventionsital-wide publication of guidelines in the local
drug letter, which is addressed to all physiciadcational interactive session given by infectious
disease specialists to the medical staff; a preaatonversion programme initiated by a pharmacist)

were implemented.

A pre- and post-prospective study was performedriter to assess the impact of the educational
sessions and the proactive conversion programmiepaiients treated with intravenous FQ were

included for a period covering 2 months before after the intervention.
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At the macro level the hospital consumption of F@swsed to measure the long term impact of the

publication of the guidelines by performing an mipted time-series (ITS) analysis.

Main findings
Interventions
In the baseline group patients (group 1) were ékattravenously for 4.1 days longer than necessary
This parameter decreased to 3.5 days for the psitiem wards where an educational interactive
session (group 2) was performed and to 1.0 day (FO86) on wards were a proactive conversion

programme (group 3) was implemented by a clinib@rpmacist.

Impact on the antibiotic treatment and consumption

The mean additional cost for a longer intravenoaatiment decreased from 188.0€ in group 1, to
103.0€ in group 2 and 44.0€ in group 3 (P = 0.037).

The mean ratio of IV versus total (IV+ PO) FQ usages in the 21 months before the intervention
44.5% and decreased to 41.2% in the following 2athw(P = 0.011).

Six months after publication of the guidelines, th&PO ratio was increasing. This illustrates that
such an intervention has a gradual rather thamstarit effect (learning effect) which may decline

over time (decay effect).

General conclusion

This study demonstrated that an active implemenmtatf guidelines for sequential therapy is
necessary. Several methods of implementation wargared: publication of guidelines, educational
sessions by an infectious disease specialist gmd-active intervention by a clinical pharmacister

results show that a pro-active intervention resuitsa significant reduction of the duration of

the intravenous treatment, and a reduction inrgetrihent cost.

The sixth study (Chapter 7) describes the type and acceptanceofateerventions provided by a
multidisciplinary infectious diseases team (MIT)adnertiary hospital. This intervention is an exé&np
of educational outreach intervention (another fafpersuasive intervention) and can be considered
as a core antimicrobial stewardship strategy.

A prospective, observational study in a tertiaryecainiversity teaching hospital with 1062 beds in
non-consecutive hospitalized adult patients, exotudintensive care units and pediatrics was

performed.
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Main findings

Recommendations made by a multidisciplinary infatteam

The MIT communicated 432 recommendations in 87 dBggommendations were made to perform
additional clinical investigation(s) [N = 137 (27P6jo adjust the dose of an antimicrobial drug [N =
42 (8%)], to stop an antimicrobial drug [N = 104.92)], to switch from a parenteral to an oral drug
[N =39 (8%)] or to initiate an antimicrobial driiy = 178 (36%)].

Acceptance rate of the recommendations

The acceptance rate of these recommendations w&@b67for performing additional clinical
investigation, 83.3% to adjust the dose of an antwbial drug, 81.7% to stop an antimicrobial drug,
76.9% to switch from a parenteral to an oral drug 84.0% to initiate an antimicrobial drug
respectively.

Restricted antibiotics (e.g. vancomycin, piperacithzobactam and meropenem) were more
frequently stopped than initiated and oral thermpiere more frequently initiated compared with
parenteral therapy. This suggests that the MIT bame a positive impact on antimicrobial

expenditure.

General conclusion

This prospective observational pilot study showsat the multidisciplinary infectious diseases team,
as part of an antimicrobial stewardship progranmceftance rates were higher for recommendations

on pharmacotherapy as compared to diagnostic issues
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2. Discussion

2.1.Global perspective

In a global perspective antimicrobial resistance become a major issue. Increasing resistance may
compromise acquisitions in health care and henfetaf everybody in the world (1), as infections
may increasingly become more difficult to treat.dfgence and spread of new resistance mechanisms
seems to outpace the development of new antimalbéspecially in the field of Gram negative
pathogen. The causes of antimicrobial resistaneecamplex. Some mechanisms involve human
behaviour at many levels of society. These inclatEmicrobial prescription by caregivers both ie th
community and in hospital settings but also cultatitudes and expectations within society itsell
awareness of potential problems due to irratiorsal of antimicrobials. The future of antimicrobials
and safeguarding their contribution to health inmeroent will hence depend on the commitment of
many stakeholders, including government authoritigmlicy makers, university teachers,

pharmaceutical companies, health-care workers anslueners.

