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Knowledge is the enemy of disease; the application of what we [currently] know will 

have a bigger impact on health and disease than any drug or technology likely to be 

introduced in the next decade.  

Sir Muir Gray, NHS National Knowledge Service Director (2006). 
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I.1. Antibiotics  

Since the advent of penicillin and sulphonamides in the 1930’s, antibiotics have 

reshaped modern medicine. Being a chemically very heterogeneous group, antibiotics 

are developed to directly kill pathogenic micro-organisms, to alter their growth or to 

affect other pathogenic mechanisms of the micro-organism allowing the patient to 

clear the pathogen. They exert their action through pathogen-specific mechanisms, 

causing a minimum of direct toxicity in the patient, allowing them to be used as a 

drug for human or veterinarian use. This property makes them amongst the most 

essential and thus also most used drugs in modern medicine. However, their high 

efficacy and low direct toxicity forms an ideal basis for excessive and indiscriminate 

use, both in human and veterinary practices. This leads to the emergence and 

dissemination of resistant micro-organisms, threatening their initial efficacy.1 

The Copenhagen Conference organized by the European Union in 1998, resulted in a 

resolution where all members states recognized the threat of emerging antimicrobial 

resistance as a European and even global problem.2 At about the same time, the 

Infectious Diseases Society of America (IDSA) published one of its oldest standing 

guidelines on the prevention of antimicrobial resistance in hospitals.3 This problem of 

emerging resistance is further complicated with the observation that few to none new 

antibiotics are currently in the pipe-line of the pharmaceutical industry, although 

international initiatives have been ordered.4,5 On top of this, most recent 

commercialized antibiotics do not belong to a new class while having a broad 

spectrum, which further adds to this problem. Therefore, rationalizing antibiotic use is 

urgently needed to preserve their function until novel molecules may become 

available.6 

 

I.2. Impact of antimicrobial use 

Prudent antibiotic use is recommended because of three major issues: bacterial 

resistance, clinical outcomes and economic impact. 

 

Resistance 

The link between antibiotic use and the development of resistant bacteria has been 

demonstrated in several studies in primary care, both for the individual patient and on 
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the societal level.7,8 The highest risk for carrying a resistant clone is during the first 

month after the antibiotic course with a 4.4 times higher chance of finding a resistant 

E. coli in the urinary tract with persistent effect up to one year. Similar increases are 

also seen for bacteria on other body sites. Unfortunately, reducing antibiotic use may 

not be sufficient to lower the emergence of resistance. Due to the existence of 

multidrug resistance, using one antibiotic may induce resistance to another, unless the 

use of all antibiotic classes is reduced.9 

 

Clinical outcomes 

The clinical impact of antibiotic use is twofold. Firstly, an antibiotic therapy that is 

guideline compliant will improve survival in patients with a community-acquired 

pneumonia and septic shock.10-12 Patients that are not timely treated with an antibiotic 

that is not effective against the causative organisms, will have worse outcomes.13,14 

Contrastingly, a treatment with an antibiotic that is given for too long or with too 

broad spectrum can effectively harm patients due to the overgrowth of micro-

organisms that are either inherently resistant such as yeasts, or through the emergence 

of resistant clones.15,16 One of the most notorious is the commensal Clostridium 

difficile, causing antibiotic-associated diarrhoea and posing a serious threat to 

hospitalized patients.17  

 

Economical impact 

The last major issue of prudent antibiotic use is the costs that are generated. Using 

more recent and more expensive broad spectrum agents when older, more narrow 

spectrum and often cheaper antibiotics are indicated, may lead to unnecessary high 

costs. The rising resistance problem also has an important impact, needing more 

expensive alternatives, longer hospital stays and protective measures, and having 

higher morbidity and mortality.18,19 

 

I.3. The role of guidelines 

Guidelines are a user friendly format of evidence-based medicine and are essential for 

rationalization of medical practices, including antibiotic use. Guideline-concordant 

therapy can lead to improved health outcomes and diminished use of resources, as in 

the case of CAP-treatment.10,11A guideline is to be defined as a document that 
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includes a set of statements about appropriate healthcare to support daily practice, 

based on evidence and critical appraisal, aimed at the explicit statement of good 

medical practice.20 In the case of antibiotic guidelines, this can be translated as 

disease-specific treatment recommendations, taking into account economical factors, 

resistance patterns that are already present and, ideally, at the same time aiming to 

prevent or lower the pace of new forms of resistance. But, if such information is 

available, why don’t physicians use it in daily practice? A framework to describe the 

different barriers against using clinical guidelines has been developed already in 1999 

(Figure 1).21 Some of the identified barriers in this model are inherently linked to the 

problematic nature of antibiotics and antimicrobial resistance. Because antibiotic 

guidelines need to incorporate resistance data that can vary greatly between countries 

and even single hospitals, multiple guidelines for a single pathology exist, in contrast 

to non-infectious diseases. 

 

Figure 1.  Barriers to guideline adherence 

 
Barrier breakdown in different types and their interaction with various behavioural concepts: 

developed by Cabana et al.21 Copyright© (1999) American Medical Association. All rights 

reserved. 

 

As such, guidelines that have been formulated on an international level, still need to 

be translated to the level of separate countries and separate hospitals. Consequently, 

this wide array of recommendations can lead to confusion and inappropriate use. 

Guidelines also greatly differ in quality.22,23 To asses this quality, the AGREE 

instrument has been developed and recently updated.24,25 However, many non-

infectious diseases guidelines do not comply with these criteria26-28 and how antibiotic 

guidelines, including local versions, would score is unknown. It is demonstrated that 
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guidelines from major technology assessment agencies are better than those 

developed by specialty societies and that national guidelines have higher quality 

scores than local guidelines. 29-31 One can assume that guidelines from professional 

organizations such as IDSA with a well developed guideline program would receive 

rather good scores. But, despite their inherent need, this is less likely to happen for 

lower level guidelines that are locally developed using local resistance data but with 

limited resources and often including other economic factors,32 local culture33-35 or 

personal interests36. 

 

I.4. Evidence-based implementation of evidence-based medicine 

However, even without the specific problems above, extra efforts are needed, in 

general to ensure guideline use in daily practice. Without this, improper use of 

antibiotics (and other medication) will continue, giving a further rise in resistance. 

Therefore, the most important step, after guideline development, is their 

implementation. To give a clear definition of this concept is difficult because no clear 

terminology exists in this field yet. However, one possible definition of 

implementation can be “promoting the systematic uptake of clinical research findings 

and other evidence-based practices into routine practice, and hence improving the 

quality (effectiveness, reliability, safety, appropriateness, equity, efficiency) of health 

care. It includes the study of influences on healthcare professional and organizational 

behaviour”.37 A large array of different implementation interventions has been 

described already and new forms continue to be developed (Appendix Table 1). 

Because some of these implementation methods need considerable investment while 

the health care budget is limited, used methods have to be selected based on objective 

criteria, with “evidence-based implementation of evidence-based medicine” being the 

final aim.38 Several reviews have been done to assess intervention efficiency 

already.39,40 Their conclusions are that all interventions have modest to moderate 

effects, but not all of the time, and multifaceted interventions have better yields than 

single interventions. A Cochrane review specifically on interventions to improve 

hospital antibiotic prescribing practices added that restrictive interventions had more 

immediate effect than persuasive ones.41 Another finding of these reviews is that the 

possible causes of this variation are rarely addressed by the original authors and that 

the intervention terminology is often inconsistent or does not cover the same contents. 
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Therefore, these reviews cannot give an indication which intervention(s) to select in a 

particular situation. Which intervention to choose was (and is) still dependent on 

considerable judgment of the decision-maker.40 A possible way out was choosing the 

interventions according the local barriers to and facilitators of change.42,43 Several 

studies have been performed to describe the barriers to and facilitators for antibiotic 

guidelines and subsequently tried to translate these findings into successful 

interventions.44-47 Nevertheless, the use of interventions tailored to meet local barriers 

has proven successful in a still limited number of trials.48 Often these translations are 

poorly described and limited information of the intervention site is available, 

impeding transferability of these findings to other sites. Also, using the barriers alone 

may give insufficient information, urging the need to include theories on behavioural 

change.40,43,49 

 

I.5. A theoretical framework: theories in behavioural change 

General approach 

A theory is “an organized, heuristic, coherent, and systematic articulation of a set of 

statements related to significant questions that are communicated in a meaningful 

whole for the purpose of providing a generalisable form of understanding”.50 They 

intend to describe observations, summarize evidence, give explanations and yield 

hypotheses. Theoretically, using psychological theories for intervention selection can 

select for more effective interventions because of a better understanding of the 

determinants of change and it may facilitate the generalisability of interventions if the 

different contexts, populations and behaviours are better understood.49,51 Choosing an 

appropriate theory will depend on the focus of interest (individual clinician or a large 

organization),50 and the sort of behaviour.52 

 

Theory of Planned Behaviour 

As such, identifying the active determinants in professional behavioural change on 

beforehand can reduce the number of costly implementation trials.51 However, 

evidence for this approach of intervention selection is still largely lacking.53 

Before 1998, the PRECEDE (Predisposing, Reinforcing, and Enabling Constructs in 

Educational Diagnosis and Evaluation) model was the most used theory to explain the 

design of an intervention or interpretation of the results.54 In order to predict 
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healthcare professionals’ behaviour, a recent review showed that most researchers 

used the Theory of Planned Behaviour (TPB), which has been applied in a wide range 

of settings.55 In this theory, intention is the precursor of the behaviour (ic. antibiotic 

guideline use) and is influenced by the individuals’ attitudes, their subjective norms 

about the behaviour and the perceptions of control over the behaviour (Figure 2).56 

The TPB can explain intentions to do a certain behaviour moderately well with a 

mean R²=0.59, and R²=0.35 for actual behaviour. However, it does not provide any 

guidance how to change these predictors.49,55 The development of a theory that can 

actually explain behaviour change is therefore needed. 

 

Figure 2.  The Theory of Planned Behaviour 

 
The Theory of Planned Behaviour postulates three factors that will determine human action: 

attitude (appraisal of the behaviour in question); subjective norms (the perceived social pressure to 

perform the behaviour or not) and the perceived behavioural control (perceived ease of performing 

the behaviour). These will determine the behavioural intention which is the immediate antecedent 

of the behaviour itself, given a sufficient degree of actual control. However, because various 

circumstances limit the volitional control, the perceived behavioural control (as a proxy for actual 

control) should be considered in addition to intention.56 

 

I.6. Belgian situation 

Belgium has a long-standing reputation of being amongst the highest consumers of 

antibiotics in Europe, having the second highest rate of community antibiotic 

consumption in 1998 (data from the European Surveillance of Antimicrobial 

Consumption; http://www.ua.ac.be/ESAC) and also later on, both in ambulatory 
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(about 24 DDD/1000 inhabitants/day; 7th out of 28 countries in 2005) and hospital 

care (about 2.4 DDD/1000 inhabitants/day; 5th out of 15; year 2002).56-58 As a 

consequence, Belgian resistance rates for antibiotics are remarkably elevated. For 

instance, 13% of the isolated pneumococci are intermediate sensitive to resistant to 

penicillin and 35% of the isolates were macrolide resistant in 2001.57 Likewise, 27,2% 

of all S. aureus isolates were methicillin resistant in 2002.58 To counter this growing 

problem, the Belgian government instructed by Royal Decree the institution of a 

national committee, “Belgian Antibiotic Policy Coordination Committee” 

(BAPCOC), that should collect and follow up the necessary data on antibiotic 

consumption and resistance patterns, raise awareness, develop guidelines on antibiotic 

treatment and issue research recommendations.59 This has led to several initiatives: in 

the winter season of 2000-2001 and 2001-2002, there were campaigns to increase 

awareness in the general public, leading to significantly lower antibiotic 

consumption.60 Since 2002, hospitals received also additional funding to set up local 

antimicrobial management teams (AMT).61 To this date, all 116 Belgian hospitals 

have such an AMT in place as imposed by the Royal Decree from February 12, 2008. 

Their role is to develop antibiotic formularies and practice guidelines, carry out 

initiatives to limit inappropriate use, training, medical practice audit and surveillance. 

These efforts are reflected in lower resistance incidence (8% and 24% of 

pneumococci with decreased sensitivity to penicillins and macrolides respectively in 

2008). However, resistance among E. coli for different antibiotics is stable or 

increasing.57 

Still, total antibiotic use remains high in Belgium, with 28,7 Defined Daily Doses 

(DDD)/1000 inhabitants/day (111 million DDD’s) in 2007, with a total expenditure of 

almost €270 million.62 At the same time, the amount of antibiotics is rising again, 

coming from a low of 25.9 DDD/1000 inhabitants/day (98 million DDD’s) in 

2004.62,63 The combination of a penicillin with a beta-lactamase inhibitors (including 

amoxicillin-clavulanate) is the overall most consumed antibiotic with 28.9 million 

DDD’s overall in 2007 of which 3.5 million DDD’s prescribed by specialists, 

followed by the fluoroquinolones with 8.8 million DDD’s overall and 1.8 million 

DDD’s on specialists’ prescription.  
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I.7. Thesis outline 

In this research project, we describe important determinants for using antibiotic 

guidelines, current practice and an attempt to improve their use in two different 

hospitals in Flanders, Belgium. For this purpose, we used the treatment of 

community-acquired pneumonia (CAP) as an indicator for general antibiotic use. CAP 

was chosen for two main reasons. Firstly, CAP has relatively high incidence in the 

general population with a considerable impact on health and economical outcomes. 

Secondly, CAP management is well defined by multiple guidelines that correspond to 

a great extent and that patient therapy can be evaluated using validated severity 

scores. 

 

I.8. Research questions 

In Chapter II, we asked whether it was possible to derive from the literature which 

interventions are already used and prove to be efficient to improve the use of CAP-

related guidelines. A broad literature review was performed, the interventions were 

listed, grouped and compared with the available clinical, economical and process 

outcomes. 

 

In Chapter III, the question was which factors can either improve or impede the use of 

the local guidelines in two hospitals. For this purpose we used focus groups that 

included all major disciplines (internal medicine and surgery) and levels of experience 

(residents and staff members). Possible barriers and facilitators were sorted along 

identified physician subgroups and situated in a larger behavioural theory, the Theory 

of Planned Behaviour. 

 

In Chapter IV, we tried to validate our findings from Chapter 3, to give quantitative 

data to identify the more influential barriers and facilitators and whether this could 

also identify physician subgroups that need a different approach. Therefore, the same 

theoretical concept and observations from the previous chapter were used in a 

questionnaire that was distributed in two hospitals.  
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In Chapter V, we handled two questions. Firstly, our purpose was to identify the 

current use of antibiotics and associated problems in CAP-management. The second 

question whether interventions based on previous local observations may have an 

influence on guideline concordant antimicrobial use. Therefore, using a validated set 

of quality indicators, we conducted a follow-up study in two hospitals on CAP 

treatment. In the same period, we implemented different interventions in one hospital 

and evaluated their impact on guideline use. 
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I.9. Description of the different study locations 
This whole study has been conducted in two different hospitals, University Hospitals 

Leuven and Ziekenhuis Oost-Limburg. 

 

University Hospitals Leuven 

The first site, University Hospitals Leuven (UZL), is a large (1,900-bed) tertiary-care, 

university teaching hospital with a broad regional and national impact. Residents form 

the largest part (55-60%) of the active physicians in UZL. Every year, at the 

beginning of August, new residents join and others leave, going to an affiliated 

hospital as part of their residency or having completed their training. Residents rotate 

between different wards every three to four months. The guidelines that were studied 

are the locally developed antibiotic guidelines, based on the national and international 

guidelines, and developed through multidisciplinary collaboration between ID 

specialists, pharmacists, and senior physicians from different specialties. The 

guidelines are available as a booklet, on the hospital intranet and the internet 

(http://www.antibioticagids.be). They were first designed in 1993, and updated in 

1996, 1999, 2005 (version used at the time of the study in Chapter 3), June 2007 when 

treatment duration was included, and another, major revision in September 2009. The 

use of the online versions is encouraged in order to provide the most recent 

information. Infectious diseases consulting consists of an ID specialist or chief 

microbiologist touring at least two times weekly to daily on intensive wards. For ID 

consulting on other wards, a dedicated resident who reports to the ID specialist is 

available on demand. Electronic patient files, including all lab results, are available in 

the whole hospital. Standard, microbiology results become available between 24-72 

hours after the sample has arrived in the lab. Gram stain and/or microscopy are 

routinely performed for all samples. These results are usually available in the 

electronic patient file within 24 hours. Sensitivities for antibiotics are reported 

selectively. Since October 2003, the microbiology lab also telephonically contacted 

the attending physicians if the prescribed treatment diverted largely from positive 

blood cultures. At the start of the study of Chapter 5 (October 2007), electronic 

prescribing was available in about one quarter of all wards. At the end of the study, all 

wards involved used electronic prescribing, except the emergency department. 
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Ziekenhuis Oost-Limburg 

The second hospital, Ziekenhuis Oost-Limburg (ZOL), is an 800-bed secondary care 

centre with a large regional impact and an extended expertise on pulmonary diseases. 

In ZOL, the largest part of active physicians is staff member, with only a small 

proportion (20-25%) of residents. Here also, residents usually enter in August and 

change between different wards every 3 months. The local antibiotic guidelines were 

similarly developed, with the most recent version (December 2008) available on the 

hospital intranet and as a booklet with a last revision in 2007. ID consulting is rather 

limited and primarily maintained by the local microbiologists, touring weekly on 

intensive care units. For other wards, consulting is available on demand. An electronic 

patient management system is available on all wards, including all lab results. 

Microbiology results are available electronically between 48-72 hours after sample 

arrival with selective report of antimicrobial sensitivities. No specific follow-up from 

the microbiology lab is performed. Gram stain and microscopy are performed 

routinely on appropriate samples. Electronic prescribing is not available in ZOL. 

The interpreted CAP treatment guideline used in UZL and ZOL is presented in Table 

1. No changes were made to this guideline during the time of the study in Chapter 5, 

between October 2007 and June 2010. This study is registered in the 

ClinicalTrials.gov registration system with identifier NCT00512772. For both 

locations, approval by the local Ethics Committee was obtained.  
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Table 1.  Details of CAP treatment guidelines in UZL and ZOL. 

University Hospitals Leuven Ziekenhuis Oost-Limburg  

Disease severity First line Alternative First line Alternative 

CAP III 

Co-amoxiclav 1 g/200 

mg IV 

Q6 hours or 

Co-amoxiclav  

2 g/125 mg sustained 

release 

Q12 hours 

Non IgE-mediated 

penicillin allergy:  

cefuroxime 1,5 g IV Q8 

hours. 

Clinical failure (3 days β-

lactam) or β-lactam 

intolerance or IgE 

mediated allergy:  

Add clarithromycin 500 

mg IV Q12 hours or 

Treat with moxifloxacin 

400 mg po QD or 

Treat with moxifloxacin 

400 mg IV QD 

Co-amoxiclav 2g/200 

mg IV 

Q8 hours or 

If clinically improving 

(decreasing CRP + 

leukocytosis, afebrile 

>48h and oxygen-

saturation > 95%) 

switch to  

Co-amoxiclav  

2 g/125 mg sustained 

release 

Q12 hours  

 

Non IgE-mediated 

penicillin allergy:  

cefuroxime 1,5 g IV Q8 

hours. 

Clinical failure (3 days β-

lactam) or β-lactam 

intolerance or IgE 

mediated allergy:  

Add clarithromycin 500 

mg IV Q12 hours or 

Treat with moxifloxacin 

400 mg po QD or 

Treat with moxifloxacin 

400 mg IV QD 

CAP IV 

(Ceftriaxone 2 g IV QD 

or  

cefotaxime 2 g IV Q8 

hours) 

each with 

clarithromycin 500 mg 

IV Q12 hours  

Moxifloxacin 400 mg IV 

QD 

(Ceftriaxone 2 g IV QD 

or  

cefotaxime 2 g IV Q8 

hours) 

each with 

clarithromycin 500 mg IV 

Q12 hours 

Moxifloxacin 400 mg IV 

QD 

Cefotaxime or ceftriaxone 

can be replaced with co-

amoxiclav I.V. of 

cefuroxime IV if no risk for 

penicillin resistant 

pneumococci and no 

evidence for invasive 

pneumococci infection 

without recent 

hospitalisation 

Therapy duration  

Standard duration: 7 days; 3-5 days for CAP with 

mild-to-moderate severity responding well to 

antibiotic therapy 

Not defined 
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Abstract 

Purpose: To quantify the impact of different guideline implementation interventions 

to improve treatment of community-acquired pneumonia in a hospital setting.  

Data sources: Pubmed, the Cochrane Library, the Cochrane Effective Practice and 

Organisation of Care specialized register, EMBASE and CINAHL. 

Study selection: Hospital-based trials studying the effect of guidelines on compliance 

with care processes, clinical and/or economic outcomes in the treatment of 

community-acquired pneumonia together with a description of their implementation 

interventions.  

Data extraction: Two independent reviewers extracted and categorized utilised 

implementation interventions, assessed intensity of use and calculated changes for 

process of care variables, clinical and economical outcomes. Correlations between 

interventions and improvement of outcomes were assessed by means of Spearman’s 

rho-test and Mann-Whitney U-test. 

Results of data synthesis: In 27 included studies, educational meetings (21/27) and 

distribution of written material (14/27) were the two most used interventions. Most 

individual studies show positive overall results, but taken together, no significant 

relation between number or type of implementation interventions and improvement of 

outcomes could be detected. Only audit & feedback showed a significant negative 

influence on the improvement rate of length of stay (P=0.003; N=20).  

Conclusion: Other hospital-specific factors are likely to have a higher impact on the 

rate of improvement than the implementation interventions alone. Describing which 

interventions are most successful is unlikely to be correct without taking these 

hospital-specific factors into account. Future research should focus on how to identify 

and define these factors and how to adapt the intervention to hospital-specific factors. 
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II.1.  Introduction  

Community-acquired pneumonia (CAP) is a major cause of death, health care 

resource use and costs. In the USA, CAP accounts each year for 10 000 000 physician 

visits, 500,000 hospitalizations and 45,000 deaths.64 Hospital costs are estimated 

between 8.4 and 9.7 billion $/year.  

Emerging antimicrobial resistance and growing need for optimal resource use force 

hospital authorities to a more efficient use of antibiotics and facilities. To guide this 

process without compromising patient safety and outcome, several CAP guidelines by 

authoritative organizations have been formulated and frequently updated.65,66 Issues of 

interest are the implementation of such guidelines and compliance with them. 

Numerous studies and reviews have been written about which interventions to use to 

ensure a successful implementation with prolonged use of the guideline.67,68 The 

general conclusion of these studies is that passive educational methods alone have low 

efficiency and that they should be combined with other, more active interventions to 

improve the implementation. Also, multiple interventions are recommended. 

However, these recommendations are based on qualitative evaluations. A quantitative 

comparison of interventions would be more useful to give correct advice to policy 

makers with a view to ensuring an efficient use of limited resources.40 

The aims of this review are to provide a classification of used CAP-guideline 

implementation interventions and to quantify the impact of different interventions and 

their intensity of use on several processes of care, clinical and/or economic outcomes. 

Thus, implementation interventions that ensure maximum compliance with the 

guideline can be identified. We focused on CAP management because of its specific 

importance as one of the most important infectious diseases, the multidisciplinary 

aspect of its treatment and the constant need for updates due to changing resistance 

patterns. 

 

II.2.  Methods 

Data sources 

Pubmed, the Cochrane Library, the Cochrane Effective Practice and Organization of 

Care (EPOC) specialized register, EMBASE and CINAHL were searched till March 

2006. Search terms used included ‘guideline’, ‘guideline assessment’, ‘recommended 
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process of care’, ‘implementation’, ‘implementation methods’, ‘quality improvement’, 

‘quality care’, ‘intervention’, ‘protocol’ with ‘CAP’, ‘pneumonia’, ‘CAP’, ‘(lower) 

respiratory tract infection’ and ‘antibiotic’. The bibliography of retrieved articles was 

searched for relevant references. 

 

Study selection 

As this review focuses on the impact of different implementation interventions in the 

hospital setting, we searched for hospital-based trials that studied the effect of 

guidelines on compliance with care processes, clinical and/or economic outcomes in 

the treatment of CAP and that also gave a description of their implementation 

interventions. No restrictions with respect to study design were imposed. If the 

intervention was not clear, authors were contacted and asked for further information. 

In all studies, physicians responsible for treatment were free to follow the guidelines 

or not.  

 

Defining type of implementation intervention and other influencing factors 

For each study, the design, patient population, duration of intervention and outcomes 

were assessed according to the recommendations issued by the Cochrane Effective 

Practice and Organization of Care (EPOC) Review Group. On the basis of the 

retrieved articles, definitions used by the EPOC40 and Weingarten et al. 69, we 

distinguished seven major classes of intervention divided into 15 subclasses (see 

Table 2). ‘Marketing’ and ‘Organizational’ as defined by the EPOC Group are not 

used because these interventions were not mentioned in any study. Other factors that 

could potentially influence outcomes or affect the ways of implementation were noted 

such as the presence of an external organization or coordinating hospital network, 

defined as Quality Improvement Organization. The setting (urban–rural), the hospital 

size and guideline complexity were considered as potentially influential but very few 

detailed data were available for sound assessment of their impact. If a subclass or 

Quality Improvement Organization was present, this was given a ‘1’ value and ‘0’ if 

absent. For each major class of interventions, summations of the number of subclasses 

used were made to reflect the intensity of use of that major class. Interventions were 

also classified according to whether their nature was more active or passive and 

whether they were more individually or generally perceived by the reviewers (see 

Table 2). 
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Table 2.  Classification of interventions with terminology and frequency 

Intervention 
class 

Intervention 
subclass Terminology 

Number (%) 
of articles 
stating the 

intervention 
Orientation 

(Ia/Gb) 
Participation 

(Ac/Pd) 

Distribution of 
educational 
materials (DM) 

Distribution of written/published 
material (personally and mass 
mailings) 

17 (63) G P 

Educational 
meeting (EM) 

Participation in conferences, 
seminars, grand rounds, 
lectures, workshops, 
traineeships 

21 (78) G P 

Educational 

Educational 
outreach (EO) 

Trained person (physician, 
clinical pharmacist, specialized 
nurse…) who meets with 
providers in practice settings to 
give information with intent of 
changing the practice. 
Information may include 
feedback on performance 

4 (15) I A 

Patient chart 
reminder (CR) 

Standard in chart or placed by 
3rd party 5 (19) I A 

Electronic 
reminder (ER) 

Reminder that prompts to 
certain therapies when relevant 
data is entered into the system 

1 (4) I A 

Pre-printed 
forms (PF) 

Standard treatment/prescription 
forms that also provide a 
structured overview with little or 
no calculation 

8 (30) I P 
Reminders 

Undefined 
reminders (UR) 

Poster on ward, pocket cards, 
oral reminders on non-
systematic base (e.g. peers, 
representatives), undefined 
measures for reminding 

7 (26) I P 

Local Opinion 
Leader 

Local Opinion 
Leader (LOL) 

Providers nominated by 
colleagues as influential (must 
be stated!) with emphasis on 
acting as local authority 
(including being member of 
guideline 
development/implementation 
team/physician champion) 

6 (22) G P 

Audit & feedback Audit & 
feedback (AF) 

Summary of performance over 
specified time, including 
distribution of pre-intervention 
(base-line) data 

13 (48) I A 

Multidisciplinary 
team (MT) 

Care providing team consisting 
of multiple disciplines 
(physicians of various 
subspecialties, nurses, 
pharmacists, microbiologists) 

3 (11) I A 

Local 
consensus 
process (LC) 

Inclusion of participating 
providers in discussion 
including 
adoption/development/revision 
of guideline by adhoc 
multidisciplinary team before 
implementation; excluding 
approval by management or 
other committees 

12 (44) I A Multiparticipation 

Patient-
mediated 
intervention (PI) 

New relevant clinical 
information given to provider 
e.g. eligibility for iv-oral switch, 
usually through 3rd party 
(nurse, pharmacist, others) 

10 (37) I A 
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Intervention 
class 

Intervention 
subclass Terminology 

Number (%) 
of articles 
stating the 

intervention 
Orientation 

(Ia/Gb) 
Participation 

(Ac/Pd) 

Clinical 
pathway (CP) 

Treatment protocol with 
planning for the therapy with 
indicators determining 
treatment, medication, 
procedures and discharge, 
usually based on guideline 
(must not be mentioned as 
such) 

11 (41) G A 

Standing order 
(SO) 

Set of standardized, pre-
authorized orders 3 (11) G A 

External steering 

Formulary 
adaptation (FA) 

Adaptation of formulary 
providing new antibiotic or 
limiting choice/availability 
between similar antibiotics 
(excluding statement of 
preference but no limiting 
measures) 

2 (7) G P 

Computer (C) 
(Adaptation of) electronic 
prescribing or decision support 
(calculations) 

5 (19) G A 

Structural 
Organization 
(O) 

Adaptation of organizational 
working e.g. distribution of 
antibiotics: providing local 
ready-to-use stock instead of 1 
central pharmacy stock 

6 (22) G P 

Other recorded 
factors 

Quality 
Improvement 
Organization 
(QIO) 

A coordinating network of 
hospitals or external 
organization as the source 
and/or guidance of the attempt 
to improve CAP5 outcomes. 

6 (22) - - 

a: Intervention perceived as individually orientated; b: Intervention perceived as generally 

orientated; c: Intervention with active participation; d: Intervention with only passive attendance of 

care provider. 

Based on definitions used by the Cochrane Effective Practice of Care40 and Weingarten et al.69 

 

Data extraction 

All articles were read, and interventions and changes in outcomes were extracted by 

two independent reviewers. If there was a disagreement in the presence or 

classification of an intervention or the mode of calculation, final decision was made 

by consensus. Data were abstracted concerning methodological quality of primary 

studies according to the criteria outlined by the Cochrane Collaboration.40 In the 

context of a review, the validity of a study refers to the extent to which its design and 

conduct are likely to prevent systematic errors. Possible sources of systematic errors 

are selection bias (systematic differences in comparison groups), performance bias 

(systematic differences in care provided apart from the intervention being evaluated), 

attrition bias (systematic differences in withdrawals from the trial) and detection bias 

(systematic differences in outcome assessment).  
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Analysis of results 

Articles were checked for data concerning compliance with processes of care, clinical 

and economic outcomes (see Table 3). Following the methodology proposed by 

Grimshaw et al.40, the proportional change before–after the implementation was 

calculated for each outcome variable in each article. Across these changes, the median 

was calculated for the whole study and the different outcome types (clinical, 

economical and processes) to asses the impact of the implementation intervention. 

Improvements in process and outcome variables as enumerated in Table 3 are given as 

positive changes; negative changes reflect a deterioration of that variable. 

Almost all studies used a retrospective before–after design (Appendix 2). For the few 

controlled studies included, calculations and analyses of medians were carried out 

with only the intervention arm taken into account to make comparison possible. A 

meta-analysis of primary studies was not suitable due to the heterogeneity of primary 

studies. Studies were not homogeneous in terms of setting, patient sample, nature of 

intervention, outcomes, outcome measurements and time of outcome measurements. 

Data on the number of interventions, individual types of interventions (total, active 

and personal interventions and major classes) and outcome variables (median across 

proportional changes in process, clinical and economic outcomes) were derived from 

each study. Correlations between the number/type of interventions and outcome 

variables were calculated using two-tailed Spearman's rho. As the presence–absence 

of Audit and feedback, Local Opinion Leader and presence of a Quality Improvement 

Organization are binary variables, analysis was conducted using a two-tailed Mann–

Whitney U-test. Specific outcome variables were similarly analysed if more than 10 

data points were available. No initial correction of the P-value was done due to the 

exploratory character of this review. The obtained medians were checked for outliers 

(more than three standard deviations from the mean) and analysed both with and 

without outliers. Statistical analysis was carried out using SPSS® 14.0 for Windows. 
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Table 3.  List of relevant process of care and outcome variables in the treatment of 

community-acquired pneumonia 

Process of care variables  
Increase sputum cultures obtained within 4h of 

presentation to the emergency department 

Decrease patients who's therapy is changed after 

initial non-response 

Increase patients from whom sputum cultures are 

taken 

Decrease in duration of intravenous antibiotic 

therapy 

Increase patients from whom blood cultures are taken 

within 4h of presentation to the emergency department 
Decrease period between start and end of therapy  

Increase patients receiving 1st dose of antibiotics 

within 4h of presentation to the emergency department 

Decrease in time between moment patient 

becoming stable (as described in study) and 

hospital discharge  

Decrease time between admission and receiving 1st 

dose of antibiotics 

Decrease patients discharged before reaching 

stability  

Increase patients receiving 1st dose of antibiotics in 

the emergency department 

Decrease in time between moment patient 

becoming stable and switch from iv to oral therapy 

Increase patients treated as outpatients  
Increase of patients switched from iv to oral therapy 

within 24 h after fulfilling criteria for switch 

Increase patients treated with guideline-concordant 

therapya 
Decrease patients treated with iv antibiotics 

 

Outcome variables  

Clinical outcomes Economic outcomes 

Decrease of treatment failure Decrease in costs of used antibiotics 

Decrease of inpatient mortalitya Decrease in cost of total hospital stay  

Decrease in mortality within 30 days/ 4 weeks after 

hospital discharge 
 

Increase patients treated as outpatient without 

subsequent readmission 
 

Decrease patients readmitted to hospitals due to 

disease- related sequelae 
 

Decrease in length of staya  

Decrease patients requiring admission to intensive 

care unit 
 

a: Separately analysed variables 
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II.3.  Results 
Selection of articles 

Our search strategy yielded 10 998 articles from which 10 307 were excluded on the 

basis of the title. Main reasons for exclusion were articles about upper respiratory tract 

infections, nosocomial pneumonias, other respiratory infections, implementation 

interventions for other treatments and articles concerning cytostatics. The remaining 

691 articles were checked on abstracts or if not available, on full article. We excluded 

654 abstracts handling guidelines as such or their updates, implementation 

interventions for other pathologies or settings outside the hospital, economic analyses, 

importance of various treatment processes and description of current practices.  

Thirty-seven articles were read, omitting seven titles for the following reasons. Three 

articles were excluded as the authors did not provide sufficient information on the 

method of implementation. Three other studies comparing interventions head-to-head 

in several hospitals provided little or no data on actual improvement and were used in 

the discussion section of this article.69-71 One article described the implementation of a 

guideline in a developing country. This setting with limited resources and training was 

found to be too specific and was also omitted. We finally retrieved 30 articles 

concerning 27 different primary studies on interventions for the implementation of 

CAP guidelines.72-101 

 

Study characteristics 

The characteristics of included studies are summarized in Appendix Table 2. The vast 

majority of trials were conducted in the USA (24/27) whereas the remainder was 

carried out in the UK 72, Canada 90-92 or Australia 101. Three studies focused on patients 

above 65 years. The setting in which studies were conducted was variable. Fifteen 

studies 72-74,76,77,84,85,87-89,96,97,99-101 were conducted in a single institution, whereas other 

studies comprised multiple hospitals. Eight studies put a special emphasis on CAP 

management in the emergency department 73,74,76,77,86,89,99,101. Sample size showed 

large variations as did the duration of the intervention.  
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Intervention frequencies and outcomes 

The distribution of the number of studies stating the intervention is given in Table 2. 

The two most frequently used interventions were educational meeting (17 studies) and 

distribution of written material (21 studies), 63.0 and 78%, respectively. The 

combination of these two interventions was used in 14 studies (52%).  

All studies except one showed at least a status quo for the median of all proportional 

changes following the implementation intervention(s) with improvements up to 

103.6% (Appendix 3). For processes of care and clinical outcomes, improvements 

varied between –39.1 and 194.9%; –24.9 and 56.7%, respectively. Decrease of 

mortality (–9.4 to 60.2%) and decrease in length of stay (–2.9 to 51.1%) showed an 

overall improvement with only few studies for which the performance of these 

variables worsened. With respect to the economic outcomes, positive results were 

seen, with improvements varying between 3.4 and 66.8%. Also, antibiotic guideline 

compliance showed overall improvement (6.8–277.0%). 

There was no significant correlation between the total number of interventions or 

individual types of interventions and the median improvement on all outcome 

variables. Similar models were run for improvement of process-outcomes, clinical and 

economic improvements, improvement of guideline-concordance, length of stay and 

mortality (Tables 4 and 5). Most analyses showed no significant impact of 

implementation interventions on these variables. No difference was seen with or 

without outliers. When we compared the rate of improvement in length of stay, this 

improvement was significantly lower when audit and feedback was used (P=0.003; 

N=20). 

