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CHAPTER 1
Introduction and outline
of this thesis

INTRODUCTION
The increasing resistance of microorganisms to antimicrobials poses a serious and
ever-growing threat to patients all around the world. Formerly susceptible bacteria are
developing more and more defence mechanisms against our antibiotics. Combined
with the stagnant development of new antimicrobials, this means the precious
antimicrobial arsenal of modern day healthcare is declining every day.1
Whereas the right to prescribe antipsychotics or chemotherapeutic agents is generally
limited to well-trained specialists, virtually all doctors are allowed to prescribe
antibiotics, regardless of specialty, experience, or knowledge.2,3 This is reflected in
the number of unjustified antibiotic prescriptions: misuse of antimicrobials, be it
unnecessary, inappropriate, or both, can be found in up to a staggering fifty percent
of prescriptions.4-9
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Closely related to the problem of antibiotic resistance is the threat of healthcareassociated infections (HAIs). HAIs are the most common adverse events in the healthcare
setting, representing the fifth leading cause of death in hospitalized patients.10,11 HAIs
are associated with increased morbidity, hospital length-of-stay, and costs, and their
incidence is increasing.11-14 In addition, in line with the rising antimicrobial resistance, an
increasing proportion of these HAIs is caused by multidrug-resistant organisms, which
are more difficult to treat.15,16 To prevent dissemination of pathogens and consequently
prevent HAIs, proper infection control is paramount. Hand hygiene in particular has
proven important in preventing healthcare-associated infections.17,18 Compliance with
infection control measures, however, is known to be poor.19
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The rise in antibiotic resistance has led to the adoption of antimicrobial stewardship
programs (ASPs),20 which have been mandatory for hospitals in the Netherlands since
2014. As the magnitude of resistance has been extensively linked to the quantity
and quality of antimicrobial prescribing,21-24 ASPs focus on improving antimicrobial
prescribing, with the aim of optimizing patient outcomes, reducing costs and adverse
effects, and ultimately reducing antimicrobial resistance.25,26 Most ASP’s, however,
seem to overlook a very important aspect of the antimicrobial resistance problem:
by preventing infections, one also reduces the need for antimicrobial therapy, thus
lowering the burden of antibiotics. Yet most ASPs do not incorporate measures to
improve infection control. This evident connection between antimicrobial stewardship
and infection control should be utilised. As both require behaviour change, they can
benefit from interventions based on the same concepts and principles. The key lies in
combining efforts to improve antimicrobial prescribing and infection control.

Guideline adherence and behaviour change
In both antimicrobial stewardship and infection prevention measures, the aim is
to improve guideline adherence (also referred to as compliance). Although many
methods have been applied,27 structural improvement has proven challenging and
interventions rarely have long-term effects.19,28-34 It is increasingly recognized that
improving guideline adherence requires behaviour change, and to achieve this, insight
is needed into the interaction between individuals, their peers, and the working
environment. Promising approaches, not yet commonly applied in healthcare, are
methods based on decision-making processes, such as participatory action research
(PAR), nominal group technique (NGT) and root cause analysis (RCA). These methods
focus on collaboration with and empowerment of the stakeholders, and are all based
on their close involvement in the process of change.35-37 Another potentially useful
method to achieve behaviour change is nudging: a friendly push to encourage desired
behaviour. Nudging is widely used to stimulate healthy behaviour, such as smoking
cessation and healthy food choices, for example in cafetaria, through positioning
‘healthier’ foods at eye level.38-40 Nudging of healthcare workers has recently been
addressed in a few studies, in which various kinds of nudges proved successful in
influencing physician prescribing behaviour.41-44
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In recent years, there has also been an increasing interest in the influence of safety
culture on (hospital) performance, specifically in guideline adherence and infection
control.45,46 Treatment and prevention of infections play a major role in patient safety,
and patient safety in itself is considered a fundamental aspect of organizational culture.
Although establishing culture change is challenging, it has been suggested that
strategies focused on organisational change could positively influence performance
outcomes, specifically in infection control.45-47
Junior doctors
Another possible blind spot of current hospital antimicrobial stewardship programs
(ASPs) is that many of the interventions are aimed at staff members, whereas junior
doctors mainly fulfil the role of ward physician. They are responsible for the majority of
antibiotic prescriptions and play an essential role in preventing healthcare-associated
infections (HAIs) through adequate infection control measures. These responsibilities
are to be met during a stressful transitional period from student to physician, or from
research to clinical work, during which junior doctors perceive a lack of knowledge and
skills, specifically in prescribing medication.48-50 Medical training does not target many
of the practical skills needed in the hospital setting and pharmacotherapy education
is mostly aimed at general practice.51 Education at commencement of work, aimed at
practicing guideline-based medicine in busy daily practice, could facilitate this transition.
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E-learning
Although education is considered a cornerstone of antimicrobial stewardship,
resources are limited. Stewardship programs therefore increasingly rely on e-learning
as an educational method.52,53 The advantages of e-learning are legion: it provides
flexibility, allows interactivity and progress tracking, and after initial development,
modules are easily distributed among large groups and across the globe, against
relatively small investments of time and costs.54,55 E-learning is considered an effective
educational method for medical students and nurses and can increase prescribing
skills.56-62 However, it is not known whether e-learning during a short period of time
can improve antimicrobial prescribing behaviour in the long term.55,59,60 In addition,
e-learning requires a lot of motivation, as it is usually non-obligatory and performed
individually. To fully benefit from e-learning as an intervention in stewardship, more
insight is needed into its merits and into ways to maximize its effect.
Guidelines
Finally, in order to reduce antimicrobial resistance and HAIs by enhancing guideline
adherence, the guidelines themselves should be designed according to stewardship
and infection control standards. We aim to increase guideline adherence through
behavioural interventions, but how ‘stewardship’ are commonly used guidelines?

Chapter 1

OUTLINE OF THIS THESIS
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The work presented in this thesis was inspired by the belief that antimicrobial
stewardship and infection control are intertwined themes that can benefit from the
same interventions. The aim of this thesis, therefore, was to study new ways to improve
both infection prevention and antimicrobial stewardship, by focusing on behaviour
and learning, and the role of guidelines. These subjects are addressed in the following
three parts: in PART I we focused on the merits of behavioural interventions to
improve guideline adherence in infection control. Chapter 2 describes a qualitative
exploration of safety culture in hospital units, following a before-and-after trial on
hand hygiene. In chapter 3, we investigated whether applying decision-making
methods can increase compliance with hospital dress code. Chapter 4 provides an
overview of the existing literature on nudging describes how we developed nudges
for hand hygiene and investigated whether these could increase the use of alcoholbased hand rub. PART II consists of three chapters on the role of e-learning: we
performed a prospective controlled intervention study to assess whether e-learning
can improve medical students’ antibiotic prescribing skills later on (chapter 5), and
investigated the role of intrinsic motivation in residents’ participation in e-learning

(chapter 6). In chapter 7, we illustrate how we developed an online course on
antimicrobial stewardship and infection control for junior doctors, with input from
their peers. PART III describes two multicentre, retrospective cohort studies in
which we reviewed guidelines for two common situations in the hospital: antibiotic
therapy in patients suspected of bloodstream infection (chapter 8) and management
of a frequently used intravenous line in patients with haematological malignancies
(chapter 9). Finally, chapter 10 presents a summary and general discussion, and
considers possible implications of our results for the future.
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INFECTION CONTROL

Culture eats strategy for breakfast
- Peter Drucker
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CHAPTER 2
Patient safety culture and the ability
to improve: a proof of concept study
on hand hygiene
Martine G. Caris
Pim G.A. Kamphuis
Mireille Dekker
Martine C. de Bruijne
Michiel A. van Agtmael
Christina M.J.E. Vandenbroucke-Grauls

Infection Control and Hospital Epidemiology, November 2017

ABSTRACT
OBJECTIVE To investigate whether the safety culture of a hospital unit is associated
with the ability to improve.
DESIGN Qualitative investigation of safety culture on hospital units following a
before-and-after trial on hand hygiene.
SETTING VU University Medical Center, a tertiary-care hospital in the Netherlands.
METHODS With support from hospital management, we implemented a hospitalwide program to improve compliance. Over 2 years, compliance was measured
through direct observation, twice before, and 4 times after interventions. We
analysed changes in compliance from baseline, and selected units to evaluate safety
culture using a positive deviance approach: the hospital unit with the highest hand
hygiene compliance and 2 units that showed significant improvement (21% and
16%, respectively) were selected as high performing. Another 2 units showed no
improvement and were selected as low performing. A blinded, independent observer
conducted interviews with unit management, physicians, and nurses, based on
the Hospital Survey on Patient Safety Culture. Safety culture was categorized as
pathological (lowest level), reactive, bureaucratic, proactive, or generative (highest
level).
RESULTS Overall, 3 units showed a proactive or generative safety culture and 2 units
had bureaucratic or pathological safety cultures. When comparing compliance and
interview results, high-performing units showed high levels of safety culture, while
low-performing units showed low levels of safety culture.
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CONCLUSIONS Safety culture is associated with the ability to improve hand hygiene.
Interventions may not be effective when applied in units with low levels of safety
culture. Although additional research is needed to corroborate our findings, the safety
culture on a unit can benefit from enhancement strategies such as team-building
exercises. Strengthening the safety culture before implementing interventions could
aid improvement and prevent non-productive interventions.
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INTRODUCTION
In recent years, interest in the influence of hospital safety culture on professional
performance has grown, specifically with regard to guideline adherence1 and infection
control.2 In infection control, hand hygiene has proven particularly important.3 Large
interventional studies have shown that increases in hand hygiene compliance can
decrease nosocomial infection rates.4,5 Still, adherence to hand hygiene guidelines is
notoriously poor.6
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Many methods have been applied to enhance hand hygiene compliance,7 but
achieving structural improvement is challenging, and interventions rarely have longterm effects.8,9 In addition, newly developed interventions are typically less successful
when applied in other hospitals.10 Although differences in organizational factors may
play a role, failure to implement previously successful interventions is often attributed
to differences in hospital culture.
Not only is there great variation in hand hygiene compliance among hospitals,11
differences are also observed among units of the same hospital.12-14 As hospital
units often work with designated teams and care for a specific patient population,
this intra-hospital variation could be attributed to differences in the safety culture
at the unit level. Although changing the safety culture is challenging, it has been
suggested that improving the safety culture could positively influence outcomes,1,2
and interventions to change the organizational safety culture have been shown to
improve infection control.15,16
The relationship between patient safety culture and the ability to improve has not yet
been clearly defined, but it could provide insight on how efforts to increase hand hygiene
compliance, or guideline adherence in general, can be optimized. In our hospital, we
assessed the effects of a 2-year, institution-wide hand hygiene improvement program,
and we observed large differences among hospital units. We investigated the patient
safety culture on these units and assessed the relationship between the level of safety
culture and the ability to improve hand hygiene compliance.
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METHODS
Study design
We conducted a mixed-methods study by performing a qualitative investigation
following a before-and-after study. We observed hand hygiene compliance in each
hospital unit before and after interventions; we evaluated changes in compliance
over 2 years, and we assessed safety culture through semi-structured interviews.
In 2014, we launched an extensive hand hygiene improvement project. Several
hospital-wide interventions provided the infrastructure and requisites for
improvement, and individual hospital units were called upon to be responsible for
their own improvements. Hospital management declared hand hygiene a top priority.
We compiled a “Hand Hygiene Improvement Toolkit,” after an extensive literature
review of effective interventions (see the Supplementary Material online).9 All units
received feedback on baseline compliance. Hospital management then sent the Toolkit
to unit managers and encouraged them to devise a plan of action for improvement,
using Toolkit interventions they considered useful for their team. Unit managers were
presented with compliance results after every measurement and were encouraged to
discuss these results with the staff. Possible explanations for findings were addressed,
including any problems the unit might experience. We additionally conducted pilot
tests to select the alcohol-based hand rub that healthcare workers preferred, and we
installed dispensers on the ends of all hospital beds to enhance availability.
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Hand Hygiene
Study population
We measured hand hygiene compliance on all units between January 2014 and
March 2016. We selected 8 units for closer monitoring; these units represented a
cross-section of the hospital (i.e., surgical and nonsurgical units, intensive care units
and non-intensive care units, paediatric and adult patient wards). On these units, we
performed 2 baseline measurements and 4 post intervention measurements.
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Data collection
Observers were trained according to the WHO’s Hand Hygiene Technical Reference
Manual and Training Films. Observations were unannounced and discrete, but not
covert, and were registered in iScrub Lite, an application based on the WHO Five
Moments of Hand Hygiene.17 Measurements took place on at least 2 non-consecutive
days. A minimum of 2 observers collected data for at least 140 hand hygiene
opportunities, per unit, per measurement, as proposed by the WHO.18