Prevention of infection is superior to treatmenesfablished infection. From a resistance perspecti
prevention reduces antimicrobial use and the spofagsistant bacteria. At the community level,
improvement of sanitation, access to clean watarety reduction, and vaccination will have a huge

effect on infectious disease incidence and traredferultidrug-resistant organisms (1).

When irrational use of antimicrobials is common amdhe public and health professionals, it
becomes the norm. To break this pattern, antimiafatewardship programmes should focus not only
on appropriate use, but also on ensuring sustdityabf behavioural change and reorientation of
societal norms. This is comparable with the atgttowards the relation between climate changing
and pollution during the last decades around thé&ldvand, as such, implies major changes in

awareness of the problem and of the shared redpldygio tackle this issue.

The lack of new antimicrobials is a threat for fetireatment of infectious diseases. This empgtor
the most trickling pipeline can be explained byethrreasons: scientific challenges; regulatory
requirements, such as the requirement of supsrioritnoninferiority trials; and market failure (i.e
absence of appropriate incentives to develop maaticfor which use is predefined to be restricted).
The Office of Health Economics has estimated thith) restrictions, the net present value of a new
antimicrobial to a drug company is minus $50 millievhereas a new musculoskeletal drug, without
restrictions, is worth $1 billion (1). Ten yearsoagntimicrobials accounted for up to 20% of the
hospital pharmacy budget. Today this contributi@s kecreased to 5%, as drugs like antitumoral,
biological and orphan drugs have moved into a teadiole. Society should consider how to

reintroduce or to rekindle incentives to develofevant new antimicrobials. These could include
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package deals between civil authorities and pheeotecal industry ensuring availability and

development of these niche antimicrobials in coratiam with guaranteed market introduction of new
drugs in other pharmaceutical classes or in teggltems. Programs such as the 10 by 20 initiative i
the United States calling in 2010 for the developiend introduction of 10 new antimicrobials by
2020 could offer such frameworks. These should ibalyf based on a long term agreement and

contract between major stakeholders and, as sothemain limited to a call or a political wish (2)

2.2.European perspective

On a European level a common strategy is necessargsistant organisms are not constrained by
national borders. Agreement on principles and l@yponents of antimicrobial stewardship programs
are necessary to support the EU member states/@agéng national programs. In Chapter 2 and 3 of
this thesis we described two studies that were @& pfthe project ABS international. ABS
International was one the first EU funded initiatifiocusing on antimicrobials stewardship programs.
These studies aimed at the development of relemditators, of which the implementation should

further be promoted by health organisations.

The Transatlantic Task Force on Antimicrobial Riesise (TATFAR) which is a cooperation between
CDC and ECDC, fosters cooperation between US andrithe issue of antimicrobial resistance. The
first TATFAR recommendation refers to appropriase of antimicrobials in human medicine through
hospital antimicrobial stewardship programs anctigigally, to the development of common structure
and process indicators of antimicrobial stewardghgqgrams (ASP). These consensus set of indicators
is expected to be published in 2015. Hopefully thik result in further political steps in European
member states to create a framework for implemgnASP. It remains to be assessed whether the
Belgian model of a compulsory legal framework fatimicrobial management teams will be more

widely applied throughout Europe.

2.3.Belgian perspective

On a Belgian level the BAPCOC structure mirrors twnplexity of antimicrobial resistance by

focusing on the different fields of community, hitapand veterinary medicine. In this thesis we
focused on antimicrobial stewardship programs (ABPthe hospital setting. These ASP are to be
viewed as complementary to hospital hygiene. Bath abre elements in tackling the problem of

antimicrobial resistance and hence should stroimigyact around the hospitalised patient.

In general, antimicrobial stewardship programs strengly favoured and facilitated by a strong
mandate by the hospital board. In the Belgian cdnteere is a legal framework requiring the

implementation of antibiotic management teamdllih@spitals, with specific funding in the hospital
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budget (3). However, hospital financing mechanigmBelgium are very complex and it is not always

clear if and to what extent this budget is trulpedted to the antimicrobial management team.

Undoubtedly, the human resources (both in avaitgkaind in quality of interactive communication)
are key and more essential than structures irf itselchieving targets of antimicrobial stewardship
Core activities in antimicrobial stewardship prageaare education, audit and feedback, surveillance
of antimicrobial use and surveillance of microbmdistance and most of these areas require excellen

communication skills.