A significant positive correlation between increased improvement of process 

outcomes and clinical outcomes was detected (Spearman's rho=0.452; P=0.040; 

N=22). There was no significant correlation between improvement in compliance and 

median improvement on clinical outcome variables (Spearman's rho=0.551; P=0.16; 

N=8). Such correlations were not calculated with respect to other outcomes because of 

a lack of data. 
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Table 4.  Spearman correlation between total number of interventions or intensity of individual types of interventions and improvement of 

calculated or specific outcomes 

 

Median 
improvement 
all outcomes 

Median 
improvement 

process of care 
outcomes 

Median 
improvement 

process of 
care outcomes 

(without 
outliers) 

Median 
improvement 

clinical 
outcomes 

Median 
improvement 

economic 
outcomes 

Improvement 
guideline 

concordance 

Improvement 
in decrease of 

mortality 

Improveme
nt in 

decrease of 
length of 

stay 
Number of primary 
studies 27 26 25 23 9 10 11 20 

Total number of 
interventions without 
QIOa 

-0.23 (0.24) 0.20 (0.32) 0.15 (0.47) 0.00 (0.99) -0.46 (0.21) 0.01 (0.99) 0.33 (0.33) -0.24 (0.30) 

Total number of 
interventions with 
QIOa 

-0.25 (0.21) 0.16 (0.43) 0.12 (0.56) 0.06 (0.78) -0.47 (0.21) 0.05 (0.89) 0.38 (0.24) -0.19 (0.41) 

Interventions with 
active participation -0.19 (0.35) 0.24 (0.24) 0.17 (0.42) -0.10 (0.69) -0.41 (0.27) 0.13 (0.71) 0.11 (0.75) -0.24 (0.30) 

Individually orientated 
interventions 

-0.26 (0.12) 0.24 (0.23) 0.21 (0.31) -0.001 (1.00) -0.20 (0.61) 0.23 (0.53) 0.22 (0.51) -0.23 (0.32) 

Educational 
interventions -0.06 (0.75) 0.12 (0.56) 0.09 (0.68) 0.24 (0.28) -0.01 (0.98) 0.04 (0.91) 0.12 (0.72) -0.07 (0.78) 

Reminders -0.32 (0.11) 0.11 (0.60) 0.08 (0.71) -0.07 (0.76) 0.00 (1.00) 0.20 (0.58) -0.06 (0.85) -0.07 (0.76) 

Multiparticipation 
interventions -0.18 (0.38) 0.17 (0.40) 0.16 (0.44) -0.09 (0.70) -0.32 (0.40) 0.21 (0.57) 0.14 (0.69) -0.06 (0.79) 

External interventions 0.07 (0.71) 0.19 (0.35) 0.08 (0.69) 0.09 (0.69) -0.67 (0.050) 0.28 (0.43) 0.41 (0.21) 0.17 (0.46) 

Structural 
interventions 

-0.02 (0.91) 0.05 (0.82) 0.11 (0.61) -0.10 (0.64) -0.37 (0.33) -0.17 (0.63) 0.13 (0.70) -0.26 (0.26) 

a: QIO: use of a quality improvement organization as intervention; outliers: difference > three standard deviations from the calculated mean of the obtained median. 

Results are given as Spearman’s rho (P-value).
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II.4.  Discussion 

The two objectives of this article were to classify available implementation 

interventions and to quantify their impact. For this purpose, articles describing 

interventions were searched, median changes were calculated and correlations 

between median improvements and number of interventions were examined. Our 

results showed that there does not seem to be a correlation between the type or 

number of interventions used to implement a CAP guideline and improvement on 

several CAP-related outcomes. Only audit and feedback was significantly correlated 

with a lower improvement in length of stay. On the basis of these results, no optimal 

intervention to implement CAP guidelines can be selected. 

 

Audit and feedback 

Results relating to the impact of audit and feedback have to be interpreted cautiously. 

The main objective was to detect those interventions that yield the highest 

improvement. Outcomes (see Appendix 3) show that overall negative results are 

scarce, so it is likely that there are no interventions with an implicit negative effect. 

Concluding from these results that audit and feedback results in worse outcomes 

would be premature given the possibility of confounding due to the different study 

settings and the fact that we did not correct the P-value for multiple testing. However, 

this finding illustrates that the benefit of this commonly used intervention is modest 40 

and, in our review, not necessarily balanced by a high decrease in mortality or better 

process improvement. If audit and feedback is to be used, Hysong et al. argue that the 

prerequisites to make it successful are timeliness, individualization, non-punitiveness 

and customizability which increase even more its complexity 102. 
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Table 5.  Correlation analysis using two-tailed Mann-Whitney U-test between presence of the intervention and improvement of calculated or 

specific outcomes. 

a: SEM: standard error of the mean; b: N: number of primary studies; n/a: not available. Results for each group are given as mean ± SEM.

  Local Opinion Leader Audit & feedback Quality Impro vement Organization 

 
Intervention 

used Yes No Yes No Yes No 

N
b
 6 21 13 14 6 21 

Mean ± SEM 19.5 ± 7.0 34.3 ± 5.8 28.7 ± 8.8 33.1± 4 .9 20.5 ± 8.58 34.0 ± 5.7 
Median improvement all 

outcomes 
P-value 0.12 0.36 0.41 

N 6 20 12 14 6 20 
Mean ± SEM 22.7 ± 7.5 55.2 ± 11.9 53.5 ± 16.8 42.8 ± 11.0 36.5 ± 15.2 51.1 ± 11.7 

Median improvement 
process of care outcomes 

P-value 0.07 0.84 0.63 
N 6 19 11 14 6 19 

Mean ± SEM 22.7 ± 7.5 47.9 ± 9.8 40.6 ± 11.9 42.8 ±  11.0 36.5 ± 15.2 43.6 ± 9.4 
Median improvement 

process of care outcomes 
(without outlier) P-value 0.09 0.87 0.75 

N 0 9 2 7 1 8 
Mean ± SEM n/a 31.8 ± 6.6 6.2 ± 2.8 39.2 ± 5.9 35.2  31.4 ± 7.5 

Median improvement 
economic outcomes 

P-value n/a 0.040 0.70 
N 5 18 10 13 4 19 

Mean ± SEM 3.8 ± 8.7 16.8 ± 4.5 9.4 ± 3.3 17.4 ± 6. 7 24.6 ± 8.7 11.7 ± 4.5 
Median improvement 

clinical outcomes 
P-value 0.25 0.22 0.19 

N 4 6 4 6 2 8 
Mean ± SEM 52.1 ± 40.8 135.7 ± 40.9 90.4 ± 57.1 110 .1 ± 39.5 77.3 ± 18.1 108.5 ± 38.9 

Improvement guideline 
concordance 

P-value 0.09 0.52 1.0 
N 1 10 5 6 3 8 

Mean ± SEM 60.2 18.7 ± 7.7 30.6 ± 10.6 15.7 ± 11.6 41.5 ± 10.2 15.4 ± 9.2 
Improvement in decrease of 

mortality 
P-value 0.11 0.46 0.15 

N 4 16 10 10 4 16 
Mean ± SEM 9.4 ± 7.1 16.1 ± 3.5 6.9 ± 2.4 22.6 ± 4. 7 20.7 ± 7.4 13.3 ± 3.5 

Improvement in decrease of 
length of stay 

P-value 0.30 0.003 0.51 
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Multiple interventions 

Tu et al. 70 showed a possible correlation between number of interventions and 

outcomes in CAP management. They described a ‘social influence approach’ where 

human actions and efforts are used to implement the pathway and an ‘epidemiological 

approach’ that emphasizes the use of an evidence-based clinical pathway or other 

quality improvement projects. A significant difference was attained only when the 

maximum number of interventions per approach was used. In case of number-

dependent improvement, however, a gradual response would be expected, but this 

could not be seen. Yealy et al. 71 compared three intervention strategies according to 

their intensity in a study of 32 hospitals. For several recommended processes of care 

for in- and out-patient setting, a significant difference was seen for the high-intensity 

strategy only, with just small differences between low and moderate intensity. This 

gives an indication that the relation between intervention intensity and improvement is 

not as strong as repeatedly stated.67,68 The primary conclusion of our review is that in a 

hospital setting, a strategy of multiple interventions does not automatically result in 

higher improvements. Reviewing the strategies for improving antibiotic selection in 

outpatient setting, Steinman et al. reached the same conclusion.103 In a multi-state 

study of Medicare beneficiaries, Weingarten et al. 69 concluded that multiple 

interventions are not always superior to single intervention strategies. Grimshaw et al. 

reached the same conclusion in a large review on effectiveness of implementation 

strategies.40  

 

Variables 

The absence of a clear correlation between implementation interventions and 

improvement rate in outcomes points to the existence of other influential parameters. 

In a series of interviews with experienced guideline implementers, Solberg et al. 67 

already saw 87 variables with an important effect on the ability to  implement 

guidelines with an emphasis on various organizational and change management 

characteristics such as implementation infrastructure or change capabilities. Factors 

that are usually stated in such articles (e.g. location, organization size or patient mix) 

are graded with lower importance. Also, patient and disease characteristics have been 

shown to have a limited impact on guideline-compliant prescribing behaviour, where 

the physician's behaviour and attitude towards certain therapies seem to be more 

important.104 The fact that process improvement and guideline compliance are only 
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weakly or not correlated to clinical outcomes in our analysis indicates the presence of 

other factors, medical and non-medical, in addition to pointing to the limited 

importance of process parameters. A rigorous selection procedure should be used if 

one wishes to follow-up these parameters as an indicator for quality 105 and even then 

final conclusions are to be drawn from clinical and economical outcomes.  

Our findings have implications for hospital managements who are considering 

implementation interventions because more resources are required for a strategy 

comprising multiple interventions than for a limited intervention, while the clinical 

and economic benefits of such a strategy are uncertain. These findings suggest that 

factors other than the number of interventions may have an effect on successful 

guideline implementation. And even when successful process improvements have 

been made, this is at most partly reflected in higher improvement of clinical outcomes.  

 

II.5.  Limitations  

Even though primary studies were heterogeneous, this heterogeneity is typical of this 

area of research and multiple reviews have attempted to summarize the evidence. 

Previous reviews for evaluation of interventions and methods were carried out by 

using a vote counting method. But this method is only useful for making general 

conclusions and is not capable of providing effect sizes, which was the aim of this 

review. Another problem with vote counting is its sensitivity to methodological 

errors.40 Instead, we adopted a semi-quantitative approach; we calculated effect sizes 

of process, clinical and economic outcomes; and we explored the possible association 

between the number and type of interventions on the one hand and effect sizes on the 

other hand.  

The main focus of our approach was the calculation of effect sizes in terms of the 

median across proportional changes in outcome variables. This approach did not 

consider statistical significance of changes in outcomes given difficulties in correctly 

estimating statistical significance when primary studies suffer from methodological 

biases.106 Also, when calculating effect sizes for all outcome variables reported in a 

study, it should be noted that an intervention may be directed at one specific outcome 

and not necessarily at all reported outcomes. By comparing an outcome across studies 

that may not have been designed to address this outcome, the impact of an 

intervention may be diluted. 
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The fact that most articles describe a combination of interventions precludes a sound 

quantification of the effect size of separate interventions. Furthermore, data about the 

effectiveness of the interventions, whether they were implemented as intended 

together with reasons for possible changes is missing in all primary studies. Indeed, it 

is likely that the impact of an intervention is determined not only by the intervention 

itself, but also by the way that the intervention has been implemented. However, as no 

data on the degree of implementation of an intervention was provided in primary 

studies, we were not able to assess the impact of implementation of an intervention on 

effect size. 

We carried out a thorough assessment of the methodological quality of primary 

studies. For instance, our review includes a majority of before–after studies that do not 

correct for an underlying secular trend and show a high risk for selection and 

performance biases. For studies with a smaller sample size, there is a possibility that 

small changes are overestimated. The great diversity in the quality of primary studies 

implies that our semi-quantitative results need to be interpreted with caution. Studies 

with good quality have been conducted mostly in larger organizations with more 

academic, study-orientated settings and presumably higher know-how and resources. 

Future research needs to focus on developing analytical frameworks that adjust effect 

sizes for the methodological quality. A possible approach is to weight effect sizes by 

the level of quality of the underlying study. However, the optimal method of 

weighting effect sizes is unclear. 

The reader should note the risk of publication bias but the extent of publication bias in 

this area of research has been poorly studied 106. Further, if many unsuccessful trials 

go unreported, this reflects even more the complexity and the presence of unforeseen 

conditions.  
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II.6.  Conclusion  
In conclusion, our analysis shows that with respect to the implementation of a CAP 

guideline, multiple interventions do not automatically  lead to higher improvements in 

CAP management. In most cases, improvement can be seen following an intervention 

but there is no significant correlation between the implementation intervention and 

outcome improvement. For audit and feedback, the benefit of this commonly used but 

complex and expensive intervention has been shown to be low or absent and not 

necessarily balanced by higher outcome improvement. Other hospital-specific factors 

are likely to have a much greater impact on the rate of improvement than the used 

interventions alone. In order to identify the most efficient implementation 

interventions, hospital-specific factors need to be taken into account. Future research 

should focus on how to define these factors and how to adapt the strategy to the 

specific situation. Another focus should be reducing variability in the studies' 

methodology and providing sufficient quantitative and qualitative data in regards to 

the interventions for a better understanding on how to implement new insights. 
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Chapter III − Opposing expectations and suboptimal use of 
a local antibiotic hospital guideline: a qualitative study  
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Abstract 

Objectives: To determine opinions and problems concerning the use of a local 

antibiotic hospital guideline in a 1900-bed tertiary care, university teaching hospital. 

Methods: A qualitative study using focus group discussions explored the usability and 

applicability of local antibiotic guidelines together with possible supportive measures. 

The sample included 22 physicians, deliberately divided between internal medicine 

(59.1%) and surgery (40.9%) and levels of experience (59.1% residents; 40.9% 

supervisors). Focus groups were conducted within one specific subgroup. Analysis 

was carried out using a framework analysis approach. Similar focus groups were 

attempted in a secondary care hospital but with too few participants this revealed no 

supplementary information. 

Results: General acceptance of local guidelines was high but clear differences were 

present between subgroups with different desires and requirements from guideline 

contents. Opposing views were present towards supportive measures, especially 

multidisciplinary collaboration. Guideline distribution and accessibility appeared to be 

confusing resulting in delayed application. An important supplementary barrier was 

the need to collect the guideline personally. Supervisors in their role as opinion 

leaders were mentioned as highly influential towards residents’ practice.  

Conclusions: Locally developed hospital guidelines experience the same barriers as 

other guidelines. Within one hospital, prescribers have to be seen as a number of 

different target groups instead of a homogeneous population. For an optimal effect, 

interventions will have to consider these differences. Also, in order to improve local 

guideline use and antibiotic consumption, supervisors have to be aware of their role as 

opinion leaders towards residents. Lastly, active guideline distribution and promotion 

remains critical to ensure efficient guideline use. Future research should focus on how 

to adapt interventions to these different target groups.  
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III.1.  Introduction  
Clinical practice guidelines are a cornerstone in the efforts to improve antibiotic 

prescribing.6 They aim to support the clinician in making decisions, decreasing 

treatment diversity, enhancing the understanding of clinical practice,107 and improving 

patient outcome.78,108 However, physicians may perceive different barriers, which 

strongly influence guideline use.21 Several methods have been used to support 

guideline dissemination and implementation, but results for separate interventions 

often show large variations in improving guideline use.40 To enhance the success rate, 

interventions tailored to the observed problems and compromising factors have been 

proposed, and successful trials have been done.109,110 However, the relative 

importance of these factors is still unclear, making effective interventions difficult to 

plan. 

An important step in the development and actual use of antibiotic guidelines after 

their publication, is their translation to hospital-specific guidelines by taking into 

account local health care settings, formularies and resistance patterns.107 For a large 

number of physicians, these hospital-specific guidelines represent the original 

guidelines and similar barriers against their use can be expected. The objective of this 

study was the first step in a larger project to identify opinions and problems 

concerning local antibiotic guidelines in order to improve their use in our hospital.  

 

III.2.  Methods 

Initially, this study was conducted in University Hospitals Leuven (UZL) In order to 

see if major differences existed between different hospitals, a second round of focus 

group discussions was attempted in Ziekenhuis Oost-Limburg (ZOL). A focus group 

discussion (FGD) study was deemed as the most appropriate qualitative research 

method for identifying and explaining the problems involving antibiotic guideline 

use.111 Group interaction, an important aspect of FGDs, could potentially lead to 

deeper insights through shared experiences between participants.112  

 

Participants  

Focus groups were conducted according to the recommendations by Krueger and 

Casey.111 Lists of potential participants were retrieved and all were contacted by 
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personalised mail explaining the purpose of the study. Further contacts were made 

personally or by phone or e-mail. Only physicians who had confirmed their 

participation were notified of a fee of €75 upon completion of the study. At first, 

focus groups were planned for physicians from internal medicine only. However, 

following the first group discussions, we decided also to include physicians from the 

surgical department who prescribe about one-third (excluding prophylaxis) of all 

antibiotics in our hospital (pharmacy data). Being a university teaching hospital, a 

high percentage of physicians involved in antibiotic prescribing are residents. In order 

to allow residents to speak without any reservation, FGDs were separately conducted 

for residents and staff members. This approach also allowed a comparison between 

groups with differing opinions.112 Staff members were intentionally sampled to reflect 

different specialties of internal medicine and surgery. No such sampling was needed 

for residents as they regularly rotate between different wards and specialties. 

 

Data collection 

All discussions were moderated by an experienced social scientist (KDW) and field 

notes were taken by an independent hospital pharmacist (PC). Each participant was 

given an interview guide (Figure 3; original Flemish-Dutch version available in 

Appendix 4), based on a review summarizing the most important barriers against the 

use of guidelines.21,111 This interview guide consisted of eight open-ended questions 

assessing the importance of guidelines, guideline use, resources, guideline contents, 

issues in actual practice interfering with guideline use, and suggestions for supportive 

measures. While reading the interview guide, participants were asked to write down 

for themselves on cards all issues that emerged regarding the use of the local 

antibiotic guidelines. All cards were collected, grouped by topic, presented and 

discussed by all participants. New themes emerging from the discussion were also 

probed for in subsequent groups. Each session took between 1.5 to 2 hours. All 

discussions were audio recorded and transcribed verbatim, with anonymization of the 

participants. 

 

Analysis 

A framework analysis approach was used because of the visible and systematic stages 

of the analytical process and because it was specifically developed for applied policy 

research that aims to provide recommendations.113 In a first step, transcripts and field 
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notes were re-read (familiarisation) after which, in a second step, a thematic 

framework was identified from issues emerging from the data as well as a priori 

issues. This framework was refined during subsequent steps. In the third step, the data 

were coded (indexing) using the framework. This indexing was done by PC. and 

independently repeated by GL to improve validity. When there were discrepancies in 

the coding, consensus was sought. In the fourth stage, data were sorted according to 

the different themes (charting) and in the fifth stage, data were interpreted as a whole. 

When a code was used by ≥3 different persons within one group, this code was 

compared more in-depth between groups. The software package ATLAS.ti© was used 

to facilitate indexing and charting of the data.114 For presenting the data, we used the 

themes as they emerged in order to reflect how, within one theme, different issues 

were interrelated. 

 

Figure 3.  Interview guide used for focus group discussion 

- W hat do you understand by a good local antibiotic policy? 
- What is the importance of local guidelines in such a policy? Are they the basis or are they 

given too great weight?  
- To what extent do you use the local guidelines? And what method is the most practical to 

you: a booklet or the intranet version? 
- How did you find out about these local guidelines? Did someone tell you where to find 

these guidelines?  
- Which other sources do you use to decide upon the empirical therapy? 
- To what extent do you think there are problems with the contents of these local 

guidelines? Do you have any suggestions to improve them? 
- Is it sometimes difficult to follow these guidelines? What are the major problems for 

using these local guidelines?a 
� Guideline applicability 
� Guideline quality 
� Routine 
� Organisation  
� (Lack of) experience 
� Patient  
� Medical companies 

- Do you have suggestions for extra support?a 
� Audit & feedback with or without any incentive  
� Clinical pathways 
� Organisation  
� Reminders 
� Multidisciplinary collaboration (together with outline e.g. clinical pharmacist or 

not…) 
� Education or training 

a: Underlying items were not shown to the participants. If these items did not emerge during the 

discussion, these were probed for by the moderator or scriptor. 

Original Flemish-Dutch version available in Appendix 4. 
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III.3.  Results 

III.3.1. University Hospitals Leuven 

In total, five focus groups were conducted between October 2006 and March 2007: 

two FGDs among internal medicine residents, one FGD for internal medicine staff 

members, one for surgical staff members and one for surgical residents. In total, 22 

physicians participated, with ages ranging from 26 to 60 years. The characteristics of 

each group are presented in Table 6. No major differences in opinions were present 

between the two internal medicine resident groups and, therefore, these opinions were 

merged into one group. None of the participants was excessively dominant. 

 

Table 6.  Demographics of focus group participants. 

 Internal 
medicine 
residents  
1st group  

Internal 
medicine 
residents  
2nd group  

Surgery 
residents  

Internal 
medicine staff a Surgery staff b 

Number of 
participants 3 4 6 6a 3b 

Male/Female 1/2 2/2 6/0 6/0 2/1 

≤3 years of 
residency 

2 0 1 n/ac n/a 

≥ 4 years of 
residency 

1 4 5 n/a n/a 

Age > 40 years n/a n/a n/a 3 1 
a: Composition of internal medicine staff group: emergency department, pulmonology, geriatrics, 

infectious diseases, intensive care, general internal medicine 
b: Composition of surgery staff group: traumatology, urology, vascular surgery 
c: n/a: not applicable 

 

General attitude and interpretation 

There were no objections in principle against the use of guidelines. All participants 

personally agreed with the need for evidence-based antibiotic guidelines. Guideline 

interpretation however showed differences between groups (Figure 4, Q1-4). Internal 

medicine staff members emphasized interpretation of existing guidelines together with 

their reliability. Internal medicine residents, however, tended towards a more strict 

interpretation, and a demand for clear directives and complete answers. The surgery 

groups also showed a rather strict interpretation of antibiotic guidelines although it 
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was felt that most guidelines were not adapted to their situation (see Guideline 

contents and agreement). 

 

Guideline familiarity and awareness 

According to the residents and surgical staff members, communication on how to 

obtain copies of the guidelines was lacking. This resulted in low awareness and a 

confusion between the local guidelines and the well-known Sanford guide,11513 which 

ultimately delayed adoption of local guidelines. Training in guideline use was 

reported to be low, but was felt to be important for raising awareness and efficiency 

(Figure 4, Q5-7). The requirement to collect the guideline booklet personally was 

mentioned by all resident groups several times as a supplementary barrier against 

local guideline use. Although several participants opted firmly for the electronic 

version, the booklet was not completely abandoned because of its potential use on 

other sites with less infrastructure (Figure 4, Q8). The use of the booklet appeared to 

be lower in surgery. Internal medicine staff members stressed the use of the electronic 

version which provided in-depth information sources and could be easily updated. 

The presence of other guidelines (literature, other hospitals) and different practices 

between wards was a potential source of confusion (Figure 4, Q9-10). 

 

Guideline contents and agreement 

Internal medicine residents felt that the guidelines were incomplete, covering neither 

all diseases relevant to them nor aspects concerning actual use (drug monitoring, 

intravenous- per os switch, allergies). Having up-to-date guidelines was also 

considered important by this group. This contrasted with other groups, and more 

specifically with surgeons, where conciseness and ease of use prevailed (Figure 4, 

Q11-14). Both surgery groups felt that antibiotic guidelines were not adapted to their 

practice and that use of antibiotic guidelines in their wards could hamper efficient 

patient flow (Figure 4, Q15-16). 

 

Social influence 

When focussing on the role of the supervisors, both internal medicine and surgical 

residents emphasized their importance as role models because supervisors’ practice 

strongly determined the subsequent prescribing behaviour of residents. Furthermore, 

they stressed the supervisors’ importance in clarifying when and how to diverge from 
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antibiotic guidelines. The influence of the supervisors was also quoted by residents 

who had trained previously in regional hospitals. When confronted, staff members 

acknowledged being of great influence but sometimes giving bad examples (Figure 4, 

Q17-19). 

The role of other players was far less clear. The influence of the pharmaceutical 

industry drew a mixed response. The opinions of nurses or the patient were felt to 

have little influence on antibiotic practice. 

 

Multidisciplinary approach 

All groups were in favour of a multidisciplinary approach, comprising the availability 

of a second opinion, in the treatment of infections and as a support for the improved 

use of guidelines. Infectious disease specialists were highly approved, while 

microbiology specialists had somewhat lower acceptance (Figure 4, Q20-21). 

A possible involvement of clinical (antimicrobial) pharmacists generated conflicting 

opinions. Surgeons and staff members from internal medicine showed a high approval 

of their potential role. In contrast, internal medicine residents were more resistant to 

the presence of a clinical pharmacist or wished to restrict their role to training (Figure 

4, Q22-26). 

 

Organisational constraints 

Working pressure was mentioned by both resident groups as a cause of not being able 

to consult guidelines. In the surgery residents group, working pressure was also used 

to stress the need for more interdisciplinary collaboration and support (Figure 4, Q27-

28). Information transfer was stated to be deficient on several levels. Internal 

medicine stated the low familiarity of other specialties with the ID consultancy, while 

other groups mentioned the suboptimal follow-up and documentation of cultures and 

treatments (Figure 4, Q29-30). 
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Figure 4.  Opinions expressed by participants during focus group discussions 

Guideline attitude 
Quote 1) IS1a: Guidelines…are no dogma, especially not for us because it’s our job and we 

interpret the data.  
Quote 2) IS6: In fact, this booklet is a training instrument…. It is made for the standard 

patient. This is what guidelines are. But we see a lot more non-standard patients.  
Quote 3) SR2b: How stringent is the guideline? Does it have a great weight for a specific 

ward? I think that it should be imposed more severely.  
Quote 4) IR7c: … I once asked it and the answer [from the supervisor] was: “We don’t want to 

put [the duration] into the [antibiotic guide] as you will stick to it and you have to decide 
according the clinical evolution if someone still needs [antibiotics].”  

 
Communication 

Quote 5) IR5: I have to say honestly, the first month I didn’t know it either. Because [the e-
mail] said to pick up a booklet and in fact, I thought that it was the Sanford. And not that it 
was about a local antibiotic guide.  

Quote 6) SR2: We received one of those mails that we could pick up a booklet and that it 
would be better if we just got it in our mailbox …. I just never came going to the office of 
internal medicine and collect that booklet.  

Quote 7) SR4: We all know the Sanford guide, that is something we know. But the local 
guidelines, how to work with them, how to work with the intranet, that was never explained to 
us. You have heard it somewhere in a roundabout way.  

Quote 8) IR2: And you have to drag the booklet along. That’s quite annoying. Intranet is far 
easier on condition that it’s not down…. And in peripheral centres, you don’t have as much 
computers as here. In that case you really have to rely on booklets. 

Quote 9) IS3: It is also about the rotation between different hospitals which can be very 
confusing. It is possible that there is a different antibiotic management between different 
hospitals. And when the resident during his education sees four hospitals then he won’t have a 
system at all, I think.  

Quote 10) IR6: I think [different practice between wards] rather causes confusion. Or else that 
they explain why they do that different.  

 
Characteristics and contents 

Quote 11) IR2: From what point is it indicated to switch to oral administration…? Also: how 
long do you have to give antibiotics? And about that, you can’t find any concrete guidelines 

Quote 12) IR3: The first time I opened that guide… it said “[printed] 2004. My first impression 
was: “ Oops, it’s already 2 years old!”. So, for me, it already matter if it says “Update in 2006” 
or something like that. 

Quote 13) SS1d: And that you just can say: this [is what I’m looking for]! And that you get… a 
recipe. And that is all I need! 

Quote 14) SR3: If you want to look for something specific, I’m not able to find it.  
Quote 15) SS3: We are focussed to get the patient out as soon as possible … while [internal 

medicine] doesn’t bother to keep someone six weeks in hospital for intravenous antibiotics. 
Quote 16) SR4: The surgeons have the feeling that they are misunderstood…. That [antibiotic] 

policy was somehow formulated and I think that no surgeons were involved.  
 

Social influence 
Quote 17) IR7: If your boss… gives [antibiotics] for 10 days, you will tend to give them also 

for 10 days.  
Quote 18) SR3: There’s no pressure from anywhere to use the guidelines, you know. Not from 

our supervisors. Nobody is pushing us. So why should we still do it?  
Quote 19) IS2:…maybe that the opinion leaders, apart from that booklet, should come out more 

often!? 
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Figure 4. (continued) 

Multidisciplinary approach 
Quote 20) SR3: The ID specialist comes around three times a week on intensive care and asks 

for the clinical situation. And he gives his opinion and the intensive care physician gives his 
opinion… And that is a good interaction!  

Quote 21) IS1: My residents were called two or three times by microbiology to ask why they 
have prescribed this [antibiotic]? And very offended, they come to me telling me that they 
have been called. 

Quote 22) IR6:  Indeed, it is once again someone more bothering you.  
Quote 23) IR6: Being honest, I think if there’s a budget available [for a clinical pharmacist], 

you can use it more properly for an extra secretary. To decrease our paperwork.  
Quote 24) IS1: Maybe on that domain, there is a role for a pharmacist on the ward. He can say: 

“attention, the clearance” or “look out, this person has hepatic insufficiency”. 
Quote 25) SS3: We were one of the first wards to have a [clinical] pharmacist. The whole ward 

sees this as a very good support. All our interns find it fantastic.  
Quote 26) SR6: You can learn a lot from each other on antibiotic policy. That is very 

interesting.  
 
Organisational constraints 

Quote 27) IR5: You don’t have much time to read everything trough and everything has to go 
fast. You’re called from one urgent case to another and those less important things, you will 
overlook them.  

Quote 28) SR2: Because a lot of decisions are made ad-hoc, bed-side … we all have terrible 
schedules and we say to the nursing staff: “Just start with meropenem!” and we’re off. And if 
someone is there who is readily available to discuss with or whatever, that’s easier.  

Quote 29) IS3: If a patient moves from one ward to the other and decision has been taken to 
give antibiotics, then there should also have been decided what the duration of therapy should 
be! Sometimes, it’s very difficult to retrieve what the indication was!  

Quote 30) SR3:… if we take over a ward, we won’t look back to the cultures… We don’t do 
that systematically. 

 
 
Specific interventions 

Quote 31) IR2: But a pneumonia for the first patient is not the same as for the second, the third, 
the fourth... You can put ten patients on a row who all need to be treated differently. For these 
cases, you can’t be drawing up a clinical pathway.  

Quote 32) IR5: At first sight I would say: “Hey, it would be interesting to know if I would 
prescribe just as much [co-amoxiclav] or more this or that.” But when I’ve worked six months 
on oncology or haematology with neutropenic patients, and [my colleague] worked more on 
the emergency department, than it’s useless to compare those numbers.  

Quote 33) IR7: but in the morning I get a pile of paperwork and I put my stamp [on the 
prescriptions] while I’m answering the phone and checking all kinds of things. So I’m 
automatically signing for the whole ward, even when it’s for colleague.  

Quote 34) SR4: Without penalizing but just on a poster: “Look, this is the current situation!” 
Quote 35) IR6: A poster [on bio-equivalence] that has been put up in all cabinets and has 

shaken up all the residents…Those are good initiatives because the residents read it, it’s right 
in front of them.  

 
a: IS: internal medicine staff; b: SR: surgical resident; c: IR: internal medicine resident; d: SS: 

surgical staff 

 

Attitudes about specific interventions 

Regarding other regularly used specific interventions, clinical pathways were 

generally reckoned as not useful since they were too rigid in empirical treatment. 

Audit & feedback showed overall positive reactions if the actual prescriber was 
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correctly identified and if used timely and in a non-punitive way. The use of posters 

was found to be a good tool to provide reminders (Figure 4, Q31-35). 

 

III.3.2. Ziekenhuis Oost-Limburg 

On this site, too little physicians could participate to this part of the study. A single 

discussion (25 November 2008) was held with 3 staff members (two from internal 

medicine, one surgeon; all male). Because of the very similar array of problems and 

outcomes that emerged during this single discussion and because the limited number 

of participants would not allow firm conclusions, no further in-depth analysis was 

done for this group. 

 

III.4.  Discussion 

Our FGD participants reported a large array of possible barriers to the local antibiotic 

guideline. First, there is evidence for a heterogeneous medical corps in the first 

hospital. Internal medicine residents felt a strong desire for information on all aspects 

of disease management. They were reluctant to interference from non-medical 

disciplines and wanted exhaustive information to cover all possible situations. Internal 

medicine staff members, some of whom contributed to the guideline, stressed its 

relative character and the need for clinical interpretation. Surgeons showed a more 

“cook-book” attitude where speed of decision making and ease of use prevailed. They 

also favoured multidisciplinary support. In the light of these differences in attitudes 

and expectations, physicians can be divided into different target groups. A single 

intervention to improve antibiotic guideline use, is therefore unlikely to be effective. 

Similarly, a Dutch study pointed to differences in opinions and approach between 

staff and residents.44 Our results showed that these differences can also be found 

between different specialties. Additionally, there is a similar limited guideline 

familiarity, confusion with other existing practices and the impact of supervisors on 

residents’ practice. Another Dutch study revealed similar issues, and also pointed to 

several external problems that hinder compliance.45 Working pressure, deficient 

communication and lower acceptance of non-medical support could be seen there as 

well. Both Dutch studies mention possible interventions, such as group discussions on 

appropriate prescribing, enhanced participation in guideline development and more 
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active communication. These should be considered here too, together with the 

interventions that already showed approval from our physicians, such as audit, posters 

and specialists’ support.  

For a better understanding, we can apply the Theory of Planned Behaviour to our 

results.56 Basically, according this theory, behaviour (i.e. guideline use) is the result of 

an intention to actually perform this behaviour. In turn, this intention is the result of 

three interconnected factors: the attitude towards the behaviour, the presence of others 

who could approve or disapprove the behaviour (Subjective Norms) and the presence 

of factors that appear to enable or prevent to perform the behaviour (Perceived 

Behavioural Control). In our results, the latter two form the major part. 

Subjective Norms can be seen specifically in the emphasis that residents place on the 

role of the supervisors. In our results, supervisors are considered by residents as 

opinion leaders. As a consequence, they are influential for guideline use.116 Firstly, 

they are mentioned as a communication channel to improve guideline awareness. 

Secondly, their influence on attitude and motivation is clearly identified. If 

supervisors’ practices are not in line with the guidelines, it negatively influences 

residents’ attitude and practice. A clear distinction between the antibiotic opinion 

leaders and other members of staff, together with clear communication on the reasons 

to divert from the guideline, is of primary importance and could be an effective 

intervention. 

The opinions about multidisciplinary collaboration can be seen in the same 

perspective. The overall demand for multidisciplinary collaboration is complicated by 

the apparent reluctant attitude of internal medicine residents towards clinical 

pharmacists. This contrasts with recommendations made for good antimicrobial 

stewardship.6,117 According to these recommendations, an infectious diseases 

physician together with a clinical pharmacist with infectious diseases training should 

be the core of a multidisciplinary team. Also, the clinical pharmacist should 

participate in prospectively auditing antibiotic prescriptions. This reluctance can be 

explained by non-familiarity of the residents with clinical pharmacists. Inexperience 

with this new position in University Hospitals Leuven, probably triggered this 

defensive reflex. Similarly, this can explain the somewhat lower acceptance of 

microbiology support, which is also a recent initiative. Conversely, the high approval 

in surgery departments could result from the fact that the clinical pharmacist service 

was started there, resulting in higher familiarity. The main conclusion here is that 
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contact with other disciplines has high potential for improved guideline use, but that 

familiarity with this intervention is a determinant for success which should be 

addressed first. 

The aspect of Perceived Behavioural Control can be seen clearly in the various 

problems regarding guideline awareness. Limited guideline use through intranet and 

the need for personal initiative to obtain the booklet exemplify that passive 

distribution of information usually has little effect on physicians’ practice.40 

Communication and distribution of the guidelines require a more active approach as 

they now only reach the residents slowly. Another issue appears to be uncertainty 

about the contents of the guidelines and their use, as shown by the tendency to a strict 

interpretation among residents. If guidelines are precisely defined, they show a higher 

usage.118 Making guidelines less defined to enhance clinical interpretation, could in 

fact lower their use. In contrast to what is stated in the literature,21 guidelines can 

appear “not cookbook enough”, as stated by several physicians. Time to consult 

guidelines is considered limited and, thus, requires direct retrieval of the needed 

information. Development of a concise version next to a more extended one could be 

considered. 

Regarding attitude, acceptance of the guideline principle is high. However for specific 

topics, questions about the guideline applicability and interpretation emerge among 

less experienced users and effect guideline attitude. A problem of self-efficacy 

appears low but cannot be ruled out.  

 

III.5.  Strengths and limitations 

This paper identified barriers against the use of local antibiotic guidelines. Our 

findings add to the Dutch study that investigated the implementation of a national 

treatment guideline for community-acquired pneumonia. Problems with the local 

translation of pneumonia-specific recommendations emerged as a main issue in that 

study.45 Our results, however, relate to local antibiotic guidelines for several different 

indications and recommendations, adapted to local policy and other factors. We opted 

for a general approach towards antibiotic guidelines, which offers a broader 

applicability to other pathologies, as done by Mol et al.44 Still, in an ideal situation, 

both approaches should be combined to cover all relevant factors. 



 

54 

A qualitative approach is the preferred method for categorising barriers and factors 

promoting guideline use. However, this method has several limitations. First, its 

results are not generalisable and are only valid for the first hospital (UZL). However, 

the single discussion that could be done in ZOL, showed that the overall spectrum of 

problems is quite similar between the two hospitals. Still, a similar study conducted in 

another major hospital, is necessary to confirm the diverging expectations and 

differences between physician groups. There is also a potential bias because only 

interested physicians would have participated. However, the large array of problems 

mentioned makes a bias unlikely. The fact that we used focus groups allowed us to 

obtain a broader and more in-depth view through group interaction on the perceived 

problems in addition to a discrete estimate of their relative importance. This is not 

possible in direct interviews as done in previous studies.44,45 Also, the use of focus 

groups gives the possibility to create a non-hostile environment with colleagues 

sharing their experiences and problems with the moderator and note-taker, both 

having no formal connection with the hospital board. For the same reason, residents 

and staff were separated, which enabled us to detect and confront opposing opinions. 