Statistical analysis
We calculated compliance using the sum of all observed opportunities in which
hand hygiene was performed divided by the sum of all observed opportunities in
which hand hygiene was indicated. We assessed changes in compliance through
longitudinal logistic regression analyses; we corrected for correlated observations
through stratification per unit and by adding a time-dependent covariate.
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Interviews
Study population
5 hospital units were selected to investigate the relationship between safety
culture and the ability to improve. We used the positive deviance approach, which
identifies behaviour that enables groups or individuals to outperform their peers.19
We defined positive deviance as the ability to improve hand hygiene compliance
during the intervention period and selected the 2 best performing and 2 least
performing units. A fifth unit that did not improve, but consistently showed the
hospital’s highest compliance, was also included as high performing. With purposeful
sampling, we selected interviewees from each unit, to encompass both managers’
and non-managers’ perspectives, and both medical and nursing points of view: the
management (medical director and nurse manager), 2 doctors and 2 nurses, until
data saturation. Interviewees had to have been employed for at least 24 months to
ensure both pre- and post-intervention experiences.
Data collection
The interview guide consisted of open-ended questions based on COMPaZ, the
validated Dutch version of the Hospital Survey on Patient Safety Culture.20 To fit our
study, some adaptations were made. (The interview guide, COMPaZ description, and
adaptations are provided in the Supplementary Material online.) An independent,
experienced observer (P.K.) conducted semi structured interviews from May through
July 2016. To prevent bias, he had no knowledge of each hospital unit’s compliance
prior to the interviews.
Analysis
Interviews were transcribed verbatim. Analysis followed 3 steps: (1) Open coding was
conducted to name and categorize phenomena and to ensure data completeness;
(2) with axial coding, connections were drawn between answers; and (3) selective
coding further refined answers while linking them to the dimensions of patient
safety culture. Quotes that exemplified responses from the same unit were selected
to illustrate meaning. The coding frame was developed iteratively as 2 researchers
(M.C. and P.K.) read the transcripts. To prevent bias in the coding frame, P.K. was still
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blinded to hand hygiene performance, and M.C. was blinded to the respondent’s
unit. Recurrent themes were noted, both topics that were covered by the interview
guide and topics raised by participants. Excerpts from the transcripts were allocated
to these codes. After double-coding 5 transcripts, we discussed findings and defined
the coding structure. We then proceeded with a single coder (P.K.) for the remaining
transcripts. To avoid coder drift, we regularly evaluated whether adjustments in the
coding frame were needed.
The Manchester Patient Safety Assessment Framework (MaPSaF) proposed
categorization of safety culture maturity in 5 levels (Table 1),21 based on earlier
adaptations.22,23 The MaPSaF method has been adapted for all healthcare settings
and is listed by the WHO as a valid way to assess safety culture.24 We used this
framework to assess the level of safety culture: individual responses were categorized
as pathological, reactive, bureaucratic, proactive or generative, receiving 1 to 5
points, respectively. A summary score was calculated to assign an overall level of
safety culture to each unit.
Level of Safety Culture

Description

Generative

Managing patient safety is an integral part of everything we do

Proactive

We are always on the alert/thinking about patient safety issues that might emerge

Bureaucratic

We have systems in place to manage patient safety

Reactive

We take patient safety seriously and do something when we have an incident

Pathological

Why do we need to waste our time on patient safety issues?

Chapter 2

TABLE 1 Categorization of safety culture in five levels, proposed by the Manchester Patient Safety
Assessment Framework21
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RESULTS
Hand Hygiene
We observed 6,401 hand hygiene opportunities in 8 hospital units (Figure 1). Mean
baseline compliance was 46% (range, 33%–74%). Units 1 and 4 showed the largest
improvements (21% and 16%, respectively). Unit 2 consistently showed the hospital’s
highest compliance (74%). These 3 units were selected as high performing. Units 3,
6, and 7 showed no changes from baseline. During interventions, unit 7 underwent
reorganization and was excluded because such changes can affect safety culture and
can confound findings. We selected units 3 and 6 as low performing.

2

FIGURE 1 Hand hygiene compliance per unit, per measurement. First bar represents pooled baseline
compliance, other bars represent measurements during the intervention period. Δ, change from baseline;
OR, odds ratio; CI, confidence interval

Safety Culture
We interviewed 24 respondents, 4 on unit 3, and 5 on all other units (see Distribution
in the Supplementary Material online). Table 2 shows unit characteristics. Highperforming units showed high levels of safety culture, while low-performing units
showed low levels. The most striking differences were found in the dimensions
described in the following section (full description is provided in the supplementary
material, additional quotes are available online).
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Hand Hygiene Compliance
Selection Criteria

Level of Safety Culture Baseline, % Δ, %

OR (95%CI)

ICU Specialties

Interventions

High-performing

Proactive, generative

74

-1

0,97(0,61-1,54)

Yes

1 medical

6

High-performing

Proactive, generative

34

+21

2.40 (1.58-3.66)

Yes

1 medical

8

High-performing

Proactive

33

+16

1.97 (1.28-3.03)

No

9

Low-performing

Bureaucratic

33

+6

1.29 (0.84-2.00)

No

Low-performing

Pathological

56

-9

0.69 (0.45-1.06)

No

1 medical,
1 surgical
1 medical,
1 surgical
2 surgical

4
4

TABLE 2 Characteristics of Selected Hospital Units. Δ, change from baseline; OR, odds ratio; CI, confidence
interval; ICU, intensive care unit

Teamwork and Hierarchy
High-performing units consistently reported close collaboration and involvement of
unit management. Units 1 and 2 considered their unit free of hierarchy. The managers
on unit 4 set the standards, but with staff involvement, resulting in collective efforts
to improve.
“Hierarchy is almost non-existent. There are just differences in responsibilities.”
(doctor HU2)
Low-performing units showed opposing points of view on collaboration. Medical
staff and managers mentioned that existing hierarchy was not an obstacle to
collaboration, while nursing staff expressed contrasting opinions.
“There […] is some discontent. […] projects that were forced through, of which
the [nursing] team had a clear opinion, and still does. Which is ignored. And
that can be difficult sometimes.” (nurse HU3)
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Overall Perception of Safety
On high-performing units, staff were aware of the consequences of noncompliance
and showed a clear and consistent attitude toward patient safety.
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“[The department manager] has a clear vision on quality and safety. […] We
are doing projects on medication safety and prescribing errors. [Hand hygiene]
is an integral part of your work.” (doctor HU 4)

On these units, safety issues were anticipated and efforts were made to improve
patient safety in general, while low-performing units described more reactive or even
pathological approaches.
“We try to, well, keep an eye on the aspects of patient safety, assessment of
scores, fall risk, things like that […]. We try to do, what we can, to monitor
patient safety, but things can go wrong, also in our unit.” (medical director
HU3)
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“[Other units] all stick to the rules, while we have a tendency to work around
them. Or deviate from them.” (nurse HU6)
Addressing Non-compliance
Addressing co-workers in cases of noncompliance was common on high-performing
units. On low-performing units, this was not the case; staff were mainly focused on
their own performance.
“I always do that. […] that’s just common practice for the unit.” (doctor HU4)
“[…] with co-workers, I don’t really pay attention. It’s not on me. I have enough
on my plate.” (nurse HU6)
Feedback and Improvement
Participation in hand hygiene improvement interventions was obligatory on highperforming units, closely involving staff and managers.
“Everyone had to pass the test [on hand hygiene technique] and everyone
did, it received a lot of attention, also from [unit] management, I think that’s
important.”(nurse HU2)
Low-performing units showed discrepancies in their views on improvement strategies.
On unit 3, the nurse manager was scarcely aware of interventions, while staff
specifically mentioned measures that had created more awareness. In contrast, the
nurse manager of unit 6 mentioned many interventions that were not recognized by
staff.
Combining Specialties
Although it was not part of the interview guide, collaboration with different specialties
on 1 unit emerged as an important factor. Nursing staff on these wards consistently
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described differences in communication with the medical staff of the 2 specialties.
Measures taken to align the specialties did not seem to have an effect.
“So the logistics are different. That can be difficult. To work with. […] They just
are in different fields and have […] their own way of communicating.” (nurse
HU3)

DISCUSSION
We assessed the ability of individual hospital units to improve hand hygiene compliance
during a hospital-wide improvement program. We observed large differences in
safety culture between high-performing and low-performing units. Units with high
levels of safety culture showed improvement or had high baseline compliance, while
units with lower levels of safety culture did not.
These differences were striking because all units had enjoyed the same opportunities,
resources, and support to improve compliance. Interestingly, units that cared
for patients of 2 different medical specialties consistently showed difficulties in
collaboration between medical and nursing staff. This factor clearly had an impact
on the safety culture in the unit and appeared to be a barrier to improvement. This
finding is supported by earlier studies showing that effective leadership improves
safety performance22 and that team training can reduce surgical mortality25,26 and
forms the basis of the TeamSTEPPS approach to safety and quality.27
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Although a minor finding, high-performing units had implemented more interventions
(6, 8, and 9 interventions) than low-performing units (4 interventions each). This
finding is in line with studies showing that less hierarchical and more collaborative
units more easily accept new ideas28 and that units with higher levels of safety culture
are more open to interventions to improve performance.23
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Although hand hygiene is the most effective strategy to prevent healthcare-associated
infections, compliance is poor and notoriously hard to improve. Several researchers
have observed differences in culture between hospitals that may impact the success
of interventions.12,29,30 It has been suggested that hand hygiene compliance reflects
the perceived vulnerability of patients.12 Critical paediatric care units have higher
levels of compliance,13 which could reflect their overall safety culture. The highest
level of compliance in our hospital was observed on the paediatric critical care unit.
Of the 2 other high-performing units, one unit does not provide intensive care and

the other unit does; however, their baseline compliance was low. In addition, while
the 2 low-performing units both care for vulnerable patients, this did not affect either
safety culture or compliance. This finding strengthens the idea that safety culture
influences the ability to improve more than absolute hand hygiene compliance.
The idea that culture influences performance is not a new concept. Earlier publications
have clearly demonstrated the importance of organizational culture in improving
adherence to infection control measures16,30 and correlations between unit culture
and successful practice have been observed.22,28 However, most studies focus on
changing culture at the hospital level, with huge numbers of employees (>20,000)
undergoing safety culture training,31 presumably against considerable cost and time
investments. A few intervention studies have shown that changing (elements of)
hospital or unit culture can enhance adherence to infection control measures.15,31-33
However, safety culture is usually not measured at the unit level,12,29,30,34 and simplistic
correlations such as ‘a strong culture leads to good performance’ have not been
scientifically supported.2
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Our study has strengths and limitations. The use of a hand hygiene observation tool
with clearly defined standard operating procedures adds to the value of our findings.
Observations were unannounced and discrete, but not covert. Overestimation of
absolute compliance rates is probable,6 as individuals tend to modify their behaviour
when they become aware of being observed (ie, the “Hawthorne effect”).35 With
ongoing interventions, the Hawthorne effect may have had greater influence over the
course of our study. However, instead of absolute compliance, we used changes in
compliance, which do not rely on validity but on responsiveness of the measurement
tool. Still, the Hawthorne effect should be taken into account when interpreting
these findings. We defined “high performing” as the hospital’s highest compliance
or showing the greatest improvement in compliance. Still, our high-performing units
showed 49%–74% compliance. Although compliance rates approaching 100% have
been reported, in the Netherlands compliance is generally low,6 making the ability to
improve, rather than absolute compliance, acceptable and relevant as an outcome.
We performed a single-centre study; our findings may therefore not be completely
generalizable. However, a multicentre study would present problems of comparability
because we aimed to assess the influence of safety culture on the ability to improve
when all prerequisites for optimal compliance have been met, and, most importantly, are
the same for all units. In addition, we selected units to represent an average cross-section
of a hospital, thus enhancing generalizability. Safety culture is a complex topic, and its
role in the ability to improve has not been previously defined. Therefore, we gained in-
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depth knowledge by adapting the most commonly used questionnaire for our interview
guide.36,37 Both management and non-management perspectives were obtained, as well
as both medical and nursing points of view, with which we achieved data saturation.
Although our sample was small, differences between the high-performing and lowperforming units were unmistakable, indicating strong associations.
Although a strong safety culture appears to be a prerequisite for change, a reverse
relationship has been hypothesized as well; working together toward the same goal
can positively influence teamwork. In our study, safety culture may have improved with
interventions, although a recent study showed that successful improvement strategies
in catheter-associated infections were not associated with changes in safety culture.38
To our knowledge, our study is the first exploration of the relationship between level of
safety culture and the ability to improve. Repeating safety-culture assessment before
and after interventions, preferably through interviews, could further confirm this
relationship. In our study, teamwork and addressing noncompliance proved important
components of unit culture. Resolving these issues before implementing interventions
(e.g., through team-building exercises) could provide the changes needed to achieve
improvement. Future studies, especially interventional trials targeting low levels of
safety culture, could investigate this more explicitly.
Our findings may have important implications for the implementation of hand hygiene
interventions. Costly and time-consuming interventions may not affect compliance
when they are applied in hospital units with a low level of safety culture. In addition,
although hand hygiene is an essential aspect of safe care, it is only one of many. Our
findings, therefore, do not apply to hand hygiene alone but possibly to improvement
strategies in general. Factors that hinder a high level of unit safety culture might
prove pivotal to the success of improvement programs.
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SUPPLEMENTARY MATERIAL
Category

Intervention

Target

Description

Preparation

Determining goals

Knowledge
Tools&skills
Attitude

Consult with medical and nursing staff to determine
specific and realistic goals in improving hand hygiene
compliance

Tools&skills

Feedback & Reflection

Strategic placement of
dispensers
Team training ‘Feedback’

Increase number of dispensers in hospital unit. Review
dispenser location in consultation with staff
Train healthcare workers to accept feedback on their
actions and simultaneously learn to address a co-worker’s
behaviour

Buddy system
E-learning

Knowledge
Attitude
Knowledge

SureWash*

Tools&skills

Black Box Training

Tools&skills

Pamphlets for patients and
visitors
Face-to-face education

Knowledge

Photo- and Video materials
Champions

Knowledge
Attitude
Attitude

Reminders

Knowledge

Education & Awareness

Social environment

Knowledge
Attitude

Knowledge
Attitude

2

Pair two healthcare workers to provide each other with
feedback on hand hygiene compliance
WHO’s 5 Moments of hand hygiene, technique and its
importance
Mobile training and audit device, using game technology
to map and improve hand hygiene techniques
Point out deficiencies in hand hygiene technique, with
the use of a fluorescent alcohol based hand rub and a UV
light to show which areas were overlooked.
Create awareness in visitors and patients on importance
of hand hygiene
Provide staff education on hand hygiene technique, and
the possible consequences of non-compliance for patients
and staff
Show good examples by only displaying images of health
care workers that comply with hospital guidelines
Encourage hand hygiene behaviour by appointing wellperforming health care worker as unit champion
Develop work place reminders for use throughout unit in
consultation with staff

TABLE S1 Overview of interventions in the ‘Hand hygiene improvement Toolkit’
*SureWash (Glanta Ltd, Dublin, Ireland) is a device that uses video-measurement technology and immediate
feedback to teach health care workers the WHO’s 5 moments of hand hygiene.
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Dimensions

Description

Teamwork and hierarchy

Collaboration between healthcare workers. Defined as the relationship an individual
maintains with colleagues and the way they collaborate. Also includes hierarchical order
within the hospital unit.
Values and beliefs of a healthcare worker towards patient safety in general. Not specifically
focused on but also includes hand hygiene.
The extent to which individuals can freely express ideas and opinions concerning patient
safety. This includes the way information is communicated among health care workers within
the hospital unit.
The frequency with which adverse events and incidents are reported. Also includes the
severity of reported events.
Information transfer during shift changes, including structure, procedures and activities
applied.
Measures of hospital administration concerning hand hygiene and interpretation of these
measures at the hospital unit level. Assesses whether health care workers are aware of these
measures and how they interpret them.
Commitment towards hand hygiene as expressed by hospital unit management. This includes
personal involvement and management style.
The amount of medical and nursing staff available for the unit. Measures perceived workload
and assesses the relationship with hand hygiene compliance.
The extent to which healthcare workers can correct colleagues in case of hand hygiene noncompliance. Also assesses reasons for (not) addressing.
How a hospital unit reacts to their hand hygiene compliance scores. Assesses measures that
are taken within the hospital unit to increase hand hygiene compliance and the health care
worker’s perspectives on these measures.