2.4. Availability of guidelines

The availability of guidelines for empirical and alimmented infections and surgical prophylaxis is
essential to support health collaborators in tnggitifectious diseases (4, Chapter 2-3-6). Althotingh
availability of printed national guidelines (sucls the BAPCOC guide for ambulatory use of
antimicrobials and the Belgian-Luxembourg editidrttee Sanford guide on Antimicrobial Therapy),
antibiotic management teams spend a lot of timedémeloping local guidelines. It should be
guestioned to what degree this is efficient useesources and whether standardized consensus
approaches could not be generalized and whereaadmbetween general and local guidelines should
lie. Our third study showed that practices for agted and continuous antibiotic administration can
differ substantially between hospitals in Belgiur@hapter 4). Certainly in this issue more

standardisation is strongly recommended.

This objective of a set of national guidelines dtiadeally take the form of an electronically aadile
and updatable tool. Such a tool should be usendlyeto physicians and clinical pharmacists with no
infectious disease background. BAPCOC and the Beldbociety for Infectiology and Clinical
Microbiology have agreed to be key players andneastto develop and provide such guidelines. Also
clinical pharmacists should be strongly involvedtims process especially when pharmaceutical
aspects are important such as in the administrafi@xtended and continuous antibiotics (Chapter 4)

and in screening for interactions (drug-drug, diwgd) etc.

The availability of centrally published practicalidelines should give the opportunity to the
institution-based Belgian antibiotic managementigdo focus more on the implementation of the

guidelines and surveillance of antibiotic use tharthe local development of guidelines themselves.

The guidelines of the Dutch Working Party on Antiiig Policy are an example of guidelines for the
use of antibiotics in hospitalized adult patiertatthave been developed at a national level and are

available online (5)
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2.5 Implementation of guidelines
The second step is to implement those guidelinedaity practice. First it is essential that the

guidelines are easily accessible at the momenhigsician prescribes antimicrobial therapies.

In this thesis we used persuasive interventiongmpglement guidelines. The delivery of printed
educational materials, which is also a passiveedigzation strategy, slightly improves healthcare
professionals’ practice (4).he publication of a drug letter in our fifth studigowed a limitedmpact

on the ratio of intravenous versus total fluoroglome consumption (Chapter 6;lso the impact of
educational meetings which we used in two studias Wmited when we measured the short term
impact or even absent when we studied the long tenpact (Chapter 4 and 5). This confirms earlier
literature on the limited impact of these typesndérventions and warrants an investment into pmove

effective strategies, such as bedside outreacluitigtaes (4).

This “online” educational outreach however is thesmlabour-intensive persuasive intervention
within an ASP. It combines individual patient assesnt, leading to a practical recommendation,
supported by motivation, to the prescriber dumagjent therapy (Chapter 6 and 7). Considering that
the median antibiotic consumption in Belgian haspiis 548 DDD per 1000 patient days, it is clear
that it is time- consuming for ASP to identify gllatients in whom antimicrobial treatment is
inappropriate. It is not feasible that the wholdkbof these prescriptions can be reviewed with the
limited manpower involved in AMT. Hence it needs be assessed to what extent targeted
interventions, either through limitation of the peoor restriction in time, would prove to be
sufficiently effective to reach preset targets wiprovement in relevant antimicrobial prescription

indicators and have lasting teaching effects.

In our fifth study the proactive role of the clinlgpharmacist in identifying possible IV-PO switshe
and in advising physicians could be clearly denmamstl (Chapter 6). This allowed us to empower
clinical pharmacists to change antimicrobial prggimms within a predefined and agreed institution-
specific protocol, validated by the Antibiotic Mayjement Team and the Medical Pharmaceutical
Committee. Active participation of the clinical ghaacist in this process could be further supported
by the elaboration of a legal framework defining ttifferent validated activities of the clinical
pharmacists. Such a framework, which is currerattking, could settle the issue of liability in cade
mistake and result in more legal responsibilities dlinical pharmacists in advising physicians and
nurses. This framework could be similar to the ledgscription of autonomous or delegated nurse
activities in Belgium (6). Both a general legarfrework and internal institution specific protocols
are especially appropriate for interventions sushN&PO switch, dose adjustments based on the

kidney functions and plasma concentrations levels.
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The treatment of infectious diseases is alreadgraficant part of the 3-year curriculum of hospita
pharmacists in Belgium. In the future, a subspeafbn in infectious diseases for clinical
pharmacists could be considered resulting in agciidus disease residency program comparable with
that in the USA where residency graduates are pqdipgo participate as integral members of
interdisciplinary teams caring for patients wittieictious diseases, assuming responsibility forrthei
pharmaceutical care (7). However laudable, thigiaff recognition could be difficult to achieve in
Belgium, taking into account that even clinicaldatious diseases and medical microbiology have not

been officially recognized as competencies or gjies in Belgium, in spite of an obvious need.