It should be noted that the small size of the surgical staff group does not permit a 

reliable picture of their opinions. However, we think this is of limited importance as 

there was little difference in opinions between this group and the surgical residents 

group. Few new aspects came up in the surgical staff group, indicating that the point 

of theoretical saturation was reached and that the majority of opinions had been 

mentioned. Although the internal medicine residents groups were small, their opinions 

were very similar between the two groups, therefore confirming each other. In our 

opinion, excessively dominant speakers were absent and their possible influences 

would have been countered by our methodology. From the beginning, all participants 

were able to express their personal opinions through the use of the individually 

written cards. However, in order to gain deeper insight and quantify the possible 

target groups and factors that moderate guideline use, a survey based upon the Theory 

of Planned Behaviour will be conducted in the near future before making more 

definite recommendations for improving guideline use.119  

For future research, we would recommend a double approach looking for both 

hospital- and disease-specific factors to cover all possible aspects. Qualitative analysis 

of disease-specific guidelines together with an inventory of possible barriers included 
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within the guideline, could improve the disease-specific aspects. However, the 

hospital-specific aspects will still need to be determined individually. 

 

III.6.  Conclusion 

Local antibiotic guidelines are an important tool to enhance quality of care and to 

improve the use of antibiotics. However, they experience the same barriers as other 

guidelines. Within one hospital, different target groups can be present with diverging 

opinions on and requirements from guideline contents, interpretation and supportive 

measures. Based on this study, we recommend that interventions to improve guideline 

use, take into account different attitudes and expectations of various groups within 

medicine. Multidisciplinary collaboration has a high potential, depending on 

familiarity with this intervention. All supervisors have to be aware of how their role as 

opinion leaders can influence residents, in order to improve local guideline use and 

antibiotic consumption. Lastly, active guideline distribution and promotion remains 

critical to ensure their efficient use. Future research should focus on how to tailor 

interventions in order to address different groups. 
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Abstract 

Background: To improve physicians’ antimicrobial practice, it is important to identify 

barriers to and facilitators of guideline adherence, and assess their relative importance. 

The Theory of Planned Behaviour (TPB) permits such assessment and has been used 

already for evaluating antibiotic use. According to this theory, guideline use is fuelled 

by three factors: attitude; subjective norm (perceived social pressure regarding 

guidelines); and perceived behavioural control (PBC) (perceived ability to follow the 

guideline). Using a questionnaire, we aim to explore factors impacting guideline use in 

our hospital. 

Methods: Starting from our earlier observations, we constructed a questionnaire based 

on the Theory of Planned Behaviour, with an additional measure of habit strength. 

After pilot testing, the survey was distributed among physicians in a large tertiary care 

hospital (UZL) and a smaller, secondary care hospital (ZOL). 

Results: For UZL, out of 393 contacted physicians, 195 completed questionnaires 

were received (50.5% corrected response rate). Using multivariate analysis, the 

overall intention toward using antibiotic guidelines was not very predictable 

(R²=.134). Habit strength (39.1% of R²; P=.02) and PBC (35.4% of R²; P=.03), were 

significant predictors. A moderator effect of respondents’ position (staff member vs. 

resident) was found, with staff members’ intention being influenced by habit strength 

(47.0% of R²; P=0.03), and residents’ intention by PBC (42.6% of R²; P=0.03). For 

ZOL, 64 questionnaires were returned out of 161 (response rate 37.4%). Here again, 

habit strength (29.4% of R²; P=0.02) was a significant predictor of intention, next to 

attitude (35.6% of R²; P=0.01) (final R²=.424). Regarding previously identified 

barriers, education on antibiotics and guidelines was rated unsatisfactory in both 

hospitals. Likewise, support from clinical pharmacists was least appreciated when 

compared to infectiologists or microbiologists. 

Conclusions: These divergent origins of influence upon guideline adherence point to 

different approaches for improvement. As habits strongly influence staff members, 

methods that focus on changing habits, e.g. automated decision support systems, are 

possible interventions. As residents’ intention seems to be guided mainly by external 

influences and experienced control, this may make feedback, convenient guideline 

formats and guideline familiarization more suitable. Attitudes have a mixed influence 

on intention, possibly dependent on the type of hospital. 
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IV.1. Introduction  

Introducing and maintaining guidelines, and more specifically local guidelines, are 

key instruments in the rational use of antibiotics.6 Their positive effects on 

antimicrobial use, costs and therapeutic outcome have been confirmed several 

times.10,11,41,117 Notwithstanding these advantages, guideline implementation is 

hindered by a number of barriers and their actual use remains erratic.21 

Techniques like interviews or focus groups are available to discern possible 

barriers,44,45,120 but a supporting theory is needed to situate the results allowing for 

targeted interventions and improved efficiency.49 One often used theory, the Theory 

of Planned Behaviour (TPB), is developed to describe the determinants of individual 

intentions and behaviours, in this case guideline use. Basically, an intention regarding 

a certain behaviour is a function of three determinants: 1) attitude towards the 

behaviour, referring to the positive or negative evaluation of performing the 

behaviour, 2) subjective norm, reflecting the person’s perception of social pressure 

regarding the performance, and 3) perceived behavioural control, which refers to the 

person’s perception of own control over performance of the behaviour.121 Subsequent 

intention will then lead to the final behaviour (see also Figure 2). This theory has 

already been successfully used several times in the evaluation of medical practice, 

including the field of antibiotic usage.122-125 

The overall goal of our study was to enhance the understanding of how guidelines are 

used in our hospital and how this can be improved. Therefore we constructed and 

distributed a questionnaire based on the TPB, adapted to cover possible habits. Based 

on previous work in this area, we expected that past behaviour and thus also habits 

can add to the prediction of behavioural intention, and through intention, of actual 

behaviour.124,126 With this survey, we wanted further to assess the impact of barriers 

against our local guideline that were revealed in our earlier qualitative study, and 

possible differences between physicians’ groups.120 

 

IV.2. Methods 

This study was conducted both in University Hospitals Leuven (UZL) and Ziekenhuis 

Oost-Limburg (ZOL). The studied guidelines are the locally developed antibiotic 

guidelines for each separate hospital. 
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Questionnaire development 

Our questionnaire consisted of measures of the main components of the TPB (i.e. 

attitudes, subjective norm, and perceived behavioural control), habit, and the intention 

towards using antibiotic guidelines. The overall questionnaire was constructed 

according to recommendations,119,121 comprising both direct and indirect measures 

(see below) and using the validated Dutch translation.119 The measures that were used 

are described in more detail below.  

Intention (INT): Three items were used to measure the intention towards using 

antibiotic guidelines, (‘During next year, I expect to/ I want to/ I intend to use the 

guidelines for my patients with a suspected infection’). Items were scored on a 7-point 

(1 ‘Strongly disagree’- 7 ’Strongly agree’) Likert scale.  

Attitude (ATT): We assessed attitudes towards using antibiotic guidelines with six 

items. The question read ‘Using antibiotic guidelines during next year for my patients 

with a suspected infection is…’, followed by six items with bipolar labels on each end 

of the 7-point scale: ‘harmful-beneficial’, ‘useless-useful’, ‘bad-good’, ‘annoying (for 

me) - pleasant (for me)’, ‘not giving (me) satisfaction- giving (me) satisfaction’, 

‘worthless-valuable’. 

Subjective norm (SN): Four items were used to measure subjective norms. Items read 

‘People who are important to me want me to use the guidelines’; ‘People who are 

important to me, use the guidelines themselves’; ‘It is expected of me that I use the 

guidelines’; and ‘I feel social pressure to use the guidelines’. All items were scored on 

a 7-point (1 ‘Strongly disagree’- 7 ’Strongly agree’) Likert scale. 

Perceived behavioural control (PBC): In order to measure PBC, the following five 

items were used: ‘The decision to use the guidelines is beyond my control’(reversed); 

‘It is entirely up to me to use the local antibiotic guidelines’; ‘It is easy for me to 

use…’; ‘I feel capable to use…’; and ‘Using the guidelines is easy-difficult for me’. 

Items were scored on a 7-point Likert scale (1 ‘Strongly disagree’- 7 ’Strongly agree’ 

or 1 ‘Easy’- 7 ‘Difficult’) 

Habit (HAB): It has already been shown that past use of antibiotic guidelines (i.e., past 

behaviour) is positively associated with the present intention to prescribe antibiotics 

according to guidelines.124 In that previous study it was suggested that the explanatory 

power of the TPB can be improved by the addition of past behaviour. Therefore, in 

order to evaluate the influence of habit on guideline use, we added the 12-item Self-

Report Index of Habit Strength.126 Here, this concept of habit includes the automatic 
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character of the behaviour which is broader, and also more precise, than self-reported 

past behaviour.127 All items of this construct were scored on a 7-point (1 ‘Strongly 

disagree’- 7 ’Strongly agree’) Likert scale. This construct, similar to the TPB 

constructs, loads on a single factor used in the final analysis. 

Indirect measures: In addition to the ‘direct’ measures above, it is recommended to 

include so-called ‘indirect’ measures119,128 for ATT, SN and PBC. This is based on the 

assumption that the direct measurement of these determinants using standardized 

constructs is also the reflection of a combination of actual beliefs and opinions. 

Indirect measures are tailored question sets that sufficiently cover the breadth of ATT, 

SN or PBC in regard to the specific behaviour. They should correlate well with the 

direct measure, and can possibly point to barriers and facilitators with a high impact. 

Therefore, possible barriers against the use of antibiotic guidelines were identified by 

focus group discussions where all major groups (internal medicine and surgery, 

residents and staff members) within this survey were represented. The results of this 

focus group study are described in detail elsewhere.120 Identified barriers were sorted 

according to whether they belonged to ATT, SN or PBC by 2 independent researchers 

(PC & GL) with differences resolved by consensus. Within each category, the top 

75% barriers with highest quotation frequency were rephrased into items and added to 

the questionnaire. For ATT, six supplementary indirect questions were included, five 

were added for SN and 11 questions for PBC. Indirect items were scored on a 7-point 

Likert scale and formulated as recommended.119 For SN, moderating (‘Motivation To 

Comply’) questions for each indirect item were included and, after recoding the 

indirect items to a -3 to +3 scale, their pairwise multiplication was used for further 

analysis. (For example, if the score on the item “the staff members in this hospital 

think I should use the antibiotic guidelines” was 6 (“Agree”) (2 after recoding to a -3 

to +3 scale) and the corresponding score on the motivation-to-comply question “what 

staff members think I should do is important to me” was 4 (“Neither likely nor 

unlikely”), the resulting product would be 2x4=8, on a -21 to +21 scale.) For ATT and 

PBC, such questions proved to have practically no variability among participants in 

the pilot study and were omitted in the final version of the questionnaire (see below). 

Support from disciplines other than infectious disease specialists, drew mixed 

opinions in our elucidation study. Three supplementary questions assessed the 

approval whether an infectious disease specialist, a microbiologist or a clinical 
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pharmacist should give additional antibiotic guidance. As a final check for additional 

items, the resulting survey was compared with other questionnaires.123,129-131 

Demographics: Participants were asked for their gender, age, hierarchical position 

(staff member vs. resident), discipline (internal medicine, surgery, emergency 

medicine) and as a measure of physicians’ general acquaintance with antimicrobials, 

how often they prescribed antibiotics on average per week (never, 1-2 times, 3-4 

times, daily). 

Pilot study 

This questionnaire was piloted in the paediatric department of the same hospital 

among 10 randomly selected physicians with various levels of experience and holding 

various positions. Participants were asked to complete the questionnaire with 

additional questions on readability, understandability, redundant or missing topics, 

possibly provocative topics, ease of use and time needed to fill in the questionnaire. 

The pilot revealed no major remarks on the contents or form, with an acceptable fill-in 

time between 8 and 20 minutes. 

Participants 

All physicians, residents and staff members working in UZL and ZOL at the time of 

the study were eligible for participation. Disciplines with intrinsically low antibiotic 

use or specific type of patients with limited guidelines available were excluded: 

anaesthesiology (except in ZOL where anaesthesiologists are more involved in daily 

care), dermatology, ophthalmology, obstetrics-gynaecology, radiology, paediatrics 

(also due to their involvement in the pilot test), psychiatry and physicians working in 

laboratory departments. Also infectious diseases specialists were excluded due to their 

involvement in this project. The heads of department were contacted in order to gain 

explicit support for this study. The final number of eligible physicians was 393 for 

UZL (214 residents, 179 staff members) and 171 physicians (38 residents, 133 staff 

members) in ZOL. For both locations, the questionnaire (Appendix 5 (unvalidated 

translation) and Appendix 6 (Flemish-Dutch original)) was distributed in three 

rounds: a first round (the first half of February 2009 for UZL; half September 2009 

for ZOL), after 4 to 5 weeks a reminder was sent and finally after another 4 weeks the 

entire questionnaire was resent to the remaining non-respondents. As an incentive, a 

donation of €10 to local charity (the hospital care fund for children with cancer for 

UZL; the Medi-Clowns children’s entertainment initiative in ZOL) was made for each 

returned completed form. 
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Analysis 

For each measure, both direct and indirect, the average was calculated and used in the 

analysis. In order to measure the internal consistency of the measures, Cronbach’s 

alpha was calculated. If alpha was lower than 0.70, items were removed in order to 

increase internal consistency.119,132 In order to explore significant associations, two-

sided Pearson’s correlations were calculated for all variables, except for gender and 

position (resident vs. staff member) where point-biserial correlations were used. 

Mutual associations between gender, position and discipline were given using 

Cramer’s V. Hierarchical linear regression analysis was performed with INT as 

dependent variable. In the first step, socio-demographic variables (respondents’ 

hierarchical position, age, gender and prescribing frequency) were entered to account 

for factors referred to as “external variables” in the TPB. Position and gender were 

dummy-coded. In the second step, the basic TPB variables (ATT, SN, PBC) were 

added to the equation. Finally, HAB was entered in the analysis as a supplementary 

independent variable as this concept is not included in the TPB. Together with the R², 

the relative weight as a percentage of R² was calculated for each variable to assess 

their individual impact in the final model.133 Indirect items were explored for 

interesting differences according to gender, position or between surgery and internal 

medicine using the Mann-Whitney test. The same test was used for comparison 

between the two hospitals. A two-tailed P-value <0.05 was considered significant, 

except for the analysis of the indirect items and the inter-hospital differences where a 

Bonferroni correction was applied for multiple comparisons. The analysis was 

performed using SPSS® 16.0 for Windows. 

 

IV.3. Results 

IV.3.1. University Hospitals Leuven 

From the 393 questionnaires that were sent out in UZL, a total of 195 completed 

forms were returned, with 118 after the first round, 23 forms received after the second 

round and another 54 after the third round. Seven forms were returned undeliverable. 

Hence, the overall response rate was 50.5 %. 
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Table 7.  Main statistics of studied variables (data UZL) 

 Na Meanb (SDc) Median b Skewness 

Intention (3 items) 195 6.44 (0.82) 7.00 -2.65 

Attitude (6 items) 195 5.86 (1.05) 6.00 -1.54 

Subjective Norms (4 items) 195 4.78 (1.15) 4.75 -0.47 

Perceived Behavioural Control (3 
items)d 193 6.06 (0.75) 6.00 -0.47 

Habit Strength (12 items) 195 4.49 (1.07) 4.58 -0.21 

Frequencye 190 2.65 (1.18) 3.0 -0.12 

Age 187 35.22 (8.9) 31.0 1,17 

Surgery Internal Medicine Emergency Medicine 
Disciplinef 191 

61 (32) 122 (64) 8 (4) 

Staff Resident  
Positionf 191 

82 (43) 109 (57)  

Male Female  
Genderf 188 

118 (63) 70 (37)  
a: Number of valid responses; b: Minimum mean score=1; maximum mean score=7; c: Standard 

Deviation; d: Excluded items=question 25 (‘Whether I use the local guidelines for my patients 

during next year is entirely up to me’) and question 26 (‘The decision to use the local guidelines 

for my patients during next year is beyond my control’); e: Average prescribing frequency of 

antibiotics per week: 1=never; 2=1-2 times; 3=3-4 times; 4=daily; f: Given as N (%) 

 

The physicians who replied were mostly male (63%) and resident (57%) with 64% 

internal medicine specialists, 32% surgeons and 4% to emergency physicians. Median 

age was 31 years (range 25-64 y; SD: 8.9). Gender, discipline and position did not 

differ significantly between respondents and non-respondents or between early and 

late respondents. Means, standard deviations, internal consistency reliabilities, and 

correlations of the study variables are presented in Tables 7 and 8. The initial PBC 

construct had insufficient internal consistency (Cronbach’s alpha=0.552). A 

satisfactory value of 0.853 was obtained after excluding question 25 (‘Whether I use 

the local guidelines for my patients during next year is entirely up to me’) and 

question 26 ( ‘The decision to use the local guidelines for my patients during next 

year is beyond my control’) from the construct. There were significant correlations 

between gender and position (Cramer’s V=0.366; P<0.001) with more women present 

among the residents, and between position and discipline (V=0.186; P=0.037) with 

more residents in the internal medicine subgroup. No association was found between 

gender and discipline (Cramer’s V=0.162; P=0.085).
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Table 8.  Correlations and internal consistencies (data UZL) 

 Int Att Att-I SN SN-I PBC PBC-I Hab Age Freq Gen Po s 

Intention (.945)a            

Attitude .129 (.817)a           

Attitude indirect .201* .287** (.605)a          

SNb .140 .183* .165* (.730)a         

SNb indirect .251** .213** .302** .654** (.715)a        

PBCc (3 items  d) .260** .211** .448** .361** .419** (.853)a       

PBCc indirect .196** .268** .455** .349** .354** .437** (.735)a      

Habit Strength .267** .149* .287** .413** .473** .357** .470** (.914)a     

Age .010 -.090 .069 .070 .010 .142 .193** .105 --    

Frequency  e -.084 -.160* .109 -.047 -.174* -.053 .081 .030 .029 --   

Gender f,g .122 .170 .082 -.008 .132 .007 -.079 0.097 -.476** -.125 --  

Position f,h .091 .078 -.062 -.040 .036 -.118 -.109 -.050 -.999** .006 -- -- 

Correlations with Gender and Position are point-biserial; other correlations are given as Pearson’s r; *: P< .05; **: P< .01 
a: internal consistency (Cronbach’s alpha) for composite variables (Attitude, Subjective Norm, Perceived Behavioural Control, Habit); N=184. 
b: Subjective Norm;c: Perceived Behavioural Control ; d: Excluded items=question 25 (‘Whether I use the local guidelines for my patients during next year is entirely up 

to me’) and question 26 (‘The decision to use the local guidelines for my patients during next year is beyond my control’). 
e: Average prescribing frequency of antibiotics per week: 1=never; 2=1-2 times; 3=3-4 times; 4=daily. 
f: Point-biserial correlation; g: 1=male; 2=female; h: 1=staff member; 2=resident. 
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Regression analysis 

The socio-demographic variables, entered in the first step of the multiple regression analysis, 

did not explain a major portion of the variance in intention although position and age had a 

significant influence which disappeared once other predictors were included (Table 9). As a 

set, the TPB predictors, entered in step 2, accounted for a significant amount of additional 

variance in the explanation of intention. Only PBC was significant, however (P=0.005). In the 

third, final model, HAB had the largest influence (39.1% of R²; P=0.02), followed by PBC 

(35.4% of R²; P=0.03). This final model accounted for 13% of total intention variability 

(R²=.134). ATT and SN were not significant, throughout the analysis.  

The position parameter reached significance in the first model only (P=0.04) but remained 

marginally non-significant in succeeding steps (second model, P=0.051; final model, 

P=0.057). This suggested a possible moderating effect of position. Therefore, a subgroup 

analysis was undertaken for residents and staff members (Table 10). In the resident subgroup, 

intention was mainly influenced by PBC (42.6% of R²; P=0.03) in all models, while in the 

staff subgroup, HAB was the single significant predictor (47.0 % of R²=; P=0.03). A similar 

subgroup analysis between internal medicine and surgery showed no differences. 

 

Table 9.  Hierarchical regression analysis: standardized regression coefficients and R² (data 

UZL) 

Variables 
Model 1 
(R²=.041) 

Model 2 
(R²=.104) 

Final model 
(R²=.134) 

% of R² of 
final model 

Positiona .257* .233 .223 3.5% 

Age .244* .189 .163 3.7% 

Genderb .079 .060 .039 6.8% 

Frequencyc -.086 -.063 -.077 3.2% 

Attitude - .058 .048 4.3% 

Subjective Norm - .037 -.027 4.0% 

PBCd,e - .221** .178* 35.4% 

Habit - - .197* 39.1% 

N=184; *: P<0.05; **: P<0.01; % of R²: relative weight for each variable133 
a: 1=staff member; 2=resident; b: 1=male; 2=female; c: Average prescribing frequency of antibiotics per 

week: 1=never; 2=1-2 times; 3=3-4 times; 4=daily; d: Perceived Behavioural Control; e: Three-item 

construct used for analysis; excluded items=question 25 (‘Whether I use the local guidelines for my 

patients during next year is entirely up to me’) and question 26 (‘The decision to use the local guidelines 

for my patients during next year is beyond my control’). 
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Table 10.  Regression analysis models with Position as moderator: standardized regression 

coefficients and R² (data UZL) 

Position Variables 
Model 1 
(R²=.053) 

Model 2 
(R²=.092) 

Final model 
(R²=.152) 

% of R² of 
final model 

Age .218 .155 .151 17.0% 

Gendera .113 .099 .125 6.8% 

Frequencyb -.064 -.025 -.049 2.1% 

Attitude - .015 .020 1.7% 

Subjective Norm - -.024 -.111 2.8% 

PBCc,d - .212 .107 22.6% 

Staff 

member 

(N=79) 

Habit - - .295* 47.0% 

 Independent 
variables 

Model 1 
(R²=.020) 

Model 2 
(R²=.130) 

Final model 
(R²=.141) 

% of R² of 
final model 

Age -.016 .027 .016 0.1% 

Gender .042 .024 -.002 1.4% 

Frequency -.129 -.107 -.116 6.8% 

Attitude - .114 .101 15.7% 

Subjective Norm - .096 .053 10.8% 

PBCc,d - .244* .228* 42.6% 

Resident 

(N=105) 

Habit - - .123 22.6% 

Standardization of the coefficients has been done within each separate group; *: P<0.05; % of R²: relative 

weight for each variable133 
a: 1=male; 2=female; b: Average prescribing frequency of antibiotics per week: 1=never; 2=1-2 times; 3=3-

4 times; 4=daily; c: Perceived Behavioural Control; d: Three-item construct used for analysis; excluded 

items=question 25 (‘Whether I use the local guidelines for my patients during next year is entirely up to 

me’) and question 26 (‘The decision to use the local guidelines for my patients during next year is beyond 

my control’). 

 

Indirect measures 

The results of the indirect items are presented in Appendix 7. Scores for attitude-related items 

were generally positive towards the use of guidelines in daily practice. Regarding the 

question if guidelines could lead to more work, men were slightly more concerned than 

women (median score 3.0 vs. 2.0; P=0.002). For Subjective Norm topics, physicians gave 

rather moderate ratings, indicating limited positive social pressure. No major differences were 

found when comparing position, gender and disciplines.  

For Perceived Behavioural Control items, questions concerning the amount of attention 

towards guidelines during training and on the wards scored rather poorly, with surgeons 

giving lower scores than internal medicine (median scores: 2.0 vs. 3.0, respectively 3.0 vs. 

4.0; both P=0.002). Feedback and the amount of received support scored equally low.  
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The infectious disease specialist gained the highest approval to give additional antibiotic 

support (mean score 5.1), followed by the microbiologist (4.9) and clinical pharmacist (4.5). 

These differences were highly significant (Friedman’s Chi-square, P<0.001) even between 

infectious diseases and microbiology (Wilcoxon Signed Ranks; P=0.009). No differences 

were present between gender, discipline or position. 

 

IV.3.2. Ziekenhuis Oost-Limburg 

In ZOL, 171 questionnaires were sent out and after tree months, a total of 64 completed forms 

and two unmarked forms were returned. Thirty-six forms were sent back after the first round, 

13 were received after the second round and another 17 at the end of the third round. No 

forms were returned undeliverable. On this site, the corrected response rate was 37.4 %. 

The physicians who replied were mostly male (83%) and staff member (86%) with 41% 

internal medicine specialties, 45% surgeons and 14% to emergency 

physicians/anaesthesiologists. Median age was 46 years (range 25-63 y; SD: 10.5). Gender, 

discipline and position did not differ significantly between respondents and non-respondents 

or between early and late respondents. Means, standard deviations, internal consistency 

reliabilities, and correlations of the study variables are presented in Tables 11 and 12. Again, 

the initial internal consistency of the PBC construct was too low (Cronbach’s alpha=0.659). 

Removing the same questions (question 25 and question 26) from the construct resulted in an 

adequate Cronbach’s alpha of 0.811. A significant correlation was present between gender 

and discipline with few women among internal medicine (4 women vs. 22 men) and surgery 

(2 women vs. 27 men), but roughly equal (5 women vs. 4 men) among emergency medicine 

(Cramer’s V=0.424; P=0.003). In contrast with UZL, no significant correlations between 

gender and position (Cramer’s V=0.054; P=0.67) and between position and discipline 

(V=0.287; P=0.072) were found.  
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Table 11.  Main statistics of studied variables (data ZOL) 

  Na  Meanb (SDc) Median b Skewness 

Intention 64 6.22 (1.13) 6.83 -1.88 

Attitude 64 6.02 (0.96) 6.17 -0.76 

Subjective Norms 64 4.72 (1.53) 5.00 -0.73 

Perceived Behavioural 
Controld 63 5.90 (1.01) 6.00 -1.17 

Habit 63 4.52 (1.49) 4.50 -0.32 

Frequencye 64 2.80 (1.26) 3.0 -0.43 

Age 59 44.58 (10.49) 46.0 -0.143 

Surgery Internal Medicine Emergency 
Medicine/Anaesthesiology 

Disciplinef 64 

29 (45) 26 (41) 9 (14) 

Staff Resident  
Positionf 64 

55 (86) 9 (14)  

Male Female  
Genderf 188 

53 (83) 1 (17)  

a : Number of valid responses; b: Minimum mean score=1; maximum mean score=7; c: Standard Deviation; 
d: Excluded items=question 25 (‘Whether I use the local guidelines for my patients during next year is 

entirely up to me’) and question 26 (‘The decision to use the local guidelines for my patients during next 

year is beyond my control’); e: Average prescribing frequency of antibiotics per week: 1=never; 2=1-2 

times; 3=3-4 times; 4=daily; f: Given as N (%) 
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Table 12.  Correlations and internal consistencies (data ZOL) 

 
Int Att Att-I SN SN-I PBC PBC-I Hab Age Freq Gen Po s 

Intention (.964)a                      

Attitude .540** (.804)a            

Attitude indirect .394** .619** (.739)a           

SNb .276* .112 .166 (.817)a          

SNb indirect .266* .250 .244 .626** (.841)a         

PBCc (3 items d) .398** .487** .470** .230 .243 (.811)a        

PBCc indirect .289* .256 .484** .408** .610** .330* (.737)a       

Habit Strength .521** .399** .458** .463** .488** .316* .610** (.955)a      

Age .089 .038 .123 .311* .350** .209 .268* .178 --     

Frequency  e  .049 .013 .027 .045 .199 -.090 .204 .081 .133 --    

Gender f,g .014 .075 -.222 .063 .206 .021 .045 .157 -.450* .060 --  

Position f,h -.102 -.096 -.445* -.139 -.247 -.243 -.556** -.363 -.830** -.121 -- -- 

Correlations with Gender and Position are point-biserial; other correlations are given as Pearson’s r; *: P<0.05; **: P<0.01 
a: internal consistency (Cronbach’s alpha) for composite variables (Attitude, Subjective Norm, Perceived Behavioural Control, Habit); N=59. 
b: Subjective Norm; c: Perceived Behavioural Control; d: Excluded items=question 25 (‘Whether I use the local guidelines for my patients during next year is entirely up 

to me’) and question 26 (‘The decision to use the local guidelines for my patients during next year is beyond my control’); e: Average prescribing frequency of 

antibiotics per week: 1=never; 2=1-2 times; 3=3-4 times; 4=daily; f : Point-biserial correlation; g: 1=male; 2=female; h: 1=staff member; 2=resident. 
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Regression analysis 

In the hierarchical linear regression analysis, any of the socio-demographic variables 

had a significant influence on INT (Table 13). In step 2 when the TPB predictors were 

entered, only ATT was significant (P=0.001). In the final equation, ATT had the 

largest influence (35.6% of R²; P=0.01), followed by HAB (29.4% of R²; P=0.02). 

This final model accounted for 42% of total intention variability (R²=.424). PBC and 

SN were not significant, throughout the analysis.  

A subgroup analysis between residents and staff members, similar to the analysis for 

University Hospitals Leuven, was not attempted because of the very low number of 

participants, especially in the resident subgroup. For the same reason, a subgroup 

analysis between disciplines was deemed to be not useful.  

 

Table 13.  Hierarchical regression analysis: standardized regression coefficients and 

R² (data ZOL) 

Variables 
Model 1 
(R²=.017) 

Model 2 
(R²=.360) 

Final model 
(R²=.424) 

% of R² of 
final model 

Positiona -.096 -.054 .024 0.5% 

Age .014 -.081 -.047 0.5% 

Genderb -.056 -.072 -.080 0.3% 

Frequencyc .045 .061 .044 0.9% 

Attitude - .445** .343* 35.6% 

Subjective Norm - .206 .070 13.9% 

PBCd,e - .143 .129 18.9% 

Habit - - .324* 29.4% 

N=59; *: P<0.05; **: P<0.01; % of R²: relative weight for each variable133 
a: 1=staff member; 2=resident; b: 1=male; 2=female; c: Average prescribing frequency of 

antibiotics per week: 1=never; 2=1-2 times; 3=3-4 times; 4=daily; d: Perceived Behavioural 

Control; e: Three-item construct used for analysis; excluded items=question 25 (‘Whether I use the 

local guidelines for my patients during next year is entirely up to me’) and question 26 (‘The 

decision to use the local guidelines for my patients during next year is beyond my control’). 

 

 

Indirect measures 

The results of the indirect items are presented in Appendix 8. Attitude-related items 

were generally scored well. The item that guidelines could lead to more work had a 
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somewhat higher score. Physicians gave rather moderate ratings to Subjective Norm 

topics indicating limited positive social pressure. For both factors, no significant 

differences were found when comparing position, gender or disciplines.  

In ZOL, the Perceived Behavioural Control questions on the amount of attention to 

guidelines during training and on the floor scored similarly poor (median score=3.0 

resp. 4.0). The feedback on guideline use had also overall low scoring, but the amount 

of support was scored rather well. No further significant differences were found when 

comparing position, gender and disciplines. 

Microbiology clearly had the highest approval in ZOL on the question which 

discipline should provide additional support, closely followed by infectious diseases 

and again clinical pharmacy with the lowest score (mean score 5.4; 5.5; 4.5 

respectively) (Friedman’s Chi-square, P<0.001). The difference between 

microbiology and infectious diseases was not significant (Wilcoxon Signed Ranks; 

P=0.349) but the approval for the clinical pharmacist was clearly lower than for the 

two other disciplines (Wilcoxon Signed Ranks; P< .001). No other influences could 

be detected for gender, discipline or position. 

 

IV.3.3. Comparison between UZL & ZOL 

No difference could be found between the two sites for INT, ATT, SN, PBC and 

HAB, except for variability between INT, SN, PBC and HAB (Levene’s test; 

P=0.012; .008; .019; .001 respectively) with larger variances present in ZOL. Only for 

individual PBC-related items, a few significant differences were present (Table 14). 

On Question 37 (‘I do not get sufficient support for using the guidelines’) physicians 

from UZL showed higher approval than the group from ZOL (median score: 3.0 vs. 

4.0; P=0.002). This difference persisted when only comparing the staff members. 

Support from the microbiologist (Question 39) was more welcomed in ZOL than in 

UZL (median score: 6.0 vs. 5.0; P=0.001). 

 

IV.4. Discussion 

In the present study we find that physicians’ intention to use antibiotic guidelines is 

influenced by habits and by their perception of control over the use of guideline, and 

that the determinants of physician intention to follow guidelines are different for 
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residents and faculty. It is important to note that only 13% of the variability was 

accounted for in UZL, while response rate in ZOL was only 37%, so the findings of 

this survey must be taken cautiously. Also, subjective norms, and attitudes in UZL, 

did not prove to be determinants influencing final intention. This is in contrast with 

older literature where personal opinions on guidelines are quoted as important 

barriers.21  

 

Table 14.  Survey results: differences between UZL and ZOL 

 
UZL ZOL 

Response rate 50.5% 37.4% 

Regression model 

Total explained variance is 

13.4% with PBC (35.4% of R²) 

and HAB (39.1%) having the 

largest significant influence on 

final intention. The position of 

the respondent (resident vs. 

staff member) is a divisive 

moderator: residents’ intention 

is mainly explained by PBC 

(42.6% of R²), while staff 

members appear to be guided 

by HAB (47.0%) only. 

Total explained variance of 

42.4% with ATT (35.6% of R²) 

and HAB (29.4% of R²) being 

the significant determining 

factors on intention. Due to the 

low number of residents among 

respondents, no subgroup 

analysis is feasible. 

Main variables  (INT, ATT, SN, 

PBC and HAB) 

No significant changes were present between the main variables for 

the two sites. However, except for ATT, variances for the main 

variables were significantly lower for UZL than ZOL. 

 
Specific items 
 

� Question 37: ‘I do not 

get sufficient support for 

using the guidelines’ 

 

 

� Question 39: Support 

from the microbiologist 

 
 
 

UZL physicians expressed a higher need for additional support than 

the physicians from ZOL (median score: 3.0 vs. 4.0; P=0.002). The 

same result was found when comparing only the staff members 

from both hospitals. 

 

The microbiologist was more appreciated in ZOL than in UZL 

(median score: 6.0 vs. 5.0; P=0.001). 
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One explanation for the lack of influence of attitude and subjective norms may be the 

specific sites of this study, with UZL being a university hospital with its training 

function. As has been described previously, physicians in a teaching hospital have 

more positive opinions on guidelines than those from non-teaching hospitals,134and 

hospital physicians have higher attitude scores than primary care physicians.135 The 

physicians in both hospitals had a positive intention to use antibiotic guidelines, but 

with a relatively smaller variance in UZL. As such, there is limited opportunity for 

attitude to influence intention.136 This may also be caused by higher social desirability 

in UZL. Being a university teaching hospital, a more consistent approval of 

guidelines, reflected in the lower variances for different variables, may be more 

culturally appropriate and acceptable than in ZOL, lowering explained variance of 

intention.137Another possibility is the effect of recent national campaigns on antibiotic 

use. These have already led to a decrease in outpatient and hospital antibiotic 

consumption in Belgium.138 Potentially, these campaigns may have increased 

awareness of existing guidelines or could have induced a more positive view of 

directives concerning antimicrobial use.  

A similar study on antibiotic prescribing for a sore throat in ambulatory care already 

showed the importance of PBC and habits.124 There, the authors demonstrated that 

past behaviour and control beliefs are highly influential parameters in the intention to 

use antibiotic guidelines. However, they questioned the effect of past behaviour 

because of the unreliability of self-report in their measure. Measuring habit strength is 

less vulnerable to this effect, and our study confirms that habits indeed play a 

significant role in physicians’ intention to use antibiotic guidelines. This influence of 

habits has important consequences for the use and spread of new evidence and 

guidelines. Changing practice will involve removing old habits while also forming the 

new habit of using guidelines.  

The moderator effect of position is similar to previous observations where younger 

and less experienced physicians are influenced by guidelines to a greater degree than 

their older and more experienced counterparts.139,140 The consequence of this finding 

is that in order to improve guideline use among residents, the main focus of an 

intervention should be on improving the direct availability of the guidelines combined 

with enhancing self-efficacy. This can be done by an easy-to-use guideline format, 

more applied education on and familiarization with the guidelines, feedback and 

guidance on how the local guidelines are actually devised and used. Creating the habit 
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of using guidelines should be the aim for this group because future practice will be 

influenced by it. If possible, these interventions should be planned when residents 

start at a new location because a change in environment provides an opportunity to 

create a new habit while it also disrupts old habits.141 For staff members, the focus 

should be on changing old habits. Interventions such as improved guidance or 

different education and guideline formats (so-called downstream interventions), may 

be less successful for staff members.141 In order to promote new habits, interventions 

that target the environment, are needed (upstream interventions). Possibilities include 

the use of automated decision support systems like TREAT,142 providing direct cues 

towards the physician and initiating a new habit.143 Enhanced support from other 

disciplines and policy changes and economic incentives may also induce stable 

changes.141 The effect of the latter has already been demonstrated by improved 

surgeons’ adherence to antibiotic prophylaxis guidelines after changes in the Belgian 

reimbursement system.144 The most influential guidance may come from the 

infectious disease specialists as they have the highest ‘street’ credibility, as previously 

observed.120 If microbiology and especially clinical pharmacy is to be involved in 

these interventions, their role will have to be clearly defined and supported.  

Attitudes have shown to have a mixed influence while subjective norms are found 

having low importance in both settings. As such, interventions that aim to improve the 

attitude may have higher influence in ZOL than in UZL. Preferred interventions are 

active face-to-face discussions on the relevance of antibiotic guidelines on physicians’ 

practice, personal responsibility and individually important infection topics.145 Passive 

distribution of guidelines and standard didactic lectures are less likely to affect 

attitudes. Nevertheless, neither attitudes in UZL, nor subjective norms in both 

hospitals should be neglected: every specific intervention should mention the 

importance of guidelines and support from peers and supervisors will remain a 

determinant for success, irrespective of the location. 