Overall perception of safety
Communication

Reporting
Shift changes
Hospital management support

Leadership
Adequate staffing
Addressing non-compliance
Feedback and improvement
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TABLE S2. Dimensions of the interview guide, adapted from the COMPaZ Questionnaire
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Adaptations and additions to the interview guide
Three of the COMPaZ dimensions are clustered at the hospital level, rendering
them less useful for assessment of safety culture on individual units.1 However,
excluding these dimensions would compromise validity of the assessment, therefore
a few adaptations were made. In safety culture assessment, collaboration is usually
grouped in one dimension,2 we therefore combined ‘Collaboration across hospital’
and ‘Teamwork within hospital unit’ into ‘Teamwork and hierarchy’. We aimed to
measure both safety culture in general and hand hygiene culture, specifically. Noncompliance with hand hygiene is usually not registered as an error, ‘Non-punitive
response to error’ was therefore renamed ‘Addressing non-compliance’. Likewise,
‘Feedback and learning from errors’ was renamed ‘Feedback and improvements’,
and defined as both the response to error in general and the unit’s plan of action to
improve compliance.
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Medical director

Nurse manager

Doctor

Nurse

Total

Unit 1

1

1

1

2

5

Unit 2

0

1

1

3

5

Unit 3

1

1

1

1

4

Unit 4

1

1

1

2

5

Unit 6

0

1

1

3

5

Total

3

5

5

11

24
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TABLE S3. Distribution of interviewees among hospital units

Interview guide
I. Introduction
1. Let’s start by having you briefly describe what you do here.
2. How long have you held this position? How long have you been working
on this unit?
II. Hand hygiene

3.
4.

5.
6.
7.

How would you describe your unit’s view on hand hygiene?
Have there been efforts to improve hand hygiene?
a. Are you aware of the ‘Hand hygiene improvement Toolkit’?
b. If so, has the Toolkit been used? And if so, which interventions have
been implemented?
c. Do you feel improvements have been made in compliance?
On your unit, what do you think contributes to (not) being able to improve?
Does your unit have a designated ‘Hand hygiene improvement team’? If so,
does the team comprise both doctors and nurses?
Do you know who your designated infection control nurse(s) is/are?
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III. Safety culture and hand hygiene

8.

In your opinion, in what way does the hospital administration show their
involvement in hand hygiene?
9. In your opinion, in what way does unit management express the need to
improve hand hygiene?
10. To what extent is it customary in your unit to address co-workers on noncompliance? Do you, personally, address non-compliance? Why (not)?
11. Are results of hand hygiene compliance measurements communicated with
staff? If so, how? How is this information handled?
12. How would you describe your unit’s workload?
a. To what extent does workload influence hand hygiene compliance?
IV. General safety culture
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13. How would you describe your unit’s general view on patient safety?
a. Are measures taken to improve patient safety?
b. What happens if someone expresses ideas or opinions on patient
safety issues?
c. Do you consider hand hygiene part of patient safety?
14. How would you describe collaboration and communication on your unit?
a. Among nurses/doctors?
b. Between nurses and doctors?
15. How would you describe hierarchy on your unit?
16. Can you describe how reporting of patient safety issues is handled on your
unit?
a. Is it customary to report incidents?
b. Are ‘near-incidents’ reported (error is discovered and corrected
without harm to the patient)?
17. How are shift changes organized on your unit?
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Category

Intervention

Target

Description

Preparation

Determining goals

Knowledge
Tools&skills
Attitude

Consult with medical and nursing staff to determine specific
and realistic goals in improving hand hygiene compliance

Strategic placement of Tools&skills
dispensers
Team training ‘Feedback’ Knowledge
Attitude

Increase number of dispensers in hospital unit. Review
dispenser location in consultation with staff
Train healthcare workers to accept feedback on their actions
and simultaneously learn to address a co-worker’s behaviour

Buddy system

Pair two healthcare workers to provide each other with
feedback on hand hygiene compliance
WHO’s 5 Moments of hand hygiene, technique and its
importance
Mobile training and audit device, using game technology to
map and improve hand hygiene techniques
Point out deficiencies in hand hygiene technique, with the use
of a fluorescent alcohol based hand rub and a UV light to show
which areas were overlooked.
Create awareness in visitors and patients on importance of
hand hygiene
Provide staff education on hand hygiene technique, and the
possible consequences of non-compliance for patients and
staff
Show good examples by only displaying images of health care
workers that comply with hospital guidelines
Encourage hand hygiene behaviour by appointing wellperforming health care worker as unit champion
Develop work place reminders for use throughout unit in
consultation with staff

Feedback & Reflection

Education & Awareness E-learning

Knowledge
Attitude
Knowledge

SureWash*

Tools&skills

Black Box Training

Tools&skills

Pamphlets for patients
and visitors
Face-to-face education

Knowledge

Photo- and Video
materials
Champions

Knowledge
Attitude
Attitude

Reminders

Knowledge

Social environment

Knowledge
Attitude

2

TABLE S4 Interview results per hospital unit, grouped according to the 10 dimensions

TABLE S5 Interview results per hospital unit, grouped on the 10 dimensions (next page)
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On paper, all staff are allowed to
express ideas and opinions. In practice,
expression is limited to hierarchical
layers
Results irregularly communicated with
staff via e-mail and newsletters. Staff
try to disseminate results through
presentations.
Hand hygiene subject of work meetings
Incidents concerning patient safety are
always reported. Near-incidents are
infrequently reported, depending on
the situation
Not completely standardized. Generally
includes reading patient files and
questions for relieving colleague

All staff are allowed to express ideas
and opinions

Investments in department of infection
control and purchase of better alcohol
based hand rub
Staff are divided on perceived hospital
management support of hand hygiene

Perceived investments Guidelines could be tightened. If
management sets demands, they
should facilitate
Perceived
Hospital management is not
support
responsible, leadership in hospital unit
is more important

Everything out of the ordinary is being
reported. Acknowledge that reporting
could be improved
Standardized shift changes, includes
plenary information transfer, reading
patient files, and joint bedside safety
checks

Most reporting unit of the hospital.
Acknowledge that many (near)
incidents still go unreported

All staff are allowed to express ideas or
options, as long as it has been thought
out as a plan of action. This is actively
stimulated
Results communicated with staff via
Results communicated with staff via
email or during rounds
email or unit log
Hand hygiene subject of work meetings Hand hygiene subject of work meetings
and newsletters
and newsletters

Standardized shift changes, includes
plenary information transfer, reading
patient files, and joint bedside safety
checks
Hospital management support

Shift changes

Reporting

Hand
hygiene
results

Communication

Patient safety is very important. Hand
hygiene is part of patient safety, but a
subordinate part. Medical staff can be
sceptical of need for improvement
Formal communication.

Patient safety is priority number one.
Patient safety is priority number one.
Aware of consequences of hand hygiene Hand hygiene is part of patient safety
non-compliance. Medical staff can be
sceptical of need for improvement
Formal communication.
Formal communication.
Bulletin board for important acute
topics.

Patient safety is an integral part of
health care. Varying opinions on
whether hand hygiene is part of patient
safety
Formal communication.

Some hierarchy.
Overall friendly collaboration, but
verbal aggression occurs among staff.
Focus on individual performances

Unit 6

Investments in poster campaigns,
tightening guidelines
Hospital management sets demands,
staff should meet these, hospital unit
is responsible

Hospital management sets demands,
staff should meet these, hospital unit
is responsible

Standardized shift changes, includes
reading patient files and joint bedside
safety checks

A lot is reported, but reporting is
limited by increased workload.
Reporting remains infrequent

Results irregularly communicated
with staff via e-mail, notice of positive
results is lacking.
Hand hygiene subject of work meetings

Staff does not perceive hospital
management support of hand hygiene

Investments in posters campaigns

Standardized shift changes, includes
plenary information transfer and
reading patient files. Recently added
joint bedside safety checks

Reporting is good. Acknowledge
that many (near) incidents still go
unreported

Results irregularly communicated with
staff via email
Hand hygiene not a subject of work
meetings

Combined ward; larger specialty
actively seeks ideas and opinions,
Expression of ideas and opinions is
smaller specialty tends to ignore nurses’ limited to hierarchical layers
opinions

Some hierarchy,
top-down management.
Acknowledge need for collaboration
and take actions to improve. Young and
flexible team
Improvement in patient safety is
important. Hand hygiene is an integral
part of work, but a subordinate part of
patient safety
Formal and informal communication
(i.e. during coffee breaks).

Unit 4

Investments in poster campaigns and
hand hygiene research

Some hierarchy.
Close collaboration within each
hierarchical layer

Overall perception
of safety

Pillars rather than hierarchical layers.
Close collaboration between doctors
and nurses

Pillars rather than hierarchical layers.
Close collaboration between doctors
and nurses

Unit 3

Teamwork and
hierarchy

Unit 2

Unit 1
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Dimensions
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Safety culture

Aware of own opportunities for
improvement. Performs interventions
to improve compliance

Feedback and
improvement

Proactive / Generative

Interventions: 8

Staff address each other on noncompliance, but there is room for
improvement

Addressing
noncompliance

Proactive / Generative

Interventions: 6

Room for improvement according
to management. Non-compliance
addressed appropriately according
to staff
Sees little opportunities for
improvement considering consistently
high compliance. Still performs
interventions to improve compliance

Calculative

Interventions: 4

Little awareness of opportunities for
improvement.
Performs little to no interventions to
improve compliance
Nurse manager not aware of hand
hygiene interventions on unit

Room for improvement. Medical
staff are inconsistent in compliance,
hindering addressing by nursing staff

High absenteeism. Increased workload
negatively influences hand hygiene
compliance

Combined top-down and bottom-up
approach

Adequate
staffing

Closely involved hospital unit
management with regular clinical
duties. Staff are involved in decisionmaking, experienced staff are
addressed as role models.

Leadership

Proactive

Interventions: 9

Aware of own opportunities for
improvement. Performs interventions
to improve compliance

Top-down approach, zero-tolerance
policy
Self-proclaimed highest workload of
the hospital. Hand hygiene is part of
routine, slight influence of workload on
compliance
Staff address each other on noncompliance, across hierarchical layers

Top-down approach in addressing, no
clear approach to improvement

Too many e-mails from hospital
management reminding to comply

Feedback &
follow-up

Combined top-down and bottom-up
approach
High workload. Hand hygiene priority is High workload. Hand hygiene priority is
lowered in emergency situations (e.g. lowered in emergency situations (e.g.
resuscitation)
resuscitation)

Hospital management have made hand Hospital management have made hand Hospital management have made
hygiene a priority
hygiene a priority
hand hygiene a priority, but staff find
it frustrating attention is now lowered.
Hand hygiene important element of
strategic plan, it is made clear that
things should change
Hand hygiene regularly mentioned in
Hospital units are required to explain
Hospital units are required to explain
plenary meetings,
compliance results in stand-up
compliance results in stand-up
Indicating management thinks hand
meetings with hospital management
meetings with hospital management
hygiene is important
Closely involved hospital unit
Medical director addresses nonHospital unit management present
management. Nurse manager actively compliance, but nurse manager is
as role models and address nonpromotes guideline adherence,
unaware of hand hygiene interventions. compliance. Generally aim at enhancing
presents as role model. Involves staff in Nursing staff responsible for
team spirit but demand hand hygiene
decision making.
improvement strategy.
compliance.

Hospital management have made
hand hygiene a priority. Hand hygiene
element of strategic plan, but targets
not always feasible

Perceived
prioritization

Pathological

Interventions: 4

Sceptical of opportunities for
improvement. Acknowledges possible
use of interventions. Performs little to
no interventions to improve compliance

High workload. Increased workload not
considered legitimate excuse for noncompliance, but can have a negative
influence
Staff do not address each other on noncompliance, focus on own performance

Currently no clear leadership

Medical director initiated bed side
availability of alcohol based hand rub.
Nurse manager was relocated but
replacement was delayed. Decisionmaking among nursing staff.