In our sixth study we described the activities obeal multidisciplinary infectious diseases team
(MIT) (Chapter 7). In this MIT, ID consultation arige prescription of different types of antimicralbi
agents is reviewed on a daily basis. A number gfdwimicrobial classes (antifungals, carbapenems,
piperacillintazobactam) are reviewed only onceeekvaccording the available time and resources.
Each advice is motivated and hence rendered tregr#pand obvious to patient care. From this
perspective a regular teaching effect can be agstimeugh this type of consultation, as antimicabbi
prescriptions can be influenced. Certain aspeats) as screening of items such as IV/oral switch or
of insufficient dosing of antimicrobials, such dgappeptides, through screening of therapeutic drug
monitoring (TDM) results could be facilitated thgiuincreased IT support. With this MIT structure
we adapt 3 of the top ten indicators consideredkegs elements of an antimicrobial stewardship
programme (Chapter 3). First of all we provide h#glsexpert consultant advice regarding
antimicrobials on request, which is rendered ab&lan the same day. Secondly we perform on daily
basis a clinical audit of prescribers' compliangthwocal clinical guidelines. Thirdly we educateet
prescribers by a personalized interactive met@bter items within the top ten listing of indicagor
are more generic and are developed within the AMITwhich the MIT somewhat serves as an

operational arm.

More efficient identification of inappropriate amicrobials is possible through electronic alertsolvh
are an example of a structural intervention. Etettr alerts can notify the ASP members or directly
the treating physician. Potential electronic aléndude: drug dosing (according kidney function,
weight, drug plasma concentrations), dosing regsriertended and continuous infusions), choice of
antibiotic according antibiogram (de-escalation,dujation of therapy, interactions (drug-drug, drug
food), choice of administration route (IV-PO switchallergy status, positive hemoculture
(Candidemia, Staphylococcus aureus bacteraemia), etc. One of the barriers to implénsrch
electronic alerts consists of potential “alertdag”. Nevertheless in the future it can be a uskefoll

for ASP to identify targets for intervention or edtion and can possibly also provide prescribetls wi

reports and evaluations of their prescribing ha(&ts).
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In this thesis no restrictive interventions suchhesimplementation of a compulsory order form, ever
assessed. Nevertheless, such compulsory order ,fanmshich the prescriber has to complete a
number of steps with essential clinical informatisnch as diagnosis and expected pathogens, has
proven effectiveness in improving the adequacyngpiec antimicrobial choices and may be part of

an antimicrobial stewardship “navigator” integratecn electronic medical record (8 - 14).

2.6.Barriersto implement guidelines

It is important to recognize that implementing glides is a complex process requiring skills beyond
those that can be offered by the health profesEdha).

A recent study suggested that ASPs may have mareess in implementing their stewardship
strategies if they focus on promoting a non-cortibianal image (i.e., not a policing image), andin
face-to-face manner when possible (16).

An Australian study showed following barriers: gajps antimicrobial prescribing knowledge
(especially among interns), a lack of awarenesatatich antimicrobials were restricted and a
reliance on senior colleagues to make antimicrgiiakcribing decisions. (17). This study confirms
that behaviour of physicians should be shapedirsgaet the undergraduate training and running
through their entire professional training as jusistart to copy the behaviour of their supervisors
within the first weeks in the hospital (18). Espdlgi on the moment when new (trainee) physicians
start in the hospital, clinical pharmacists shobkd available to make them aware of the existing

guidelines and protocols.

Although medical microbiology and infectious diseaspecialties are dedicated to the treatment of
infections, in reality health care professionalsoas all specialties are required to be able tonptly
diagnose and treat infections. Incentives to chdreeaviours in prescribing may be to acknowledge
local hierarchies and include opinion leaders witthiferent medical specialties in setting up pielc

and guidelines in prescribing.