 

IV.5. Limitations  

Use of a questionnaire is susceptible to socially desirable answering, especially on 

such sensitive subjects as antibiotics and the influence of companies, peers and staff 

members. We tried to lower the impact of social desirability by stating that results 

would be analyzed anonymously and by persons that were not involved in the 
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hospital. We also used alternating positively and negatively stated items and items 

that were specifically stated earlier, in order to increase the familiarity with the 

studied problem. Nevertheless, socially desirable answering could have led to lower 

variability limiting the total explained intention variability of the final model in UZL. 

In the same way, the provided incentive of €10 to the local hospital charities may 

have biased our sample towards physicians with more favourable attitudes towards the 

specific hospital. Another limitation is that a survey represents only one period of 

time and hence it is difficult to discern change over time. However, our results 

confirm conclusions from a previous study indicating a persistent condition.Although 

we reached a response rate of 50% in UZL, the results could be biased towards 

physicians with higher guideline use and approval, while this risk is even higher in 

ZOL. Yet, when we compared the respondents with the non-respondents, and early 

with late respondents, no differences could be seen. Also repeated reminders were 

sent out to improve response rate. Accordingly, we think that these results are a good 

picture of the general opinions.  

The construct for measuring PBC showed some problems with the internal 

consistency with a need to omit some items. Future studies should pay close attention 

to this construct as well. The main problem in this study still is that the actual 

behaviour is not measured. Measuring antibiotic guideline use for each physician, 

however, would be not feasible in our hospital. Therefore, we choose to omit this 

measure and rely only on intention which is a good predictor of the behaviour and 

measured by a validated method.121 Future studies measuring actual behavior should 

be performed.  

Finally, the generalizability of our study may be somewhat limited. For example, the 

results of our study should be interpreted in the context of low explained variabilities, 

which may limit how the results can be translated into practice. Also, the specifically 

adapted questionnaire and the fact that one of the hospitals is a major university 

hospital may limit its use in other settings. Nonetheless, our results are in agreement 

with previous observations. More studies should be conducted to fully define the role 

of hierarchical position, habits and other behavioral determinants in the use of 

antimicrobial guidelines. 
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IV.6. Conclusions 

To improve physicians’ antimicrobial practice, knowledge of the different barriers to 

and facilitators of guideline adherence, together with their relative importance, is 

needed in order to select the most appropriate interventions. Our questionnaire based 

on the Theory of Planned Behaviour and adapted to the local situation, was able to 

clarify differences between residents and staff members in how physicians’ intention 

on guideline use is formed. While staff members experience influence of previous 

routine and habits, residents are guided by external influences and how much control 

they experience. Attitudes have a mixed influence on intention, possibly dependent on 

the type of hospital. Most importantly, these divergent origins suggest that different 

approaches to improving antimicrobial use may be necessary. For staff members, 

methods that focus on breaking habits and giving direct proposals such as automated 

decision support systems, or financial incentives are possible interventions. Residents 

on the other hand may be best targeted using convenient guideline formats, 

familiarization and guidance on how the local guidelines are actually devised and 

used, and feedback. 
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Abstract 

Background: Guideline-concordant therapies have been proven to be associated with 

improved health outcomes and lower spending in the treatment of community-

acquired pneumonia (CAP). However, actual use of CAP guidelines remains poor but 

tailoring the interventions to the local situation looks promising. We evaluated CAP 

management in two Belgian hospitals, combined with an assessment of low-intensity 

interventions to improve guideline use (standard guideline distribution and an active 

re-introduction) in one hospital, based on local observations. 

Methods: Pre-post intervention study with segmented regression analysis in a large 

tertiary care centre (UZL) and a smaller secondary care hospital (ZOL) without 

specific interventions (control), from October 2007 till June 2010. CAP management 

was evaluated using electronic algorithms based on validated quality indicators.  

Results: 493 patients were included in UZL and overall 58.5% of the patients were 

treated according local guidelines. The interventions did not influence guideline 

adherence, but a paradoxical decrease (-28.6%; P=0.021) was observed during the 

active re-introduction. Further analysis showed that this was highly correlated with 

the concurrent A/H1N1 influenza pandemic, both with national influenza incidence 

(rpoint-biserial=0.683; P=0.045) (fall 2009) and with the presence of suspected infection 

(Odds ratio=2.70; P=0.038). In ZOL, 330 patients were enrolled with 67.5% being 

treated concordantly. A similar but non-significant decrease was observed. Looking to 

other quality indicators, both hospitals showed limited therapy de-escalation was low 

with only about one quarter of therapies being adapted according microbiology 

results. Intravenous-per os switch was delayed for co-amoxiclav with 1-2 days and up 

to 7 days for ceftriaxone. When compared to other studies, therapy duration could 

potentially be reduced with 5 to 7 days for half of the patients in both hospitals. 

Conclusion: While our interventions to improve antibiotic guideline use were 

successful in increasing the use of the online version, this did not lead to a higher 

proportion of CAP patients receiving guideline compliant therapy. An important but 

temporal decrease in compliance was observed in UZL instead, which is highly 

correlated to the concurrent A/H1N1 pandemic. In ZOL, a similar but non-significant 

decrease in compliance could be observed. Furthermore, evaluation of current CAP 

management in the two observed hospitals shows considerable room for improvement 

in therapy streamlining, intravenous-oral switch and duration of antibiotic therapy. 
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V.1. Introduction  
Community-acquired pneumonia (CAP) is a common infectious disease with 

considerable clinical and economical impact. In North America, incidence is about 

1% of the adult population annually with an annual hospital cost between $8.4 -10 

billion.146 A recent review showed that in Europe, the total cost of pneumonia is 

approximately €10.1 billion, with inpatient care accounting for €5.7 billion, which is 

likely to increase with the aging population.147 The exact incidence of CAP is 

unknown but ranges between 0.2 and 16.0 hospitalisations per 1000 inhabitants with 

higher incidence among men and increasing with age. Important long-term effects on 

quality of life are also associated with CAP infections.148,149 Several international and 

national societies have published guidelines to optimize CAP treatment, while also 

hospitals should have their own, locally adapted versions.65,66,150,151 It has been proven 

that guideline-concordant therapies are associated with improved health outcomes and 

lower spending10, including in the more vulnerable elderly patients11. However, actual 

use of CAP guidelines and guidelines in general, remains poor with up to 50% of the 

patients being treated discordantly.41,152 Increasing this proportion could save 

resources and has been the aim in several trials yet.110,153 To improve efficiency, 

tailoring the interventions to the local situation appears promising48. However, how to 

detect important barriers and to select the most useful interventions according these 

findings remains unclear.  

Here we report the evaluation of CAP management in two Belgian hospitals. 

Concurrently, to improve the general use of the local antibiotic guidelines, we 

assessed the impact of low-intensity interventions in one hospital, based on local 

observations. 

 

V.2. Methods 

This study was conducted in both University Hospitals Leuven (UZL) and Ziekenhuis 

Oost-Limburg (ZOL) and developed as a bi-centric pre-post intervention study with 

interrupted times series analysis.  

Patient population 

We prospectively enrolled patients from 16/10/2007 until 01/07/2010 (UZL) and from 

01/12/2007 until 01/06/2010 (ZOL). Patients eligible for inclusion met following 
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criteria: adult (>18 years) patients with a suspect or confirmed diagnosis of 

pneumonia on admission and confirmed diagnosis of pneumonia on discharge by the 

attending physician(s), with a radiological confirmation of a new pulmonary infiltrate, 

admitted through the emergency department (ED), with at least two of the following 

symptoms: fever (>38,5°C) or hypothermia (<36°C), chills, excessive sweating, new 

cough or changed sputa in case of chronic cough, dyspnoea, abnormal lung 

auscultation. Exclusion criteria were: failure to obtain informed consent, other major 

non-pulmonary infections; pneumonia not present on admission; patients with a recent 

history (30 days) of hospitalisation; transfer from another hospital; death within 24h 

of admission; (suspected) aspiration pneumonia; immunocompromised patients 

(active haematological malignancies, asplenia, any dose of systemic glucocorticoids 

or other immunomodulating drugs, cytotoxic treatment within the last 3 months, HIV-

infection), pregnancy, patients with mucoviscidosis, admission for social reasons and 

patients in a palliative setting.  

 

Data collection 

Eligible patients were identified on the ED by PC (in case of UZL) or a study nurse 

(HL) (ZOL) through chart review, admission papers and additional daily rounds on 

the ED. According advice of both Ethics Committees and national legislation, 

informed consent was obtained for all patients before definitive inclusion. Measures 

were taken to protect patient privacy. All data was extracted by PC or HL using the 

nursing and medical files and the electronic patient management systems, and entered 

into an electronic database (MS Access for Windows). Data on the prevalence of 

influenza-like illness were obtained from the Belgian Scientific Institute of Public 

Health (http://www.iph.fgov.be/). 

 

Variables 

For each patient, the CURB65-score and PSI-score were calculated for the time of 

admission.154,155 CAP IV were defined as hospitalized patient with a CURB-65 score 

> 2 or Pneumonia Severity Index (PSI) class equal to 5, while other hospitalised CAP 

patients were defined as CAP III.154,156 During follow-up of this study, patients were 

rarely treated as CAP IV since physicians considered admission to intensive care as a 

criterion of CAP IV. Therefore, a combination of both methods was used where a 

CAP IV patient needed to be classified as CAP IV for both prediction rules. Apart 
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from severity scores, other pathologies (diabetes, obstructive/restrictive lung 

pathology, dementia), allergies to antibiotics, any recent antibiotic therapy and 

whether the patient lived in a nursing home or other long-term care facility were 

registered. Date, time and type of microbiology samples together with results and 

antibiogram were also recorded along with colonisation or infection with multidrug-

resistant micro-organisms known at time of admission. Because this study was 

ongoing during the 2009 A/H1N1 influenza pandemic, additional entries were made 

for ‘suspected H1N1’ (patient tested for H1N1 infection and/or H1N1 explicitly stated 

in differential diagnosis on admission) and for H1N1 virology. For each day in the 

hospital, the type of antibiotic, dose, dosing interval, time of administration and route 

was noted and the patient was assessed for defervescence and clinical stability. The 

time to clinical stability was set at noon 12h00, when following criteria were fulfilled: 

temperature <37.8°C with no fever for at least 12 hours, pulse <100/min, respiratory 

rate <24/min, systolic blood pressure >90 mm Hg, oxygen saturation ≥95% with 

supplementary oxygen or ≥90% without supplement, able to eat and drink and stable 

mental status.157 Time to clinical stability was also taken as the reference point for 

intravenous-per os (IV-po) switch. In accordance with the protocol, no attempt was 

made to identify or record the managing physician(s). As a proxy measure for the 

overall use of the local antibiotic guidelines in UZL, an electronic tracker was 

installed on the intranet/internet-website version.158 This provided weekly data on the 

number of separate views of guidelines’ main access page and the number of visitors 

from the local shared hospital network, starting from 01 October 2007 with a follow-

up until 01 August 2010. For technical reasons, a similar tracker was not possible in 

ZOL. 

 

Interventions 

In a first phase, focus group interviews with physicians of UZL were conducted 

between October 2006 and March 2007 in order to understand the barriers against the 

use of the local antibiotic guidelines (Chapter 3). This study demonstrated deficient 

distribution of the guidelines with several physicians failing to collect the booklet at 

the secretariat. Afterwards, residents received the booklet directly at the start of their 

residency, starting 03 August 2008 (Intervention 1). Intervention 2 consisted of a 

questionnaire on the use of antibiotic guidelines that was distributed between half 

February and end of April 2009. An interim analysis of the data in August 2009 



 

84 

revealed two major problems: slow conversion from intravenous to oral antibiotics 

and very low therapy streamlining. A reminder under the form of a bookmarker was 

developed, urging to increase IV-po conversion and streamlining but without giving 

detailed information or criteria (Appendix 9). The reminder was inserted in the 

updated version (without changes to the CAP guidelines) of the antibiotic guidelines. 

The updated guideline booklet, together with the bookmarker, was sent directly to 

every active physician in UZL during the first half of October 2009 and was actively 

promoted in mailings and on intranet, starting 14 October 2009 (Intervention 3). 

Finally, the fourth intervention was that updated results were distributed among and 

discussed between the research team and the major involved disciplines (general 

internal medicine including ED physicians for internal medicine patients, geriatrics 

and pneumology) during one-hour interactive team meetings (January-February 

2010).  

In ZOL, similar focus groups were intended but there were too few participants. An 

identical questionnaire was distributed in ZOL between September and November 

2009. A similar interim analysis of the performance on the different quality indicators 

was done and the results were formally communicated in September 2009. No other 

specific actions were taken. 

 

Evaluation and analysis 

The treatment of CAP, including the use of its local antibiotic guideline, was 

evaluated using the quality indicators developed by Schouten and colleagues.159 

Primary outcomes were the electronically monitored use of the antibiotic guidelines 

and number of patients treated according to the local CAP guidelines. The effect of 

the different interventions (guideline distribution and active re-introduction of the 

updated guidelines) on therapy compliance and the use of the intranet/internet version 

of the local guidelines was analysed using segmented regression analysis.160,161 A 

two-month period was chosen, counting forwards and backwards from October 15, 

2009 (re-introduction of the new guidelines) which allowed sufficient valid data 

points to assess the standard distribution of the guideline booklet and the active re-

introduction of the guidelines, with a maximum of data points covering at least 30 

patients.162 For the evaluation of therapy streamlining or if not enough valid data 

points were available, a more parsimonious analysis was done using t-test or Mann-
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Whitney test for continuous variables or chi-square test for proportions. Costs were 

calculated using the official prices in July 2010.  

Because both hospitals have large contingents of residents, therapy is usually revised 

and frequently adjusted by supervisors within 24 hours. To correct for seemingly 

unusual combinations in these first 24 hours, assessed therapies were the first 

administered antibiotics and the therapies given between 24 and 48 hours after 

presentation. Patients with a known history of MRSA or other multidrug resistant 

organisms are excluded from this specific analysis. Antibiotic choice for empirical 

therapy was assessed using a computerized algorithm based on the local guidelines 

(Table 1) and accounting for CAP classification, recent use of antibiotics with therapy 

duration >3 days, allergies and a history of chronic pulmonary disease.110 A backward 

logistic regression was used to assess the predicting factors for guideline compliant 

therapies. Possible predictors for this procedure were selected with P<0.10 as 

criterion, using chi-square test for dichotomous variables and point-bi-serial 

correlations for continuous variables. Therapy streamlining was assessed using a 

comparable computerized algorithm. Late cultures (>3 days after admission), 

concomitant positive urine cultures, multiple cultures with different sets of micro-

organisms and micro-organisms with a less straightforward treatment and assessment 

were excluded from analysis. 

Total therapy duration was assessed in-depth and compared with two studies on this 

parameter. The first study by El Moussaoui investigated the effectiveness of a three-

day amoxicillin therapy for patients with a pneumonia severity index score ≤110,163 

while the second study by Leophonte examined a five-day ceftriaxone treatment for 

CAP patients with risk factors.164 After applying the respective inclusion criteria on 

our patient group, average therapy durations were calculated for both studies and 

compared with the initial study. All statistical analysis and electronic assessment of 

the quality indicators was done using SPSS 16.0 for Windows. A P-value <0.05 was 

considered significant and a Bonferroni correction was applied when necessary.  

Website data – the number of views and the number of local visitors - were log 

transformed (natural log) if needed, and analyzed using an ARMAX intervention 

model.  
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The model is defined as: ∑

=
++++=

4

1
)(

i
ePdIcbtay titiitit , with tteL εφ =)(  where 

adenotes the initial level of the dependent variable and b is the slope prior to the first 

intervention. The parameters ic  and id  respectively represent the immediate change 

in level at the time of intervention i  and the change in slope induced by intervention 

i . The interventions are modelled as dummy variables itI , with 0=itI before 

intervention i  and 1=itI  from the time of intervention i  onwards (for )4,...,1(=i . 

0=itP  before intervention i  and is equal to the time since intervention i  once the 

intervention took place. )(Lφ is the autoregressive representation for the 

autocorrelated disturbance terms )148,...,1( =tet and L  is a lag operator such that, for 

a given value of p , ptt
p eeL −= . The error terms tε  are assumed to be independent 

and normally distributed, with zero mean and constant variance. Parameters are 

estimated by maximum likelihood using gretl 1.9.1 for Windows. 

 

V.3. Results 

V.3.1. Patient characteristics 

During the whole study period, 3327 patients with symptoms of respiratory tract 

infection were screened in UZL. 2725 patients were excluded, mainly because of no 

CAP diagnosis, systemic glucocorticoid use, recent hospitalisation or being younger 

than 18 years. Eleven patients died before informed consent could be obtained, 33 

patients refused and 60 patients left the hospital before formal inclusion. Five patients 

had incomplete files and were also excluded from analysis. In total, 493 patients gave 

their consent in UZL. In ZOL, 2012 patients were initially followed: 1533 patients did 

not fulfil all inclusion criteria, 28 patients refused and for 110 patients we were unable 

to obtain an informed consent. Eleven ICU-patients could not be included due to local 

interference with other studies. At the end, 330 patients agreed to participate in ZOL. 

Patient characteristics are represented in Appendix 10 and 11. For UZL, groups are 

comparable between the different evaluation periods. More CAP IV patients 

(according PSI) were included in the first period, with a likewise higher proportion of 

patients coming from an elderly home. In the second period, patients presented with 

higher oxygen saturation. Also for ZOL, there are few differences between the 
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evaluation periods. Only in the last period, there are fewer CAP IV patients according 

the CURB-65 rule, with consequently also lower ICU admissions. In general, when 

the study progressed, there was also a general trend to lower average CURB-65 and 

PSI-score in ZOL, due to aforementioned local interference with other concurrent 

studies on ICU and quick transfer of elderly patients to another hospital. 

 

Intervention evaluation 

V.3.2. Guideline adherent empirical therapy 

UZL  

For the whole period of the study, 477 patients from UZL did not have a history of 

MRSA or other multidrug resistant bacteria, and were eligible for evaluation. At the 

first dose 53.0% of the patients were treated correctly according CURB-65, with 

56.0% according PSI and 58.5% according the combined rule. The major causes of 

deviation are represented in Tables 15 and 16.  

 

Table 15.  Type of deviations for non-adherent therapies on admission (data UZL) 

Type of deviation  
Combined CURB-

65 and PSI a CURB-65 PSIa 

Number of non-adherent therapies  198 224 210 

Therapy differs from CAP III 157 (79.3) 140 (62.5) 146 (69.5) 

Therapy differs from CAP IV 41 (20.7) 84 (37.5) 64 (30.5) 

Coverage against atypical micro-
organisms without risk factors 42 (21.2) 36 (16.1) 42 (20.0) 

Intravenous fluoroquinolones without 
known beta-lactam allergy 34 (17.2) 34 (15.2) 34 (16.2) 

CAP IV treated like CAP III 27 (13.6) 54 (24.1) 43 (20.5) 

No extra coverage against atypical micro-
organisms with previous therapy failure 25 (12.6) 22 (9.8) 21 (10.0) 

CAP III treated like CAP IV 14 (7.1) 14 (6.3) 13 (6.2) 

Addition of aminoglycosides 12 (6.1) 10 (4.5) 12 (5.7) 

Beta-lactam AB given to allergic patient 8 (4.0) 8 (3.6) 8 (3.8) 

a: Pneumonia Severity Index; N (%) of total non-adherent therapies. More than one reason can be 

present for non-adherent therapies; given percentages add to more than 100% 
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Twenty-four to forty-eight hours after admission, when the therapies should have 

been reviewed, 55.3% were compliant according CURB-65, 58.3% according PSI and 

60.6% according the combined rule.  

 

 

Table 16.  Type of deviations for non-adherent therapies given 24-48 hours after 

admission (data UZL) 

Type of deviation 
Combined CURB-

65 and PSI a CURB-65 PSIa 

Number of non-adherent therapies  188 213 199 

Therapy differs from CAP III 150 (79.8) 133 (62.4) 139 (69.8) 

Therapy differs from CAP IV 38 (20.2) 80 (37.6) 60 (30.2) 

Coverage against atypical micro-
organisms without risk factors 54 (28.7) 48 (22.5) 53 (26.6) 

CAP III treated like CAP IV 19 (10.1) 19 (8.9) 18 (9.0) 

CAP IV treated like CAP III 17 (9.0) 44 (20.7) 30 (15.1) 

No extra coverage against atypical micro-
organisms with previous therapy failure 

15 (8.0) 12 (5.6) 13 (6.5) 

Intravenous fluoroquinolones without 
known beta-lactam allergy 8 (4.3) 8 (3.8) 8 (4.0) 

Beta-lactam AB given to allergic patient 5 (2.7) 5 (2.3) 5 (2.5) 

Addition of aminoglycosides 4 (2.1) 2 (0.9) 3 (1.5) 

a: Pneumonia Severity Index; N (%) of total non-adherent therapies. More than one reason can be 

present for non-adherent therapies; given percentages add to more than 100% 

 

Adherence to the guidelines showed to be constant with a possible positive trend from 

the start of the study, without apparent effect from standard guideline distribution or 

survey. Immediately after the re-introduction of the updated guidelines, guideline 

adherence showed a sharp, significant drop: -28.6% (P=0.021) for therapies on 

admission and -33.4% (P<0.0001) for therapies given 24-48 hours after admission 

(assessment according combined rule). Guideline adherence recovered quickly in the 

periods afterwards (Figure 5 and 6, Table 17). Assessment according PSI showed 

similar results, while CURB-65 provided no significant models (Appendix 12 and 13).  
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Figure 5.  Percentage of administered therapies given on admission in accordance 

with antibiotic guidelines: combined prediction rule 

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

15
 O

ct 
- 1

4 
Dec

 2
00

7

15
 D

ec
 2

00
7 

- 1
4 

Feb
 2

00
8

15
 F

eb
 - 

14
 A

pr
 2

00
8

15
 A

pr
 -1

4 
Ju

n 
20

08

15
 Ju

n 
- 1

4 
Aug

 2
00

8

15
 A

ug
 - 

14
 O

ct 
20

08

15
 O

ct 
- 1

4 
Dec

 2
00

8

15
 D

ec
 2

00
8 

- 1
4 

Feb
 2

00
9

15
 F

eb
 - 

14
 A

pr
 2

00
9

15
 A

pr
 -1

4 
Ju

n 
20

09

15
 Ju

n 
- 1

4 
Aug

 2
00

9

15
 A

ug
 - 

14
 O

ct 
20

09

15
 O

ct 
- 1

4 
Dec

 2
00

9

15
 D

ec
 2

00
9 

- 1
4 

Feb
 2

01
0

15
 F

eb
 - 

14
 A

pr
 2

01
0

15
 A

pr
 -1

4 
Ju

n 
20

10

G
ui

de
lin

e 
co

m
pl

ia
nt

 th
er

ap
ie

s 
gi

ve
n 

on
 a

dm
is

si
on

 (
%

)

Values predicted by the segmented regression model are shown by the solid line. Observed values 
are represented by open circles. Broken lines show the 95% confidence interval. Arrows indicate 
the different interventions. 
 
Figure 6.  Percentage of administered therapies in accordance with antibiotic 

guidelines 24-48 hours after admission: combined prediction rule 
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Values predicted by the segmented regression model are shown by the solid line. Observed values 
are represented by open circles. Broken lines show the 95% confidence interval. Arrows indicate 
the different interventions. 
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Table 17.  Segmented regression analysis: adherent therapies according combined rule 

(UZL only) 

Time Factor Unstandardized B (95% C.I.) P-value  R² 

Constant 87.98 (41.69 − 134.27) 0.002 

Autocorrelation 
factor -0.40 (-0.96 − 0.16) 0.141 

Trend before 
Intervention 1 -2.29 (-9.68 − 5.10) 0.495 

Intervention 1 -2.76 (-22.18 − 16.66) 0.751 

Time after 1 4.79 (-3.33 − 12.91) 0.211 

Intervention 3 -28.60 (-51.70 − -5.50) 0.021 

Therapy 
on 
admission 

Time after 3 3.68 (-4.76 − 12.12) 0.344 

.623 
(P=0.149) 

Constant 75.76 (50.89 − 100.63) <0.0001 

Autocorrelation 
factor 

-0.43 (-0.77 − -0.10) 0.017 

Trend before 
Intervention 1 

1.25 (-2.62 − 5.11) 0.478 

Intervention 1 -0.08 (-10.33 − 10.18) 0.987 

Time after 1 1.16 (-3.10 − 5.41) 0.549 

Intervention 3 -33.40 (-45.42 − -21.38) <0.0001 

Therapy 
between 
24-48 
hours 
after 
admission 

Time after 3 5.50 (1.23 − 9.78) 0.018 

.883 
(P=0.002) 

Segmented regression analyses for adherent therapies according Pneumonia Severity Index or 

CURB-65 are available in the Appendix 12 and 13.  

 

A subsequent logistic regression showed that, for the whole patient population, a 

preceding course of antibiotics, CAP IV and a suspected H1N1 infection was 

associated with a lower adherence to the empirical guidelines (Table 18 (combined 

rule only) and Appendix 14). Among other influential factors were respiratory rate 

and history of cerebrovascular disease.  

While the proportion of patients with preceding AB course or with CAP IV (both 

rules) was rather constant during time, with no significant correlations with the 

mentioned interventions, the presence of patients with suspected H1N1 infection 

(N=27) was confined to a few months, coinciding with the introduction of the new 

guidelines (rpoint-biserial=0.86; P=0.018). Similarly, this introduction was strongly 

correlated with the frequency of influenza and influenza-like illness in the general 

population nationwide (rpoint-biserial=0.683; P=0.045) during the 2009-2010 season. 
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Table 18.  Logistic regression predictors for guideline adherent therapies using 

combined rule (data UZL) 

Time Predictor 
Odds ratio 
(95% CI) P-value  

Nagelkerke 
R² 

Cerebrovascular disease 0.35 (0.161 − 0.757) 0.008 

No suspicion of H1N1 
infection 

2.70 (1.055 − 6.909) 0.038 

No recent antibiotics 4.10 (2.604 − 6.471) <0.0001 

No CAP IV (combined 
rules) 17.01 (5.519 − 52.434) <0.0001 

Therapy on 
admission 

Respiratory rate/minute 0.96 (0.924 − 0.991) 0.013 

.277 

No suspicion of H1N1 
infection 3.35 (1.320 − 8.521) 0.011 

No recent antibiotics 2.50 (1.593 − 3.909) <0.0001 

No CAP IV (combined 
rules) 

6.64 (2.655 − 16.580) <0.0001 

Respiratory rate/minute 0.96 (0.925 − 0.994) 0.023 

Oxygen saturation on 
admission  1.05 (1.006 − 1.088) 0.024 

Therapy given 
24-48 hours  
after admission 

Systolic blood pressure 
on admission 

1.01 (1.002 − 1.018) 0.010 

.222 

N=437; Odds ratio >1: positive association with the outcome variable. Logistic regression 

analyses for guideline adherent therapies according Pneumonia Severity Index or CURB-65 are 

available in the Appendix 14.  

 

Influenza prevalence was also a highly significant predictor in regression models with 

Intervention 3 being substituted (Table 19). For therapies given on admission, no such 

influence was visible. Suspicion of H1N1 wasn’t correlated in any direction with the 

raw PSI and CURB-65 scores or with the breakdown in the different CAP 

classifications. During this period, CAP III patients treated with a third-generation 

cephalosporin based regime were more common (CURB-65 rule: Odds ratio 3.92 

(1.14-13.50); P=0.044; PSI rule: Odds ratio: 3.61 (1.05-12.45); P=0.055; combined 

rule: Odds ratio 3.71 (1.06-12.94); P=0.052 (one-sided Fisher Exact test)). Similarly 

but non-significantly, there was a lower prevalence of patients treated with oral 

moxifloxacin.  
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Table 19.  Segmented regression analysis for therapy between 24-48 hours after 

admission: modified for influence of influenza-like illness prevalence (UZL only) 

a: Pneumonia Severity Index 

Intervention 1: standard distribution of guidelines at start of new training year 

 

ZOL 

Of the total 330 included patients, four were at risk for MRSA or multidrug resistant 

micro-organisms, leaving 326 patients eligible for review of their empirical therapy. 

According to the CURB-65 rule, 67.5% of the patients were treated according 

guidelines at the first dose, being 66.0% according PSI and 69.3% for the combined 

rule. The type of deviations is comparable with UZL, but with lower amount of 

unnecessary coverage against atypical pathogens (Tables 20 and 21). After 24-48h 

after admission, the number of concordant therapies lowered to 57.1% for CURB-65, 

55.8% for PSI and 59.2% for the combined rule.  

Assessment 
rule Factor Unstandardized B (95% C.I.)  P-value  R² 

Constant 52.15 (35.79 − 68.52) <0.0001 

Trend before Intervention 1 0.77 (-4.16 − 5.71) 0.737 

Intervention 1 -0.28 (-16.02 − 15.47) 0.970 

Time after Intervention 1 -0.46 (-5.64 − 4.72) 0.849 

CURB-65 

Influenza-Like Illness cases 
/100.000 inhabitants -0.003 (-0.006 − 0.000) 0.078 

.265 
(P=0.451) 

Constant 61.10 (44.26 − 77.94) <0.0001 

Trend before Intervention 1 -2.76 (-7.83 − 2.32) 0.257 

Intervention 1 10.21 (-5.99 − 26.41) 0.193 

Time after Intervention 1 4.05 (-1.28 − 9.38) 0.122 

PSIa 

Influenza-Like Illness cases  
/100.000 inhabitants 

-0.006 (-0.009 − -0.002) 0.005 

.621 
(P=0.021) 

Constant 57.68 (42.94 − 72.42) <0.0001 

Trend before Intervention 1 -.27 (-4.72 − 4.17) 0.896 

Intervention 1 4.64 (-9.55 − 18.82) 0.487 

Time after Intervention 1 1.11 (-3.56 − 5.77) 0.612 

Combined 
rule 

Influenza-Like Illness cases 
/100.000 inhabitants -0.004 (-0.007 − -0.001) 0.011 

.524 
(P=0.065) 
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Table 20.  Type of deviations for non-adherent therapies on admission (data ZOL) 

Type of deviation  
Combined CURB-

65 and PSI a CURB-65 PSIa 

Number of non-adherent therapies  100 106 111 

Therapy differs from CAP III 84 (84.0) 75 (70.8) 81 (73.0) 

Therapy differs from CAP IV 15 (15.0) 30 (28.3) 29 (26.1) 

No extra coverage against atypical micro-
organisms with previous therapy failure 25 (25.0) 22 (20.8) 25 (22.5) 

Intravenous fluoroquinolones without 
known beta-lactam allergy 22 (22.0) 22 (20.8) 22 (19.8) 

CAP IV treated like CAP III 9 (9.0) 16 (15.1) 19 (17.1) 

Beta-lactam AB given to allergic patient 9 (9.0) 9 (8.5) 9 (8.1) 

Addition of aminoglycosides 9 (9.0) 9 (8.5) 8 (7.2) 

Coverage against atypical micro-
organisms without risk factors 4 (4.0) 4 (3.8) 4 (3.6) 

CAP III treated like CAP IV 3 (3.0) 3 (2.8) 3 (2.7) 
a: Pneumonia Severity Index; N (%) of total non-adherent therapies. More than one reason can be 

present for non-adherent therapies; given percentages add to more than 100% 

 
 
Table 21.  Type of deviations for non-adherent therapies given 24-48 hours after 

admission (data ZOL) 

Type of deviation 
Combined CURB-

65 and PSI a CURB-65 PSIa 

Number of non-adherent therapies  133 140 144 

Therapy differs from CAP III 119 (89.5) 111 (79.3) 116 (80.6) 

Therapy differs from CAP IV 14 (10.5) 29 (20.7) 28 (19.4) 

Coverage against atypical micro-
organisms without risk factors 33 (23.3) 31 (22.1) 30 (20.8) 

Intravenous fluoroquinolones without 
known beta-lactam allergy 21 (15.8) 21 (15.0) 21 (14.6) 

No extra coverage against atypical micro-
organisms with previous therapy failure 

18 (13.5) 16 (11.4) 18 (12.5) 

CAP III treated like CAP IV 11 (8.3) 11 (7.9) 11 (7.6) 

Beta-lactam AB given to allergic patient 10 (7.5) 10 (7.1) 10 (6.9) 

Addition of aminoglycosides 8 (6.0) 8 (5.7) 8 (5.6) 

CAP IV treated like CAP III 6 (4.5) 12 (8.6) 16 (11.1) 
a: Pneumonia Severity Index; N (%) of total non-adherent therapies. More than one reason can be 

present for non-adherent therapies; given percentages add to more than 100% 

 

Comparing the period before and after the main intervention in UZL showed a 

somewhat lower compliance, especially for the therapies between 24 and 48h after 
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admission (Appendix 15). This however, did not reach statistical significance. Also a 

comparison of the type of deviations revealed no extra information.  

Logistic regression showed similar results as in UZL with preceding antibiotic therapy 

and high severity scores again having the highest impact (Table 22 (combined rule 

only) and Appendix 16). Suspected H1N1 infection was not a significant predictor for 

non-compliance in this hospital. 

 

Table 22.  Logistic regression predictors for guideline adherent therapies using 

combined rule (data ZOL) 

Time Predictor Odds ratio (95% CI) P-value 
Nagelkerke 

R² 

No history of diabetes 0.34 (0.106 – 1.072) 0.065 

No suspicion of H1N1 
infection 1.04 (.315 – 3.420) 0.951 

No recent AB 6.68 (3.041 – 14.694) <0.0001 

No CAP IV (combined 
rule) 54.72 (6.327 – 473.165) <0.0001 

Therapy on 
admission 

Absence of pleural 
effusion 2.50 (1.152 – 5.402) 0.020 

.330 

No suspicion of H1N1 
infection 

1.19 (.419 – 3.386) 0.743 

No recent AB 2.54 (1.212 – 5.335) 0.014 

No CAP IV (combined 
rule) 

9.05 (1.844 – 44.380) 0.007 

No history of COPD or 
other chronic pulmonary 
problem 

0.43 (0.231 – 0.817) 0.010 

Therapy 
given 24-48 
hours after 
admission 

Oxygen saturation on 
presentation 1.05 (1.002 – 1.091) 0.042 

.165 

a: Pneumonia Severity Index; N=235; Odds ratio >1: positive association with the outcome 

variable. Logistic regression analyses for adherent therapies according Pneumonia Severity Index 

or CURB-65 are available in the Appendix 16.  

 

V.3.3. Use of online electronic guidelines (UZL only) 

Analysis of the views of the main access page revealed clear effects of the 

interventions (Table 23). Initially, page view count is relatively stable at an estimated 

296 visits/week, but rose with 4.9 views/week after standard distribution of the 

guideline booklet (P=0.037). From February 2009 the number of views decreased 

again with about 6.5 views/week (P=0.011). With the active re-introduction of the 

new guidelines, the number of views increased immediately with 244 visits 
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(P<0.0001), with a sharp decrease in the weeks afterwards (-18.6 visits/week; 

P=0.004). In January 2010, the number of views recovered again to previous values 

(Figure 7). Based on a Likelihood Ratio test, the direct effects of Intervention 1 and 2 

were negligible (Chi-square=0.936; P=0.626) allowing a reduced model (Table 23).  

Similarly, a model without immediate effects from the same interventions was found 

to be equally valid for the number of local visitors (Chi-square=2.28676, P=0.319) 

(Table 23). In this reduced model, there was an initial positive trend (+0.6%/week; 

P<0.001), which further increased after the first intervention to 1.41% /week (change 

in trend P=0.010) but became virtually constant during and after the survey (change in 

trend P<0.0001). Again, the re-introduction of the new guidelines caused an 

immediate increase of 85.9% (P<0.0001) but with a sharp decline afterwards, with 

values recovering to stable in January 2010.  

 

Figure  7.  Number of views of main access page guidelines 

 
Values predicted by the reduced ARMAX model are shown by the solid line. Observed values are 

represented by open circles. Broken lines show the 95% confidence interval. Arrows indicate the 

different interventions. 
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Table 23.  Use of online guidelines: model properties and parameter estimates. 

Views main access page 
(no transformation) 

Number of visitors University Hospitals Leuven 
(natural log transformation) 

Full model (R²=.771) Reduced Model (R²=.769 Full model (R²=.803) Reduced Model (R²=.800) 

Variable 
Parameter estimate 

(SE a) P-value 
Parameter 

estimate (SE) P-value 
Parameter 

estimate (SE) P-value 
Parameter 

estimate (SE) P-value 

Constant 295.94 (27.60) <0.0001 303.66 (26.67) <0.0001 4.837 (0.045) <0.0001 4.840 (0.044) <0.0001 

Autoregression factor (Lag 1) 0.25 (0.08) 0.002 0.26 (0.08) 0.001 0.221 (0.079) 0.005 0.223 (0.079) 0.005 

Autoregression factor (Lag 4) n/a n/a n/a n/a -0.222 (0.080) 0.005 -0.208 (0.080) 0.009 

Trend before Intervention 1 1.43 (1.09) 0.187 0.90 (0.93) 0.337 0.006 (0.002) 0.001 0.006 (0.002) <0.0001 

Intervention 1 -34.74 (42.41) 0.413 - - 0.015 (0.074) 0.833 - - 

Change in trend after 1 4.91 (2.35) 0.037 4.77(1.94) 0.014 0.005 (0.004) 0.207 0.008 (0.003) 0.010 

Intervention 2 11.60 (43.95) 0.792 - - 0.114 (0.077) 0.137 - - 

Change in trend after 2 -6.48 (2.55) 0.011 -5.35(2.17) 0.014 -0.014 (0.004) 0.001 -0.015 (0.004) <0.0001 

Intervention 3 244.02 (55.84) <0.0001 240.09(55.68) <0.0001 0.652 (0.109) <0.0001 0.620 (0.108) <0.0001 

Change in trend after 3 -18.59 (6.39) 0.004 -19.17(6.38) 0.003 -0.063 (0.012) <0.0001 -0.065 (0.012) <0.0001 

Intervention 4 129.91 (53.29) 0.015 130.31(53.83) 0.015 0.466 (0.103) <0.0001 0.464 (0.105) <0.0001 

Change in trend after 4 18.55 (6.54) 0.005 18.66(6.62) 0.005 0.066 (0.012) <0.0001 0.065 (0.012) <0.0001 

Log-Likelihood -833.674 -834.134 79.693 78.560 

Akaike criterion 1691.348 1688.268 -133.386 -135.119 

Ljung-Box Q statistic (df=20) 24.373 0.275 21.191 0.447 21.191 0.447 21.121 0.452 
a: Standard Error; normality tests for residuals were satisfactory for both models. 
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Overall assessment CAP management 

V.3.4. Compliance with admission quality indicators 

UZL 

The median time from presentation to first dose was 2.9 hours, and 67.5% of the 

patients received the first dose within 4 hours. About half of them had sputum cultures 

taken, but only 54.7% of these cultures was taken before the first dose of antibiotics. 