No feedback or follow-up perceived

Hand hygiene element of strategic
plan, but only to pass governmental
requirements and gain accreditation
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Human behaviour flows from three main sources: desire, emotion, and knowledge
- Plato
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ABSTRACT
BACKGROUND The VU University Medical Center, a tertiary-care hospital in the
Netherlands, has adopted a dress code based on national guidelines. It includes
uniforms provided by the hospital and a ‘bare-below-the-elbow’ policy for all
healthcare workers (HCWs) in direct patient care. Because compliance was poor,
we sought to improve adherence by interventions targeted at the main causes of
noncompliance.
OBJECTIVE To measure compliance with the dress code, to assess causes of
noncompliance and to assess whether a behavioural approach (combing a nominal
group technique with participatory action) is effective in improving compliance
METHODS Between March 2014 and June 2016, a total of 1,920 HCWs were
observed in hospital hallways for adherence to the policy, at baseline, and at followup measurements. Based on the outcome of the baseline measurement, a nominal
group technique was applied to assess causes of noncompliance. The causes revealed
served as input for interventions that were developed, prioritized, and tailored to
specific groups of HCWs and specific departments through participatory action.
RESULTS We identified lack of knowledge, lack of facilities, and negative attitudes as
the main causes of noncompliance. The importance of each cause varied for different
groups of HCWs. Tailored interventions targeted at these causes increased overall
compliance by 39.6% (95% CI 31.7–47.5).
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CONCLUSION The combination of a nominal group technique and participatory
action approach is an effective method to increase and sustain compliance with
hospital dress code. This combined approach may also be useful to improve adherence
to other guidelines.
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INTRODUCTION
To prevent transmission of pathogens and healthcare-associated infections, proper
infection control is paramount. Hand hygiene has proven very important in the
prevention of healthcare-associated infections,1 but adherence is low.2,3 In addition,
proper hand hygiene is hindered by rings, wristwatches, and long sleeves.4,5 Through
jewelry,6,7 artificial nails,8 and clothing9-11 healthcare workers (HCWs) can transfer
microorganisms to patients, colleagues or themselves. Therefore, a hospital dress
code has been defined for HCWs in direct patient care at the VU University Medical
Center, a 713-bed tertiary-care hospital in the Netherlands. The dress code entails
proper wearing of hospital uniforms and a ‘bare-below-the-elbow’ policy. Although
the hospital has set these standards and provides clean uniforms and scrubs every
day, compliance with the dress code was poor.
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To structurally improve guideline adherence, behavioural change is required. Group
norms tend to guide behaviour of group members and, therefore, may play an
important role in the individual willingness to comply with infection prevention
policies.12,13 To achieve behavioural change, insight is needed into the interaction
between individuals, groups, and the working environment and its effect on
compliance. The nominal group technique (NGT) is a decision-making method that
involves various panel rounds and combines elements from focus groups and the
Delphi method. This structured group process can be used to generate ideas, to reach
consensus, and to engage group members in possible ways to solve a problem.14,15
The NGT has proven useful in a range of healthcare settings.16 Its democratic style,
the iterative character, and the avoidance of bias caused by interpretation of the
researcher has been shown to promote a high-volume of high quality responses.17
Therefore, NGT can help to gain insight in behavioural components and other aspects
of noncompliance.
Participatory action research (PAR) is a collective inquiry of researchers and participants
aimed at understanding and improving a process.18 It is an empowering approach to
guideline implementation in healthcare settings.19 Because a PAR approach focuses
on adapting interventions to the existing needs of an implementation situation,
it might be a suitable approach to enhance compliance.20 We hypothesized that
combining PAR with NGT could create behavioural change and improve compliance
with our hospital’s dress code. Therefore, we aimed to measure compliance with the
dress code, to assess causes of noncompliance, to devise an approach to improve
compliance by PAR, and finally, to assess whether this approach was effective in
improving compliance.
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METHODS
Hospital Dress Code
The hospital dress code is based on guidelines by the Working Group on Infection
Prevention (WIP), an independent organization for infection prevention guideline
development in the Netherlands.21 The dress code requires all HCWs (1) to wear
hospital uniforms or scrubs when in direct patient care and to change these at least
once a day, or sooner if they become visibly contaminated; (2) to adhere to the
‘bare-below-the-elbow’ policy (no long sleeves, no hand or wrist jewellery, and no
watches); and (3) to adhere to the guidelines for keeping of hair, beards, and nails
(full description in Table 1).
Item

Criteria

Uniform

Uniform is complete, visibly clean and worn closed and exchanged for a clean copy every day

Hair

Long hair is worn up, not touching the shoulder; headscarves are visibly clean and not worn over
the shoulder

Length of sleeves

Uniform sleeves are worn above the elbow, sleeves of personal clothing not visible

Watch or wrist jewellery

No watches, wrist jewellery, piercings in hand or lower arm

Rings

No rings

Beards/moustaches

Worn short and groomed

Nails

Nails are short and clean, no artificial nails or nail polish
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TABLE 1 Hospital dress code based on Dutch national guidelines
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Measurement of Compliance with the Dress Code
Healthcare workers where covertly observed in hospital hallways by an infection
control expert and a research nurse, both trained specifically for these observations.
HCWs were identified as physicians, nurses or other HCWs by their job-specific
uniforms. Job-specific uniforms are provided in accordance with hospital identification
card and therefore are a reliable means of identification. Observers noted the type of
HCW and scored compliance with every item of the dress code. ‘Compliant with the
protocol’ was defined as adherence to all items. At each measurement, 240 HCWs
(80 physicians, 80 nurses, and 80 other HCWs) were scored, for a total of 1,920 HCW
observations over all 8 time points. Compliance was measured at baseline (T1) and at
irregular intervals (T2–T8) thereafter, from March 2014 to June 2016.

Nominal Group Technique
In our hospital, a network of link nurses is operational for improvement of infection
control practices. These nurses work on clinical wards or outpatient clinics and act as
a link between their own unit and the infection control team. After regular training
sessions, link nurses are asked to raise awareness on the discussed topic and to
implement accompanying policies by motivating their colleagues to improve clinical
practice.
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In one of the training sessions, the link nurses were educated in the utility and
necessity of the hospital dress code, were trained to observe compliance in their
own ward, and were asked to assess causes for noncompliance. To allow the link
nurses to fulfil their role, we modified the technique and used 2 consecutive digital
sessions to generate an overview of the main causes of noncompliance. In the first
session, the link nurses were invited (by e-mail) to discuss the causes of compliance
and noncompliance with colleagues on their own ward and to report their findings.
In a second session, the answers were verified; we checked whether all main causes
had been identified by presenting the link nurses with an overview of all input. In
this session, link nurses were also asked to discuss and prioritize possible solutions
with their colleagues. These findings were presented for discussion at meetings of
the Nursing Advisory Council and the Medical Staff Advisory Board. With the input of
these forms, the overview was finalized, and a consensus was reached regarding the
3 main causes and the priority of interventions.
We combined these outcomes to develop a set of interventions tailored to each
group of HCWs or department. Interventions were implemented in collaboration with
the link nurses, hospital management, and other relevant stakeholders (PAR). Details
of the timeline of the project, and of the final, refined strategy are outlined in Table 2.
The Medical Ethics Committee of VUmc assessed the study and concluded that our
study deemed exempt from their approval, as it did not include collection of data at
the level of patients.
Statistical Analysis
Analyses were performed per type of HCW, per item, and overall for compliance.
Results were expressed as proportion of HCWs compliant with hospital dress code.
Confidence intervals (CIs) were calculated using Wilson’s score. The Taylor series were
used to calculate CIs for difference scores. An ordinary least squares regression model
was fitted to identify the change in compliance over time using a linear spline with a
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knot at T2 and an interaction term to assess the effects of the implementation strategy
and interaction effects between the groups of HCWs. All analyses were performed
with R package version 5.0-0 for regression modelling strategies (R Foundation for
Statistical Computing, Vienna, Austria).22,23

RESULTS
Baseline Compliance (T1)
Compliance results were analysed per item, overall, and for each group of HCWs
separately (Table 3 in supplementary material). Nurses showed higher overall
compliance than physicians and other HCWs. In this first measurement, two-thirds
of the nurses, less than half of the physicians, and just more than a quarter of other
HCWs were compliant with all items of the protocol. Relative to other items, HCWs
were least compliant with appropriate wearing of their uniforms. Nurses were more
likely to comply with the uniform item than physicians or other HCWs. Physicians also
tended to wear wristwatches and long sleeves; therefore, they were less compliant
with the ‘bare-below-the-elbow’ policy. Most deviations were observed for the other
HCWs; this group wore long sleeves, rings, and wristwatches. Also, many members
of this group wore incomplete uniforms (e.g., only the jacket instead of the complete
uniform).
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Main Causes of Noncompliance
The causes of noncompliance were divided into 3 main areas: lack of knowledge, lack
of facilities, and negative attitudes.
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Lack of knowledge
Nurses described their uniform routines as habitual behaviour. Several wards had
detailed their own policies and created their own routines without knowledge of their
deviation from the hospital policy. Colleagues with administrative positions in the
outpatient clinic mentioned that they wore a jacket to be recognizable as a hospital
employee. Furthermore, nurses and physicians found the description of some protocol
items unclear. Some items were open to interpretation, which led to confusion and
discussion. Clarifying the purpose of the policy as an infection prevention measure
and providing a clear protocol were identified as possible facilitators for improving
compliance.

Lack of facilities
Healthcare workers reported the limited range of uniforms and poor fit as reasons
for not wearing the uniform. In particular, nurses described the need for a jacket for
warmth during nightshifts. Physicians reported the queue at the distribution point
and its location as causing too much delay in obtaining a clean coat and therefore
a ‘loss of time.’ The lack of availability of distribution points, uniforms, lockers, and
dressing rooms appeared to be the key barrier to compliance; providing extra facilities
was identified as a necessity for improving compliance.
Time, months

Intervention

1

3

Measurement
Pilot

2
3

T1

3.5

Stakeholders informed on results of baseline measurement

4.5

Link nurses educated on hospital dress code, trained to monitor compliance in their own
ward. Start of the nominal group technique.
Hospital management re-informed employees on the dress code and communicated this
extensively
Completion of the nominal group technique

5.5
6

Extra means allocated, (expansion of range and number of uniforms, increase of number of
wardrobes and lockers)

8
9

10

T2
Introduction of role models; evaluation of all hospital-related stock photos for correct
display according to dress code; poster campaign addressing the responsibility of each
healthcare worker to comply with the policy and give positive feedback to compliant
colleagues
The hospital management initiated a feedback culture and started addressing healthcare
workers who did not comply with the protocol

11

T3

13
15

T4
Second poster campaign

16

T5

20
22

23
26

T6
A brochure was released with the dress code and presented in person to the head of each
department or ward. Causes of non-compliance again were discussed per ward. Strategies
to achieve compliance were tailored by department
All healthcare workers with consent of the company for the home laundering of the
uniform were personally contacted and instructed with regard to this home laundering
In a concluding report to hospital management the advice was given to secure obtained
results by using periodic measurements as steering information in guidance within the
various divisions of the hospital

26.5

T7

30

T8

TABLE 2 Project Timeline
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Negative attitudes
Physicians mentioned the lack of evidence that a dress code contributes to the
prevention of healthcare-associated infections as motivation to deviate from the
protocol. Nurses mentioned the influence of negative role models. Addressing these
negative role models (i.e., heads of medical departments and experienced physicians
and nurses) was difficult because of the seniority and status of these role models.
Nurses did not address these role models to avoid conflict and confrontation.
Promoting a feedback culture, supported by hospital management, and improving
awareness among these role models regarding their negative influence on compliance
by other HCWs were recommended to improve compliance.
Follow-Up Measurements (T2–T8)
Figure 1 displays the results for overall compliance and compliance per group over
the full period of observations (T1–T8). After the first set of interventions aimed at
improving knowledge and facilitating employees, the overall compliance with the
dress code improved significantly, from 42.5%to 65.4% (β = 0.04; P = .001) over
a 5-month period. To sustain this improvement, interventions aimed at maintaining
focus on the dress code and addressing noncompliant employees were implemented.
Thereafter (T3 to T7), an additional significant increase in overall compliance from
65.4% to 82.1% (β= 0.0008; P =.01) was achieved. The compliance of physicians
increased 38.7% (95% CI, 24.7–52.8) over the whole study period. For nurses and
other HCWs, these increases were 27.5% (95% CI, 14.6–40.5) and 52.5% (95% CI,
39.4–65.6), respectively.
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The increase in compliance was sustained throughout the study period for physicians
and nurses but not for other HCWs. Between T3 and T7, we focused on strategies
to achieve full compliance within this group, which eventually increased compliance
to the level of physicians and nurses. Introducing an interaction term for the effect
of the intervention strategy in the different groups yielded a non-significant effect (P
= .06), which indicates the intervention strategy had similar efficacy on all groups.
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At the end of the project, compliance had improved significantly for all of the
particular items of the protocol (Table 3 in supplementary material). All groups were
more compliant with appropriate wearing of their uniform. Physicians also wore
wristwatches and long sleeves less often. Other HCWs wore fewer long sleeves, rings,
wristwatches, and incomplete uniforms to improve compliance.
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FIGURE 1 Proportion of healthcare workers compliant with dress code