In general, physicians also remain concerned alloait reliability of an ASP recommendation
especially when the patient had neither been seenexamined by the ASP team stressing the
importance of physical outreaching. This could pidip explain partly the relative high acceptance
rate of the recommendations proposed by the msifidinary infection team like mentioned in our
sixth study (Chapter 7).

2.7.Outcome of ASP interventions
Measuring the relationship of ASPs interventionsantimicrobial resistance is complex. The time lag
and relationship of changes in hospital antibioise to resistance patterns are inconsistent and not

suited to reliably evaluate ASP interventions. Ehare, however, other markers of ASP success.
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Measurement of antimicrobial use along with othetigmt-focused outcomes is critical to demonstrate

impact of ASPs and should be considered (8,9).

Defining quantitative targets for evaluating ardtim use in hospitals is difficult. The Scientific
Institute of Public Health provides consumptionadatich allow to benchmark the Belgian hospitals.
Interpretation of these data is not easy. Moreifipatata are available on a pathology level inahgd
the severity index. But due the significant delagse data provide no clinical relevant data for the
AMTSs to take action.

Recent data published by the European Centre &ed3e Prevention and Control (ECDC) show that
the consumption of antibiotics and antimycotics¢hi@ Belgian community setting is high compared to
other European countries (19). Actions need taakert as reduction in ambulatory consumption can
decrease resistance in community population angceetmport in the hospital setting. A recent study
from the Belgian Scientific Institute of Public Hieedemonstrated the existence of a risk for aeglir
antimicrobial resistance in major bacterial pathgedirectly related to the consumption of
antimicrobial agents at the individual patient leW&hen prescribing these agents, clinicians should
consider that antimicrobial consumption also inhdyebears an individual risk for their own patignt

besides the resistance induction at the populédiael that has been known for a long time (20).

Actually the health care system evolves, at leastiglly, from a pay for service system to a pay fo
quality system. In order to implement this, qualitgicators are necessary. In Chapter 2 and 3 we
demonstrated a methodology to test the feasibditymplementing structure indicators and one
process indicator in order to evaluate antimicrobtewardship programs. In 2013, the BAPCOC
organized a non- mandatory audit of 3 process atdis in antimicrobial prophylaxis in surgery. In
the future other subjects for audit could be ugnaact infections, sepsis, CAP, IV PO switch
Saphylococcus aureus bacteremia. For the three last topics, indicateese developed and validated
in the ABS international study (Chapter 2). Makthgse audits mandatory and defining targets could
be a next step. We must however take into accooat the performance level can vary by
hospital according to previous or ongoing localliyntervention programmes. This was also shown
in our second study where performance on IV-POchwitas higher for those hospitals with local

improvement programs on this topic (Chapter 2).

The point prevalence study performed by the SdotAstimicrobial Prescribing Group (SAPG)
showed that the regular review of national presegtndicators can drive improvement in quality of
antibiotic use in key clinical areas (21). Thiseivention has been included in a recently developed
policy statement of the Belgian Workgroup “Hospitdédicine” of the BAPCOC (22). A target of

90% is set for the indicator that evaluates theethbility of an indication for antimicrobials ineth
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medical file of an individual patient. Recent matalyses indeed suggested that the effectiveness of
audit and feedback is enhanced by setting a targethavioural goal (23,24). For sustainable dihic
engagement it is important that national prescgbimdicators are seen as drivers for improving
clinical outcomes as opposed to being viewed &®ejunitive or restrictive measures (18). This is
important as the experience with the TFAD indicatorthe USA has led to an irrational use of
antimicrobials caused by the pressure on preseritoeperform well according hospital accreditation

programs linked to financial punishment.
Feedback may be more effective when baseline padoce is low, the source is a supervisor or

colleague, it is provided more than once, it iswéeed in both verbal and written formats, and when

includes both explicit targets and an action pB).(
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3. Future research

Future research on the promotion and implementaifaantimicrobial stewardship programs should

focus on the evaluation of best practices to impleinmterventions and outcome research.

In view of the wide range of practices aimed atFKbptimization, the optimal choices of achieving
this through standardization should be further ssex# (indications, resistance levels of causative
pathogens, modalities of drug administrationpaC guidelines for appropriate administration @ns
schedules, stability, and incompatibility) to all@afe and easy implementation by physicians, nurses

and clinical pharmacists are here necessary.