The actual usefulness is limited, only 37.1% of the sputum cultures taken retained a 

positive result. The amount of blood cultures was much higher with 87.8% of the 

patients, and 80.1% of these cultures was sampled before the first dose. Testing on 

urinary Legionella antigen was limited: for the whole population, 31.6% was tested 

for this pathogen but for only a quarter of the CAP IV patients a urine test was 

performed (Table 24). 

 

Table 24.  Overview of admission quality indicators for UZL 

Indicator Baseline 

Standard 
distribution 
guidelines 

New 
guidelines P-value a Total 

N 170 186 137 493 

First dose AB administered 
<4h after presentation 117 (68.8) 120 (64.5) 96 (70.1) 

0.521 
333 (67.5) 

N 170 186 137 493 

Sputum culture taken 91 (53.5) 100 (53.8) 76 (55.5) 
0.935 

267 (54.2) 

N 170 186 137 493 

Blood culture taken 147 (86.5) 161 (86.6) 125 (91.2) 
0.356 

433 (87.8) 

N 170 186 137 493 

Urinary Legionella antigen 
test performed (all patients) 37 (21.8) 62 (33.3) 57 (41.6) 

0.001 
156 (31.6) 

N 36 35 29 100 

Urinary Legionella antigen 
test performed for CAP IV 
according CURB-65 

9 (25.7) 6 (17.1) 11 (37.9) 
0.170 

27 (27.0) 

N 39 19 19 77 

Urinary Legionella antigen 
test performed for CAP IV 
according PSIb 

5 (13.2) 3 (15.8) 9 (47.4) 
0.010 

18 (23.4) 

N 24 10 14 48 

Urinary Legionella antigen 
test performed for CAP IV 
according combined rule 

4 (16.7) 1 (10.0) 7 (50.0) 
0.034 

12 (25.0) 

a: Chi-square;  b: Pneumonia Severity Index; data given as N (%) 
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The segmented regression analysis (data not shown) revealed that the interventions 

did not have any significant influence on length of stay, time between presentation 

and first dose or the amount of patients that had Legionella tests, blood or sputum 

cultures taken. However, when looking for the grouped periods, a possible decreasing 

trend is visible in the total amount of Legionella testing and a rising trend for 

Legionnella testing for CAP IV patients (Table 24).  

 

ZOL 

In ZOL, the registered median time to first dose was 3.49 hours with 57.6% of the 

patients receiving their first dose within 4 hours after presentation. However, data are 

incomplete here as the exact time of administration was often omitted from the patient 

files. Regarding the microbial samples, 40.3% of the patients had sputum cultures 

taken, with a similar yield of only 43 positive cultures out of 133 samples.  

 

Table 25.  Overview of admission quality indicators for ZOL 

Indicator Baseline 

Standard 
distribution 
guidelines 

New 
guideline

s P-value a Total 

N 154 111 65 330 

First dose AB administered 
<4h after presentation 

92 (59.7) 63 (56.8) 35 (53.8) 
0.706 

190 (57.6) 

N 154 111 65 330 

Sputum culture taken 59 (38.3) 44 (39.6) 30 (46.2) 
0.549 

133 (40.3) 

N 154 111 65 330 

Blood culture taken 106 (68.8) 79 (71.2) 51 (78.5) 
0.352 

236 (71.5) 

N 154 111 65 330 

Urinary Legionella antigen test 
performed (all patients) 

10 (6.5) 9 (8.1) 12 (18.5) 
0.018 

31 (9.4) 

N 20 10 2 32 

Urinary Legionella antigen test 
performed for CAP IV 
according CURB-65 

2 (10) 0 (0) 0 (0) 
0.527 

2 (6.2) 

N 17 11 2 30 

Urinary Legionella antigen test 
performed for CAP IV 
according PSIb 

1 (5.9) 0 (0) 0 (0) 
0.673 

1 (3.3) 

N 11 5 - 11 

Urinary Legionella antigen test 
performed for CAP IV 
according combined rule 

1 (9.1) 0 (0) - 
1.0 

1 (6.2) 

a: Chi-square;  b: Pneumonia Severity Index; data given as N (%) 



 

99 

Blood cultures were taken in 71.5% of the cases. Testing for Legionella was very low 

in ZOL, with only 9.4% of the included patients being tested. CAP IV patients should 

be routinely tested but only one CAP IV patient according CURB-65 and two patients 

according PSI were tested for Legionella. Segmented regression analysis was not 

possible but comparison between the larger periods showed a higher percentage of 

Legionella tests taken, from 6.5% in the baseline period and 8.1% in the second 

period to 18.5% in the last period (Chi-square; P=0.018) (Table 25). Other outcomes 

were not significantly different. 

 

V.3.5. Therapy streamlining 

UZL 

After exclusion of patients with late cultures (> 3 days after admission), concomitant 

positive urine cultures and multiple cultures with different sets of micro-organisms, 

101 cases were available for analysis. S. pneumoniae was the most prevalent micro-

organism in 56% of the positive cultures (Table 26).  

 

Table 26.  Overview of identified causal micro-organisms (both hospitals) 

Micro-organism UZL ZOL 

S. pneumoniae 57 (56.4) 26 (66.7) 

H. influenzae (beta-lactamase negative) 10 (9.9) 3 (7.7) 

M. catarrhalis (beta-lactamase positive) 8 (7.9) 1 (2.6) 

S. aureus + S. pneumoniae 6 (5.9) - 

S. aureus 5 (5.9) 6 (15.4) 

E. coli 4 (4.0) 2 (5.1) 

H. influenzae (beta-lactamase negative) + 
S. pneumoniae 3 (3.0) 1 (2.6) 

Legionella ssp. (determined by urinary 
antigen test) 3 (3.0) - 

H. influenzae (beta-lactamase positive) 2 (2.0) - 

L. pneumophila 1 (1.0) - 

S. aureus (PVL+)a 1 (1.0) - 

Streptococcus group G 1 (1.0) - 
a: Panton-Valentine Leukocidine positive; Data given as N (%) 
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For the whole period, streamlining of the empirical therapy in the hospital was low. 

Ten days after the cultures were taken, only one third of the antibiotics were changed 

to a narrow spectrum (Table 27). No significant difference was present before and 

after the new guideline or info sessions or between the different intervention periods.  

 

Table 27.  Percentage of streamlined therapies and type of deviations (data UZL) 

 Day 2 Day 3 Day 4 Day 5 Day 7 Day 10 

Number of therapies 98 94 90 80 63 41 

Not adjusted (%) 87 (88.8) 75 (79.8) 64 (71.1) 59 (73.8) 46 (73.0) 26 (63.4) 

Therapy streamlined (%) 11 (11.2) 19 (20.2) 26 (28.9) 21 (26.3) 17 (27.0) 15 (36.6) 

Co-amoxiclav for 
PEN/OXA/AMPIa sensitive 
micro-organism (%) 

43 (49.4) 39 (52.0) 31 (48.4) 29 (49.2) 17 (37.0) 8 (30.8) 

Fluoroquinolones for 
PEN/OXA/AMPI sensitive 
micro-organisms, without 
beta-lactam allergy (%) 

17 (19.5) 16 (21.3) 14 (21.9) 13 (22.0) 12 (26.1) 7 (26.9) 

Cephalosporines for 
PEN/OXA/AMPI sensitive 
micro-organism, without 
penicillin allergy (%) 

12 (13.8) 11 (14.7) 9 (14.1) 9 (15.3) 7 (15.2) 2 (7.7) 

Resistant micro-organism 
(%) 2 (2.3) 1 (1.3) - - - - 

Other (%) 13 (14.9) 8 (10.7) 10 (15.6) 8 (13.6) 10 (21.7) 9 (34.6) 

Data given as N (%); Day: days after culture has been taken; a: PEN/OXA/AMPI: penicillin G or 

oxacillin or ampicillin 

 

ZOL 

In ZOL, 39 cases without possible interference were available for assessment with S. 

pneumoniae again the most frequently identified pathogen (Table 26). A generally 

similar pattern is present for therapy streamlining, but with the largest majority of the 

non-adapted therapies having co-amoxiclav for penicillin/oxacillin/ampicillin-

sensitive bacteria with less use of fluoroquinolones and cephalosporines. In total, 

about one third of the in-hospital therapies were changed to a small-spectrum 

antibiotic (Table 28). No differences were present between the respective periods.  
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Table 28.  Percentage of streamlined therapies and type of deviations (data ZOL) 

 Day 2 Day 3 Day 4 Day 5 Day 7 Day 10 

Number of therapies 38 37 31 21 13 3 

Not adjusted (%) 29 (76.3) 26 (70.3) 21 (67.7) 15 (71.4) 10 (76.9) 2 (66.7) 

Therapy streamlined (%) 9 (23.7) 11 (29.7) 10 (32.3) 6 (28.6) 3 (23.1) 1 (33.3) 

Co-amoxiclav for 
PEN/OXA/AMPI a sensitive 
micro-organism (%) 

20 (69.0) 18 (69.2) 12 (57.1) 9 (60.0) 7 (70.0) 1 (50.0) 

Fluoroquinolones for 
PEN/OXA/AMPI sensitive 
micro-organisms, without 
beta-lactam allergy (%) 

3 (10.3) 3 (11.5) 3 (14.3) 4 (26.7) 2 (20.0) - 

Cephalosporines for 
PEN/OXA/AMPI sensitive 
micro-organism, without 
penicillin allergy (%) 

2 (6.9) 1 (3.8) 2 (9.5) 1 (6.7) - - 

Resistant micro-organism 
(%) 

- - - - - - 

Other (%) 4 (13.8) 4 (15.4) 4 (19.0) 1 (6.7) 1 (10.0) 1 (50.0) 

Data given as N (%); Day: days after culture has been taken; a: PEN/OXA/AMPI: penicillin G or 

oxacillin or ampicillin 

 

V.3.6. Time to clinical stability and intravenous- per os switch 

UZL 

Patients took a median of 2.85 days to reach clinical stability, while they remained 

hospitalized for another 4.31 days (Table 29). Segmented regression analysis revealed 

an important rise in the median time to clinical stability, right after the re-introduction 

of the guidelines (+1.23 days, P=0.031). Fever lasted about 1.98 days with also a rise 

(+0.17 days; P=0.066) in the same period. Switch from intravenous to oral 

administration differed widely between the different antibiotics.  

 

Table 29.  Time to defervescence and clinical stability (data UZL) 

  Time between 
presentation and 

defervescence 

Duration of 
hospitalisation 
after reaching 
defervescence 

Time between 
presentation and 
clinical stability 

Duration of 
hospitalization 
after reaching 

clinical stability 

N 490 483 473 469 

Mean (SD) 1.98 (4.15) 9.35 (9.04) 4.26 (5.34) 7.13 (8.30) 

Median (IQR) 1.04 (0.85 – 1.61) 6.31 (4.16 – 11.13) 2.85 (1.78 – 4.94) 4.31 (2.17 – 9.06) 

SD: Standard Deviation; IQR: Interquartile Range 
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Moxifloxacin and clarithromycin were switched early, practically on defervescence. 

In contrast, intravenous co-amoxiclav and especially ceftriaxone were changed late to 

any oral alternative. Overall, the median time to switch to a completely oral antibiotic 

therapy was 2.94 days (Table 30). Although no exact data are available, a remark 

often made in the nursing files, is that intravenous-oral conversion is done in case of 

intravenous access malfunction. 

 

Table 30.  Time to IV-po switch compared with time to defervescence and time to 

clinical stability (data UZL) 

    Co-
amoxiclav Moxifloxacin  Clarithromycin Ceftriaxone Total 

N 295 58 58 67 282 

Mean (SD) 4.45 (29.02) 1.48 (4.75) 2.13 (18.48) 13.21 (10.96) 3.23 (2.45) 
Time to  
IV-po switch 

Median 
(IQR) 

3.77 
(2.42 – 5.71) 

1.00 
(0.91 – 1.80) 

1.10 
(0.66 – 2.34) 

9.76 
(5.79 – 15.92) 

2.94 
(1.45 – 4.42) 

N 295 58 58 67 282 

Mean (SD) 3.23 (3.43) 0.78 (1.95) 0.86 (3.29) 11.96 (13.61) 2.14 (2.71) 

Time between 
defervescence 
and IV-po 
switch Median 

(IQR) 
2.83 

(1.33 – 4.33) 
0.25 

(-0.10 – 0.88) 
0.33 

(-0.67 – 2.83) 
8.17 

(5.0 – 14.14) 
1.83 

(0.40 – 3.33) 

N 287 55 58 66 274 

Mean (SD) 0.99 (3.85) -1.08 (2.38) -1.62 (3.52) 8.49 (12.74) 0.24 (2.97) 

Time between 
clinical 
stability and 
IV-po switch Median 

(IQR) 
1.08 

(-0.17 – 2.83) 
-0.75 

(-2.67 – -0.33) 
-1.17 

(-2.29 – -0.17) 
5.17 

(1.96 – 9.32) 
0.33 

(-1.17 – 1.83) 

SD: Standard Deviation; IQR: Interquartile Range 

 

Patients received antibiotics in the hospital for 9.0 days and another 4.5 days at home. 

Median duration of the whole antibiotic therapy was 11.0 days compared to the 

standard duration of seven days, mentioned in the local guideline (Table 31). Using 

the selection criteria for the study by El Moussaoui,163 median duration for the total 

therapy was 10.5 days and 11.5 days after selection according Leophonte.164 For their 

whole therapy, patients were prescribed 22.67 DDD’s (mean 26.91 DDD’s) of 

antibiotics, 14.33 DDD (mean 19.14 DDD) during hospital stay and 3.0 DDD (mean 

7.77 DDD) after discharge. The median cost for the in-hospital therapy was €62.10 

with a mean of €146.75 (prices of July 2010). 
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Table 31.  Therapy duration for different locations and selected groups (data UZL) 

  

Duration in-
hospital therapy  

Duration out-
patient therapy  

Duration total 
therapy 

Therapy 
duration for 

selected 
patients 

according El 
Moussaoui 163 

Therapy duration 
for selected 

patients 
according 

Leophonte 164 

N 493 279 493 161 298 

Mean (SD) 9.90 (6.14) 5.24 (3.69) 12.87 (6.46) 11.1 (3.9) 13.1 (6.6) 

Median (IQR) 9.0 (6.0 − 12.0) 4.5 (3.0 − 6.5) 11.0 (9.5 − 14.0) 10.5 (9.0 − 12.0) 11.5 (10.0 − 14.0) 

SD: Standard Deviation; IQR: Interquartile Range 

 

ZOL 

In the second hospital, the median time to defervescence was 0.92 days and patients 

reached clinical stability after 1.79 days. After this, they remained in hospital for 

another 5.02 days (Table 32). Here also, large variation in time to IV-po switch 

between antibiotics was present. Clarithromycin was switched earliest, followed by 

moxifloxacin. Patients on co-amoxiclav took 4.27 days to be switched to any oral 

alternative, while this increased to 7.85 days for ceftriaxone (Table 33). Here also, we 

found similar suggestions to switch the medication when intravenous access had 

failed. This was also regularly found on the standing orders.  

 

Table 32.  Time to defervescence and clinical stability (data ZOL) 

 

Time between 
presentation and 

defervescence 

Duration of 
hospitalisation 
after reaching 
defervescence 

Time between 
presentation and 
clinical stability 

Duration of 
hospitalization 
after reaching 

clinical stability 

N 303 294 303 294 

Mean (SD) 0.96 (0.31) 7.57 (5.69) 2.52 (2.30) 6.04 (5.22) 

Median (IQR) 0.92 (0.75 − 1.08) 6.13 (4.10 − 9.15) 1.79 (0.95 − 3.10) 5.02 (3.09 − 7.15) 

SD: Standard Deviation; IQR: Interquartile Range 

 

In the hospital, antibiotics were given for a median 7.0 days, and another estimated 

4.5 days at home (Table 34). The total therapy duration for CAP patients in ZOL was 

10.0 days which is almost certainly an underestimation because for several patients 

the associated duration of an outpatient therapy could not be retrieved. Median 

duration for the total therapy was 9.0 days after selection according the study by El 

Moussaoui163and 10.0 days for a patient group comparable to the study by 
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Leophonte.164 During their hospitalisation, patients received median 14.0 DDD of 

antibiotics (mean 17.17 DDDs) with another estimated 8.37 DDD’s for outpatient 

therapy. The cost for the antibiotics was rather modest, being €111.04 with a median 

of €73.67 (prices of July 2010). Too few data points were valid to allow segmented 

regression analysis.  

 

Table 33.  Time to IV-po switch compared with time to defervescence and time to 

clinical stability (data ZOL) 

   Co-amoxiclav  Clarithromycin  Moxifloxacin Ceftriaxone Total 

N 189 19 41 25 206 

Mean (SD) 4.87 (2.77) 2.27 (2.23) 3.32 (1.56) 9.88 (6.77) 4.33 (2.14) Time to IV-po 
switch  

Median 
(IQR) 

4.27 
(3.02 − 6.00) 

2.0 
(0.67 − 4.42) 

3.27 
(1.88 − 4.28) 

7.85 
(5.76 − 11.17) 

4.06 
(2.79 − 5.78) 

N 180 19 41 25 193 

Mean (SD) 4.16 (2.71) 2.20 (2.19) 2.89 (1.60) 10.28 (7.79) 3.64 (2.11) 

Time between 
defervescence 
and IV-po 
switch Median 

(IQR) 
3.79 

(2.25 − 5.24) 
1.79 

(0.25 − 3.80) 
3.09 

(1.25 − 3.81) 
8.07 

(5.21 − 12.32) 
3.25 

(2.24 − 5.05) 

N 180 19 41 25 193 

Mean (SD) 2.75 (2.58) 0.04 (2.24) 1.33 (2.75) 7.40 (6.96) 2.27 (2.50) 

Time between 
clinical stability 
and IV-po 
switch Median 

(IQR) 
2.25 

(1.22 − 4.09) 
0.00 

(-0.75 − 1.29) 
1.25 

(0.19 − 2.90) 
6.17 

(3.66 − 7.67) 
2.25 

(0.79 − 3.79) 
SD: Standard Deviation; IQR: Interquartile Range 

 

 

Table 34.  Therapy duration for different locations and selected groups (data ZOL) 

 
Duration in-

hospital therapy  
Duration out-

patient therapy  
Duration total 

therapy 

Therapy 
duration for 

selected 
patients 

according El 
Moussaoui 163 

Therapy duration 
for selected 

patients according 
Leophonte 164 

N 330 169 330 168 207 

Mean (SD) 7.83 (4.14) 5.22 (5.15) 10.50 (6.08) 10.2 (6.5) 11.2 (6.9) 

Median (IQR) 7.0 (5.0 − 9.0) 4.5 (2.5 − 6.0) 10.0 (7.5 − 11.0) 9.0 (7.0 − 11.0) 10.0 (8.0 − 11.5) 

SD: Standard Deviation; IQR: Interquartile Range 
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V.4. Discussion 
The aim of this study was to see whether the use of antibiotic guidelines in the 

hospital, more specifically antibiotic management of community-acquired pneumonia, 

could be improved using standard low-intensity and low-cost interventions. Therefore, 

using baseline data and qualitative research methods, specific points of interest were 

identified and communicated using standard distribution of guideline booklet (August 

2008), reminders combined with a re-introduction of the guidelines in October 2009, 

and interactive info sessions (January 2010) in one hospital and the management of 

CAP was observed afterwards. Simultaneously, antibiotic management of CAP was 

also assessed in another hospital where no specific interventions were introduced. 

Next to the actual compliance with the guidelines, general CAP management was 

evaluated using validated quality indicators.  

Our sample in UZL is quite comparable with other studies, except mortality and the 

amount of patients with COPD that are lower in our sample.10,75,82,110 However, when 

including patients that died before consent could be obtained, mortality rate becomes 

normal. In ZOL, patients are more frequently younger males, while the number of 

included CAP IV patients is very low compared to UZL and other studies. Quick 

transfer of geriatric patients to another neighbouring hospital and a strict local policy 

prohibiting inclusion of ICU patients that were already enrolled in other clinical 

studies, can explain these abnormal results. 

The most interesting result is the use of the empiric antibiotic guideline for CAP. 

Dependent on the assessment rule, about 60% of the therapies are compliant after 24 

hours in UZL, with some periods attaining more than 70% compliance. In ZOL this is 

even higher when looking to the first antibiotics administered. Given the strict 

mathematical approach with its shortcomings, this is a reasonably well outcome. More 

importantly however, the re-introduction of the local guidelines is associated with a 

temporary but considerable drop in the amount of compliant therapies in UZL, which 

is highly surprising. There are only few possible causes for this phenomenon. 

A first possibility is a direct negative effect from this intervention. This is highly 

unlikely because of the generally positive results, although mostly small, of reminders 

and educational material in two large reviews.40,41 As there were no substantial 

differences between the old and the new CAP guideline, confusion with subsequent 

errant use can be excluded as a second possibility. A third reason can be the A/H1N1 
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influenza pandemic, coinciding with this intervention and with a potential influence 

on CAP management. When comparing the observed compliance trend with the 

number of nationally registered influenza cases, there is a remarkable correlation. 

Also the logistic regression shows that H1N1 suspicion is already enough to 

negatively influence guideline use, while actual cases are almost absent in both 

hospitals. One may argue that, during this period, there may be a shift towards 

patients with a higher disease severity and longer time to clinical stability needing 

more complex therapies and necessitating deviations from available guidelines. This, 

however, cannot fully explain the lower guideline compliance. While disease severity 

and time to clinical stability remain elevated during the next period, guideline 

compliance practically returns to normal. Similarly, when looking to the other 

hospital, ZOL, there is also a decrease in guideline use, with no explicit intervention 

made. At the same time, due to interference with other studies, the number of CAP IV 

patients is lower in the last period, which cannot explain the lower compliance. Thus, 

whether the H1N1 pandemic actually caused a shift to a sicker population or induced 

more aggressive broad-spectrum therapy, remains somewhat uncertain from our data. 

But with world wide attention, initial severity overestimation and more aggressive 

antibiotic treatment,165 short-lived effects of this epidemic on physicians and 

antibiotic management seems likely.166,167  

Other outcomes are rather confronting. When looking to therapy streamlining, results 

are disappointing in both locations. Apparently, while information on antimicrobial 

sensitivities is readily available, there is no perceived need for streamlining. Found 

deviations are compatible with known high use of co-amoxiclav and fluoroquinolones 

in Belgian hospitals.168 A major reason for this can be found in our earlier elucidation 

study (Chapter 3). In UZL, barriers to a narrow spectrum antibiotic were a perceived 

risk of therapy failure after de-escalation, low support from supervisors and not being 

part of their culture/habit. Unfortunately, in ZOL, no such details are available, but 

similar barriers can be expected. Another problem is the IV-po switch. Moxifloxacin 

and clarithromycin scored very well, but other antibiotics fared worse. However, early 

switch from intravenous to oral therapy, even for severely ill patients, can reduce 

length of stay and the number of treatment-related adverse events, with no negative 

effects on treatment outcomes.169 In comparison with the study by Oosterheert and 

colleagues where stable patients are switched on Day 3, the population in UZL is 

similar while in ZOL, disease severity is overall lower.170 Still, even when using our 
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own stringent criteria for clinical stability, therapy with IV co-amoxiclav can be 

shortened substantially for 1-2 days, with an even higher reduction possible in the use 

of IV ceftriaxone when switched to an oral fluoroquinolone with similar 

microbiological activity. An observation often made in the medical files is 

clarithromycin being converted to an oral form at the second day, while at the same 

time the associated co-amoxiclav continued to be given intravenously for several 

more days. Given the good PK/PD profile and clinical efficacy of the extended release 

form of co-amoxiclav, this practice is questionable. 171,172 Another observation in the 

nursing files is that IV-po switch often happens only after the intravenous access fails, 

suggesting that switching is only passively monitored and only occurs when no other 

route is available. Assigning other healthcare workers, such as nursing, a more 

prominent role in the choice of the administration route may improve 

conversion.81,82,173 The last confronting result is the therapy duration. Local guidelines 

in UZL mention a therapy duration of one week but half of the patients receive 

antibiotics for 11 days or more. In ZOL, no real therapy duration is defined but the 

total length of therapy is comparable with the first hospital. Recent studies have 

advocated the safety and effectiveness of short-term treatment in mild to moderate 

CAP,174 down to five and in some cases even three days.163,164 Depending on the 

disease severity, therapy duration can potentially be reduced by 5 to 7 days for at least 

half of the patients in both hospitals.  

Apparently, interventions that were used had effects on guideline consulting. 

However, except for the period after guideline re-introduction, these changes are 

rather small and probably insufficient to change clinical behaviour in the short term. 

Neither has the number of visitors a significant influence on the percentage of 

compliant therapies. On the other hand, our study design may not be adequate to 

detect small differences. Still, this observation should warn other researchers that 

more guideline consulting does not automatically result in improved use. The rapid 

decrease after the re-introduction is most likely a rebound effect due to the sharp 

initial rise. It may be also related to the removal of the announcement on the UZL 

intranet home page which was part of the guideline re-introduction. However, no 

detailed data are available to confirm this. Whether Intervention 2 (survey) had a 

negative effect on guideline consultation is unclear, but is probably due to normal 

habituation after Intervention 1 (standard guideline distribution), which is similar to 

other types of interventions.40,41 
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V.5. Limitations  

The fact that a substantial proportion of potential patients could not be included is a 

limitation of our study. However, apart from patients that actively refused to give their 

consent, not-included patients were either hospitalized for a very short term as a 

safety measure, or were very elderly persons with dementia or other mental health 

problems. While the first group has an important bias towards very low disease 

severity, the second group has a high risk of multiple pathologies or silent aspiration 

combined with a very long term hospitalisation. As such, the importance of these 

patients needs to be put into perspective. Still, given recommendations of the ethical 

committees and legal issues, we have no means to check this. Also the uneven 

distribution of patients in time may cause important bias. We tried to correct for this 

using appropriate time periods that would cover enough patients to provide a reliable 

measure. Another problem is the difference between the two hospitals and the 

different underlying trends. Therefore a full comparison between both hospitals would 

be inherently inaccurate and is not included. Results are only compared for better 

understanding of separate trends and to confirm the presence of possible, more 

general phenomena. In an ideal situation, however, more hospitals should be included 

and efforts should be done to obtain more homogenous patient populations. One can 

argue that, regarding the assessment of therapy de-escalation, the type of some 

registered deflections such as not streamlining co-amoxiclav, is mild, but on the other 

hand, assessed micro-organisms were selected for their relative ease of treatment and 

overuse of this antibiotic can also select for multiresistant clones.175 We intentionally 

avoided identifying the attending physician(s) for each patient, in accordance with the 

ethical committees. The absence of these data does neither allow us to cross-check the 

results from this study with the previous survey study (Chapter 4) nor can specific 

differences be found between different groups of physicians. However, current patient 

management is done by multiple physicians, often in teams, which would make 

individual identification meaningless. Important to note is the discrepancy between 

the criteria used to define CAP IV. We used a strict approach, based on two different 

scores. Treatment practice however appears to be more pragmatic with ICU admission 

as determinant for CAP IV. Still, when using this definition, the same trends remain 

visible, especially the lower adherence in the period October 15 − December 14 2009 
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(data not shown). This indicates that using our methods allow to detect important 

deviations from the treatment guidelines. Finally, using CAP as model pathology to 

monitor overall guideline use, we are not able to see the effect of the guidelines’ re-

introduction on the management of other pathologies.  

 

V.6. Conclusion 

While our interventions to improve antibiotic guideline use were successful in 

increasing the use of the online version, this did not lead to a higher proportion of 

CAP patients receiving guideline compliant therapy. On the contrary, an important but 

temporal decrease in compliance was observed in UZL, probably due to the 

concurrent A/H1N1 pandemic. In ZOL, a similar but non-significant decrease in 

compliance could be observed. Furthermore, evaluation of current CAP management 

in the two observed hospitals shows considerable room for improvement in therapy 

streamlining, intravenous-oral switch and duration of antibiotic therapy. 
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Chapter VI − General discussion 
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VI.1. Main results 

The general aim of this thesis is to see how physicians’ use of antibiotic guidelines is 

influenced and determined, and how this knowledge can be used to improve the use of 

a specific antibiotic guideline, more specifically for the treatment of hospital 

inpatients with community-acquired pneumonia (CAP). 

The first question was if there is evidence for a preferential methodology to support 

the compliance to prescription guidelines. More particularly, we wanted to see if the 

literature provided validated information on interventions and their relative efficiency 

when implementing a CAP-guideline. In Chapter 2, a literature review including 27 

studies from various types and designs, shows that no clear correlation exists between 

the number or type of intervention(s) and the quantitative or qualitative improvement 

of clinical, economical or process outcomes. Therefore, it can be assumed that the 

success of an implementation effort will depend more on the circumstantial factors 

and how the interventions are adapted to these factors, than on their type or intensity. 

Which factors play a role and how they interrelate was not known. This lack of clear 

conclusions makes it necessary to analyse the local situation in both hospitals. 

Hence, a qualitative approach was made with a focus group study in Chapter 3. 

Different groups of physicians, with different specialisms and experience, were 

included. The study shows that distinct groups can be identified within a single 

hospital, with each of these groups having specific interpretations and expectations of 

antibiotic guidelines. Also there appears to be different views on how the use of 

guidelines can be optimally supported. The study design did not allow an accurate 

estimation of the amount of influence of these differences on guideline use, calling for 

a more quantitative approach. Therefore a questionnaire was developed in Chapter 4, 

based on the Theory of Planned Behaviour, incorporating the most important items 

from the focus group study and modified to account for possible habits. Again distinct 

groups of physicians were observed. While staff members’ guideline use is guided by 

habit and to a lesser degree by attitude, residents’ practice is more dependent on the 

circumstantial factors such as guideline availability and ease of use. Attitudes on 

guidelines showed mixed effects. These results also give direct clues how to re-

implement guideline use.  

A follow-up study assessing guideline use for hospitalized patients with CAP, 

together with an evaluation of different interventions was subsequently performed in 
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Chapter 5. This shows that distribution of the written guidelines and reminders in 

UZL has an effect on actual consultation of the website with the guidelines on the 

internet. Unfortunately no positive effect is visible on process outcomes in the 

treatment of CAP, with even an important but temporal decrease in the proportion of 

guideline compliant therapies after active re-introduction of the updated guidelines. 

An effect of the concurrent A/H1N1 pandemic, whether direct or indirect, seems 

likely. The results of this follow-up study also demonstrate that in both hospitals, most 

patients receive prolonged antimicrobial therapies with postponed intravenous-oral 

conversion, and that therapies with a positive identification of the causative micro-

organism are rarely streamlined. 

 

VI.2. Reasons for failure 

Review of the literature shows that reminders are among the most used interventions 

to influence physicians’ behaviour and can be an effective intervention resulting in 

moderate improvements.40,41 However, no effect of both reminders (IV-po and 

therapy streamlining) on CAP guideline compliance was noticed. A first explanation 

can be that already several reminders and posters have been distributed in UZL on 

these topics, leading to saturation. Also, being a teaching hospital insinuates regular 

other educational efforts towards other topics, further decreasing the effect of 

reminders. Another reason can be the contents of these reminders, mentioning only 

the recommended behaviour, without much instructive information. When the 

recommended behaviours are more behaviourally specific, it will make them more 

likely to be carried out.118,176,177 If reminders are to be used in the future, 

recommendations need to be specific and provide information that is useful in 

practice. This also holds true for the antibiotic guidelines in general.  

Although participants from the focus groups requested standard distribution of the 

written guidelines (Chapter 3), doing so did not influence actual use in practice. 

Distribution of educational materials is an often used and rather inexpensive 

intervention, easy to access and use, and may provide a cost-effective tool.178 

However, when compared to no interventions, they provide only a limited and short-

lived improvement on process variables with practically no influence on patient 

outcomes. In comparison with other interventions, any effect would be small.40,179 In 

our case, distribution of the written guidelines appeared to increase the acquaintance 
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with the electronic version but without effect on process outcomes, similar to fully 

electronic guidelines.180 But the influence of PBC among residents, as observed in 

Chapter 4, may point to more practical problems. Both focus groups and questionnaire 

in both hospitals rated tuition on antibiotics and their guidelines as not sufficient. 

Present forms of passive education (such as the written guidelines) may just not reach 

their desired aim. Also, the influence of habits, as present in the staff member group, 

will rarely be adjusted by education or written materials alone, needing more 

restrictive measures. However, with the limited correlation between direct and 

indirect measures of PBC, tuition alone will probably not explain everything. 

A last reason may be that our re-introduction of the updated guidelines was 

superseded by an uncontrollable, more powerful external factor. Seasonal shifts in the 

number of prescriptions are already described for normal influenza but no data on 

compliance or type of antibiotics are available.60 Mass media is known to affect health 

care utilisation,166 including antibiotic use with already several campaigns on 

antibiotic consumption in Belgium.181 There is also some limited evidence available 

that lay press can influence physicians.167 Therefore, the broad attention on H1N1 

pandemic in lay press,182 combined with the initial uncertainty over the severity of 

this type of influenza, the presence of recommendations, although foreign, that 

support more aggressive antibiotic treatment165 and the concurrent influenza season 

may had an temporal impact on physicians and their prescription behaviour.  

 

VI.3. Other possible interventions 

Depending on the desired outcome, results in Chapter 3, 4 and 5 offer indications for 

potentially successful interventions, both in University Hospitals Leuven and 

Ziekenhuis Oost-Limburg. Generally, literature showed that more restrictive 

interventions have higher success rates.41 

 

University Hospitals Leuven 

If posters, bookmarks and other forms of reminders are to be used in UZL in the 

future, they need to be more specific and give more details on “what, who, when, 

where and how”.118 Special attention should be given to point of care computer 

reminders. Despite their low median efficacy, they are easily adaptable, inexpensive 
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and deliver specific information when needed.37 Including the need for a physicians’ 

reply before they can proceed, may further increase their yield. 

To improve general guideline use, educational interventions may still be used, but 

other formats and moments are required. More specifically, training on the use of 

antibiotics and their guidelines is reported to be deficient during formal training, 

continuing during residency. Indeed, the residents’ demand for more applied tuition, 

familiarization and instruction corresponds well with the interventions that improve 

habit formation, provided that they are repeated regularly and applied consistently.141 

Also more explicit support from and use by supervisors may enhance guideline use 

amongst residents. Preferentially, interventions need to take place when residents (and 

new staff members) enter in UZL, in order to counter existing older habits.141,143 In 

the end, these interventions aimed at residents should create the habit of using 

antibiotic guidelines. To change the habit of faculty members however, older habits 

will have to be inhibited using more restrictive interventions or interventions that 

provide strong cues that disrupt the habit.143 This type of interventions all include 

some form of independent opinion or approval.41 A dedicated antimicrobial 

management team would be the most advisable intervention here.6 Automated 

decision support systems are also very promising,183 and one system, TREAT, has 

shown very positive results.142,142,184 A local study has already showed that similar 

electronically delivered treatment advice can improve use of guidelines for catheter-

related infections.185 The biggest problem could be the need for substantial IT 

resources but an extended electronic patient management system is already available 

in UZL. Both interventions can also provide the requested additional information for 

residents, offering extra educational opportunities. 

Although another study in the same hospital demonstrated the use of feedback on 

antibiotic prophylaxis in surgery,186 this intervention would not be feasible here. In 

this study, there was ample room for improvement, combined with a single attending 

physician per patient. In contrast, current treatment shows several consecutive or even 

concurrent attending physicians for a single patient, often rotating between different 

wards, with an already moderately high guideline use, up to 70% compliance for 

antibiotic choice. Successful audit & feedback interventions require a rather low 

baseline performance, combined with timely and individualised results that are 

communicated in a non-punitive and customizable way,187,188 while representative, 

individualised results would be very difficult to obtain here. 
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In order to reduce antibiotic therapy duration, an automatic stop order can be advised. 

If a computerized physician order entry (CPOE) system is present, this intervention 

can be coupled with an automated reminder or request for re-confirmation which can 

have an significant impact.37 An important barrier against this intervention could the 

presence of extended ward stocks, common in most Belgian hospitals. Also, as long 

as written prescriptions are used, automatic stop orders are easily lost or 

circumvented, necessitating sole use of CPOE. An alternative could be consciousness-

raising in and higher involvement of the nursing department in proactively alerting the 

attending physician. Because oral treatment requires less preparation time and fewer 

risks such as needlestick injuries, they also would have immediate benefit. While 

successful for analgesics,173 this approach is also possible for antibiotics.81,82 

For earlier IV-po switch and therapy de-escalation, simple reminders such as inserted 

checklists or stickers in medical files may be useful provided that the criteria for IV-

oral switch or streamlining are clearly mentioned.189,190 Otherwise, only low 

improvement can be expected as seen in our study where no criteria were provided. 