DISCUSSION
In this study, hospital-wide compliance with a hospital dress code improved
significantly following a tailored intervention strategy. Interventions were based
on the main causes for noncompliance, assessed using a nominal group technique
(NGT) with stakeholders and a participatory action approach. The results showed an
almost 40% absolute increase in compliance. Regular compliance measurements with
feedback helped maintain improvement and focus on this hospital standard.
These results strengthen previous findings that, to improve compliance, exploration
of barriers and facilitation measures is essential.15 Compliance with guideline
implementation is considered complex; therefore, assessing the main causes for
noncompliance through NGT was the first step in our project, instead of the final
product. Guideline implementation requires interventions that specifically target
identified barriers and take into consideration the department, profession, and
setting.19 PAR has been shown to be effective in different groups of HCWs in various
fields of health care.24-26 Experiences in infection control show that a PAR approach
is a potentially useful method to improve hospital-wide guideline adherence.27 In this
collaborative process, working with people in an educative and empowering manner
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is essential.20 The infection prevention team improved compliance by initiating
a discussion regarding causes underlying noncompliance, by exploring possible
solutions, and by solving the problem through management support and involvement
of all stakeholders. PAR is a cyclical process of research, action, and reflection;28 in
contrast to conventional research, we deliberately intervened during the research
process.29 PAR is an ongoing process rather than a short-term intervention,30 and
the flexibility of this method offered the possibility to adjust interventions during the
project and to take the results from follow-up measurements into account. Physicians
and nurses immediately showed a sustained increase in compliance over time after the
first set of interventions was applied in our hospital. In the group of other HCWs, the
first interventions were not specifically tailored to their departments. Halfway through
the project, we started including these HCWs in the interventions, after which their
compliance increased to rates comparable to those of nurses and physicians. These
findings emphasize the importance of actively involving HCWs in the process and of
tailoring interventions to specific groups.19 A punitive approach generally does not
lead to a sustainable behavioural change31 and was therefore avoided.
As highlighted, items for which noncompliance was highest differed between the
different groups of HCWs. At the end of the project, these differences remained,
but compliance itself had improved. Much of this collective behaviour is based
on the behaviour of role models. Observing the noncompliance of others with a
specific norm can influence HCW behavior.32-34 To see a role model comply and wear
the uniform appropriately evokes the so-called cross-norm inhibition effect, which
strengthens the perception of the norm and encourages compliance. Nurses in
our study described the presence of negative role models as an important cause of
noncompliance. Further study could specifically address this aspect.
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Our study has some limitations. We performed only 1 standardized baseline
measurement. The initial steep increase in compliance could have been incorporated
before the implementation of the first set of interventions. However, audits in the
previous year showed compliance rates similar to those measured at baseline, which
makes an increase in compliance as a result of the interventions likely. Furthermore,
we did not measure whether HCWs comply with the daily changing of the uniforms
for laundering because data on this part of the protocol were unavailable.
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Overall, the democratic, pragmatic approach and its flexibility makes NGT combined
with PAR an empowering method that is easy to apply. This behavioural approach
appears to be a viable way to improve hospital-wide infection control practices.
Therefore, NGT and the resulting tailored interventions were a product of our

particular process, and they were specifically applicable in our setting. Therefore,
we recommend that this method be applied in other healthcare settings to develop
interventions enhancing compliance with protocols and guidelines tailored to the
local situation.
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SUPPLEMENTARY MATERIAL

Baseline compliance (T1)

Final compliance (T8)

∆ T1-T8

proportion compliant
(% compliance) [95% CI]*

proportion compliant
(% compliance) [95% CI]*

difference score in
% [95% CI]**

Overall
102/240 (42.5) [36.4 – 48.8]

197/240 (82.1) [76.7 – 86.4]

39.6 [31.7 – 47.5]

no rings

211/240 (87.9) [83.2 – 91.5]

237/240 (98.8) [96.4 – 99.6]

10.8 [6.5 – 15.2]

no wristwatches

200/240 (83.3) [78.1 – 87.5]

233/240 (97.1) [94.1 – 98.5]

13.8 [8.6 – 18.9]

no long sleeves

191/240 (79.6) [74.0 – 84.2]

227/240 (94.6) [91.0 – 96.8]

15.0 [9.2 – 20.9]

uniform

167/240 (69.6) [63.5 – 75.1]

226 /240 (94.2) [90.4 – 96.5]

24.6 [18.1 – 31.1]

no long nails

234/240 (97.5) [94.7 – 98.8]

240/240 (100) [98.4 – 100]

2.5 [0.5 – 4.5]

long hair up

217/240 (90.4) [86.0 – 93.5]

231/240 (96.3) [93.0 – 98.0]

5.8 [1.4 – 10.3]

no long beard

240/240 (100) [98.4 – 100]

240/240 (100) [98.4 – 100]

-

31/80 (38.8) [28.8 – 49.7]

62/80 (77.5) [67.2 – 85.3]

38.8 [24.7 – 52.8]

no rings

74/80 (92.5) [84.6 – 96.5]

79/80 (98.8) [93.3 – 99.8]

6.3 [-0.01 – 12.5]

no wristwatches

66/ 80 (82.5) [72.7 – 89.3]

78/80 (97.5) [91.3 – 99.3]

15.0 [6.0 – 24.0]

no long sleeves

49/80 (61.3) [50.3 – 71.2]

72/80 (90) [81.5 – 94.8]

28.8 [16.2 – 41.3]

uniform

62/80 (77.5) [67.2 – 85.3]

74/80 (92.5) [84.6 – 95.5]

15.0 [4.2 – 25.8]

no long nails

80/80 (100) [95.4 – 100]

80/80 (100) [95.4 – 100]

-

long hair up

73/80 (91.3) [83.0 – 95.7]

76/80 (95) [87.8 – 98.0]

3.8 [-4.1 – 11.6]

no long beard

80/80 (100) [95.4 – 100]

80/80 (100) [95.4 – 100]

-

compliant with protocol

Physicians
compliant with protocol

Nurses
48/80 (60.00) [49.0 – 70.0]

70/80 (87.5) [78.5 – 93.1]

27.5 [14.6 – 40.5]

no rings

71/80 (88.8) [80.0 – 94.0]

80/80 (100) [95.4 – 100]

11.3 [4.3 – 18.2]

no wristwatches

71/80 (88.8) [80.0 – 94.0]

79/80 (98.8) [93.3 – 99.8]

10.0 [2.7 – 17.3]

no long sleeves

78/80 (97.5) [91.3 – 99.3]

80/80 (100) [95.4 – 100]

2.5 [-0.9 – 5.9]

uniform

66/80 (82.5) [72.7 – 89.3]

75/80 (93.8) [86.2 – 97.3]

11.3 [1.4 – 21.1]

no long nails

78/80 (97.5) [91.3 – 99.3]

80/80 (100) [95.4 – 100]

2.5 [-0.9 – 5.9]

long hair up

72/80 (90) [81.5 – 94.8]

76/80 (95) [87.8 – 98.0]

5.0 [-3.1 – 13.1]

no long beard

80/80 (100) [95.4 – 100]

80/80 (100) [95.4 – 100]

-
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compliant with protocol
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Other HCW
23/80 (28.8) [20.0 – 39.5]

65/80 (81.3) [71.3 – 88.3]

52.5 [39.4 – 65.6]

no rings

66/80 (82.5) [72.7 – 89.3]

78/80 (97.5) [91.3 – 99.3]

15 [6.0 – 24.0]

no wristwatches

63/80 (78.8) [68.6 – 86.3]

76/80 (95) [87.8 – 98.0]

16.3 [6.1 – 26.4]

no long sleeves

64/80 (80) [70.0 – 87.3]

75/80 (93.8) [86.2 – 97.3]

13.8 [3.5 – 24.0]

uniform

39/80(48.8) [38.1 – 59.5]

77/80 (96.3) [89.5 – 98.7]

47.5 [35.8 – 59.2]

no long nails

76/80 (95) [87.8 – 98.0]

80/80 (100) [95.4 – 100]

5.0 [0.2 – 9.8]

long hair up

72/80 (90) [81.5 – 94.8]

79/80 (98.8) [93.3 – 99.8]

8.8 [1.7 – 15.8]

no long beard

80/80 (100) [95.4 – 100]

80/80 (100) [95.4 – 100]

-

compliant with protocol

3

Table S1 Baseline and final compliance overall, per item and per group of healthcare workers
*
95% confidence intervals were calculated using Wilsons’ score
**
95% confidence intervals were calculated using Taylor series
HCW healthcare workers
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If there’s something you really want to believe, that’s what you
should question the most
- Penn Jillete
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ABSTRACT
BACKGROUND Hand hygiene is paramount to prevent healthcare-associated
infections, but improving compliance is challenging. When healthcare workers
seldom encounter healthcare-associated infections, they will consider the odds of
causing infections through poor hand hygiene negligible. Cognitive biases such as
these may induce non-compliance. Nudging, ‘a friendly push to encourage desired
behaviour’, could provide an easily implemented, inexpensive measure to address
cognitive biases and thus support hand hygiene interventions.
AIM To investigate whether behavioural nudges, displayed as posters, can increase
the use of alcohol-based hand rub.
METHODS We developed nudges based on a systematic review of previously
described cognitive biases, and tested these through a cross-sectional survey among
the target audience. We then conducted a controlled before-after trial on two
hospital wards, to assess the effect of these nudges on the use of alcohol based hand
rub, measured with electronic dispensers.
FINDINGS Poisson regression analyses adjusted for workload showed that nudges
displayed next to dispensers increased their overall use on one ward [poster 1: relative
risk 1.6 (95% confidence interval 1.2-2.2); poster 2: 1.7 (1.2-2.5)] and during doctor’s
rounds on both wards [poster 1: ward A 1.7 (1.1-2.6); ward B 2.2 (1.3-3.8)). Use of
dispensers without adjacent nudges did not increase.
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CONCLUSION Nudges based on cognitive biases that play a role in hand hygiene,
and displayed as posters, could provide an easy, inexpensive measure to increase
use of alcohol-based hand rub. When applying nudges to change behaviour, it is
important to identify the right nudge for the right audience.

62

INTRODUCTION
Healthcare-associated infections pose a threat to patient safety. Although hand
hygiene is the most effective strategy to prevent these infections, adherence to
hand hygiene guidelines is poor.1-3 To improve adherence, many methods have been
applied, but structural improvement is challenging.4 Measures to support the effect
of interventions are therefore essential.
One strategy that may be effective, but is not yet commonly applied in healthcare, is
nudging: a friendly push to encourage desired behaviour. Nudging is widely used to
stimulate healthy behaviour, such as smoking cessation and healthy food choices.5,6
Nudging of healthcare workers has only recently been addressed in a few studies, in
which various kinds of nudges proved successful in influencing physician prescribing
behaviour.7-10 Although the exact mechanism has not been clarified, it has been
suggested that nudges influence behaviour by addressing cognitive biases underlying
non-compliance.11 Cognitive biases are often caused by ‘heuristics’. In social sciences,
heuristics are defined as decisional shortcuts which can be useful, as they help us to
quickly make judgements or decisions. However, when heuristics lead to cognitive
biases, they can confound our judgement and thus influence our behaviour.

4

In medical decision making, several cognitive biases and underlying heuristics have
been proposed to play a role.12,13 One example is the ‘availability heuristic’, which
describes how we assess the probability of an event by the ease with which we
can recall it: the easier an event is to recall, the more likely we consider it to occur.
Conversely, this means that if prevalence of healthcare-associated infections is low,
healthcare workers are inclined to believe that chances of transmitting an infection
through lack of hand hygiene are also low, thus leading to non-compliance.14
Heuristics such as these also play a role in influenza vaccination among healthcare
workers, and nudges specifically designed to target these heuristics were shown
to increase vaccine uptake.11 Although evidence is scarce, research indicates that
behavioural nudges could also be useful to improve hand hygiene, both in school
children and healthcare workers.15,16
Nudging could provide an easily implemented, inexpensive measure to support hand
hygiene interventions. In this study, heuristics and cognitive biases that could play
a role in hand hygiene non-compliance were reviewed. We then developed a set of
nudges addressing these biases and assessed their effect on the use of alcohol-based
hand rub in our hospital.
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METHODS
Design and setting
In this university medical centre, a mixed-methods study was performed, combining a
cross-sectional survey with a controlled before-after trial. A systematic review of the
literature on possible cognitive biases underlying hand hygiene non-compliance was
conducted. It was then assessed how these biases could be addressed using images
and slogans. Based on a survey among the target audience, a graphic designer
devised posters with the two highest scoring slogans and images. These posters were
displayed on two hospital wards to assess their effect on the use of alcohol-based
hand rub, measured with electronic dispensers.
Nudges
Previous studies have proposed 43 types of cognitive biases and heuristics that
could play a role in medical decision making.11-13 We evaluated these types for their
relevance to hand hygiene. Most of these were considered irrelevant: 27 applied to
pattern recognition in diagnosing patients, and two others applied to the order in
which choices are presented, which does not apply to the yes/no decision to perform
hand hygiene. In addition, we systematically searched PubMed, CINAHL and PsycINFO
for studies on cognitive biases in infection control, and in hand hygiene specifically.
This revealed no additional types to consider. Table I lists the 14 types that could be
relevant in decisions on hand hygiene, and which might therefore be important to
nudge correct hand hygiene behaviour. These were used as input for the images and
slogans (in supplementary material).
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A survey was sent to a convenience sample of 110 students, 60 nurses from all clinical
wards, and 27 doctors, mostly internal medicine. The survey was distributed through
SurveyMonkey Inc. (San Mateo, California, USA). Respondents were presented with 10
images and eight slogans and were asked open-ended questions on what these evoked.
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Two researchers (MC and HL) independently evaluated responses to the images
and slogans, to assess their value as a nudge. In order to be effective in changing
behaviour, a nudge needs to be a reminder of the desired activity; therefore the
image or slogan needed to evoke a link with hand hygiene. In addition, nudges need
to evoke a reaction. Nudges generating a positive attitude are more effective, merely
negative attitudes may be counterproductive. Responses to images were assigned
points for their link with hand hygiene, and use of positive and negative adjectives
(table II), with a maximum of five. Responses to slogans were only assigned points for
use of adjectives, with a maximum of three.