Considering the risk of acquiring nosocomial inieaes and the likely increase of patients requiring
long term antimicrobial therapy for infections withultidrug resistant microorganisms without oral
alternatives, the active development of an outpaparenteral antimicrobial therapy program (OPAT)
should be considered. Although already developei@udifferent formats in the USA and the UK, the
practice with OPAT in Belgium remains limited andntpered by the absence of a framework for
transmural distribution and follow-up. This shoulsk ideally organized through the hospital
pharmacy, in coordination with an ID service. Resean this topic should focus on the development
of practical guidelines in collaboration with thefactious disease physician, hospital pharmacist,
social worker, general practitioner, public pharisand home nurse. Clinical outcome and adverse
events should be studied. Collaboration with Belggovernment is necessary to create a legal

framework.

It is necessary to understand the impact of antwhial stewardship interventions on resistancesrate
in hospitals but also in community. We should eatduwhich interventions are most effective and
cost-efficient to implement clinical guidelines diaily practice with focus on the treatment of hyghl
prevalent infections (CAP, urinary tract infectiarjs infections resulting in a high mortality figas
(Staphylococcus aureus bacteremia, sepsis, candidemia,..) and surgicaphgtaxis. In order to
evaluate this, evidence based indicators shoufdrieer developed and validated by multidisciplynar
panels using Delphi technique methodologies. Themiicators should be oriented towards
pharmacotherapy but also on diagnostic approaehgsif pneumonia timely oxygenation, obtaining

of blood and sputum samples).

Indicators can be used on different levels. LodslTAs can incorporate them in a checklist to review
the appropriateness of antimicrobial treatmentsadrequent basis. This could be used by clinical
pharmacists to identify inappropriate therapiestif@armore they can be incorporated in information

technology programs to alert prescribers or AMTlew there is an opportunity to optimize therapies.
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Here the implementation of structural interventidife clinical decision support tools and mobile

health systems should be studied.
Finally, guidelines get poorly translated into rpedctice. Hence, the impact of inclusion of bebavi

change theory into the development and implemeamtati interventions should be studied, as this

may prove crucial in order to achieve true changeimprovement.

4. Policy recommendations

International and local authorities have a highpoesibility in dealing with the problem of
antimicrobial resistance threats. We list in thguter policy recommendations based on the findings

of this thesis oriented towards Belgian authorities

1. Guidelines for antimicrobial therapy

The Belgian government should provide structuralding for the development and maintenance of
national guidelines for empirical, documented amoppylactic antimicrobial therapy in a hospital
setting.

Not only data on indications and dosages (inclusivease of reduced kidney function) should be
provided but also practical information on the adistration (e.g. continuous infusion,
incompatibility, stability,..) tallow safe and easy use by physicians, nurseslarichl pharmacists
This information should be made electronically &lze to all health care workers with the possiili

to incorporate them in the local CPOE systemskayl players like the BVIKM and VZA should be
involved.

These guidelines should be used in the basic attlgted education of physicians and pharmacists to

make them familiar with this format in preparatfitheir professional career.

2. Pay for service system

As the health care system will evolve from a paydervice system to a pay for quality system the
government should progress in monitoring and stgethe quality of antimicrobial stewardship
programs based on predefined indicators. Herehwald move from the “soft” structure indicators to
the process and outcome indicators which could basored by performing mandatory audits and
defined targets.

The government should provide consumption data pathology level which allows benchmarking

the Belgian hospitals.

Not only the hospital setting but also the ambuijat®tting should evolve in the direction of a fawy

service system in order to have impact on antirbialqrescribing by general practioners.

131



3. Information technology
Information technology has potential for facilitagi antimicrobial stewardship efforts. Here the
government should support the cooperation betwespitals in the development/purchasing of new

information technology systems as an encompassajgq.

4. Awareness campaigns about the threat on antimicrobi resistance
Not only healthcare workers but all Belgian civiiiashould be aware of the threat on antimicrobial
resistance. We need here the same attitude asdswiae relation between climate changing and

pollution. Here education should start beginninthatprimary school.

5. Legal framework for healthcare workers.

As clinical pharmacists increasingly participateciimical advice towards physicians and nurses a
legal framework defining the different validatedtigities of the clinical pharmacists should be
developed. The recognition of the function of dali infectiology in the hospital organisation is

urgently needed.