These criteria are also absent in the guidelines of both hospitals. A CPOE alternative 

may be the use of an automatic pop-up checklist. Most interventions for these 

outcomes however will be more complex and require sufficient information on the 

patient’s status: antimicrobial data, patient status, the ability to safely ingest oral 

medication and a normal functioning gastro-intestinal tract as a bare minimum. 

Results from the focus groups show that more restrictive interventions will be needed 

to change present habits, prompting the possible need for a multidisciplinary team. 

Increased financial responsibility can be another option according our focus groups, 

provided that possible savings reach the physicians at least to some extent, e.g. 

improved (administrative) support. 

 

Ziekenhuis Oost-Limburg 

In ZOL most of the interventions mentioned above can be used too. However, there 

are some important differences. Because no CPOE is available in this hospital, all 

forms of automated reminders are not possible. This absence also lowers the 

applicability of decision support systems. Because attitude has more impact on 

intention to use guidelines in this hospital, educational outreach visits may already 

improve guideline use, consisting of face-to-face discussions between the 

microbiologists or ID specialist and the individual physician on the relevance of 
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antibiotic guidelines on physicians’ practice, personal responsibility and individually 

important infection topics.145 Overall, this intervention gives small to modest but 

consistent improvements,191 and could be combined with other traditional educational 

formats because less interference from other teaching activities can be expected, in 

contrast with UZL. Also audit & feedback could be applied here. Due to the limited 

number of physicians and specific organization, there will be fewer physicians for 

each separate antibiotic therapy. Although baseline guideline use is comparable with 

UZL, audit & feedback can give more reliable results for each separate physician, 

improving the efficiency of this type of intervention.188 However, a multidisciplinary 

antimicrobial management team would still be advisable here. Given the positive 

image on the microbiologist, his/her participation in this team would be indispensable. 

 

Intervention bundles 

Instead of using each intervention that is mentioned above separately, there are good 

reasons to combine them in care bundles. A care bundle is a selected set of 

interventions or processes of care distilled from evidence-based practice guidelines 

that individually improve care, but when applied together result in substantially 

greater improvement.192,193 Bundles favour a “all-or-nothing” policy: a therapy is 

considered appropriate only if all items are checked and compliant with the 

recommendations. In order to be useful, a bundle should contain between three and 

six simple and well established practices but not delivered consistently yet and that 

are to be answered with yes/no.193,194 It differs from an ordinary checklist in two 

distinct ways: 1) a checklist may contain more items that are not necessarily all 

supported with the same level of clinical evidence; 2) a bundle is a person’s or team’s 

responsibility and it is their job to check this whole bundle with a defined frequency 

(e.g. daily) within a defined time (e.g. during rounds).195 A bundle is also different 

from a care pathway. While they both aim to enhance quality of care, pathways are by 

definition directed towards coordinating different roles in and sequencing activities of 

a multidisciplinary team, which is not necessarily present in a bundle.196 Also, 

pathways will usually focus on (a larger part of) a treatment course, while bundles 

will focus on smaller, single aspects. However, development of the bundle is only the 

first step. Understanding the habits and underlying processes, combined with 

measuring how reliably and consistently the bundle is checked, is vital for a bundle’s 

success.194,195,197 Treatment bundles have been used in sepsis management,192,192,198 
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ventilator associated pneumonia197,199-201 and governmental initiatives.202,202 Their use 

for antimicrobial management is until now limited, but results are positive.203,204 

Because bundles include key components of the antibiotic therapy and medical files 

are found often incomplete, these bundles could be an integral part of the medical file, 

allowing quick appraisal. An adapted proposal for an acute care antibiotic bundle, 

useful for a broad range of infections, can be found in Figure 8. Because such bundle 

in fact aims to institute a new habit while providing sufficient cues to bypass old 

habits, this intervention is very well suited for both UZL and ZOL. This bundle would 

also target the weaker points, such as therapy de-escalation, duration or IV-oral 

switch, and at the same time avoid neglecting the processes with good scores 

(selection of the appropriate antibiotic). 

 

Figure 8.  Proposal for a generic antibiotic management bundle 

1. Document clinical rationale for antibiotic treatment 

2. Sent appropriate samples to microbiology lab 

3. Select antibiotic according local guidelines, patient risk group and 

confirmed allergies 

Initiation antibiotic therapy 

4. Consider removal foreign body/ drainage of pus/surgical intervention 

5. Monitor drug levels/Adjust dose to renal clearance 

Continuation of therapy 
(to be assessed every day) 

6. Change antibiotic therapy if possible 
� Switch to oral therapy feasible (according criteria)? 

Yes/Not applicable/No (record why) 

� De-escalation to small spectrum antibiotic feasible? 

Yes/No (positive) culture available/No (record why) 

� Antibiotic treatment to be continued? No/Yes (record 

why) 

Inclusion criteria  Exclusion criteria  

Criteria for IV-po switch 

� Afebrile >24 hours 

� Clinical improvement 

� Able to eat and drink 

normally 

� Normal function of GI-tract 

� Immuunsuppression 

(hematological malignancies, 

neutropenia, medication, other) 

� Abscess without incision; severe 

soft tissue infection (osteomyelitis, 

septic arthritis) 

� Endocarditis or intravascular 

infection 

� S. aureus bacteraemia 

Adapted from proposal by Cooke and Holmes193 
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VI.4. Implications for pharmacists 

As others already have argumented, pharmacists have to play their role in 

antimicrobial management.6,117 In Belgium, Antimicrobial Management Teams 

(AMT), according the Royal Decree on the norms of AMTs, are required to include at 

least one hospital pharmacist but his exact role in real terms is not defined.61 Most 

obviously, hospital pharmacists will be involved in monitoring antibiotic 

consumption. But our results open additional opportunities for hospital and/or clinical 

pharmacists. The first intervention here would be the automatic stop order, due to the 

central role of the hospital pharmacist in medication distribution. Linking this 

intervention with CPOE, whose development is also a legally consolidated duty of the 

Belgian hospital pharmacist, can further improve the efficiency of this intervention.88 

Other interventions will require a more clinical involvement and expertise of the 

hospital (clinical) pharmacist, such as the intravenous-oral switch. In this case, the 

patient has to meet predefined and objective clinical criteria before conversion could 

be attempted, without comprising patient outcome.65,169 Evidently, presence on the 

patient wards and/or direct access to medical files is imperative here. In Belgium, 

there are only few studies available but a recent study in the University Hospitals 

Ghent, showed that active follow-up by a clinical pharmacist can improve IV-po 

conversion rates in patients treated with IV ciprofloxacin.205 Again, this study also 

demonstrated the limited impact of letters, posters and even educational sessions. To a 

certain extent, the hospital pharmacist can deduct this information also from standard 

prescription data which can trigger further enquiry and eventually conversion to oral 

therapy. A pilot project in UZL showed that based on prescription data, telephonic 

contact between a hospital pharmacists and the attending physician can improve 

conversion rates in patients on intravenous levofloxacin or clindamycin.206 Such 

approach is time–consuming and probably not feasible in the long–term. But with 

increased computerisation, more efficient means of communication such as direct 

feedback on electronic prescriptions or reminders, may become available, increasing 

the clinical role of the hospital pharmacist.  

In order to improve therapy de-escalation, use of empiric guidelines and detailed 

follow-up of oral switch, clinical pharmacists with extended expertise are needed, 



 

121 

being part of a multidisciplinary team.6,117 In this position within a clear framework 

and rules, pharmacists can give second opinion, focus on day to day monitoring of 

antibiotics use and provide follow-up of already initiated and uncomplicated 

therapies, alleviating the demand on ID specialists and microbiologists.207 However, 

there are several prerequisites for this role. First one would be the expertise needed for 

this role. Although microbiology and antibiotic management is part of the hospital 

pharmacist’s curriculum, specific tuition is needed and available in some 

countries.6,207,208 In Belgium, no such courses are available up to date although 

reforms of the training of hospital/clinical pharmacists are ongoing. A second problem 

can be the perception by other disciplines. As this thesis has clearly demonstrated 

(Chapter 2 and Chapter 3) and also in other countries,45,207 pharmacists are perceived 

less positively than the more traditional microbiologist or ID specialist. Successful 

implementation of a clinical pharmacist in an AMT will require excellent training, 

good collaboration, support from senior physicians and management, and time to 

become familiar with the concept of an antibiotic pharmacist. Interesting to note is 

that interventions by solely pharmacists appeared to be focussed on lower costs and 

lower drug use. Although important, in a clinical setting, sole focus on such outcomes 

may provoke negative reactions from clinicians. Also, such interventions were less 

likely to achieve positive results than multidisciplinary teams working on a common 

goal, again underlining the need for collaboration.41 

 

VI.5. Implications for health care policy makers  

For policy makers, one specific measure could be a reform of physicians’ infectious 

diseases training, in accordance with the observations in Chapter 3 and 4. Current 

training is stated by both trained specialists and residents in training, to be too 

theoretical and not practical enough. To improve future use of antibiotics and the 

associated guidelines, appropriate antibiotic use should be encouraged from the start 

of medical training, using applied techniques and a focus on guideline interpretation. 

Associated with this reform, we propose the official recognition of the infectious 

diseases specialist in Belgium. Without this, antibiotic management will remain the 

field of many players but all of them without formal responsibility.195 Considering 

that antibiotic use is also on the rise again after a short stabilisation,62,63 policy makers 

need to reconsider the authority of the AMTs, which is necessary if AMTs want to be 
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successful.6 Finally, because external factors may also induce commotion and an 

associated decrease in guideline compliance, better communication and 

reconfirmation (or changes if deemed necessary) of general principles in antibiotic use 

is needed when circumstances arise, such as the 2009 A/H1N1 influenza pandemic.  

For antimicrobial management teams in the different hospitals, the implications of this 

thesis are more practical. To improve use of guidelines and antibiotics, developing 

and distributing local guidelines are a first but insufficient step, as are the traditional 

educational efforts. With the ever increasing computerisation of healthcare, methods 

that offer tailored information on the spot and repeatedly, are already available 

(automated reminders, stop orders, decision support) and should be given a place. 

This would allow to create desired habits and to avoid older habits without damaging 

the physicians’ individual freedom. They need to aim on clear and well-described 

objectives, such as therapy duration, de-escalation and intravenous-oral switch. 

Instead of focussing on separate objectives, it is preferable to create a bundle, as each 

of them is necessary to counter antibiotic misuse and resistance development. Also as 

already mentioned, when new physicians enter service, they need to be immediately 

introduced to the local guidelines with an emphasis on argumentation of differences 

that are present.  

More specific for the treatment of CAP, the Belgian Antimicrobial Policy 

Coordination Committee (BAPCOC) and Belgian hospitals need to consider the 

formal adoption and inclusion in the guidelines of one of the available disease severity 

scoring systems.65,150,154,155 Currently, the definitions for disease severity used in the 

national and also local CAP guidelines are not very clear, leading to multiple 

interpretations and a diverse antibiotic management. 

 

VI.6. Methodological considerations 

Both qualitative and quantitative methods have been used in this thesis. Whereas the 

literature review and follow-up study are quantitative, the focus group study is purely 

qualitative. In this case, the survey contains elements of both approaches. Older 

studies on antibiotic use and guideline implementation used a strict quantitative 

approach, combined with only limited background information of the study site. This 

limitation is one of the main causes that, until now, little is known how to translate 

specific observations to interventions. In this thesis, we have used the Theory of 
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Planned Behaviour to gain deeper understanding of current antimicrobial practice. 

However, as we have demonstrated in our survey, this theory does not provide a full 

clarification of physicians’ antibiotic use. Even after correcting for habit strength, 

there is still a considerable amount of unexplained behaviour, urging the development 

of a broader theoretical framework allowing quantitative and qualitative explanation 

and intervention translation.55 

 

VI.7. Implications for future research 

An important limitation in this thesis is that our proposed interventions are not 

validated in practice and, consequently, translations of the observed barriers into 

interventions are hypothetical. To either confirm or disapprove the efficacy of these 

proposals, another study will be needed. 

Although we have identified the impact of habit strength and the presence of separate 

groups with diverging opinions and with different intention origins on antibiotic 

guideline use, we do not know with certainty how this will affect actual antimicrobial 

practice. Also, it is not clear to what extent interventions need to be tailored to these 

different target groups or which groups should get priority. In an ideal world, it should 

be possible to link the results from our survey study with the physician’s actual 

clinical performance, in order to correct for variables such as experience, specialism, 

habit strength and opinions or intentions towards antibiotic guidelines. However, such 

a study may encounter many practical and ethical objections. 

We noticed a possible interaction with the 2009 A/H1N1 pandemic, resulting in lower 

guideline compliance. To confirm our observation in relation to this specific 

pandemic, more sufficiently powered retrospective studies are needed. Also, in case 

of similar large-scale events in the future, the increased attention on the specific 

epidemic disease should coincide with increased monitoring on correct antibiotics use 

for other, possibly related infections. 

In this thesis, the two involved hospitals used a highly similar guideline for antibiotic 

management for CAP. However, it is not known if guidelines in other Belgian 

hospitals correspond in the same way and what their differences are with the main 

Belgian guideline. A thorough review of the available antibiotic guidelines in 

Belgium and corresponding antimicrobial use is advisable to investigate their quality 

and influence on local antibiotic management. 
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Finally, hospital pharmacists’ involvement in antibiotic therapy is still limited in 

Belgian hospitals but their role is increasing, considering the adoption of AMTs as a 

major player in antibiotic policy and the evolution towards more clinical pharmacy. 

However, good-quality local studies will be needed to fully prove and to convince 

other medical professions of the beneficial effect of an “antibiotic” pharmacist. 
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Summary 
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In order to preserve the activity of antibiotics against antimicrobial resistance, 

antibiotic treatment guidelines have become essential in modern medicine. However, 

after publication many guidelines experience a large array of barriers impeding their 

use in daily practice. Interventions that overcome these barriers are needed to improve 

guideline use. However, while most interventions have moderate effects and 

multifaceted and restrictive interventions have more impact than single and persuasive 

ones, there is little knowledge on how interventions should be selected, which factors 

will determine their yield and how they actually work. In the General Introduction is 

explained how tailoring according present barriers and the use of theories on 

behaviour and behavioural change, such as the Theory of Planned Behaviour, may 

improve intervention selection and understanding. Furthermore, the research 

questions of this PhD project are described and how they relate to this issue. At the 

end, a description of the Belgian situation is provided with its history of high 

antibiotic use in the community and in hospitals. Although the initiatives from the 

recent years have lead to lower antibiotic consumption in the community and 

hospitals, total antibiotic use remains high in Belgium and is again on the rise with 

broad-spectrum antibiotics being the most consumed ones.  

 

The first part of this PhD-project consisted of a literature review on which 

interventions are already used and prove to be efficient to improve the use of 

community-acquired pneumonia guidelines, discussed in Chapter 2. Over 10,000 

articles were searched and from 30 eligible articles concerning 27 different studies, 

the interventions were listed, grouped and compared with the available clinical, 

economical and process outcomes. Educational meetings and distribution of written 

material were the two most used interventions with most individual studies showing 

positive overall results. In general however, no significant relation between number or 

type of implementation interventions and improvement of outcomes could be 

detected. For audit and feedback, the benefit of this commonly used but complex and 

expensive intervention has been shown to be low or absent and not necessarily 

balanced by higher outcome improvement. Other hospital-specific factors were found 

to have a much greater impact on the rate of improvement than the used interventions 

alone. Reducing variability in the studies' methodology and providing sufficient 

quantitative and qualitative data would also be needed for a better understanding of 

intervention implementation. 
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In Chapter 3, the aim was to identify these hospital-specific factors that can either 

improve or impede the use of the local antibiotic guidelines in two different hospitals. 

Using focus groups with hospital physicians covering all major disciplines (internal 

medicine and surgery) and levels of experience (residents and staff members) we 

observed that local antibiotic guidelines experience the same barriers as other 

guidelines such as presence although some new barriers emerged too. More 

importantly, different groups with diverging opinions on and requirements from 

guideline contents, interpretation and supportive measures were observed within the 

same hospital. Providing additional support and follow-up of antibiotic guideline use 

through multidisciplinary collaboration with infectious diseases specialists, 

microbiologists or clinical pharmacists looks promising. If clinical pharmacists are to 

be involved however, additional efforts will be needed to improve their credibility 

amongst physicians.  

 

In order to validate the findings above and identify the more influential barriers and 

facilitators, a survey based on the Theory of Planned Behaviour with an additional 

measure for Habit Strength was constructed and distributed in two hospitals, which is 

reported in Chapter 4. This survey identified the importance of habits on antibiotic 

guideline use and confirmed the presence of separate groups stipulating different 

antibiotic policies. Staff members’ intentions to use antibiotic guidelines experienced 

substantial influence of existing habits, giving preference to interventions that aim to 

break habits and give direct proposals such as automated decision support systems, 

support from other disciplines or financial incentives. On the other hand, residents’ 

intention is more guided by external influences and the amount of control they 

experience. This makes convenient guideline formats, familiarization and guidance on 

how the local guidelines are actually devised and used, and feedback the preferred 

interventions. Attitudes appeared to have a mixed influence on intention to use 

antibiotic guidelines, possibly dependent on the type of hospital. Multidisciplinary 

collaboration is a valuable alternative but may depend on physicians’ familiarity with 

the specified discipline. 

 

Chapter 5 described a follow-up study of antibiotic management of community-

acquired pneumonia in the same two hospitals. Using a validated set of quality 
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indicators, overall adherence to the local pneumonia guideline and the impact on this 

outcome of low-intensity and low-cost interventions in one hospital were assessed. 

This was combined with an in globo evaluation of the on-line guidelines by use of an 

electronic tracker. In general, guideline compliance was good with up to 70% of the 

patients receiving guideline compliant antibiotic therapy. While the interventions to 

improve antibiotic guideline use were successful in increasing the use of the on-line 

version, this did not lead to a further increase of patients receiving compliant therapy. 

On the contrary, a temporal but significant decrease in compliance was observed, 

probably due to the concurrent A/H1N1 influenza pandemic during fall 2009. 

Furthermore, evaluation of current antibiotic management in the two observed 

hospitals showed considerable room for improvement in therapy streamlining, 

intravenous-oral switch and duration of antibiotic therapy. 

 

In the General Discussion the reasons for these unexpected results were explained. 

Modifications to current interventions and options for other, future interventions are 

discussed for both hospitals, taking into account the results from the previous chapters 

although these recommendations remain untested. We also proposed an “antibiotic 

management bundle” that can improve overall antibiotic management. For both 

clinical and non-clinical hospital pharmacists suggestions are made how they can each 

help to improve antibiotic use. Health care policy makers need to reconsider the 

current position and authority of the antimicrobial management teams while both 

should stimulate an increased use of already available information technology. When 

community-acquired pneumonia guidelines are updated, guideline developers need to 

incorporate the widely adopted scoring systems to decrease multiple interpretations 

and different treatments. Future research should clarify the impact of different 

physician groups and the effect of large-scale events such as epidemics on antibiotic 

use. Furthermore, more local studies of good quality are needed on the role of an 

“antibiotic” pharmacist. 
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Samenvatting 
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Met de toenemende antimicrobiële resistentie zijn antibioticarichtlijnen tegenwoordig 

onmisbaar geworden in de moderne geneeskunde om de activiteit van antibiotica 

zolang mogelijk te vrijwaren. Richtlijnen ondervinden na hun publicatie echter veel 

hindernissen die hun toepassing in de dagelijkse praktijk bemoeilijken. Daarom zijn er 

interventies nodig die deze hindernissen kunnen opheffen en het gebruik van de 

richtlijnen in de praktijk stimuleren. De meeste interventies hebben een redelijk effect 

op het verbeteren van het richtlijn gebruik, waarbij interventies uit meerdere delen en 

interventies die beperkingen opleggen meer effect sorteren dan enkelvoudige 

interventies en interventies die proberen te overtuigen van het nut van de richtlijn. 

Daarentegen is de kennis over hoe deze interventies moeten geselecteerd worden, wat 

hun effect zal beïnvloeden en hoe ze eigenlijk werken, zeer beperkt. In de Algemene 

Inleiding  wordt ingegaan hoe de selectie van interventies kan verbeterd worden door 

deze te baseren op basis van de aanwezige hindernissen tegen de richtlijnen en op 

basis van gedragswetenschappelijke theorieën, vb. de Theorie van Gepland Gedrag 

(Theory of Planned Behaviour). Verder bespreken we de verschillende 

onderzoeksvragen in dit doctoraatsproject en hoe zij verband houden met deze 

overkoepelende problematiek. Tot slot wordt de specifieke situatie in België 

beschreven met de gekende hoge verbruiken van antibiotica, zowel bij niet-

gehospitaliseerde als gehospitaliseerde patiënten. Naar aanleiding daarvan werden 

voorbije jaren verschillende initiatieven genomen die geleid hebben tot een tijdelijke 

daling in het antibioticaverbruik en de bacteriële resistentie, bleef het verbruik hoog 

en is er de jongste jaren weer een toename van de consumptie van breed-spectrum 

antibiotica. 

 

Het eerste deel van dit doctoraatsproject is beschreven in Hoofdstuk 2 en bestond uit 

een review van de bestaande literatuur over welke interventies reeds gebruikt en 

effectief bleken te zijn in het invoeren van richtlijnen over de behandeling van 

longontsteking opgelopen buiten het ziekenhuis (community-acquired pneumonia 

(CAP)). Uit de meer dan 10.000 artikels die werden onderzocht, konden 27 studies 

geselecteerd worden. De interventies werden opgelijst, gegroepeerd en vervolgens 

vergeleken op basis van de beschikbare klinische, economische en proces-parameters. 

Alle studies vertoonden over het algemeen positieve resultaten en educatieve 

bijeenkomsten en het verspreiden van geschreven educatief materiaal waren de meest 

gebruikte interventies. Via statistische analyse kon er echter geen relatie worden 
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aangetoond tussen het aantal of het type van de gebruikte interventies en de gemeten 

verbeteringen. Audit en feedback werd regelmatig gebruikt maar vertoonde bijna geen 

effect hoewel deze interventie zeer complex is om uit te voeren. Vermoed werd dat 

andere factoren, specifiek voor ieder ziekenhuis, meer invloed op de mate van de 

gemeten verbeteringen hadden dan de interventies op zich. Daarnaast werd ook 

vastgesteld dat er nood is aan een meer uniforme methode in de verschillende studies 

en dat meer kwantitatieve en kwalitatieve data nodig om het proces van richtlijn 

implementatie beter te begrijpen. 

 

In Hoofdstuk 3 was ons doel om in twee verschillende ziekenhuizen deze ziekenhuis-

specifieke factoren die het gebruik van de lokale antibioticarichtlijnen kunnen 

hinderen of stimuleren, te identificeren. Hiervoor werden focusgroepen met 

ziekenhuisartsen georganiseerd waarin de belangrijkste disciplines (inwendige 

geneeskunde en chirurgie) en mate van ervaring (arts-assistenten en vaste stafleden) 

waren vertegenwoordigd. Hierbij bleken de antibioticiarichtlijnen onderhevig te zijn 

aan dezelfde hindernissen als andere richtlijnen, hoewel ook nieuwe hindernissen 

werden ontdekt. Belangrijk was dat er verschillende groepen van artsen bleken te zijn 

binnen hetzelfde ziekenhuis, met uiteenlopende visies en verwachtingen over de 

inhoud van de richtlijnen, interpretatie en ondersteunde maatregelen. Ondersteuning 

en opvolging van het gebruik van de antibioticarichtlijnen door middel van 

multidisciplinaire samenwerking met infectiologen en microbiologen leek beloftevol. 

Indien klinisch apothekers hierbij worden betrokken, zal extra aandacht nodig zijn om 

hun geloofwaardigheid bij artsen te verbeteren. 

 

Om deze bevindingen te bevestigen en de meest belangrijke hindernissen te 

identificeren, werd een vragenlijst ontwikkeld die gebaseerd was op de Theorie van 

Gepland Gedrag en die ook bijkomend rekening hield met de Gewoontesterkte. Deze 

vragenlijst werd nadien verspreid onder de artsen in dezelfde twee ziekenhuizen wat 

beschreven is in Hoofdstuk 4. Hierbij kon het belang van gewoontes in het gebruik 

van antibioticarichtlijnen geïdentificeerd worden en werd het bestaan van 

verschillende groepen binnen eenzelfde ziekenhuis bevestigd. De intentie om de 

richtlijnen te gebruiken was bij stafleden voor een groot deel beïnvloed door 

bestaande routine en gewoontes. Om dergelijke gewoontes te doorbreken zijn gerichte 

interventies die directe voorstellen geven, zoals geautomatiseerde 
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beslissingssystemen, ondersteuning van andere disciplines of financiële 

responsabilisering het meest geschikt. Daarentegen wordt de intentie om de richtlijnen 

te gebruik bij arts-assistenten eerder beïnvloed door externe factoren en de mate van 

controle over de richtlijnen de assistenten ondervinden. Dit maakt dat richtlijnen die 

in een handige en prakische bruikbare vorm beschikbaar zijn, beter vertrouwd maken 

met de richtlijnen en beter inzicht in het ontwikkelen en gebruik van de richtlijnen 

meer geschikte interventies zijn voor deze groep. De houding tegenover het gebruik 

van richtlijnen had een wisselende invloed die mogelijk afhankelijk is van het type 

ziekenhuis. Ook hier bleek multidisciplinaire samenwerking een interventie met een 

hoog potentieel maar ook dat de vertrouwdheid van de arts met de betreffende 

discipline, vooral bij klinisch apothekers, van groot belang is voor het welslagen. 

 

Hoofdstuk 5 beschreef een opvolgstudie van het antibioticabeleid bij de behandeling 

van CAP, eveneens in dezelfde ziekenhuizen. Door middel van gevalideerde 

kwaliteitsindicatoren werden het algemene gebruik van de lokale CAP-richtlijn en de 

impact hierop van interventies met een lage kost en intensiteit nagegaan. Daarnaast 

werd ook een algehele evaluatie gedaan van het gebruik van de ganse groep van 

antibioticarichtlijnen die online beschikbaar zijn door middel van een elektronische 

teller. Over het algemeen, was het gebruik van de CAP-richtlijn reeds vrij goed 

waarbij tot 70% van de patiënten volgens de richtlijn werd behandeld. Hoewel de 

gebruikte interventies een significant effect hadden op het gebruik van de online 

richtlijnen, leidde dit niet tot een verdere verbetering. Daarentegen zagen we in het 

najaar van 2009 een tijdelijke maar belangrijke daling in het aantal patiënten 

behandeld volgens de richtlijn wat waarschijnlijk te wijten is aan de gelijktijdige 

A/H1N1 influenza pandemie. Daarnaast was er op het vlak van het overschakelen van 

breed-spectrum naar smal-spectrum antibiotica, van intraveneuze naar orale 

toediening en behandelingsduur nog ruimte voor verbetering. 

 

In de Algemene Discussie worden de redenen van deze onverwachten resultaten 

toegelicht. Verder worden mogelijke wijzigingen aan bestaande initiatieven en opties 

voor toekomstige interventies voor beide ziekenhuizen besproken, waarbij de 

resultaten van de voorgaande studies werden gebruikt maar niet in praktijk getest 

kunnen worden. Verder maakten we een voorstel voor een generieke 

“antibioticabeleidsbundel”, die deel zou moeten uitmaken van elke antibiotische 
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behandeling en het algemeen antibioticaverbruik kan verbeteren. Voor zowel de 

klinische als de “niet-klinische” ziekenhuisapotheker werden mogelijkheden 

aangehaald hoe elk kan bijdragen tot een beter antibioticaverbruik. Beleidsmakers 

echter zouden de huidige positie en invloed van de lokale antibioticabeleidsgroepen 

moeten heroverwegen. Verder zou het gebruik van al beschikbare informatiesystemen 

moeten gestimuleerd worden. Wat betreft de huidige richtlijnen over de behandeling 

van CAP, raadden we aan om de reeds wijdverspreide score systemen mee in te 

voeren om verwarring en verschillende interpretaties te verhinderen. Het bestuderen 

van de impact van verschillende artsengroepen op het gebruik van richtlijnen, hoe 

interventies hieraan moeten worden aangepast en wat de invloed is van grootschalige 

gebeurtenissen zoals pandemieën zou centraal moeten staan in toekomstig onderzoek. 

Verder, om artsen te kunnen overtuigen van samenwerking met (klinisch) apothekers 

is er nood aan goede, lokale studies over hun rol in het antibioticabeleid.  
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Appendix 1.  Possible interventions identified by the Cochrane Effective Practice 
Of Care (EPOC) Review Group  
 

(Available on http://epoc.cochrane.org/sites/epoc.cochrane.org/files/uploads/ 
datacollectionchecklist.pdf; Date accessed 01/09/2010) 
 
Professional interventions 

a) Distribution of educational materials: Distribution of published or printed recommendations 
for clinical care, including clinical practice guidelines, audio-visual materials and electronic 
publications. The materials may have been delivered personally or through mass mailings. 

b) Educational meetings: Health care providers who have participated in conferences, lectures, 
workshops or traineeships. 

c) Local consensus processes: Inclusion of participating providers in discussion to ensure that 
they agreed that the chosen clinical problem was important and the approach to managing the 
problem was appropriate. 

d) Educational outreach visits: Use of a trained person who met with providers in their practice 
settings to give information with the intent of changing the provider’s practice. The 
information given may have included feedback on the performance of the provider(s). 

e) Local opinion leaders: Use of providers nominated by their colleagues as ‘educationally 
influential’. The investigators must have explicitly stated that their colleagues identified the 
opinion leaders. 

f) Patient mediated interventions: New clinical information (not previously available) collected 
directly from patients and given to the provider e.g. depression scores from an instrument. 

g) Audit and feedback: Any summary of clinical performance of health care over a specified 
period of time. The summary may also have included recommendations for clinical action. 
The information may have been obtained from medical records, computerised databases, or 
observations from patients. 

h) Reminders: Patient or encounter specific information, provided verbally, on paper or on a 
computer screen, which is designed or intended to prompt a health professional to recall 
information. This would usually be encountered through their general education; in the 
medical records or through interactions with peers, and so remind them to perform or avoid 
some action to aid individual patient care. Computer aided decision support and drugs dosage 
are included. 

i) Marketing: Use of personal interviewing, group discussion (‘focus groups’) or a survey of 
targeted providers to identify barriers to change and subsequent design of an intervention that 
addresses identified barriers. 

j) Mass media: i) varied use of communication that reached great numbers of people including 
television, radio, newspapers, posters, leaflets, and booklets, alone or in conjunction with 
other interventions; ii) targeted at the population level. 

k) Other 
 

Financial interventions 
Provider interventions 

a) Fee-for-service: provider has been paid for number and type of service delivered. 
b) Prepaid: no other description. 
c) Capitation: provider was paid a set amount per patient for providing specific care. 
d) Provider salaried service: provider received basic salary for providing specific care. 
e) Prospective payment: provider was paid a fixed amount for health care in advance. 
f) Provider incentives: provider received direct or indirect financial reward or benefit for doing 

specific action. 
g) Institution incentives: institution or group of providers received direct or indirect financial 

rewards or benefits for doing specific action. 
h) Provider grant/allowance: provider received direct or indirect financial reward or benefit not 

tied to specific action. 
i) Institution grant/allowance: institution or group of providers received direct or indirect 

financial reward or benefit not tied to specific action. 
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j) Provider penalty: provider received direct or indirect financial penalty for inappropriate 
behaviour. 

k) Institution penalty: institution or group of providers received direct or indirect financial 
penalty for inappropriate behaviour. 

l) Formulary: added or removed from reimbursable available products. 
m) Other 

Patient interventions 
a) Premium: Patient payment for health insurance. It is important to determine if the patient paid 

the entire premium, or if the patient’s employer paid some of it. This includes different types 
of insurance plans. 

b) Co-payment: Patient payment at the time of health care delivery in addition to health 
insurance e.g. in many insurance plans that cover prescription medications the patient may pay 
5 dollars per prescription, with the rest covered by insurance. 

c) User-fee: Patient payment at the time of health care delivery. 
d) Patient incentives: Patient received direct or indirect financial reward or benefit for doing or 

encouraging them to do specific action. 
e) Patient grant/allowance: Patient received direct or indirect financial reward or benefit not tied 

to specific action. 
f) Patient penalty: Patient received direct or indirect financial penalty for specified behaviour 

e.g. reimbursement limits on prescriptions. 
g) Other 
 

Organisational interventions 
Provider orientated interventions 

a) Revision of professional roles: Also known as ‘professional substitution’, ‘boundary 
encroachment’ and includes the shifting of roles among health professionals. For example, 
nurse midwives providing obstetrical care; pharmacists providing drug counselling that was 
formerly provided by nurses and physicians; nutritionists providing nursing care; physical 
therapists providing nursing care. Also includes expansion of role to include new tasks. 

b) Clinical multidisciplinary teams: creation of a new team of health professionals of different 
disciplines or additions of new members to the team who work together to care for patients. 

c) Formal integration of services: bringing together of services across sectors or teams or the 
organisation of services to bring all services together at one time also sometimes called 
‘seamless care’. 

d) Skill mix changes: changes in numbers, types or qualifications of staff. 
e) Continuity of care: including one or many episodes of care for inpatients or outpatients. 

� Arrangements for follow-up. 
� Case management: including co-ordination of assessment, treatment and arrangement 

for referrals. 
f) Satisfaction of providers with the conditions of work and the material and psychic rewards: 

e.g. interventions to ‘boost morale’. 
g) Communication and case discussion between distant health professionals: e.g. telephone links; 

telemedicine; there is a television/video link between specialist and remote nurse practitioners. 
h) Other 

Patient orientated interventions 
a) Mail order pharmacies: e.g. compared to traditional pharmacies. 
b) Presence and functioning of adequate mechanisms for dealing with patients’ suggestions and 

complaints. 
c) Consumer participation in governance of health care organization. 
d) Other 
 

Structural interventions 
a) Changes to the setting/site of service delivery: e.g. moving a family planning service from a 

hospital to a school. 
b) Changes in physical structure, facilities and equipment: e.g change of location of nursing 

stations, inclusion of equipment where technology in question is used in a wide range of 
problems and is not disease specific, for example an MRI scanner. 

c) Changes in medical records systems: e.g. changing from paper to computerised records, 
patient tracking systems. 

d) Changes in scope and nature of benefits and services. 
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e) Presence and organisation of quality monitoring mechanisms. 
f) Ownership, accreditation, and affiliation status of hospitals and other facilities. 
g) Staff organization. 
h) Other 
 

Regulatory interventions 
Any intervention that aims to change health services delivery or costs by regulation or law. These 
interventions may overlap with organisational and financial interventions. 

a) Changes in medical liability. 
b) Management of patient complaints. 
c) Peer review. 
d) Licensure. 
e) Other 
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Appendix 2.  Characteristics of studies included for literature review  

Study Design 

Patient 
selection 
criteria Number of patients 

Duration of 
intervention 

Risk for 
bias a 

Guideline primary 
targets 

Al-Eidan et 
al. 200072 

Retrospective 
before-after 

Adults with primary 
diagnosis of lower 
respiratory tract 

infection 

Control: 112;  
intervention: 115 

11/1995-
02/1996 

S: moderate; 
P: high; A: 
low; D: low 

LOS, treatment 
success, costs 

Atlas et al. 
199873 

Retrospective 
before-after 

Adults <84 years 
with symptoms of 

CAP 

Control: 147;  
intervention: 166 

04/1996-
02/1997 

S: moderate; 
P: high; A: 
low; D: low 

Outpatient treatment, 
initial AB selection, 

mortality, 
readmission 

Benenson 
et al. 199974 

Retrospective 
before-after 

Adults with 
diagnosis of 
pneumonia 

admitted via ED 

Control: 63; 
1st intervention period: 96 

2nd intervention period: 
122 

Pathway 
introduction: 
04/1994 (01-
03/1995) (01-

03/1997) 

S: moderate; 
P: high; A: 
low; D: low 

Timely administration of 
AB, initial treatment in 

ED, LOS, mortality 

Chu et al.. 
200375 

Retrospective 
CBA 

Adult Medicare 
patients with 
diagnosis of 
pneumonia; 

- Intervention sites: 
baseline: 514; post 
intervention: 369 

- Nonintervention sites: 
baseline: 108; baseline 2: 

440; post intervention 
413 

04-06/1995 
S: moderate; 
P: moderate; 
A: low; D: low 

Timely administration of 
AB, sputum/blood 
culture collection, 

mortality, 

Coley et al. 
200076 

Retrospective 
before-after 

Adults with 
diagnosis of CAP 

Control: 105;  
intervention: 120 

08/1996-
06/1997 

S: high; P: 
high; A: low; 

D: low 
Initial AB selection, cost 

Cregin et al. 
200277 

Retrospective 
before-after 

Adults with 
diagnosis of CAP 
admitted via ED 

Control: n=83 (01–
12/1998); intervention 

n=93 (06/1999-05/2000) 
01-06/1999? 