Heuristic/cognitive bias

Meaning

Relevance to hand hygiene

Affect heuristic12

Behaviour is influenced by the emotional
response (the affect) a stimulus evokes, which
influences the way risks and benefits are
perceived. If an activity or stimulus evokes
positive feelings, risks are perceived as low while
benefits are considered high, and vice versa
People tend to overestimate the long-term
impact of events
People have a tendency to believe that particular
health risks are greater for other people than
themselves
People have a tendency to value costs and
benefits today higher than costs and benefits in
the future
People assess the probability of an event by the
ease with which they can recall such an episode.
The occurrence is considered more likely if an
episode is easy to recall

Hand hygiene can be associated with both positive
affect (i.e. being clean, providing safe care) and
negative affect (i.e. it is a nuisance, thought of as
unnecessary, or it irritates the skin)

Impact bias12
Optimism bias11,12

Present bias11

Availability heuristic11-13

‘If we always perform hand hygiene, there will be
no more time left for actual care’
‘We never see problems with healthcareassociated infections on our ward’
Short-term risk of more work and skin irritation
can weigh more heavily than reducing healthcareassociated infections
‘Hand hygiene compliance is low and we just had
an outbreak’
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‘I don’t always wash my hands and I have never
caused an infection’
Confirmation bias12,13
People have a tendency to see evidence in favour See availability heuristic
of their beliefs and to ignore evidence for the
opposite
Default bias or status quo Disadvantages of leaving the status quo
Increasing hand hygiene performance requires
bias12
outweigh the corresponding advantages17
leaving the status quo
Bandwagon effect12
The probability of an individual adopting an
If everyone cleans their hands, more people will
activity or behaviour increases when more
and vice versa
people have already done so
Ambiguity aversion11,12
The tendency to prefer a known risk to an
Balancing risks of skin irritation (easily visible) and
unknown risk
healthcare-associated infection (hard to see).
Commission bias12,13
People have the “tendency toward action rather Performing hand hygiene is an action
than inaction”13
Loss/gain framing bias or Avoiding losses is a more powerful driver of
If I always perform hand hygiene, I will get dry
loss aversion bias12,18
decisions than the corresponding gains
skin. Besides, infections can be easily treated with
antibiotics’
Omission bias11-13
A potentially harmful inaction (omission) is
Omitting hand hygiene to avoid skin irritation
usually preferred to a possibly less harmful action
Frequency/percentage
Risks are perceived as higher when displayed as Rates of healthcare-associated infections can be
framing effect12
frequencies
expressed as frequencies
Relative risk bias12
People are more likely to choose an activity when The effect of proper hand hygiene on reducing
presented with relative risk than when the same healthcare-associated infections can be expressed
information is described as an absolute risk
as relative risk reduction instead of absolute risk
reduction
TABLE 1 Overview of heuristics and cognitive biases that could play a role in hand hygiene behaviour
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Reasons for poor hand hygiene have been shown to be different for different
healthcare workers.14,19 In addition, factors such as knowledge and risk perception
have been described to influence hand hygiene behaviour of healthcare personnel,
and could therefore affect the response to the images and slogans. The questionnaire
by Erasmus et al. was used to assess these factors (translated questionnaire in
supplementary material).20 With linear regression, we assessed scores of the slogans
and images, adjusting for overall score on the hand hygiene questionnaire and for
the respondent’s profession (i.e. nurses or otherwise), using SPSS 22.0 for Windows
(IBM SPSS Inc., Chicago, IL, USA).
Link with hand hygiene

Reaction

Points

No link
no use of any words related to hand hygiene
Indirectly linked
use of words such as contagious, transfer of bacteria
Directly linked
use of words such as hand hygiene, hand washing

Negative
use of adjectives such as annoying, exaggerated
Neutral
use of neither positive nor negative adjectives
Positive and negative
use of both positive and negative adjectives
“Somewhat annoying, somewhat funny”
Positive
use of adjectives such as good, nice

0
1
2

3

TABLE 2 Categorization of responses to images and slogans in the online survey
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Alcohol-based hand rub
Two hospital wards were selected, based on the location of their dispensers, so as to not
interfere with their current use, and on their similar characteristics: both were clinical,
non-intensive care unit (ICU) wards with adult patients of both medical and surgical
specialties, and had 24 beds. Although one ward was an acute admissions ward, both
had medium-high turnover of patients (average length of stay: six to nine days), and
similar average hand hygiene compliance rates (50-60% with overt observation, based
on the World Health Organization’s ‘5 moments for hand hygiene’).
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Three electronic alcohol-based hand rub dispensers (Ophardt Hygiene Monitoring
System (OHMS), Ophardt Hygiene-Technik GmbH & Co.KG, Issum, Germany) were
installed on each ward: one at the entrance, the other two in different (shared)
patient rooms. The dispensers were installed at the same location as the previous,
non-electronic dispensers and looked and functioned the same. These dispensers
recorded the exact time they were activated and the number of times the handle was
consecutively pressed; consecutive uses were recorded as one activation. After a twoweek baseline measurement, the posters were sequentially displayed at the wards’
entrance, for two weeks each. The sequence for each ward was assigned randomly. We

used a patient-based approach to measure workload (i.e. nurse:patient ratio), defined
as number of FTE (full-time equivalent) per admission day, which we obtained from our
hospital’s business intelligence department.
We analysed changes in the number of activations through Poisson regression analyses,
adjusting for workload and correcting for correlated observations through stratification
per dispenser, with STATA/SE 14.1 for Windows (StataCorp LP, College Station, TX, USA).

RESULTS
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Nudges
Overall survey response rate was 26%; responders were 19 medical students, 15
physicians (1 haematology, 1 infectious diseases, 1 psychiatry, 12 internal medicine),
and 18 nurses (accident and emergency, gastroenterology, ICU, internal medicine,
nephrology, neurology, obstetrics and gynaecology, paediatrics, psychiatry,
pulmonology, surgery). The two highest-scoring images had mean scores of 3.1 and
3.0. The two highest-scoring slogans had mean scores of 2.6 and 2.4. These scores
were not influenced by profession, or by score on the hand hygiene questionnaire.
The highest-scoring image was specifically mentioned in response to the highestscoring slogan, as was the second-highest-scoring image in response to the secondhighest-scoring slogan. These two were therefore paired on the posters (figure 1).

FIGURE 1 Nudges, developed according to survey responses. Poster 1 (left): ‘Half of all healthcare workers
perform well in hand hygiene. Which category do you belong to?’ Poster 2: ‘40% increase in hand hygiene,
40% decrease in healthcare-associated infections’
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FIGURE 2 Number of activations of the entrance dispensers on ward A en B per hour of the day, during
baseline and during display of posters 1 (‘Which category do you belong to?’) and 2 (‘More hand hygiene,
less infections’). Symbols indicate the number of activations during doctor’s rounds, during display of the
poster compared to baseline (results of Poisson regression analyses, adjusted for workload; RR, Relative
Risk; CI, Confidence Interval): *, RR 2.09 (95% CI 1.31-3.33); •, RR 1.67 (95% CI 1.09-2.55); ••, RR 1.49
(95% CI 0.91-2.42); •••, RR 2.20 (95% CI 1.28-3.78)
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Alcohol-based hand rub
The six dispensers together were used 2842 times. Both posters increased the overall
use of the entrance dispenser on ward B [poster 1: relative risk 1.61 (95% confidence
interval 1.18-2.20), poster 2: 1.72 (1.17-2.53)] but not of the entrance dispenser on
ward A [poster 1: 1.04 (0.79-1.38), poster 2: 1.07 (0.80-1.42)]. There was no effect
of the entrance posters on the use of dispensers inside patient rooms. During the
intervention periods, use of the entrance dispensers showed peaks between 9 and
11 (figure 1), coinciding with the doctors’ morning rounds. On ward B, a second peak
between 16 and 18 coincided with a ward-specific afternoon doctors’ round.
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DISCUSSION
Our study indicates that nudges, based on cognitive biases and displayed as posters,
can increase the use of alcohol-based hand rub when shown next to dispensers. One
of the nudges had an effect on both wards, increasing the use of adjacent dispensers
during specific times of the day, whereas the other nudge increased overall use of the
entrance dispenser on one ward. At the same time, there was no change in use of the
dispensers where no posters were displayed.
Although our sample is small, these findings are in line with the few studies
that have used nudges to influence healthcare workers’ behaviour. Meeker and
colleagues designed a nudge that appealed to the power of public commitment,
by asking general practitioners to sign a letter of commitment to appropriate use
of antibiotics. Prominent display of this letter in their examination room led to a
20% absolute reduction in inappropriate prescribing.7 Tannenbaum and colleagues
nudged appropriate prescribing by rearranging treatment options in an electronic
health record, which led to a 12% absolute reduction in aggressive treatment.10
The same approach was shown effective in improving ventilation and appropriate
prescribing of mouthwash in ICU patients.9,21 In a study specifically addressing hand
hygiene, nudges were shown to increase hand washing among school children from
4% to 74%.15 These studies all show how, by targeting certain aspects of ‘choice
architecture’, seemingly small interventions can influence behaviour.
Other studies have shown that posters solely serving as a reminder or educational
message are not effective, and that message-framing on hand hygiene posters is
crucial to achieve an effect.18,22 Dubov and Phung specifically addressed cognitive
biases underlying low rates of influenza vaccination among healthcare workers,
and showed how nudges targeting these biases can increase vaccine uptake.11 This
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strengthens the idea that the effect of nudges possibly relies on addressing heuristics
and cognitive biases underlying non-compliance.
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We displayed two different nudges, appealing to different cognitive biases, and these
had different effects. Poster 1 (‘which category do you belong to’) appealed to the
bandwagon effect, and only showed an effect on ward B. This could be due to
differences between the wards we did not account for, such as ward culture regarding
hand hygiene or the presence or absence of role models.19 As previously described,
the acceptability of a nudge depends on ‘the nature of the nudge, who nudges, and
who is nudged’.23 Further refined nudges, based on cognitive biases at the ward level,
could perhaps enhance acceptability. Poster 2 (‘more hand hygiene, less infections’)
appealed to the loss aversion and relative risk biases, and had an effect on both
wards. However, use mainly increased during doctor’s rounds, which could indicate
that the nudge appealed more to doctors. Reasons for poor hand hygiene have been
shown to be different for doctors and nurses.14,19 Future studies, in which nudges are
designed to specifically address doctors or nurses, or in which the user’s profession
is registered along with the use of a dispenser, could shed light on this hypothesis.
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Our study has strengths and limitations. We performed a thorough literature
review on cognitive biases underlying non-compliance and assessed these for their
applicability to hand hygiene; this overview may be of use to other interventions.
In addition, the nudges were designed with input from the expected end-users (i.e.
nurses, doctors, and students), which has been proposed as more effective than using
ready-made posters.24 We selected the highest-scoring images and slogans for our
nudges. Scores for the slogans were high, but scores for the images were moderate.
Perhaps other, higher-scoring images could have had more effect. Although we
evaluated the nudges among the target audience and the responding nurses worked
on many different units, almost all responding doctors worked in internal medicine.
In addition, response rates were low. Surveys among a larger sample, with a more
diverse background, might strengthen our results. With the electronic dispensers,
data on their use was collected remotely; therefore study participants were not
aware of being monitored, eliminating response bias. It should be noted that we only
collected data on use of the dispensers, not on the appropriateness of alcohol-based
hand rub use. We therefore cannot draw conclusions on hand hygiene compliance.
We only had six electronic dispensers at our disposal, for a limited time of six weeks.
More dispensers with adjacent posters and a wash-out period between posters would
have strengthened our results. Unfortunately, this was not possible. However, with
this small, explorative study, we did see an interesting effect that warrants further
research. The effect of changes in the environment may be subject to the novelty

effect; studies with longer follow-up are needed to assess whether the effect of
nudges is sustained.
There is, of course, no easy solution to increase hand hygiene compliance, and multifaceted intervention strategies are preferred. Nudging should not be considered a
stand-alone intervention, but rather a supportive measure to optimize intervention
strategies. Our study indicates that displaying nudges next to dispensers could be a
useful, inexpensive measure to enhance the use of alcohol-based hand rub.

SUPPLEMENTARY MATERIAL
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(available online)
Appendix A. Images presented in online survey
Appendix B. Slogans presented in online survey
Appendix C. Questionnaire on Hand Hygiene (translated from Dutch)
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EDUCATION ON ANTIBIOTIC
PRESCRIBING

I hear and I forget. I see and I remember. I do and I understand
- Chinese proverb
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ABSTRACT
BACKGROUND Antimicrobial prescribing behaviour is first established during
medical study, but teachers often cite lack of time as an important problem in the
implementation of antimicrobial stewardship in the medical curriculum. The use
of electronic learning (e-learning) is a potentially time-efficient solution, but its
effectiveness in changing long-term prescribing behaviour in medical students is as
yet unknown.
METHODS We performed a prospective controlled intervention study of the long-term
effects of a short interactive e-learning course among fourth year medical students in
a Dutch university. The e-learning was temporarily implemented as a non-compulsory
course during a 6 week period. Six months later, all students underwent an infectious
disease-based objective structured clinical examination (OSCE) aimed at simulating
postgraduate prescribing. If they passed, each student did the OSCE only once. We
created a control group of students from a period when the e-learning was not
implemented. Main outcomes were the OSCE pass percentage and knowledge, drug
choice and overall scores. We used propensity scores to create equal comparisons.
RESULTS We included 71 students in the intervention group and 285 students in the
control group. E-learning participation in the intervention group was 81%. The OSCE
pass percentage was 86% in the control group versus 97% in the intervention group
(+11%, OR 5.9, 95% CI 1.7–20.0). OSCE overall, knowledge and drug choice grades
(1–10) were also significantly higher in the intervention group (differences +0.31,
+0.31 and +0.51, respectively).
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CONCLUSIONS E-learning during a limited period can significantly improve medical
students’ performance of an antimicrobial therapeutic consultation in a situation
simulating clinical practice 6 months later.
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INTRODUCTION
Education is an essential pillar of antimicrobial stewardship.1 The basis for
professional behaviour is laid during the first years of medical study. Interventions
to promote prudent antimicrobial prescribing should therefore increasingly focus
on undergraduates, rather than on postgraduates only.2 A recent survey revealed
that European medical teachers feel the subject of prudent antimicrobial prescribing
should be prioritized. However, teachers cited time restriction as the most important
obstacle.3 Electronic/internet- based learning (e-learning) offers an interesting
potential solution to this problem because, after creation, large groups of students
can participate with a relatively small investment of time and cost.4,5
E-learning can be equally effective as an alternative education method in improving
patient-related outcomes and influencing healthcare professionals.6 E-learning has
shown positive effects on drug prescribing, but more evidence regarding behaviour
change in practice and long-term retention (>12weeks) is needed.4,7-9 Educational
interventions on antimicrobial prescribing have shown effectiveness,10-14 but effects
could not always be isolated from other intervention effects. The question remains
whether a short period of e-learning can improve antimicrobial prescribing skills and
behaviour in undergraduates in the long term.
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We developed a problem-based, interactive e-learning module on antimicrobial prescribing
for fourth year medical students, con- forming to scientific recommendations.2,15,16 We
tested the e-learning’s long-term (after 6 months) effectiveness in improving student
competence in performing a therapeutic infectious dis- ease consultation in a simulated
patient situation.