6. OPAT
Belgian government should create a framework fopw@atory parenteral antimicrobial treatment. All

key players from the hospital and ambulatory sgtsinould been involved

5. Conclusion

Antimicrobial stewardship programs can play a magbe in the prudent use of antimicrobials in an
environment with increasing endemicity of resistrithere is a clear need to better identify thetmos
effective strategies to be developed by antimi@obianagement teams and the mechanisms that
underlie barriers to implementation. Antimicrolsé¢wardship is likely to be most effective throwgh
collaborative effort, evolving away from a standra function, to a part of an institution’s quality
and safety-enhancing infrastructure (26). It isdewt that a successful program requires a strutture
and systematic interaction of key players withie thospital, including clinical pharmacy, clinical
infectiology, medical microbiology and hospital ige, not only in formal meetings but foremost in
daily practice around the patient as well as a ragnffom the institution itself. These activitiesea

to be measurable through appropriate and approxkchitors.
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SUMMARY

Health care is challenged by the emergence of iatitbresistance and the slow pipeline of new

antibiotics, especially against Gram negative nrmalsistant bacteria. The most important cause of
emergence and spread of antimicrobial resistane®&en a massive overuse of antibiotics worldwide
across all ecosystems over the past decades, imglhdmans, animals, aquaculture, and agriculture.
Antimicrobial resistance may lead to more diffictdttreat infections and may hence be associated
with increased patient mortality, longer hospitiays, and increased healthcare costs. Up to 30% of
antimicrobial regimens in hospitals are consideneghpropriate. An effective approach to improving

antimicrobial use in hospitals is an organisedmaigtiobial stewardship program.

In this thesis we tried to develop and validateliguéndicators in order to monitor antimicrobial
stewardship programs in a hospital setting. Fumioee we evaluated key components of an

antimicrobial stewardship program to optimize aimthwbial prescribing.

With a multidisciplinary panel from four Europeanuntries we developed 57 structure indicators
from which ten indicators were identified as a mmal set of key indicators. A validation survey in
eleven European hospitals showed a significantrbgemeity with regard to their scoring for
structural components of effective antibiotic stedghip. We concluded that potential structure
indicators examined in this study, with focus oe tp-ten indicators, could be used for regular

assessment of the extent and strength of hospitiahiarobial stewardship programs.

The feasibility and clinical relevance of measuringrocess indicator for appropriate iv use of lyigh

bioavailable antimicrobial drugs, allowing early I oral switch, was evaluated revealing a
substantial heterogeneity of the performance gdmseAce of an iv-to-po switch programme was
associated with more inappropriate prescribing. fdsults of this study indicated that the iv-to-po
guality indicator is widely applicable and could &¢ool to evaluate compliance with iv-to-po switch

guidelines.

Optimizing antibiotic dosing regimens is a core\atst within an antimicrobial stewardship program.
Extended and continuous infusions with betalactawibitics have been suggested as a means of
pharmacokinetic and pharmacodynamic optimisation aofimicrobial therapy. A survey was
undertaken to investigate the recommendationsxbended and continuous infusions of ceftazidime,
cefepime, piperacillin-tazobactam, meropenem amtaemycinby the local antibiotic management
teams (AMTSs) in Belgian acute hospital$is survey showed that extended and continuousiioris

are widely implemented in Belgian hospitals buteaed significant variation in the recommended

dosing regimens.
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Two interventional studies were performed to optenantimicrobial prescribing. These focused on
appropriate timing of the initiation of an antinobial treatment for presumed infections in the
emergency ward and on parenteral to oral conversidluoroquinolone antibiotics. We showed that
the implementation of merely persuasive intervergtisuch as hospital-wide publication of guidelines
in the local drug letter and educational interacgessions towards nurses and physicians onlytedsul
in limited improvement. However, a pro-active im@mtion by a clinical pharmacist to stimulate
parenteral to oral conversion resulted in a sigaift reduction of the duration of the intravenous

treatment, as well as in treatment cost.