S: moderate; 
P: high; A: 
low; D: low 

Timely administration of 
AB, LOS, initial AB 

selection 

Dean et al. 
200178 

Retrospective 
CBA 

Adult Medicare 
patients >65 years 

-Intervention: baseline: 
4048; post-intervention; 

2547 
-Control: baseline: 10758 
post-intervention: 11308 

Guideline 
implementation: 

06–10/1995 
(several sites) 

S: moderate; 
P: moderate; 
A: low; D: low 

Admission decision, 
mortality 

Dean et al. 
2000 79 -
Suchyta et 
al. 200080 

Retrospective 
before-after 

Adults with 
diagnosis of CAP 

Control: 199;  
intervention: 264 

03/1995-
02/1996 

S: moderate; 
P: high; A: 
low; D: low 

Admission decision 
mortality, initial AB 

selection 

Ehrenkranz 
et al. 199281 

No baseline 
data; RCT 

Adults >21 years 
with diagnosis of 

non-mycobacterial 
CAP 

Control: 29;  
intervention: 53 

03/1988-
10/1989 

S: low; P: 
high; A: low; 

D: low 

LOS, intravenous-oral 
therapy conversion 

Fine et al. 
200382 

No baseline 
data; RCT 

Adults with 
diagnosis of CAP 

treated by 
participating 

physician 

Control: 325;  
intervention: 283 

02/1998-
03/1999 

S: low; P: 
high; A: low; 

D: low 

Intravenous-oral 
therapy conversion; 

timely hospital 
discharge 

“Florida 
Medical 
Quality 
Assurance, 
Inc.” 199883 

Retrospective 
before-after 

Adults with 
diagnosis of CAP 

Control: 145;  
intervention: 208 

Unclear 

S: moderate; 
P: high; A: 

moderate; D: 
moderate 

Timely administration of 
AB, sputum/blood 
culture collection 

Gottlieb et 
al. 199684 

Retrospective 
before-after 

Adults with 
diagnosis of CAP 

Control: 323;  
intervention: 218 03-11/1995 

S: high; P: 
high; A: low; 
D: moderate 

Cost, LOS, initial AB 
selection, efficiency of 

care 

Hagaman et 
al. 200585 

Retrospective 
before-after 

Adults with 
diagnosis of CAP 

Control: 59; 
 intervention: 60 

08/2003-
03/2004 

S: high; P: 
high; A: low; 

D: low 

Intravenous-oral 
therapy conversion, 

timely discharge 

Halm et al. 
200486 

Retrospective 
before-after 

Adults with 
symptoms of CAP 

Control: 1013; 
intervention: 1081 

Unclear, 04-
11/2000? 

S: high; P: 
high; A: low; 

D: low 

Timely administration of 
AB, initial AB selection, 

intravenous-oral 
therapy conversion, 

timely discharge 

Horowitz et 
al. 200287 

Retrospective 
before-after 

Adults with 
diagnosis of CAP 

Control: 348;  
intervention: 201 07-11/1997 

S: moderate; 
P: high; A: 
low; D: low 

Length of stay, timely 
conversion 

Kawahara 
et al. 198988 

Retrospective 
Interrupted 
TS, before-

after analysis  

Adults >69 years 
with CAP with 

suspected gram-
negative infection 

229 01/1986-
12/1987 

S: high; P: 
moderate; A: 

low; D: 
moderate 

Cost of therapy 
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Study Design 

Patient 
selection 
criteria Number of patients 

Duration of 
intervention 

Risk for 
bias a 

Guideline primary 
targets 

Lawrence et 
al. 200289 

Prospective 
before-after 

Adults with 
symptoms of CAP 
admitted via ED 

Control: 52;  
intervention: 67 

12/1996-
03/1997 

S: moderate; 
P: moderate; 
A: low; D: low 

Timely administration of 
AB 

Marrie et al. 
200090 - 
Palmer et 
al. 200091 – 
Feagan 
200192 

No baseline 
data; cluster 
RCT, only 
concurrent 

control 

Adults with 
symptoms of CAP 
presenting to ED 

Control: 1027; 
intervention: 716 01-07/1998 

S: low; P: 
high; A: low; 
D: moderate 

Admission decision, 
initial AB selection, 

intravenous-oral 
therapy conversion, 

cost 

McGarvey 
and Harper 
199393 

Retrospective 
before-after 

Adults with 
pneumonia 

Control: 353;  
intervention: 517 

Introduction 
pathway: 
01/1990-
08/1991) 

S: high; P: 
high; A: low; 
D: moderate 

Initial AB selection, 
sputum/blood culture 

collection, timely 
administration of AB, 
infectious diseases 

consults 

Metersky et 
al. 199994 

Retrospective 
before-after 

Adults >65y with 
diagnosis of CAP 

Control: 713 (01-
12/1993); intervention: 

not given (04/1995-
03/1996) 

Unclear, 
beginning 

1995? 

S: high; P: 
high; A: 

moderate; D: 
low 

Timely administration of 
AB, sputum/blood 
culture collection, 

oxygenation 
assessment 

Murphy et 
al. 199995 

Retrospective 
before-after Adults with CAP 

Control: 1084 (1994); 
intervention: 1142 (1995); 
1267(1996);:1412 (1997) 

Unclear, 
different 
phases: 
04/1995-
01/1996 

S: high; P: 
high; A: 

moderate; D: 
low 

LOS, mortality, 
readmission, cost 

Phillips and 
Crain 
199896 

Retrospective 
CBA but 

analysis as 
before-after 

Adults with CAP Control: 59;  
intervention: 120 

1994-1st half 
1995 

S: moderate; 
P: high; A: 
low; D: low 

LOS, timely 
administration of AB, 

sputum collection, cost, 
return to activity, time to 

temp decrease 

Reddy et al. 
200197 

Retrospective 
CBA Adults with CAP Control: 126;  

intervention: 151 
07/1995-
06/1996 

S: moderate; 
P: moderate; 
A: low; D: low 

Timely administration of 
AB, sputum culture 

collection, intravenous-
oral therapy conversion 

Rhew et al. 
199898 

Prospective 
before-after 

Adults with CAP 
and low-risk for 
complications 

Control: 85;  
intervention: 67 

Study period: 
11/1994-
12/1995 

(different sites) 

S: moderate ; 
P: high; A: 
low; D: low 

LOS, patient outcome, 
quality of life 

Ross et al. 
199799 

Retrospective 
TS partial 

analysis as 
before-after 

Adults with 
pneumonia 

Control: 229 (07/1992-06/1993); 1st guideline 
version: 213 (08/1993-04/1994); 2nd version: 

161 (06-12/1994); 3rd version: 311 (02-
12/1995) 

S: high; P: 
high; A: 

moderate; D: 
high 

LOS, timely 
administration of AB, 
Rx-report availability 

Weingarten 
et al. 
1996100 

Prospective 
alternate 

month TS; 
analyzed as 
before-after 

Adults with 
symptoms of 
pneumonia 

Control: 78;  
intervention: 68 

11/1992-
08/1994 

S: moderate; 
P: high; A: 
low; D: low 

LOS, intravenous-oral 
therapy conversion 

Wright and 
Maydom 
2004101 

Prospective 
Interrupted 

TS analyzed 
as before-

after 

Adults with CAP 
admitted via ED 

51 05-11/2003 
S: high; P: 

high; A: low; 
D: low 

Severity assessment, 
timely administration of 
AB, initial AB selection, 

intravenous-oral 
therapy conversion 

a: Bias risk assessment; S: selection bias (systematic differences in comparison groups); P: 

:performance bias (systematic differences in care provided apart from the intervention being 

evaluated); A: attrition bias (systematic differences in withdrawals from the trial); D: detection 

bias (systematic differences in outcome assessment). AB: antibiotics; CAP: community-acquired 

pneumonia; CBA: controlled before-after; ED: emergency department; LOS: length of stay; RCT: 

randomized controlled trial; TS: times series. Study designs were determined according the 

Cochrane Non-Randomised Studies Methods Group (available at 

http://www.cochrane.dk/nrsmg/).
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Appendix 3.  Interventions per study and major outcomes in % of improvement 

Study 
Stated 

interventions 

Median 
all 

changes 

Median 
care 

process 
changes 

Median 
clinical 

outcome 
changes 

Median 
economic 
outcome 
changes 

Improvement 
guideline 

concordance 
Decrease 
mortality 

Decrease 
LOS 

Al-Eidan et 
al. 200072 

DM, EM, EO, 
LC, UR 56.7 56.0 56.7 66.8 n/a 56.7 51.1 

Atlas et al. 
199873 

EM, FA, PF, 
PI 

12.5 51.5 0.0 n/a 66.5 n/a 0.0 

Benenson 
et al. 
199974 

CP, LC, PF, 
PI, O 46.1 56.0 34.8 n/a n/a 47.0 22.7 

Chu et al.. 
200375 

AF, DM, EM, 
EO, QIO, SO 

30.0 54.5 29.1 n/a n/a 39.1 19.0 

Coley et al. 
200076 

CR, DM, EM, 
ER, LC, PI, 

UR 
16.8 148.6 12.5 33.3 277.0 -9.4 13.4 

Cregin et 
al. 200277 

CP, DM, EM, 
LC, LOL, MT, 

O, PI, UR 
48.0 107.6 41.7 n/a 174.1 n/a 28.6 

Dean et al. 
200178 

AF, DM, EM, 
EO, LC, PF, 

QIO, UR 
17.6 95.4 9.8 n/a 95.4 25.3 9.8 

Dean et al. 
2000 79 -
Suchyta et 
al. 200080 

DM, EM, LC, 
PF, QIO 

44.2 33.7 47.4 35.2 59.1 n/a 42.2 

Ehrenkranz 
et al. 
199281 

EM, PI 30.8 9.7 -16.3 35.9 n/a n/a n/a 

Fine et al. 
200382 

CP, CR, DM, 
LOL, PI 

8.0 16.0 -24.9 n/a 18.0 n/a n/a 

“Florida 
Medical 
Quality 
Assurance, 
Inc.” 199883 

AF, CP, DM, 
EM, O, QIO, 

UR 
-16.9 -16.9 n/a n/a n/a n/a n/a 

Gottlieb et 
al. 199684 

AF, CP, DM, 
EM, LC, O, 

PF, PI 
5.8 n/a 8.2 3.4 n/a n/a 8.2 

Hagaman 
et al. 
200585 

EM 49.5 49.5 39.5 n/a n/a n/a 13.1 

Halm et al. 
200486 

AF, C, DM, 
EM, LC, LOL, 

PF, UR 
3.6 4.2 0.0 n/a 6.8 n/a 0.0 

Horowitz et 
al. 200287 

AF, DM, EM, 
LC 9.3 14.0 -3.3 n/a n/a -5.1 -1.4 

Kawahara 
et al. 
198988 

C, DM 59.7 66.0 n/a 53.4 66.0 n/a n/a 

Lawrence 
et al. 
200289 

AF, EM, MT, 
O 

48.8 60.6 0.0 n/a n/a n/a 0.0 

Marrie et 
al. 200090 - 
Palmer et 
al. 200091 – 
Feagan 
200192 

CP, CR, PI, 
FA 25.1 27.0 0.0 26.4 n/a 0.0 14.6 

McGarvey 
and Harper 
199393 

AF, DM, EM, 
LC, O, SO 

47.9 107.1 23.1 8.9 n/a 33.6 12.5 

Metersky et 
al. 199994 

AF, CP, EM, 
LOL, QIO 

31.7 31.7 n/a n/a n/a n/a n/a 

Murphy et 
al. 199995 

AF, CP, EM, 
LC, LOL, PF, 

PI, QIO 
16.2 20.5 11.9 n/a n/a 60.2 11.9 
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Study 
Stated 

interventions 

Median 
all 

changes 

Median 
care 

process 
changes 

Median 
clinical 

outcome 
changes 

Median 
economic 
outcome 
changes 

Improvement 
guideline 

concordance 
Decrease 
mortality 

Decrease 
LOS 

Phillips and 
Crain 
199896 

CP 39.7 51.0 24.4 n/a n/a n/a 24.4 

Reddy et 
al. 200197 DM, EM 16.3 -39.1 16.3 23.1 n/a 0.0 16.3 

Rhew et al. 
199898 

AF, C, CR, 
DM, EM, EO, 

LOL, PI 
9.3 9.3 3.3 n/a 9.3 n/a -2.9 

Ross et al. 
199799 

AF, CP, DM, 
EM, LC, PF, 

SO 
103.6 194.9a 12.2 n/a n/a n/a 12.2 

Weingarten 
et al. 
1996100 

C, CR, MT 9.4 18.8 0.0 n/a n/a 0.0 n/a 

Wright and 
Maydom 
2004101 

AF, C, CP, 
DM, EM, UR 66.7 66.7 n/a n/a 250.0 n/a n/a 

AF: Audit/Feedback; C: Computer; CP: Clinical Pathway; CR: Chart Reminder; DM: Distribution 

of educational Material; EM: Educational Meeting; EO: Educational Outreach; ER: Electronic 

Reminder; FA: Formulary Adaptation; LC: Local Consensus; LOL: Local Opinion Leader; MT: 

Multidisciplinary Team; O: Organization; PF: Pre-printed Forms; PI: Patient-mediated 

Intervention; QIO: Quality Improvement Organization; SO: Standing Order; UR: Undefined 

Reminder; n/a: not available. 
a: Outlier (difference > three standard deviations from the mean). 
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Appendix 4.  Flemish-Dutch version of interview guide used for focus group 
discussions 
Vragenlijst Focusgroep 

Inleiding: Dit groepsgesprek is bedoeld om te zien wat er bij de artsen op de ziekenhuisvloer leeft 

rond het gebruik van antibiotica. Er wordt afgeweken van wat “goede praktijk/good practice” 

wordt genoemd en dit gebeurt door iedereen. Wij zijn er ons van bewust dat infecties behandelen 

niet eenvoudig is en willen hier dus zeker geen oordeel vellen. Onze vraag is vooral waar de 

belangrijkste oorzaken van dit afwijken liggen en hoe deze eventueel verbeterd kunnen worden. 

Met andere woorden, waar liggen de problemen die ervoor zorgen dat de “good practice” niet 

altijd wordt opgevolgd en hoe kunnen deze opgelost worden. 

1. We zijn hier samen om te praten over het gebruik van antibiotica in het ziekenhuis en de 

problemen hierbij. Misschien een eerste inleidende vraag: wat verstaan jullie onder een 

goed antibioticabeleid? Maw wat zijn de punten waar men in het algemeen beleid in het 

ziekenhuis op moet letten bij het gebruik van antibiotica? 

2. En wat is het belang van lokale richtlijnen in zo’n beleid? Zijn ze de basis of worden ze 

overroepen? 

3. In hoeverre maken jullie gebruik van de lokale richtlijnen? En wat is het meest praktisch, 

het boekje of het intranet? 

4. Hoe bent u deze lokale richtlijnen te weten gekomen? Is er iemand die u heeft gezegd: 

daar en daar kan u de richtlijnen terugvinden? 

Van welke andere methodes maakt u gebruik om de empirische therapie in te stellen? 

5. In welke mate vindt u dat er problemen zijn met de inhoud van deze lokale richtlijnen? 

Welke suggesties voor verbetering hebt u? 

6. Is het soms moeilijk om deze lokale richtlijnen te volgen? Wat zijn de belangrijkste 

problemen om deze lokale richtlijnen te volgen?a 

� Toepasbaarheid 

 

� Kwaliteit richtlijn 

 � Routine 

 

� Ervaring/opleiding 

 � Organisatie ziekenhuis/werkdruk 

 

� Andere richtlijnen 

 7. Heeft u suggesties naar extra ondersteuning, zowel specifiek naar de richtlijnen als in het 

algemeen naar antibiotica?a  

� Audit & feedback 
 

� Reminders 
 

� Klinische paden 
 

� Multidisciplinaire samenwerking 
 

� Organisatie 
 

� Opleiding/training 
 a: Onderliggende items waren niet zichtbaar voor de deelnemers. Indien deze niet spontaan naar boven 

kwamen tijdens de discussies, werd hiernaar gepolst door de moderator of scriptor.
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Appendix 5.  Unvalidated translation of TPB questionnaire 

 

Antibiotic guidelines in the hospital: opinion and use*  

Thank you for your participation in this survey. The aim of the survey is to look how 

antibiotic guidelines are perceived by physicians, how often they are used and 

which factors can have an influence on this. The questions are developed in 

collaboration with the Faculty of Psychology, based on focus group discussions with 

physicians from this hospital. Your own personal experience however, is needed in order 

for us to obtain a detailed view. Filling in this questionnaire will take about 20 minutes at 

most. Before you start answering, please read the items below first.  

 

� Each question deals with empirically treating of your patients with a possible infection 

with the help of the local antibiotic guidelines, avaible on 

http://www.antibioticagids.be, the intranet and as “Antibioticagids Leuven” 

(booklet).  

� Using the antibiotic guidelines is defined as actual prescribing while using these 

guidelines and/or prescribing in accordance with your experience that 

corresponds with these guidelines.  

� This survey will be dealt with in an anonymous and confidential way! Results will 

only be used for scientific research.  

� Do not think too long: we are mostly interested in your first though.  

� Be honest: there are no good or bad answers.  

� Circle for each question one number that corresponds most with your own opinion.  

� This questionnaire contains several questions of the same kind. This is necessary in 

order to correct for different interpretations.  

 

After filling this survey, you can use the enclosed envelope to send it back to us. You may 

also deliver the survey to the hospital pharmacy who will forward it to us. Any questions or 

remarks concerning this survey may be sent to: pieterjan.cortoos@pharm.kuleuven.be 

* Unvalidated translation
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Survey: “Antibiotic guidelines in the hospital: opinion and use” 

How do you think you will follow the antibiotic guidelines during next year? 

1. I expect to use the antibiotic guidelines for my patients with a possible infection 

during next year. 

Fully disagree  1 2 3 4 5 6 7 Fully agree 

 

2. I want to use the antibiotic guidelines for my patients with a possible infection 

during next year. 

Fully disagree  1 2 3 4 5 6 7 Fully agree 

 

3. I intend to use the antibiotic guidelines for my patients with a possible infection 

during next year. 

Fully disagree  1 2 3 4 5 6 7 Fully agree 

 

What is your opinion regarding antibiotic guidelines? 

4. Using the antibiotic guidelines for my patients with a possible infection during next 

year is: 

Harmful 1 2 3 4 5 6 7 Beneficial  

Worthless 1 2 3 4 5 6 7 Useful  

Good  1 2 3 4 5 6 7 Bad  

Gives me satisfaction  1 2 3 4 5 6 7 
Doesn’t give me 

satisfaction  

The wrong thing to do 1 2 3 4 5 6 7 The right thing to do 

Unpleasant (for me)  1 2 3 4 5 6 7 Pleasant (for me) 

 

5. If I use the antibiotic guidelines, then it will give me more work. 

Unlikely 1 2 3 4 5 6 7 Likely 

 

6. If I use the antibiotic guidelines, then it will lead to a more expensive treatment. 

Unlikely 1 2 3 4 5 6 7 Likely 
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7. If I use the antibiotic guidelines, then I will stop thinking about the infection 

myself.  

Unlikely 1 2 3 4 5 6 7 Likely 

 

8. If I use the antibiotic guidelines, then I will ignore the specificity of my patient. 

Unlikely 1 2 3 4 5 6 7 Likely 

 

9. If I use the antibiotic guidelines, then I will increase the quality of medical care. 

Unlikely 1 2 3 4 5 6 7 Likely 

 

10. I use the antibiotic guidelines, then I am able to use them for the majority of my 

patients. 

Unlikely 1 2 3 4 5 6 7 Likely 

 

Are there any person(s) who (can) affect your use of guidelines? 

11. Most people who are important to me think that I should use the antibiotic 

guidelines for my patients with a possible infection during next year. 

Fully disagree  1 2 3 4 5 6 7 Fully agree 

 

12. Most people who are important to me use the antibiotic guidelines for their 

patients themselves. 

Fully disagree  1 2 3 4 5 6 7 Fully agree 

 

13. It is expected of me that I use the antibiotic guidelines for my patients with a 

possible infection during next year. 

Fully disagree  1 2 3 4 5 6 7 Fully agree 

 

14. I feel under social pressure to use the antibiotic guidelines for my patients with a 

possible infection during next year. 

Fully disagree  1 2 3 4 5 6 7 Fully agree 
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15. The staff members in this hospital use the antibiotic guidelines themselves. 

Fully disagree  1 2 3 4 5 6 7 Fully agree 

 

16. Whether staff members use the antibiotic guidelines themselves, is important to 

me. 

Unlikely 1 2 3 4 5 6 7 Likely 

 

17. The staff members in this hospital think I should use the antibiotic guidelines. 

Fully disagree  1 2 3 4 5 6 7 Fully agree 

 

18. What staff members think I should do, is important to me. 

Unlikely 1 2 3 4 5 6 7 Likely 

  

19. Other disciplines in the hospital use the antibiotic guidelines themselves.  

Fully disagree  1 2 3 4 5 6 7 Fully agree 

 

20. Whether other disciplines use the antibiotic guidelines themselves, is important to 

me.  

Unlikely 1 2 3 4 5 6 7 Likely 

 

21. The residents in this hospital use the antibiotic guidelines themselves.  

Fully disagree  1 2 3 4 5 6 7 Fully agree 

 

22. Whether the residents use the antibiotic guidelines themselves, is important to me.  

Unlikely 1 2 3 4 5 6 7 Likely 

 

23. Medical companies encourage me to use the antibiotic guidelines. 

Fully disagree  1 2 3 4 5 6 7 Fully agree 

 

24. What medical companies think I should do is important to me.  

Unlikely 1 2 3 4 5 6 7 Likely 
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What can facilitate or hamper your use of antibiotic guidelines? 

25. Whether I use the antibiotic guidelines for my patients with a possible infection 

during next year is entirely up to me. 

Fully disagree  1 2 3 4 5 6 7 Fully agree 

 

26. The decision to use the antibiotic guidelines for my patients with a possible 

infection during next year is beyond my control. 

Fully disagree  1 2 3 4 5 6 7 Fully agree 

 

27. For me to use the antibiotic guidelines for my patients with a possible infection 

during next year is easy. 

Fully disagree  1 2 3 4 5 6 7 Fully agree 

 

28. I am confident that I can use the antibiotic guidelines for my patients with a 

possible infection during next year if I want to. 

Fully disagree  1 2 3 4 5 6 7 Fully agree 

 

29. For me to use the antibiotic guidelines for my patients with a possible infection 

during next year would be: 

Impossible  1 2 3 4 5 6 7 Possible 

 

30. The local antibiotic guidelines are difficult to retrieve. 

Fully disagree  1 2 3 4 5 6 7 Fully agree 

 

31. In the antibiotic guidelines I can find all the information I need. 

Fully disagree  1 2 3 4 5 6 7 Fully agree 

 

32. The presence of other antibiotic guidelines (Sanford guide, guidelines within 

certain wards, outside hospital, literature…) next to (our) guidelines confuses me. 

Fully disagree  1 2 3 4 5 6 7 Fully agree 

 

 

 



 

162 

33. Sufficient attention is paid to using the local antibiotic guidelines during training. 

Fully disagree  1 2 3 4 5 6 7 Fully agree 

 

34. Sufficient attention is paid to the use of the local antibiotic guidelines on the floor. 

Fully disagree  1 2 3 4 5 6 7 Fully agree 

 

35. Working pressures prevents me from using the antibiotic guidelines. 

Fully disagree  1 2 3 4 5 6 7 Fully agree 

 

36. I receive sufficient feed-back about my antibiotic prescription behavior. 

Fully disagree  1 2 3 4 5 6 7 Fully agree 

 

37. I do not get sufficient support for using the antibiotic guidelines. 

Fully disagree  1 2 3 4 5 6 7 Fully agree 

 

38. I would like support from an ID specialist to improve my use of the local antibiotic 

guidelines. 

Fully disagree  1 2 3 4 5 6 7 Fully agree 

 

39. I would like support from a microbiologist to improve my use of the local antibiotic 

guidelines. 

Fully disagree  1 2 3 4 5 6 7 Fully agree 

 

40. I would like support from a clinical pharmacist to improve my use of the local 

antibiotic guidelines. 

Fully disagree  1 2 3 4 5 6 7 Fully agree 

 

41. The local antibiotic guidelines are based on solid evidence. 

Fully disagree  1 2 3 4 5 6 7 Fully agree 

 

42. The local antibiotic guidelines are adapted to my patient population. 

Fully disagree  1 2 3 4 5 6 7 Fully agree 
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43. I understand the local antibiotic guidelines enough to use them. 

Fully disagree  1 2 3 4 5 6 7 Fully agree 

 

44. I check my practice against the local antibiotic guidelines. 

Fully disagree  1 2 3 4 5 6 7 Fully agree 

 

45. Using the antibiotic guidelines is something… 

 Fully 
disagree Disagree 

Rather 
disagree Neutral 

Rather  
 agree Agree 

Fully 
agree 

…I do frequently. 1 2 3 4 5 6 7 

…I do automatically. 1 2 3 4 5 6 7 

…. I do without having to 

consciously remember. 
1 2 3 4 5 6 7 

…that makes me feel 

weird if I do not do it. 
1 2 3 4 5 6 7 

…I do without thinking. 1 2 3 4 5 6 7 

…that would require 

effort not to do it. 
1 2 3 4 5 6 7 

…that belongs to my 

daily routine. 
1 2 3 4 5 6 7 

…I start doing before I 

realize I’m doing it. 
1 2 3 4 5 6 7 

…I would find hard not to 

do. 
1 2 3 4 5 6 7 

…. I have no need to 

think about doing 
1 2 3 4 5 6 7 

…that’s typically “me.” 1 2 3 4 5 6 7 

…I have been doing for a 

long time. 
1 2 3 4 5 6 7 

 

46. Looking back to your last 10 patients, for how many did you follow the 

antibiotic guidelines?  

0 1 2 3 4 5 6 7 8 9 10 



 

164 

Demographics 

How many patients on average do you treat for an infection? 

� Daily � 3-4 times/week � 1-2 times/week � Less than once/week 

 

What is your major discipline? 

� Surgery   � Internal medicine   

� Emergency medicine   

 

For which type of infections do you use antibiotics most often? 

� Respiratory     � Cardiovascular 

� Abdominal     � Surgical 

� Urological     � Other 

 

What is your position? 

� Staff member   � Resident 

 

What is your age? 

_  _  year 

 

You are… 

� Male 

� Female 

End of this questionnaire! 

 

For better understanding of the results, please leave your remarks regarding this 

questionnaire/antibiotic guidelines below. 



 

165 

Appendix 6.  Original Flemish-Dutch version of TPB questionnaire 

 

Lokale antibioticarichtlijnen in het ziekenhuis: opinie en gebruik 

 

Hartelijk dank voor uw medewerking aan dit onderzoek! Deze vragenlijst wil nagaan hoe 

antibioticarichtlijnen worden ervaren door artsen, in welke mate ze gevolgd 

worden en welke factoren hierop een invloed hebben. De vragen uit deze lijst zijn 

opgesteld in samenwerking met de Faculteit Psychologie K.U.Leuven, op basis van 

groepsgesprekken met artsen uit UZLeuven. Uw eigen ervaring is hierbij van groot belang om 

een volledig beeld te krijgen over verschillende ziekenhuizen. Het invullen van deze vragenlijst 

duurt maximaal 20 minuten. Gelieve volgende punten eerst door te nemen vooraleer de 

vragen te beantwoorden.  

 

� Deze vragenlijst bevat soms meerdere vragen na elkaar die op elkaar lijken: dit is 

nodig om verschillende interpretaties van de vragen te corrigeren. 

� Elke vraag in deze vragenlijst heeft betrekking op de empirische behandeling van uw 

patiënten met een (mogelijke) infectie met behulp van de lokale 

antibioticarichtlijnen die beschikbaar zijn op http://www.antibioticagids.be , 

intranet en als “Antibioticagids Leuven” (boekje).  

� Het gebruiken van de antibioticarichtlijnen wordt in deze vragenlijst gedefinieerd als het 

voorschrijven met behulp van deze bovenstaande richtlijnen en/of 

voorschrijven vanuit uw ervaring die met deze richtlijnen overeenkomt. 

� Deze vragenlijst wordt anoniem en vertrouwelijk verwerkt! De resultaten zullen enkel 

gebruikt worden voor wetenschappelijk onderzoek.  

� Denk niet te lang na over de vragen: het gaat immers om uw spontane reactie.  

� Wees eerlijk: er zijn geen goede of slechte antwoorden!  

� Gelieve voor elke vraag telkens één cijfer te omcirkelen dat het meeste met uw mening 

overeenkomt.  

� Deze vragenlijst maakt deel uit van een doctoraatsonderzoek van P.-J. Cortoos, 

Faculteit Farmaceutische Wetenschappen; K.U.Leuven. 

Nadat U de vragenlijst heeft ingevuld, kan U deze met behulp van bijgevoegde envelop via de 

binnenpost versturen naar het vermelde adres. U mag deze vragenlijst ook gewoon bezorgen 

aan de apotheek van UZ Gasthuisberg. Vragen of opmerkingen kan U laten weten via e-mail 

(pieterjan.cortoos@pharm.kuleuven.be) of op het einde invullen. 
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Vragenlijst: “Antibioticarichtlijnen in het ziekenhuis: opinie en gebruik” 

Hoe denkt u antibioticarichtlijnen te volgen tijdens het komende jaar? 

1. Ik verwacht dat ik het komende jaar de antibioticarichtlijnen ga gebruiken voor mijn 

patiënten met een mogelijke infectie. 

Volledig oneens 1 2 3 4 5 6 7 Volledig eens 

 

2. Ik wil het komende jaar de antibioticarichtlijnen gebruiken voor mijn patiënten met een 

mogelijke infectie. 

Volledig oneens 1 2 3 4 5 6 7 Volledig eens 

 

3. Ik ben van plan het komende jaar om de antibioticarichtlijnen te gebruiken voor mijn 

patiënten met een mogelijke infectie. 

Volledig oneens 1 2 3 4 5 6 7 Volledig eens 

 

Wat is uw houding tegenover antibioticarichtlijnen? 

4. Het komende jaar de antibioticarichtlijnen bij mijn patiënten met een mogelijke infectie 

gebruiken is: 

Schadelijk 1 2 3 4 5 6 7 Voordelig 

Zinloos 1 2 3 4 5 6 7 Zinvol 

Goed 1 2 3 4 5 6 7 Slecht 

Geeft mij 

voldoening 
1 2 3 4 5 6 7 

Geeft mij geen 

voldoening 

Waardeloos 1 2 3 4 5 6 7 Waardevol 

Onaangenaam 1 2 3 4 5 6 7 Aangenaam 

 

5. Als ik de antibioticarichtlijnen gebruik, dan heb ik daar extra werk mee. 

Onwaarschijnlijk 1 2 3 4 5 6 7 Waarschijnlijk 

 

6. Als ik de antibioticarichtlijnen gebruik, dan leidt dit tot een duurdere behandeling. 

Onwaarschijnlijk 1 2 3 4 5 6 7 Waarschijnlijk 

 

7. Als ik de antibioticarichtlijnen gebruik, dan denk ik zelf niet meer na over de infectie. 

Onwaarschijnlijk 1 2 3 4 5 6 7 Waarschijnlijk 
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8. Als ik de antibioticarichtlijnen gebruik, dan negeer ik het specifieke karakter van mijn 

patiënt. 

Onwaarschijnlijk 1 2 3 4 5 6 7 Waarschijnlijk 

 

9. Als ik de antibioticarichtlijnen gebruik, dan verhoog ik de kwaliteit van de medische zorg. 

Onwaarschijnlijk 1 2 3 4 5 6 7 Waarschijnlijk 

 

10. Als ik de antibioticarichtlijnen gebruik, dan kan ik deze toepassen op de meerderheid van 

mijn patiënten. 

Onwaarschijnlijk 1 2 3 4 5 6 7 Waarschijnlijk 

 

 

Zijn er personen die u (kunnen) sturen in uw gebruik van richtlijnen? 

11. Mensen die in mijn werk belangrijk voor mij zijn, vinden dat ik het komende jaar de 

antibioticarichtlijnen moet gebruiken voor patiënten met een mogelijke infectie. 

Volledig oneens 1 2 3 4 5 6 7 Volledig eens 

 

12. Mensen die in mijn werk belangrijk voor mij zijn, gebruiken zelf de antibioticarichtlijnen 

voor hun eigen patiënten met een mogelijke infectie. 

Volledig oneens 1 2 3 4 5 6 7 Volledig eens 

 

13. Er wordt door mijn omgeving van mij verwacht dat ik het komende jaar de 

antibioticarichtlijnen gebruik bij mijn patiënten met een mogelijke infectie. 

Volledig oneens 1 2 3 4 5 6 7 Volledig eens 

 

14. Ik voel sociale druk om voor mijn patiënten met een mogelijke infectie het komende jaar 

de antibioticarichtlijnen te gebruiken. 

Volledig oneens 1 2 3 4 5 6 7 Volledig eens 

 

15. De stafleden in dit ziekenhuis gebruiken zelf de antibioticarichtlijnen 

Volledig oneens 1 2 3 4 5 6 7 Volledig eens 

 

16. Of stafleden zelf de antibioticarichtlijnen gebruiken is belangrijk voor mij. 

Onwaarschijnlijk 1 2 3 4 5 6 7 Waarschijnlijk 
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17. De stafleden in dit ziekenhuis vinden dat ik de antibioticarichtlijnen moet gebruiken. 

Volledig oneens 1 2 3 4 5 6 7 Volledig eens 

 

18. Wat stafleden vinden dat ik zou moeten doen is belangrijk voor mij. 

Onwaarschijnlijk 1 2 3 4 5 6 7 Waarschijnlijk 

  

19. Andere specialismen in het ziekenhuis gebruiken zelf de antibioticarichtlijnen 

Volledig oneens 1 2 3 4 5 6 7 Volledig eens 

 

20. Of andere medische disciplines zelf de antibioticarichtlijnen gebruiken is belangrijk voor 

mij.  

Onwaarschijnlijk 1 2 3 4 5 6 7 Waarschijnlijk 

 

21. De assistenten in dit ziekenhuis gebruiken de antibioticarichtlijnen 

Volledig oneens 1 2 3 4 5 6 7 Volledig eens 

 

22. Of assistenten zelf de antibioticarichtlijnen gebruiken is belangrijk voor mij.  

Onwaarschijnlijk 1 2 3 4 5 6 7 Waarschijnlijk 

 

23. Medische firma’s stimuleren mij in het gebruiken van de richtlijnen. 

Volledig oneens 1 2 3 4 5 6 7 Volledig eens 

 

24. Wat medische firma’s vinden dat ik zou moeten doen is belangrijk voor mij.  

Onwaarschijnlijk 1 2 3 4 5 6 7 Waarschijnlijk 

 

Wat kan uw gebruik van antibioticarichtlijnen bemoeilijken of vergemakkelijken? 

25. Ik bepaal geheel zelf of ik het komende jaar de antibioticarichtlijnen gebruik bij mijn 

patiënten met een mogelijke infectie. 

Volledig oneens 1 2 3 4 5 6 7 Volledig eens 

 

26. Factoren buiten mijn controle bepalen het gebruiken van de antibioticarichtlijnen bij mijn 

patiënten met een mogelijke infectie het komende jaar. 

Volledig oneens 1 2 3 4 5 6 7 Volledig eens 

 



 

169 

27. Het is voor mij gemakkelijk om het komende jaar de antibioticarichtlijnen te gebruiken bij 

mijn patiënten met een mogelijke infectie. 

Volledig oneens 1 2 3 4 5 6 7 Volledig eens 

 

28. Ik voel mij in staat om het komende jaar de antibioticarichtlijnen bij mijn patiënten te 

gebruiken met een mogelijke infectie. 

Volledig oneens 1 2 3 4 5 6 7 Volledig eens 

 

29. Het komende jaar de antibioticarichtlijnen gebruiken bij mijn patiënten met een mogelijke 

infectie is voor mij: 

Onmogelijk 1 2 3 4 5 6 7 Mogelijk 

 

30. De lokale antibioticarichtlijnen zijn moeilijk terug te vinden. 

Volledig oneens 1 2 3 4 5 6 7 Volledig eens 

 

31. In de lokale antibioticarichtlijnen vind ik alle informatie die ik nodig heb om ze te kunnen 

gebruiken. 

Volledig oneens 1 2 3 4 5 6 7 Volledig eens 

 

32. Het bestaan van andere antibioticarichtlijnen (Sanford, richtlijnen binnen bepaalde 

diensten, buiten het ziekenhuis, in literatuur…) naast de lokale richtlijnen is verwarrend. 

Volledig oneens 1 2 3 4 5 6 7 Volledig eens 

 

33. Er is voldoende aandacht tijdens de opleiding over het gebruiken van de lokale 

antibioticarichtlijnen. 

Volledig oneens 1 2 3 4 5 6 7 Volledig eens 

 

34. Er is voldoende aandacht op de werkvloer over het gebruiken van de lokale 

antibioticarichtlijnen. 

Volledig oneens 1 2 3 4 5 6 7 Volledig eens 

 

35. De werkdruk belet mij om de lokale antibioticarichtlijnen te gebruiken. 

Volledig oneens 1 2 3 4 5 6 7 Volledig eens 
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36. Ik krijg voldoende feedback over mijn voorschrijfgedrag aangaande antibiotica. 

Volledig oneens 1 2 3 4 5 6 7 Volledig eens 

 

37. Ik krijg niet genoeg ondersteuning voor het gebruiken van de antibioticarichtlijnen. 

Volledig oneens 1 2 3 4 5 6 7 Volledig eens 

 

38. Ik zou graag ondersteuning hebben van een infectioloog om mijn gebruik van de lokale 

antibioticarichtlijnen te verbeteren. 

Volledig oneens 1 2 3 4 5 6 7 Volledig eens 

 

39. Ik zou graag ondersteuning hebben van een microbioloog om mijn gebruik van de lokale 

antibioticarichtlijnen te verbeteren. 

Volledig oneens 1 2 3 4 5 6 7 Volledig eens 

 

40. Ik zou graag ondersteuning hebben van een ziekenhuisapotheker met een extra opleiding 

(klinisch apotheker) om mijn gebruik van de lokale antibioticarichtlijnen te verbeteren. 