METHODS
Design
Prospective controlled intervention study of long-term effects, combined with
randomized controlled intervention study of short-term effects (knowledge only).
Population
Medical students at the VU University Medical Centre Amsterdam, The Netherlands.
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Participant selection and study groups
The e-learning module was introduced in the fourth year (out of six) of the medical
curriculum between September 2011 and August 2012. Students were informed
about the e-learning programme during an education lecture and asked to complete
an antimicrobial knowledge pre-test. Afterwards, students were randomized to either
direct e-learning access for 6 weeks or no e-learning (control group 1). E-learning
group students received an e-mail link to the e-learning and up to three reminder
e-mails in the case of <80% e-learning completion. E-learning access ended shortly
before the antimicrobial knowledge post-test. To allow each student equal access
to education, students in control group 1 were given access to the e-learning
after the post-test. Owing to the potential risk of exposure to the e-learning (i.e.
contamination), control group 1 was excluded from the long-term analysis.
We created another control group (control group 2) for the long-term effect analysis
of all students not included in the intervention group or control group 1 who had
started their fourth year of the curriculum between September 2009 and September
2012. Figure S1 (see supplement) shows the full inclusion process for each study
group. The study was approved by the national educational ethical review board
(NVMO-ERB).
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E-learning module
The e-learning module was built into the Dutch e-learning portal MedischOnderwijs.nl
(in Dutch, to access: click https://www.medischonderwijs.nl?LESSONID=1693, register
for free and click link again), comprised eight clinical cases and was based on the
WHO’s guide to good prescribing,17 similar to the paradigm of the pharmacotherapy
education in the curriculum. The e-learning included an evaluation survey (created in
SurveyMonkey, http://www.surveymonkey.com).

80

Measurements
The antimicrobial knowledge tests comprised 57 multiple-choice questions each,
validated by several experts. The objective structured clinical examination (OSCE)
aimed to simulate prescribing behaviour in clinical practice and was set up concordant
with recommendations from literature including use of a patient actor;18 also see the
Supplementary methods and previous literature.19 The final product of the exam was
a written prescription for an infectious disease case. Students were scored on overall
performance based on a standardized score system including sub scores for drug
choice and knowledge. Examiners were blinded to group allocation.

Outcomes
Primary outcomes were based on evaluation of long-term e-learning effects and
comprised overall drug choice and knowledge OSCE scores (all grades 1–10, higher
scores indicating a better performance) and OSCE pass percentage (overall score
>5.5). Secondary outcomes were the short-term effect of e-learning on knowledge
by comparing scores on the second antimicrobial knowledge test while controlling
for scores on the first test; and students’ evaluation of the e-learning.
Statistical analysis
We used the intention-to-treat principle to define intervention status. We determined
the effect of the intervention by comparing outcomes between the intervention
group and control group 1 for short-term effects and control group 2 for longterm effects. Univariate linear or logistic regression was used for all comparisons.
We used propensity scores to control for confounding effects of students’ prior
level, case differences and use of different examiners to allow valid comparisons.
We also performed an as-treated analysis. We considered p<0.05 significant. See
the Supplementary methods for more details on the medical curriculum, outcome
measures and statistics.
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RESULTS
Inclusion
We included 56 students in control group 1, 68 students in the e- learning group for
the short-term comparison, 285 students in control group 2 and 71 students in the
e-learning group for the long-term comparison. Details of inclusion are shown in Figure
S1 (see supplement). Baseline characteristics of study groups are shown in Table 1.
E-learning effects
Students in the e-learning group scored significantly higher on all continuous
outcomes compared with control group students (Figure 1). OSCE pass percentage
was also significantly higher for e-learning group students compared with control
group students (97% versus 86%, n=346, OR 5.90, 95% CI 1.74–20.01, p=0.004).
Effect sizes increased when using an as-treated approach (Figure S2, see supplement).
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Evaluation survey
Students rated the e-learning as instructive (average score from 1 to 10 was 7.4),
77% rated it as entirely relevant, but 55% rated it as too extensive. When questioned
on their confidence in prescribing antimicrobial therapy in clinical practice prior to
and subsequent to the e-learning, the percentage of students indicating insecurity or
severe insecurity decreased from 74% to 37% (p=0.002)
Short-term effects analysis
E-learning group

Control group 1

Total

N

68

56

124

Female (%)

49 (72)

43 (77)

92 (74)

Age in years (range)

23.5 (20-38)

23.4 (21-48)

23.5 (20-48)

Average score on antimicrobial test 1 (range)

4.0 (1.7-7.4)

4.0 (1.7-6.0)

4.0 (1.7-7.4)

Average score on pharmacotherapy exam in prior year

6.7 (3.9-9.1)

6.4 (2.5-8.8)

6.6 (2.5-9.1)

ever opened (%)

56 (82)

-

-

up to 25% completed (%)

11 (16)

-

-

25 to 75% completed (%)

17 (25)

-

-

75 to 100% completed (%)

28 (41)

-

-

E-learning

Long-term effects analysis
E-learning group

Control group 2

Total

N

71

285

356

Female (%)

52 (73)

200 (70)

252 (71)

Age in years (range)

23.5 (20-38)

23.1 (20-41)

23.2 (20-41)

Average score on pharmacotherapy exam in prior year

6.7 (2.8-9.1)

6.8 (2.5-9.6)

6.8 (2.5-9.6)

ever opened (%)

58 (82)

-

-

up to 25% completed (%)

11 (15)

-

-

25 to 75% completed (%)

18 (25)

-

-

75 to 100% completed (%)

29 (41)

-

-

E-learning
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TABLE 1 Baseline characteristics of study groups
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FIGURE 1 Continuous outcomes from students in the e-learning group compared with control group
students. The possible grade range was 1–10, with higher scores indicating a better performance

DISCUSSION

5

This prospective controlled intervention study showed that access to e-learning for a
limited time period significantly improved medical students’ long-term antimicrobial
drug choice, antimicrobial knowledge and overall performance during an antimicrobial
therapeutic consultation with a patient actor. In order to shape future antimicrobial
prescriber behaviour, it is very important to identify resource-effective tools that can
improve undergraduates’ prescribing competence, rather than at a later stage when
physicians have already begun clinical practice.2 Our results suggest that e-learning
may be just that. Although the main results on the continuous outcomes were
relatively small (0.31–0.51 difference on a 1–10 scale; Figure 1), results on the pass
percentage (11% difference) suggest that the intervention made a difference where
it matters: among students whose prescribing competence balanced around the fail/
pass level. The e-learning was rated positively by students and increased their selfrated confidence in prescribing.
Our study is unique in that it estimates intervention impact by assessing students’
behaviour in a situation that simulates prescribing in clinical practice, using an
approach recommended in literature.18 It is one of very few studies to evaluate the
long-term impact (>12weeks) of a temporary educational intervention on antimicrobial
prescribing.11 The design of the study and the availability of prior student grades
allowed us to create optimal equal comparisons between intervention and control
groups. The inclusion of the short-term effect analysis made it possible to assess
direct impact on knowledge and a potential fade of knowledge retention over time.
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The results of the intention-to-treat analyses show that intervention impact was
significant when averaged for the whole group, although a considerable percentage
of students either did not access the e-learning at all or only partially. This reflects
intervention impact in practice, as participation in non-compulsory education is
seldom expected to be perfect. The as-treated results suggest the ‘true effect’ is
higher, as would be expected.
The e-learning used comprised certain factors that may have enhanced its
effectiveness, which are important to mention for future replication attempts.5 They
include its problem-based architecture;2,15 the inclusion of interactive elements,
exercises and feedback;16 and the use of the WHO six step plan to good prescribing,
which is a method known to improve therapeutic competence of medical students.17,20
Moreover, the e-learning was implemented in the curriculum with pharmacotherapy
education using the same paradigm.20 Although the curriculum was identical for the
control group students, the interaction between e-learning and the curriculum may
have supported long-term retention of learning effects.
We need to address some limitations. Assessment of students’ skills is subjective and
can lead to inconsistent results, which we aimed to diminish by using a structured
assessment approach and adjustment for examiner effects. The results of the
antimicrobial knowledge post-test were low across groups, suggesting the test may
have been too difficult. This may have caused an imperfect measurement of student
knowledge level. Finally, because our study included students who had to study for
an additional 2 years after the OSCE, it is unclear how much of the e-learning effect
will be present when they start prescribing in practice. Repeating the e-learning, for
instance in postgraduate training, may be important.
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We have shown that e-learning access during a limited time period can significantly
improve medical students’ long-term antimicrobial drug choice, antimicrobial
knowledge and overall performance of an antimicrobial therapeutic consultation in a
situation simulating clinical practice.
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SUPPLEMENTARY MATERIAL
METHODS
Medical curriculum
The medical curriculum in which the study was performed had a bachelor (three
years) and masters (three years) structure, in which the bachelor comprised mostly
theoretical education in the faculty, combined with a few short internships. The
bachelor included a course on infectious diseases and microbiology, including
antimicrobial chemotherapy. The master comprised a series of internships inside
and outside the hospital, combined with a two-month science internship, and three
months of free choice education. Every three weeks, a group of around 20 students
started with the fourth year of the Master. Because we wanted to include each
student at the exact same time point in their study, we followed this group structure
in our inclusion. E-learning participation was voluntary and unlinked to study credits
or grades. All interventions and measurements were part of the regular curriculum
at the time of the study. Students did not have experience of prescribing antibiotics
under supervision at time of inclusion.
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Randomisation
Randomisation was performed using the random number function in the SPSS version
20 software package, using a 55:45 ratio in favour of the intervention group, in order
to account for student dropout in the long term analysis.
Antimicrobial knowledge tests
Both antimicrobial knowledge tests comprised 57 unique multiple choice questions.
Difficulty was targeted at medical study end terms. The quality and difficulty of the
tests were validated by two infectious disease specialists, a clinical microbiologist, a
clinical pharmacologist, a general practitioner and a medical examination specialist.
OSCE
The OSCE took 15 minutes, and was observed and assessed by an examiner from the
pharmacotherapy department. The OSCE comprised three parts: 1. case preparation,
2. consultation, in which the student performed a therapeutic consultation with a
patient-actor, discussing the therapeutic options, therapy choice, side effects and
follow-up instructions; and 3. structured discussion with the examiner on pre-defined
topics. During the OSCE (discussion part excluded), use of any information resource
(e.g. internet) was allowed. Prior to the OSCE, students were informed that the case
would deal with one of 19 diagnoses. Only a minority of these diagnoses were infectious
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E-learning in
curriculum

No e-learning
in curriculum

165 students

439 students
(control group 2)

Antimicrobial
knowledge
test 1

74 students
randomized to
control group 1
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81 students
randomized to
e-learning

No show
control group 1: 8
excluded
No show
e-learning group: 4

Excluded due to
missing propensity
data:
control group 1: 10
e-learning group: 9

Antimicrobial
knowledge
test 2

Control group 1
excluded from
further analysis

Short term effects
analysis:
control group 1: 56
e-learning group: 68

Excluded due to
missing propensity
data:
control group 2: 12
e-learning group: 1

86

No show:
10 excluded

OSCE with infectious disease case

Long term effects
analysis:
control group 2: 285
e-learning group: 71

FIGURE S1 Inclusion and exclusion of participants at specific time points

OSCE with noninfectious
disease case:
142

diseases but for the current study only infectious disease cases were used. Examiners
used a standardised scoring form to score overall performance on the OSCE based on
the WHO 6-step, and contained several sub-scores including prescription quality (20% of
total score) and knowledge (20% of total score). In the curriculum, exam failure resulted
in postponement of continuance of the course until the exam was successfully retried.
Statistical analysis
To determine students’ prior level in the long-term analysis we used scores on the
pharmacotherapy exam in their third year, a similar exam to the OSCE but without
patient-actor consultation. Students’ scores on the antimicrobial knowledge pre-test
were used for the short-term analysis. All analyses were performed using Stata version
12 (Stata Corp, College Station, TX, USA). Sample size calculations showed that a
minimum sample size of 63 students per group was needed to detect a difference
of 0.75 on continuous scores, assuming a baseline of 6.5, and a standard deviation
of 1.5. To detect a 10% OSCE pass difference and assuming a 90% baseline, the
minimum sample size was 71 students per group. We used a power of 80% and
considered p<0.05 as significant. We also performed analyses according to an astreated model in which intervention group status was determined by actual E-learning
participation rather than study group allocation.
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RESULTS
Inclusion
Due to a miscalculation, some students had to be excluded from the analysis as
propensity variable information was missing, see Figure S1 (above) for all inclusion
details.
Outcome

E-learning Control Δ

95% CI

p-value N

>25% completed

5.28

4.48

0.80

(0.27 - 1.33)

>0.01

0-25% completed

4.26

4.52

-0.26 (-1.10 - 0.58) 0.54

67

25-75% completed

4.88

4.46

0.43

(-0.35 - 1.21) 0.28

73

75-100% completed

5.38

4.47

0.91

(0.29 - 1.52)