Finally we assessed the functioning of a multigieary infectious diseases team (MIT), which is an
example of educational outreach intervention. TH& rmulated a daily average of 5 interventions
for non-critically ill adult patients in a teachihgspital. Following bedside assessment by jurtadf,s
diagnostic and therapeutic recommendations weremeoritated by phone and by notes towards
prescribers in the electronic patient file resigtin high acceptance rates, in particular for thewdic

recommendations.
In general this thesis provides indicators to tHdTAs to evaluate their antimicrobial stewardship

activities. Proactive interventions on an indivibpatient level are needed to optimize antimicrbbia

prescribing.
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SAMENVATTTING

Antibiotica-resistentie en de beperkte introductien nieuwe antibiotica, vooral tegen Gram-
negatieve multiresistente bacterién, vormen eereidg voor de gezondheidszorg. De belangrijkste
oorzaak van ontstaan en verspreiding van antilaigsistentie ligt in het overgebruik van antilmati
zowel in de humane-, veterinaire- als landbouwsedmtibiotica resistentie geeft aanleiding tot
potentieel moeilijker te behandelen infecties em ldaarom gepaard gaan met een verhoogde
mortaliteit, langere hospitalisatie duur voor déégra en toegenomen kosten voor de gezondheidszorg.
Er wordt geschat dat meer dan 30% van het antihiagebruik in ziekenhuizen als onoordeelkundig
ingeschat kan worden. ‘Antimicrobial stewardshippgramma’s worden als een effectief instrument

gezien om het antibiotica gebruik in ziekenhuizerdrbeteren.

In dit proefschrift hebben we kwaliteitsindicatoremntwikkeld en gevalideerd die toelaten
antimicrobial stewardship programma’s te monitarehet ziekenhuis. Verder hebben we elementen
van een antimicrobial stewardship programma geéeatlimet het oog op een optimalisatie van het

antibioticagebruik.

In een eerste studie werden met een multidisciplipanel afkomstig uit 4 Europese landen 57
structuur indicatoren ontwikkeld. Hiervan werden 1€ geidentificeerd als een minimale set van
indicatoren. Een validatie studie in 11 Europes&emhuizen toonde aan dat deze indicatoren kunnen
worden gebruikt om de performantie van antimicrbbtawardship programma’s in ziekenhuizen te

evalueren.

In een tweede studie werd in 4 ziekenhuizen eecegrindicator getest die toelaat de mogelijkheid to
omschakeling van intraveneuze naar perorale antimigle geneesmiddelen met een hoge
biologische beschikbaarheid te evalueren. De afywetil van IV-PO switch richtlijnen ging gepaard
met minder performant voorschrijven. Deze studantte aan dat ziekenhuizen deze indicator kunnen

gebruiken om de compliantie aan IV-PO richtlijneretalueren. .

Het optimaliseren van antibiotica doseringsschema’seen onderdeel van een antimicrobial
stewardship programma. Het toedienen van betaraatdibiotica in verlengde of continue infusie is
gebaseerd op farmacokinetische en farmacodynamiggheipes om antimicrobiéle therapieén te
optimaliseren. Met een vragenlijst gericht aan detidoticabeleidsgroepen van de Belgische
ziekenhuizen werd gepeild naar de doseringschematy ceftazidim, cefepim, piperacillin—

tazobactam, meropenem en vancomycine. We kondeareemdat verlengde en continue schema’s in

belangrijke mate toegepast worden maar met uitgkeprvariatie in de lokaal aanbevolen schema’s.
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Twee interventionele studies werden uitgevoerd. deeste bestudeerde het tijdig opstarten van
antibiotica bij vermoeden van infectie op de afuiglvoor spoedgevallen; de tweede de optimalisatie
van de overschakeling van intraveneuze naar perdi@rochinolones. Het louter verspreiden van
richtlijnen en organiseren van interactieve vorngegicht aan verpleegkundigen en artsen resulteerde
in een slechts beperkte verbetering. In de tweaddeswerd evenwel een duidelijk positief resultaat
gedocumenteerd: een proactieve interventie dookl@@ach apotheker resulteerde in een significante

reductie van de duur en kost van intraveneuzedbttitonolone antibiotica.

Tenslotte werd het functioneren van een multidiswir infectieteam als typisch voorbeeld van een
“outreach” interventie geévalueerd. In de bestutkeeperiode werden dagelijks gemiddeld 5
aanbevelingen voor volwassen patiénten op nieiekat afdelingen in een tertiair ziekenhuis
geformuleerd. Diagnostische en therapeutische aatibgen werden telefonisch en elektronisch via
het patiéntendossier gecommuniceerd naar de vagvecth. Er werd een hoge aanvaardingsgraad

gedocumenteerd, in het bijzonder voor therapieaévie
Samengevat worden met deze thesis indicatoren @schikking gesteld voor het evalueren van

antimicrobial stewardship programma’s in ziekenbuniz Proactieve interventies gericht op de

individuele patiént zijn noodzakelijk om het antiticagebruik te optimaliseren.
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