Volledig oneens 1 2 3 4 5 6 7 Volledig eens 

 

41. De lokale antibioticarichtlijnen zijn gebaseerd op goede evidentie. 

Volledig oneens 1 2 3 4 5 6 7 Volledig eens 

 

42. De lokale antibioticarichtlijnen zijn aangepast aan mijn gemiddelde patiëntenpopulatie. 

Volledig oneens 1 2 3 4 5 6 7 Volledig eens 

 

43. Ik begrijp de lokale antibioticarichtlijnen voldoende om ze te kunnen gebruiken. 

Volledig oneens 1 2 3 4 5 6 7 Volledig eens 

 

44. Ik toets mijn ervaring aan de lokale antibioticarichtlijnen. 

Volledig oneens 1 2 3 4 5 6 7 Volledig eens 
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45. Het gebruiken van de lokale antibioticarichtlijnen is iets… 

 Volledig 
oneens Oneens 

Eerder 
oneens Neutraal 

Eerder 
eens Eens 

Volledig 
eens 

…dat ik vaak doe. 1 2 3 4 5 6 7 

…dat ik automatisch doe. 1 2 3 4 5 6 7 

…dat ik onbewust doe. 1 2 3 4 5 6 7 

…waarbij ik me ongemakkelijk 

voel als ik het niet doe. 
1 2 3 4 5 6 7 

…dat ik doe zonder er over na 

te denken. 
1 2 3 4 5 6 7 

…dat mij moeite zou kosten 

om niet te doen. 
1 2 3 4 5 6 7 

…dat hoort bij mijn dagelijkse 

bezigheden. 
1 2 3 4 5 6 7 

…waarmee ik begin zonder 

dat ik dat in de gaten heb. 
1 2 3 4 5 6 7 

…dat ik moeilijk zou vinden 

om niet te doen. 
1 2 3 4 5 6 7 

…waarover ik niet hoef na te 

denken om te doen. 
1 2 3 4 5 6 7 

…dat bij mij past. 1 2 3 4 5 6 7 

…dat ik al een hele tijd doe. 1 2 3 4 5 6 7 

 

 

46. Voor uw laatste 10 patiënten met een mogelijke infectie, bij hoeveel patiënten 

volgde u de lokale antibioticarichtlijnen? 

0 1 2 3 4 5 6 7 8 9 10 
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Demografische gegevens 

Hoe vaak behandelt u patiënten voor een infectie? 

� Dagelijks � 3-4 maal/week � 1-2 maal/week � Minder dan 1 maal/week 

 

Binnen welke overkoepelende discipline valt uw specialisatie? 

� Heelkunde   � Interne Geneeskunde   

� Urgentiegeneeskunde  � Anesthesiologie 

 

Voor welk type infecties gebruikt u vooral antibiotica? 

� Luchtwegen     � Cardiovasculair 

� Abdominaal/gastro-intestinaal  � Chirurgisch 

� Uro-genitaal     � Andere 

 

Wat is uw positie binnen UZLeuven? 

� Staflid   � Assistent 

 

Wat is uw leeftijd? 

_  _  jaar 

 

Bent u... 

� Man 

� Vrouw 

Einde van de vragenlijst! 

 

Hieronder kan u uw opmerkingen kwijt over deze vragenlijst. Zo kunnen wij de resultaten 

ook beter interpreteren! 

 

 

Dank u voor uw medewerking! Gelieve deze vragenlijst via bijgevoegde enveloppe 

met de binnenpost op te sturen naar onderstaand adres.  

Adres: Pieter-Jan Cortoos, OC Farmaceutische Zorg & Farmaco-economie, Fac. 

Farmaceutische Wetenschappen, O&N2, Herestraat 49, PB521, 3000 Leuven 
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Appendix 7.  Indirect measures of Attitude, Subjective Norms and Perceived 

Behavioural Control concerning antibiotic guidelines: main statistics (data UZL) 

 

Question Na Meanb Median b SDc 

If I use the antibiotic guidelines, then it will give me 
more work. 195 3.16 2.0 1.95 

If I use the antibiotic guidelines, then it will lead to a 
more expensive treatment. 195 2.19 2.0 1.19 

If I use the antibiotic guidelines, then I will stop thinking 
about the infection myself.  195 2.41 2.0 1.45 

If I use the antibiotic guidelines, then I will ignore the 
specificity of my patient. 195 2.12 2.0 1.17 

If I use the antibiotic guidelines, then I will increase the 
quality of medical care. 195 6.14 6.0 0.99 

Attitude 

If I use the antibiotic guidelines, then I am able to use 
them for the majority of my patients. 195 5.96 6.0 0.95 

The staff members in this hospital use the antibiotic 
guidelines themselves. 

x 
Whether staff members use the antibiotic guidelines 
themselves, is important to me 

191 5.16 5.0 7.80 

Staff members expect from me to use the guidelines  
x 

What staff members think I should do, is important to 
me 

189 6.31 5.0 7.33 

Other disciplines in the hospital use the antibiotic 
guidelines themselves.  

x 
Whether other disciplines use the antibiotic guidelines 
themselves, is important to me. 

186 4.56 4.0 6.47 

The residents in this hospital use the antibiotic 
guidelines themselves. 

x 
Whether the residents use the antibiotic guidelines 
themselves, is important to me. 

187 7.31 7.0 6.88 

SNd 

Medical companies encourage me to use the antibiotic 
guidelines. 

x 
What medical companies think I should do is important 
to me.  

187 -1.68 -2.0 2.76 
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Question Na Meanb Median b SDc 

The local antibiotic guidelines are difficult to retrieve 192 5.36 6.0 1.74 

In the antibiotic guidelines I can find all the information 
I need. 191 4.96 5.0 1.46 

The presence of other antibiotic guidelines (Sanford 
guide, guidelines within certain wards, outside hospital, 
literature…) next to (our) guidelines confuses me 

193 4.03 4.0 1.67 

Sufficient attention is paid to using the local antibiotic 
guidelines during training. 191 3.25 3.0 1.59 

Sufficient attention is paid to the use of the local 
antibiotic guidelines on the floor 193 3.67 4.0 1.52 

Working pressures prevents me from using the 
antibiotic guidelines. 194 5.22 6.0 1.55 

I receive sufficient feed-back about my antibiotic 
prescription behavior 193 2.59 2.0 1.52 

I do not get sufficient support for using the antibiotic 
guidelines. 195 4.01 4.0 1.46 

The local antibiotic guidelines are based on solid 
evidence. 192 5.78 6.0 1.00 

The local antibiotic guidelines are adapted to my 
patient population. 

194 5.39 6.0 1.23 

PBCe 

I understand the local antibiotic guidelines enough to 
use them. 

194 5.90 6.0 0.97 

a: Number of valid responses; b: 1-7 (‘Strongly disagree’-’Strongly agree’) Likert scale; weighted results 

are presented for Subjective Norms: Minimum score=-21; maximum score=21;  
c: Standard Deviation; d: Subjective Norms; e: Perceived Behavioural Control 
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Appendix 8.  Indirect measures of Attitude, Subjective Norms and Perceived 

Behavioural Control concerning antibiotic guidelines: main statistics (data ZOL) 

 

Question Na Meanb Median b SDc 

If I use the antibiotic guidelines, then it will give me 
more work. 63 3.70 4.0 2.25 

If I use the antibiotic guidelines, then it will lead to a 
more expensive treatment. 64 2.05 2.0 1.17 

If I use the antibiotic guidelines, then I will stop thinking 
about the infection myself.  64 2.30 1.5 1.77 

If I use the antibiotic guidelines, then I will ignore the 
specificity of my patient. 64 2.36 2.0 1.72 

If I use the antibiotic guidelines, then I will increase the 
quality of medical care. 64 5.92 7.0 1.58 

Attitude 

If I use the antibiotic guidelines, then I am able to use 
them for the majority of my patients. 64 5.78 6.0 1.41 

The staff members in this hospital use the antibiotic 
guidelines themselves. 

x 
Whether staff members use the antibiotic guidelines 
themselves. is important to me 

64 5.64 5.5 8.75 

Staff members expect from me to use the guidelines  
x 

What staff members think I should do. is important to 
me 

61 6.08 5.0 8.99 

Other disciplines in the hospital use the antibiotic 
guidelines themselves.  

x 
Whether other disciplines use the antibiotic guidelines 
themselves. is important to me. 

62 5.03 4.5 7.77 

The residents in this hospital use the antibiotic 
guidelines themselves. 

x 
Whether the residents use the antibiotic guidelines 
themselves. is important to me. 

61 6.46 6.0 7.62 

SNd 

Medical companies encourage me to use the antibiotic 
guidelines. 

x 
What medical companies think I should do is important 
to me.  

63 -1.48 -2.0 2.61 
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Question Na Meanb Median b SDc 

The local antibiotic guidelines are difficult to retrieve 63 3.00 2.0 1.87 

In the antibiotic guidelines I can find all the information 
I need. 63 5.48 6.0 1.31 

The presence of other antibiotic guidelines (Sanford 
guide, guidelines within certain wards, outside hospital 
literature…) next to (our) guidelines confuses me 

63 4.02 4.0 1.91 

Sufficient attention is paid to using the local antibiotic 
guidelines during training. 63 3.37 3.0 1.62 

Sufficient attention is paid to the use of the local 
antibiotic guidelines on the floor 63 4.14 4.0 1.62 

Working pressures prevents me from using the 
antibiotic guidelines. 64 2.73 2.0 1.66 

I receive sufficient feed-back about my antibiotic 
prescription behavior 64 2.94 3.0 1.78 

I do not get sufficient support for using the antibiotic 
guidelines. 64 3.08 3.0 1.53 

The local antibiotic guidelines are based on solid 
evidence. 64 5.58 6.0 1.15 

The local antibiotic guidelines are adapted to my 
patient population. 

64 5.22 5.0 1.45 

PBCe 

I understand the local antibiotic guidelines enough to 
use them. 

64 5.73 6.0 1.32 

a: Number of valid responses; b: 1-7 (‘Strongly disagree’-’Strongly agree’) Likert scale; weighted results 

are presented for Subjective Norms: Minimum score=-21; maximum score=21; c: Standard Deviation; d: 

Subjective Norms; e: Perceived Behavioural Control 
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Appendix 9.  Bookmarker-reminder used in Intervention 3 

 

 

 

Left side: “Switch”; reminder to switch from intravenous to oral antibiotics. Bio-equivalent anti-

infective agents are listed in the centre; for other antibiotics the feasibility of IV-po switch should 

depend on the clinical condition of the patient. 

Right side: “Let’s work together on CULTURE-culture”; reminder to streamline the empirical therapy 

when an antibiogram is available. A link to the online version of the guidelines is provided at the 

bottom. 
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Appendix 10.  Patient characteristics for UZL 

 
Baseline 

Standard 
distribution 
guidelines  

New 
guidelines 

new 
P-value  Total 

N 170 186 137  493 

Female 73 (42.9) 97 (52.2) 63 (46.0) 0.207a 233 (47.3) 

Age (mean; years) 68.7 (17.8) 65.6 (17.4) 67.6 (18.6) 0.190b 67.2 (17.9) 

Median length of stay (range) 8.4 (1.7-89.9) 8.1 (1.6-61.6) 7.9 (1.2-69.9) 0.588b 8.1 (1.2-89.9) 

CAP IV according CURB-65 35 (20.6) 35 (18.8) 29 (21.2) 0.855a 99 (20.1) 

CAP IV according PSI 38 (22.4) 19 (10.2) 19 (13.9) 0.006a 76 (15.4) 

CAP IV according combined rule 24 (14.1) 10 (5.4) 14 (10.2) 0.021a 48 (9.7) 

Mortality during hospitalisation 4 (2.4) 4 (2.2) 2 (1.5) 10 (2.0) 

Mortality within 30 days after 
discharge 

3 (1.8) 1 (0.5) 1 (0.7) 
0.768a 

5 (1.0) 

Readmission <30 days 21 (12.4) 20 (10.8) 14 (10.2) 0.820a 55 (11.2) 

ICU admission 19 (11.2) 22 (11.8) 24 (17.5) 0.207a 65 (13.2) 

Elderly home/long term care 
facility 

19 (11.2) 8 (4.3) 8 (5.8) 0.033a 35 (7.1) 

Already antibiotic therapy started 
before admission 

51 (30.0) 60 (32.3) 47 (34.3) 0.722a 158 (32.0) 

Neoplastic disease 11 (6.5) 5 (2.7) 6 (4.4) 0.225a 22 (4.5) 

Liver disease 1 (0.6) 3 (1.6) 2 (1.5) 0.648a 6 (1.2) 

Congestive heart failure 42 (24.7) 43 (23.1) 36 (26.3) 0.807a 121 (24.5) 

Cerebrovascular disease 18 (10.6) 21 (11.3) 18 (13.1) 0.777a 57 (11.6) 

Renal failure 39 (22.9) 34 (18.3) 19 (13.9) 0.126a 92 (18.7) 

COPD 58 (34.1) 47 (25.3) 45 (32.9) 0.149a 150 (30.4) 

Diabetes (Type I &II) 33 (19.4) 34 (18.3) 22 (16.1) 0.746a 89 (18.1) 

Altered mental status on 
admission 

19 (11.2) 34 (18.3) 20 (14.6) 0.169a 73 (14.8) 

Pleural effusion on chest X-ray 58 (34.1) 54 (29.0) 31 (22.6) 0.088a 143 (29.0) 

Dementia or mental retardation 14 (8.2) 8 (4.3) 12 (8.8) 0.205a 34 (6.9) 

Respiratory rate/minute (mean) 23.4 (7.0) 22.8 (6.8) 23.2 (6.3) 0.672c 23.1 (6.7) 

Systolic blood pressure (mean; 
mm Hg) 

96.4 (21.0) 94.8 (21.8) 97.4 (24.9) 0.125c 128.6 (29.2) 

Temperature (mean; °C) 37.8 (2.6) 38.0 (1.2) 37.9 (1.5) 0.610c 37.9 (1.9) 

Pulse (mean; bpm) 96.4 (21.0) 94.8 (21.8) 97.4 (24.9) 0.559c 96.1 (22.4) 

Arterial pH (mean) 7.46 (0.06) 7.45 (0.08) 7.46 (0.05) 0.814c 7.46 (0.07) 

Plasma urea (mean; mg/dl) 54.5 (40.4) 58.3 (86.5) 53.6 (31.2) 0.747c 55.7 (60.3) 

Sodium (mean; mmol/L) 137.0 (5.2) 136.4 (3.8) 136.5 (5.1) 0.534c 136.7 (4.7) 

Glucose (mean; mg/dL) 140.9 (103.4) 136.3 (52.0) 156.2 (177.7) 0.323c 143.4 (116.3) 

Hematocrit (mean; %) 39.3 (5.7) 39.1 (4.7) 38.0 (5.2) 0.062c 38.9 (5.2) 

Oxygen saturation (mean; %) 90.8 (7.4) 92.5 (5.5) 90.8 (6.2) 0.022c 91.5 (6.4) 
a: Chi square; b: Kruskal-Wallis; c: ANOVA. Unless stated otherwise, data presented as N (%) for 

categorical variables and mean (standard deviation) for continuous variables. 
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 Appendix 11.  Patient characteristics for ZOL 

 Baseline 
Standard 

distribution 
guidelines  

New 
guidelines P-value Total 

N 154 111 65  330 

Female 51 (33.1) 43 (38.7) 21 (32.3) 0.569a 115 (34.8) 

Age in years (mean; SD) 63.9 (17.6) 64.8 (18.7) 63.3 (16.0) 0.518b 64.1 (17.6) 

Median length of stay (range) 7.0 (1.0-41.8) 7.2 (2.1-38.0) 7.1 (1.9-21.7) 0.500b 7.10 (1.0-41.8) 

CAP IV according CURB-65 20 (13.0) 10 (9.0) 2 (3.1) 0.074a 32 (9.7) 

CAP IV according PSI 17 (11.0) 11 (9.9) 2 (3.1) 0.162a 30 (9.1) 

CAP IV according combined rule 11 (7.1) 5 (4.5) 0 (0) 0.078a 16 

Mortality during hospitalisation 6 (3.9) 2 (1.8) 1 (1.5) 9 (2.7) 

Mortality within 30 days after 
discharge 

4 (2.6) 3 (2.7) 0 (0) 
0.509a 

7 (2.1) 

Readmission <30 days 19 (12.3) 13 (11.7) 11 (16.9) 0.576a 43 (13.4) 

ICU admission 15 (9.7) 6 (5.4) 0 (0) 0.023a 21 (6.4) 

Elderly home/long term care 
facility 

7 (4.5) 3 (2.7) 2 (3.1) 0.706a 12 (3.6) 

Already antibiotic therapy started 
before admission 

39 (25.3) 18 (16.2) 9 (13.8) 0.071a 66 (20.0) 

Neoplastic disease 4 (2.6) 5 (4.5) 3 (4.6) 0.641a 12 (3.6) 

Liver disease 2 (1.3) 1 (0.9) 1 (1.5) 0.924a 4 (1.2) 

Congestive heart failure 39 (25.3) 28 (25.2) 12 (18.5) 0.513a 79 (23.9) 

Cerebrovascular disease 8 (5.2) 5 (4.5) 4 (6.2) 0.892a 17 (5.2) 

Renal failure 15 (9.7) 12 (10.8) 3 (4.6) 0.359a 30 (9.1) 

COPD 62 (40.3) 34 (30.6) 24 (36.9) 0.273a 120 (36.4) 

Diabetes (Type I &II) 28 (18.2) 15 (13.5) 8 (12.3) 0.430a 51 (15.5) 

Altered mental status on 
admission 

17 (11.0) 10 (9.0) 1 (1.5) 0.068a 28 (8.5) 

Pleural effusion on chest X-ray 29 (18.8) 21 (18.9) 11 (16.9) 0.936a 61 (18.5) 

Dementia or mental retardation 9 (5.8) 4 (3.6) 1 (1.5) 0.324a 14 (4.2) 

Respiratory rate/minute (mean) 20.3 (10.9) 19.9 (9.0) 21.4 (14.1) 0.680c 20.4 (11.0) 

Systolic blood pressure (mean; 
mm Hg) 

132.6 (26.9) 129.4 (26.0) 128.0 (18.9) 0.388c 130.6 (25.2) 

Temperature (mean; °C) 37.4 (1.1) 37.2 (1.0) 37.3 (1.0) 0.271c 37.3 (1.01) 

Pulse (mean; bpm) 96.1 (21.6) 98.6 (20.7) 94.5 (19.6) 0.434c 96.6 (20.9) 

Arterial pH (mean) 7.4 (0.1) 7.5 (0.1) 7.4 (0.1) 0.024c 7.43 (0.078) 

Plasma urea (mean; mg/dl) 50.4 (30.5) 49.7 (30.5) 45.1 (24.5) 0.471c 49.1 (29.4) 

Sodium (mean; mmol/L) 136.2 (6.5) 137.1 (4.0) 137.5 (4.8) 0.195c 136.8 (5.4) 

Glucose (mean; mg/dL) 141.3 (66.0) 142.9 (68.1) 133.4 (45.7) 0.630c 140.3 (63.3) 

Hematocrit (mean; %) 39.5 (6.1) 39.2 (4.6) 39.5 (4.8) 0.911c 39.4 (5.3) 

Oxygen saturation (mean; %) 90.5 (8.8) 92.5 (6.6) 92.4 (7.6) 0.165c 91.7 (7.8) 
a: Chi square; b: Kruskal-Wallis; c :ANOVA. Unless stated otherwise, data presented as N (%) for 

categorical variables and mean (standard deviation) for continuous variables. 
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Appendix 12.  Segmented regression analysis: Adherent therapies given on admission 
(data UZL) 
Assessement 
rule Factor Unstandardized B (95% C.I.) P-value Total 

Constant 81.96 (27.09 − 136.83) 0.009 

Autocorrelation 
factor 

-0.41 (-1.19 − 0.37) 0.260 

Trend before 
Intervention 1 

-1.24 (-9.91 − 7.42) 0.749 

Intervention 1 -.92 (-24.10 − 22.26) 0.929 

Time after 1 0.75 (-8.74 − 10.23) 0.861 

Intervention 3 -8.71 (-38.66 − 21.25) 0.522 

CURB-65 

Time after 3 4.39 (-5.02 − 13.80) 0.313 

.328 
(P=0.690) 

Constant 94.48 (47.217− 141.742) 0.002 

Autocorrelation 
factor 

-0.41 (- .926 − 0.113) 0.109 

Trend before 
Intervention 1 -5.71 (-14.299− 2.879) 0.164 

Intervention 1 -3.92 (-26.926− 19.086) 0.705 

Time after 1 10.26 (.558 − 19.970) 0.041 

Intervention 3 -39.32 (-65.688− -12.960) 0.009 

PSIa 

Time after 3 4.03 (-5.696− 13.758) 0.367 

.704 
(P=0.068) 

Constant 87.98 (41.69 − 134.27) 0.002 

Autocorrelation 
factor -0.40 (-0.96 − 0.16) 0.141 

Trend before 
Intervention 1 -2.29 (-9.68 − 5.10) 0.495 

Intervention 1 -2.76 (-22.18 − 16.66) 0.751 

Time after 1 4.79 (-3.33 − 12.91) 0.211 

Intervention 3 -28.60 (-51.70 − -5.50) 0.021 

Combined 
CURB-65 and 
PSIa 

Time after 3 3.68 (-4.76 − 12.12) 0.344 

.623 
(P=0.149) 

a: Pneumonia Severity Index 

Intervention 1: standard distribution of guidelines at start of new training year; Intervention 3: active re-

introduction of updated guidelines 
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Appendix 13.  Segmented regression analysis: Adherent therapies given 24-48 hours 
after admission (data UZL) 
Assessment 
rule Factor Unstandardized B (95% C.I.) P-value  R² 

Constant 78.4 (36.75 − 119.95) 0.002 

Autocorrelation 
factor 

-0.58 (-1.18 − 0.03) 0.058 

Trend before 
Intervention 1 

1.89 (-4.84 − 8.62) 0.536 

Intervention 1 4.47 (-14.43 − 23.37) 0.600 

Time after 1 -2.93 (-10.27 − 4.41) 0.384 

Intervention 3 -11.60 (-33.41 − 10.22) 0.255 

CURB-65 

Time after 3 5.92 (-1.40 − 13.23) 0.099 

.548 
(P=0.259) 

Constant 82.67 (57.05 − 108.29) <0.0001 

Autocorrelation 
factor 

-0.45 (-0.76 − -0.14) 0.010 

Trend before 
Intervention 1 -2.22 (-6.77 − 2.33) 0.293 

Intervention 1 2.14 (-9.79 - 14.06) 0.690 

Time after 1 6.10 (0.96 − 11.24) .025 

Intervention 3 -43.42 (-57.59 − -29.24) <0.0001 

PSIa 

Time after 3 6.46 (1.46 − 11.47) 0.018 

.901 
(P=0.001) 

Constant 75.76 (50.89 − 100.63) <0.0001 

Autocorrelation 
factor -0.43 (-0.77 − -0.10) 0.017 

Trend before 
Intervention 1 1.25 (-2.62 − 5.11) 0.478 

Intervention 1 -0.08 (-10.33 − 10.18) 0.987 

Time after 1 1.16 (-3.10 − 5.41) 0.549 

Intervention 3 -33.40 (-45.42 − -21.38) <0.0001 

Combined 
CURB-65 and 
PSIa 

Time after 3 5.50 (1.23 − 9.78) 0.018 

.883 
(P=0.002) 

a: Pneumonia Severity Index 

Intervention 1: standard distribution of guidelines at start of new year; Intervention 3: active re-

introduction of updated guidelines 
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Appendix 14.  Logistic regression predictors for guideline adherent therapies (data 
UZL)  
Assessment 
ru le 

Quality 
indicator  

 
Predictor  

Odds ratio 
(95% CI) P-value  

Nagelkerke 
R² 

Cerebrovascular disease 0.29 (0.134 − 0.644) 0.002 

No suspicion of H1N1 infection 2.72 (1.0447 − 0.096) 0.041 

No recent AB 3.78 (2.354 − 6.058) <0.0001 

No CAP IV (according CURB-65) 16.51 (7.428 − 36.717) <0.0001 

Therapy 
given on 

admission 

Respiratory rate/minute 0.96 (0.921 − 0.993) 0.019 

.345 

No suspicion of H1N1 infection 3.19 (1.243 − 8.209) 0.016 

No recent AB 2.12 (1.342 − 3.352) 0.001 

No CAP IV (according CURB-65) 10.90 (5.545 − 21.429) <0.0001 

Respiratory rate/minute 0.95 (0.920 − 0.989) 0.011 

CURB-65 

Therapy 
given 24-
48h after 

admission 

Systolic blood pressure on 
admission 

1.01 (1.004 − 1.020) 0.004 

.286 

Cerebrovascular disease 0.29 (0.122 − 0.699) 0.006 

No suspicion of H1N1 infection 2.45 (0.958 − 6.240) 0.061 

No recent AB 3.65 (2.309 − 5.768) <0.0001 

No CAP IV (according PSI) 29.36 (10.570 − 81.574) <0.0001 

Therapy 
given on 

admission 

Respiratory rate/minute 0.96 (0.930 − 0.996) 0.031 

.317 

No suspicion of H1N1 infection 3.17 (1.253 − 8.016) 0.015 

No recent AB 2.36 (1.500 − 3.711) <0.0001 

No CAP IV (according PSI) 10.46 (4.779 − 22.893) <0.0001 

Respiratory rate/minute 0.96 (0.928 − 0.997) 0.035 

PSIa 

Therapy 
given 24-
48h after 

admission 

Systolic blood pressure on 
admission 

1.01 (1.003 − 1.019) 0.010 

.261 

Cerebrovascular disease 0.35 (0.161 − 0.757) 0.008 

No suspicion of H1N1 infection 2.70 (1.055 − 6.909) 0.038 

No recent AB 4.10 (2.604 − 6.471) <0.0001 

No CAP IV (combined rules) 17.01 (5.519 − 52.434) <0.0001 

Therapy 
on 

admission 

Respiratory rate/minute 0.96 (0.924 − 0.991) 0.013 

.277 

No suspicion of H1N1 infection 3.35 (1.320 − 8.521) 0.011 

No recent AB 2.50 (1.593 − 3.909) <0.0001 

No CAP IV (combined rules) 6.64 (2.655 − 16.580) <0.0001 

Respiratory rate/minute 0.96 (0.925 − 0.994) 0.023 

Oxygen saturation on admission  1.05 (1.006 − 1.088) 0.024 

Combined 
PSIa and 
CURB-65 

Therapy 
given 24-
48 hours 

after 
admission 

Systolic blood pressure on 
admission 

1.01 (1.002 − 1.018) 0.010 

.222 

a: Pneumonia Severity Index; N=437; Odds ratio >1: positive association with the outcome variable. 
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Appendix 15.  Evolution of guideline adherent therapies in ZOL 

Assessment 
rule Time of therapy Baseline  

Standard 
distribution 
guidelines 

New 
guidelines P-value a Total 

N  151 111 64  326 

Guideline adherent 
therapy on admission 96 (63.6) 79 (71.2) 45 (70.3) 0.373 220 (67.5) 

CURB-65 Guideline adherent 
therapy 24-48 hours 
after admission 

82 (54.3) 72 (64.9) 32 (50.0) 0.104 186 (57.1) 

Guideline adherent 
therapy on admission 93 (61.6) 77 (69.4) 45 (70.3) 0.301 215 (66.0) 

PSIb Guideline adherent 
therapy 24-48 hours 
after admission 

79 (52.3) 70 (63.1) 33 (51.6) 0.167 182 (55.8) 

Guideline adherent 
therapy on admission 99 (65.6) 81 (73.0) 46 (71.9) 0.388 226 (69.3) Combined 

CURB-65 and 
PSIb 

Guideline adherent 
therapy 24-48 hours 
after admission 

85 (56.3) 75 (67.6) 33 (51.6) 0.071 193 (59.2) 

a: Pearson Chi-square; b: Pneumonia Severity Index 

Data presented as N (%) 
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Appendix 16.  Logistic regression predictors for guideline adherent therapies (data 
ZOL)  
Assessment 
rule 

Quality 
indicator 

 
Predictor 

Odds ratio 
(95% CI) P-value 

Nagelkerke 
R² 

No history of diabetes 0.34 (0.103 – 1.098) 0.071 

No suspicion of H1N1 infection 0.74 (0.208 – 2.662) 0.649 

No recent AB 6.80 (3.063 – 15.118) <0.0001 

No CAP IV (according CURB-65) 82.21 (10.175 – 664.291) <0.0001 

Therapy 
given on 

admission 

Absence of pleural effusion 2.07 (.930 – 4.592) 0.075 

.390 

No suspicion of H1N1 infection 0.92 (0.318 – 2.650) 0.874 

No recent AB 2.19 (1.029 – 4.674) 0.042 

No CAP IV (according CURB-65) 35.78 (5.041 – 254.020) <0.0001 

No history of COPD or other 
chronic pulmonary problem 

0.42 (0.215 – 0.798) 0.008 

CURB-65 

Therapy 
given 24-
48h after 

admission 

Oxygen saturation on 
presentation 

1.06 (1.008 – 1.105) 0.021 

.224 

No suspicion of H1N1 infection 1.06 (0.322 – 3.480) 0.925 

No recent AB 6.52 (2.941 – 14.456) <0.0001 

No CAP IV (according PSI) 104.44 (12.663 – 
861.437) 

<0.0001 

Therapy 
given on 

admission 

Oxygen saturation on 
presentation 

2.42 (1.088 – 5.399) 0.030 

.404 

No suspicion of H1N1 infection 1.15 (.405 – 3.262) 0.794 

No recent AB 2.26 (1.063 – 4.794) 0.034 

No CAP IV (according PSI) 15.84 (3.457 – 72.540) <0.0001 

No history of COPD or other 
chronic pulmonary problem 

0.42 (.218 –.802) 0.009 

PSIa 

Therapy 
given 24-
48h after 

admission 

Oxygen saturation on 
presentation 

1.05 (0.999 – 1.099) 0.056 

.225 

No history of diabetes 0.34 (0.106 – 1.072) 0.065 

No suspicion of H1N1 infection 1.04 (.315 – 3.420) 0.951 

No recent AB 6.68 (3.041 – 14.694) <0.0001 

No CAP IV (combined rules) 54.72 (6.327 – 473.165) <0.0001 

Therapy 
on 

admission 

Absence of pleural effusion 2.50 (1.152 – 5.402) 0.020 

.330 

No suspicion of H1N1 infection 1.19 (0.419 – 3.386) 0.743 

No recent AB 2.54 (1.212 – 5.335) 0.014 

No CAP IV (combined rules) 9.05 (1.844 – 44.380) 0.007 

No history of COPD or other 
chronic pulmonary problem 

0.43 (0.231 – 0.817) 0.010 

Combined 
PSIa and 
CURB-65 

Therapy 
given 24-
48 hours 

after 
admission 

Oxygen saturation on 
presentation 

1.04 (1.002 – 1.091) 0.042 

.165 

a: Pneumonia Severity Index; N=235; Odds ratio >1: positive association with the outcome variable. 
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Vooreerst wil ik beide directies en antibioticabeleidscomités van Universitaire 

Ziekenhuizen Leuven en Ziekenhuis Oost-Limburg bedanken voor de mogelijkheid om 

deze studie uit te voeren. Ik hoop van harte dat deze resultaten ook voor hen bruikbaar 

zullen zijn en dat zij gelijkaardige initiatieven zullen blijven ondersteunen. 

 

Ik ben de leden van de doctoraatsjury, Prof. Pieter Annaert, Dr. Jeroen Schouten, Prof. Dirk 

Vogelaers, Prof. Ludo Willems en Prof. Karel De Witte dankbaar voor hun waardevolle 

commentaren. Zij hebben zeker bijgedragen tot het vervolledigen van deze thesis. In het 

bijzonder wens ik Prof. Karel De Witte en Dr. Jeroen Schouten te bedanken voor de 

samenwerking. 

 

Verder ben ik alle patiënten die bereid waren om mee werken aan deze studie, zowel in 

Leuven als Genk, veel dank verschuldigd. Ik kan mij goed inbeelden dat wanneer je in een 

ziekenhuis ligt en een of andere onderzoeker je vraagt om je medisch dossier te mogen 

gebruiken en dat je daar dan nog een papier voor moet tekenen op de koop toe, dat wel het 

laatste van je zorgen is. Zonder jullie was deze studie niet mogelijk geweest. Ook alle 

artsen die mee hebben gewerkt aan de focusgroepen en/of de vragenlijsten hebben ingevuld 

wens ik van harte te bedanken. Speciale aandacht gaat hierbij naar de ondersteuning van 

Prof. Paul Broos, Prof. Jean Bernard Gillet, Prof. Daniel Knockaert, Prof. Wim Robberecht 

en Prof. Christel Van Geet. 

 

Christian De La Porte van de firma Janssen-Cilag en het ganse bestuur van de Vlaamse 

Vereniging voor Ziekenhuisapothekers ben ik uiteraard zeer dankbaar voor hun 

ondersteuning en financiering van dit doctoraat. Ik hoop dat jullie tevreden zijn met het 

resultaat en dat nog andere collega’s op jullie steun mogen rekenen.  

 

Zeer veel werk is er gedaan door de collega’s en vrienden van Ziekenhuis Oost-Limburg. 

Hilde, jij hebt hierin zeker het meeste werk verricht: je mag er trots op zijn en ik hoop dat 
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het je bevalt in de apotheek. Maar ook Christa, Evy, Martine, Ilse, de overige collega’s en 

natuurlijk mijn vroegere diensthoofd Luc wil ik zeker bedanken voor hun steun op velerlei 

vlakken en het aangenaam welkom dat ik steeds kreeg als ik eens op werkbezoek kwam. 

De ervaring die ik bij jullie heb mogen opdoen, is van grote waarde voor mij.  

 

Ook ben ik veel verschuldigd aan de ploeg van de medische administratie op 

Spoedgevallen. Ilse, Corine, Geertrui, Genevieve, Josee, Lieve, Lobke, Martine, Peter, 

Viviane en Wim, bedankt om gedurende twee-en-een-half jaar diagnoses bij te houden en 

patiëntenstickers te kleven. Zonder jullie zou het niet mogelijk geweest zijn om al die 

patiënten op het spoor te komen. Dank ook aan alle verpleegkundigen op Spoedgevallen 

voor hun medewerking. 

 

Ook al de collega’s van de apotheek Gasthuisberg onder leiding van Frank, Ludo en 

Thomas ben ik dankbaar voor de aanmoedigingen en raadgevingen, om mij een paar witte 

jassen te bezorgen, een plekje aan een computer en een hoekje in een al compleet 

overbevolkt (maar gezellig) lokaaltje om mijn patiëntenfiches kwijt te raken. Een speciale 

vermelding voor Sabrina, die mij altijd op de hoogte wist te houden van de interessante 

gevallen. Nog veel succes daar op spoed! Ook Marc, die altijd klaar stond om me te helpen 

of ergens een of ander interessant artikel had gevonden voor mij wil ik persoonlijk 

bedanken. 

 

Ik ben ook veel dank verschuldigd aan Peter Mol, Universiteit Groningen, en Filip Van den 

Bossche, Faculteit Economie, om mij het streng bewaakte geheim van interrupted times 

series analysis te willen ontsluieren. Toch eigenaardig dat men over zo’n handige techniek 

zo weinig praktische informatie vindt!?  

 

Verder wil mij eerst richten tot mijn promotor. Gert, bedankt voor al je steun, 

aanmoediging en begeleiding, voor het blijven aandringen op een kwalitatief onderdeel in 

deze thesis en je kritische blik. Ik had veel dingen absoluut niet voor ogen toen ik er aan 

begon maar het is uitermate verrijkend geweest. Ook Willy wens ik te bedanken voor de 

grote ondersteuning voor deze thesis. Die combinatie van een brochure voor een cursus in 

Nice, een verdediging in Nijmegen en je begeleiding heeft alles op de sporen gezet! Steven, 

bij jou kon ik ook altijd terecht om eens een tekst te laten nalezen of een kritische opinie, 

waarvoor bedankt. Ik wil ook al mijn ex-collega’s Veerle, Siska, Sandra, Valérie, Jenny en 
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Isabelle bedanken voor de aangename werksfeer en hulp allerhande. Een speciaal woord 

van dank trouwens aan Siska voor het ontwerpen van de bladwijzer die een centrale rol 

speelde bij de interventies. Aan Sophie, Pieter, Eline, David, Katrien en Hilde wens ik nog 

veel succes nog met hun doctoraat! Blijven vooruit kijken, dan komt het allemaal wel in 

orde.  

 

Omdat op tijd en stond ontspanning nodig is, kan ik natuurlijk de Koristen van Keizersberg 

niet vergeten, in het bijzonder voor hun wel heel aparte morele ondersteuning. Maar goed 

dat jullie er zijn om het relatieve van dit alles te blijven zien. Ook mag ik de oud-LUKers 

hierbij niet vergeten. 

 

Afsluiten wil ik doen met diegenen die mij het nauwst aan mijn hart liggen. Mijn ouders en 

zus die me alle kansen gaven, alles mee in het oog hielden en waar ik terecht kon als het 

wat minder ging: heel erg bedankt daarvoor en voor nog zoveel andere dingen. Maar 

eindigen doe ik met mijn echtgenote Renate. Nati, dank je om ineens terug op te duiken, 

samen met mij de wereld te verkennen en er te zijn voor mij. Na al die jaren van onderzoek 

en opleiding denk ik dat we samen nu wel toe zijn aan iets nieuws. Ik heb er alvast zin in! 

 

Leuven, 7 december 2010 

 