>0.01

84

>25% completed

7.24

6.75

0.49

(0.24 - 0.74)

>0.01

332

0-25% completed

7.31

6.75

0.56

(-0.04 - 1.15) 0.07

296

25-75% completed

7.42

6.75

0.67

(0.17 - 1.16)

>0.01

303

75-100% completed

7.18

6.75

0.43

(0.07 - 0.79)

0.02

314

>25% completed

7.16

6.55

0.61

(0.26 - 0.96)

>0.01

332

0-25% completed

6.71

6.55

0.17

(-0.29 - 0.62) 0.48

296

25-75% completed

7.27

6.55

0.72

(0.11 - 1.32)

0.02

303

75-100% completed

7.07

6.55

0.52

(0.17 - 0.88)

>0.01

314

>25% completed

7.11

6.53

0.58

(0.02 - 1.15)

0.04

332

0-25% completed

7.45

6.53

0.92

(-0.14 - 1.99) 0.09

296

25-75% completed

7.57

6.53

1.04

(0.57 - 1.51)

303

75-100% completed

6.85

6.52

0.32

(-0.43 - 1.07) 0.40

Short-term knowledge
101

Long-term overall

Long-term knowledge

Long-term drug choice

>0.01

314

-1.5 -1 -0.5 0 0.5 1 1.5 2
difference between groups
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FIGURE S2. As-treated results on OSCE continuous outcomes. Outcomes from students in the E-learning
group compared to control group students for continuous outcomes, using an as-treated approach based
on the extent of E-learning completion by the student.
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As-treated results on OSCE pass-percentages
OSCE pass percentage results according to the same as-treated approach were
(E-learning versus control):
>25% completed: 98% versus 86%, OR 10.01, 95% CI 1.34-75.02, p=0.03;
0-25% completed: 87% versus 86%, OR 1.11, 95%, CI 1.34-75.02, p=0.89;
25-75% completed: 100% versus 85%, OR could not be calculated due to 100%
pass mark;
75-100% completed: 100% versus 88%, OR could not be calculated due to 100%
pass mark. Due to unequal distribution between groups, the as-treated analyses
could not be controlled for the effect of the OSCE examiner or case differences.
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In theory, there is no difference between theory and practice.
But in practice, there is
- Jan L. A. van de Snepscheut
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E-learning on antibiotic prescribing –
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ABSTRACT
OBJECTIVES E-learning is increasingly used in education on antimicrobial stewardship,
but participation rates are often low. Insight into factors that affect participation is
therefore needed. Autonomous motivation is associated with higher achievements
in medical education and could also play a role in e-learning participation. We
therefore aimed to investigate the role of residents’ autonomous motivation in their
participation in e-learning on antibiotic prescribing.
METHODS We performed a multicentre cohort study in two academic and two
teaching hospitals. Residents who filled out questionnaires on antibiotic knowledge,
the perceived importance of antibiotics and motivation [Self-Regulation Questionnaire
– Academic (SRQ-a)] received e-learning access. We used the SRQ-a to calculate
relative autonomous motivation (RAM), an index that estimates the amount of
autonomous motivation compared with the amount of controlled motivation. We
then analysed associations between RAM and participation in e-learning with logistic
regression.
RESULTS Eighty-six residents participated (74% female, mean age 30 years). Overall
e-learning participation was 58% (n=50). Participation was 41% in residents with
negative RAM (i.e. more controlled motivation) and 62% in residents with positive
RAM (i.e. more autonomous motivation). RAM was positively associated with
participation, adjusted for residency in an academic hospital (adjusted OR 2.6, 95%
CI 1.5–4.6).

Chapter 6

CONCLUSIONS Participation in non-obligatory e-learning on antibiotic prescribing
is higher in residents with more autonomous motivation. Interventions to increase
autonomous motivation could improve participation. Preceding e-learning on
antibiotic prescribing with face-to-face education, to explain the importance of
the subject, could enhance autonomous motivation and thus optimize e-learning
efficiency.
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INTRODUCTION
A common scenario in the clinical setting is that residents report a lack of knowledge
on antibiotics and ask for more education on antibiotic prescribing. Yet when we
offer them e-learning on the subject, participation rates are low. Why do they not
participate, when they say they want to learn?
This question is important, as e-learning is increasingly used in antimicrobial
stewardship programs.1,2 The advantages of e-learning are legion: it provides flexibility
and allows interactivity and progress tracking, and, after initial development, modules
are easily distributed among large groups and across the globe, against relatively
small investments of time and costs.3,4 At the same time, e-learning requires a lot of
motivation, as it is usually non-obligatory and followed individually.
In contrast to earlier beliefs, as stated by the Self-determination Theory, motivation
should not be viewed as a trait that is either present or absent, but rather as a
continuum with different states. More extrinsically motivated states, in which
motivation comes from rewards (such as credits) are collectively called controlled
motivation. Autonomous motivation comprises the more intrinsically motivated
states, meaning that motivation originates from an interest in the subject or an
understanding of its importance.5 Studies have shown that autonomous motivation
is associated with higher study effort in medical students,6 higher achievements
in residents7 and more participation in continuing education among pharmacists.8
Autonomous motivation could therefore also play a role in e-learning participation.
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We investigated this for the important subject of antibiotic prescribing. Inappropriate
use of antibiotics can be found in up to a staggering 50% of prescriptions,9,10 which can
lead to unnecessary side effects, costs and development of antimicrobial resistance.
Education is viewed as an essential element of any hospital program that aims to
influence antibiotic prescribing behavior.11 This is recognized by residents, who have
expressed the need for more education on the subject.12,13 We therefore developed an
e-learning module on antibiotic prescribing and performed a multicentre cohort study
among residents to investigate the association between autonomous motivation and
participation in e-learning.
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MATERIAL AND METHODS
Design
We conducted a multicentre cohort study and asked residents from two university
medical centres (providing tertiary care) and two teaching hospitals to participate
during a scheduled teaching session. The study was conducted in the departments of
internal medicine, cardiology and clinical geriatrics, because of their high number of
in-hospital antibiotic prescriptions. At the time of study, none of the departments had
mandatory education on antibiotic prescribing.
Data-collection
Participants provided background information and filled out a questionnaire
consisting of a knowledge test on antibiotics, questions on the perceived importance
of antibiotics, and the Dutch version of the Self-Regulation Questionnaire – Academic
(SRQ-a). The English version of the SRQ-a is downloadable from the SDT website,
after registration and after providing a declaration that it will be used for research
purposes only (http://selfdeterminationtheory.org/self-regulation-questionnaires/).
All respondents who completed the questionnaire received login credentials for the
e-learning module, which were valid for two weeks. After two weeks, non-responders
received a reminder, extending the credentials for another week.
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The knowledge test comprised 37 questions. This test was adapted slightly from a
previously designed test, which had been assessed for content validity by infectious
diseases physicians, a medical microbiologist, a general practitioner and an assessment
expert. The new version was assessed for content validity once more, by one physician
researcher and three infectious diseases physicians.
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The Dutch version of the SRQ-a14 assesses motivation for a specific educational
activity using four subscales and was previously assessed for internal consistency.15 It
is used to measure Relative Autonomous Motivation (RAM), an index that provides
a general self-determination score by estimating the amount of autonomous
motivation compared with the amount of controlled motivation. RAM is calculated
by assigning weights, and adding scores of the four subscales of intrinsic regulation
(+2), identified regulation (+1), introjected regulation (−1) and external regulation
(−2). This generates a score from -48 to +48, in which a positive RAM suggests
a predominantly autonomous motivation profile, and a negative RAM indicates a
predominantly controlled motivation profile.

We developed an e-learning module through P-scribe, a web-based programme based
on the WHO Guide to Good Prescribing, which tracks participation.16 The module
comprised a case of endocarditis, interspersed with information on antibiotics. The
subject was chosen because a more complicated infection, such as endocarditis,
allowed us more room for background information. Participants were not aware of
the subject before participation. The e-learning module included questions with direct
feedback to increase interactivity. Local and national guidelines were provided to
assist in decision making and to mimic the process of prescribing in the clinical setting.
Completion took 60-90 minutes; participants were allowed to stop and resume. One
physician-researcher and three infectious diseases physicians independently assessed
the module for content validity.
After completion of the module, we administered the Instructional Materials
Motivation Survey (IMMS). The IMMS is a frequently used questionnaire that measures
motivation for educational materials, and has been tested extensively for validity in
medical education.17,18 The IMMS consists of 36 statements on four domains (ARCS)19:
The Attention domain assesses whether the material can hold the student‘s attention;
Relevance assesses whether the content relates to future application; Confidence
assesses the connection with prior knowledge; and Satisfaction assesses appreciation
of the material. We used the IMMS scores to assess the value of our e-learning as an
educational tool.
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Analysis
Descriptive analyses were used to summarize study population characteristics and
IMMS scores. We calculated means with standard deviations for normally distributed
data, and medians with IQRs for data with non-normal distribution.
To our knowledge, there is no literature on the psychometric properties of the SRQ-a
regarding responsiveness (i.e. whether the questionnaire is capable of measuring
changes in score). As the scale of RAM spans from -48 to +48, we considered a 10
point difference relevant, indicating a change in RAM of around 10%. We therefore
divided RAM by 10 and then assessed the association between RAM and e-learning
participation with logistic regression analysis, adjusting for residency in an academic
hospital, gender, clinical experience and prior knowledge on antibiotic prescribing
(measured as test score). All analyses were performed in SPSS 22.0 for Windows (IBM
SPSS Inc., Chicago, IL, USA).
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Characteristics
Age (years), mean (SD)

30 (5)

Female, n (%)

64 (74)

Clinical experience (years), n (%)
≤1

24 (28)

1-4

40 (47)

>4

22 (26)

Academic hospital, n (%)

58 (67)

Residency, n (%)
cardiology

14 (16)

clinical geriatrics

5 (6)

internal medicine

63 (73)

other

4 (5)

RAM
median (IQR)

7.3 (2-18)

min–max

-22 to +37

TABLE 1 Study population characteristics

RESULTS
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RAM and participation
Eighty-six residents participated in the study (characteristics in table 1). Overall
participation in the e-learning was 58% (n=50). Participation was 41% in residents
with negative RAM (i.e. more controlled motivation) and 62% in residents with positive
RAM (i.e. more autonomous motivation). Figure 1 shows the mean participation in
the RAM percentile groups.
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Logistic regression analysis showed a significant association between RAM and
participation in e-learning, with a crude OR of 2.1 (95% CI 1.3-3.4). This means
that for every 10-point increase in RAM, the odds of participation increase by
2.1. Residency in an academic hospital was a significant confounder, providing an
adjusted OR of 2.6 (95% CI 1.5-4.6), but was not an effect modifier. More clinical
experience and prior knowledge were not significant confounders in either model,
and there were no differences between female or male participants, nor was there an
association between receiving a reminder and participation.

Almost all residents (97%) agreed or strongly agreed that strong knowledge of
antibiotics is important in their career and that they would like more education on
the appropriate use of antibiotics and on antibiotic resistance.
IMMS
More than half of the participants completed the e-learning module (n=28, 56%), of
which 23 completed the IMMS. The median overall IMMS score was 71% (IQR 66%78%). Median scores on the separate domains of Attention, Relevance, Confidence
and Satisfaction were 70% (IQR 65%-82%), 76% (IQR 69%-82%), 76% (IQR 62%78%), and 63% (IQR 57%-73%), respectively.

6

FIGURE 1 Mean participation in e-learning in RAM percentile groups

DISCUSSION
Our study shows that residents who report more autonomous motivation for education
on antibiotics are more likely to engage in an e-learning module on the subject.
These findings are in line with earlier studies on type of motivation and performance
in medical education: autonomous motivation was associated with higher study
effort in medical students6 and more participation in continuing education among
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pharmacists.8 However, the role of autonomous motivation in e-learning participation
on antibiotic prescribing has not been previously described.
In our study, 97% of residents indicated that strong knowledge of antibiotics is
important in their career, and that they would like more education on its appropriate
use. Still, participation in the e-learning was only 58%. This discrepancy, i.e. the wish
for more education but lack of participation when this is provided, is in line with the
small amount of data available on the subject,20 and is often attributed to a lack of
motivation. However, in contrast to earlier beliefs, motivation should not be viewed
as a trait that is either present or absent, but rather as dynamic along a continuum
with different states. More importantly, a person’s state of motivation is not set in
stone, but can vary across different subjects,21 and can change over time.
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The self-determination theory (SDT) describes motivation as controlled (originating
from sanctions or rewards) or autonomous (coming from a genuine interest in
the subject, or identifying with the subject’s value or importance).5,22 In contrast
to controlled motivation, autonomous motivation facilitates deep learning and
integration of what is taught23 and is therefore the sought after state of motivation.
Making e-learning obligatory, although perhaps effective, would thus not be a
desirable solution. The SDT points to several prerequisites for autonomous motivation:
autonomy (the perception of having a choice in learning efforts), competence
(feeling capable of mastering the material) and relatedness (a sense of belonging to
a professional learning community).24 This means that we can enhance autonomous
motivation by incorporating these prerequisites in our educational activities.21,25
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So how can this help us to improve participation in e-learning? E-learning already
appeals to autonomy and competence, as it provides learners with a flexible, adaptive
form of learning. However, as a remote learning method, it can lack a sense of
relatedness. Relatedness can be enhanced by providing learners with a meaningful
rationale, so that they can identify with reasons to learn more on the subject and
thus engage in learning activities.26 This approach is supported by several behaviour
change models such as the theory of planned behaviour (TPB)27 and the Knowledge,
Attitude, Behaviour change (KAB) model, which focus on the importance of attitude
when aiming to change behaviour. The KAB model, for instance, states that better
understanding leads to a change in attitude, which in turn leads to a change in
behaviour, thereby suggesting that education can influence behaviour.28 This has
also been shown in relation to autonomous motivation: if students identify with
the value or importance of the subject, their autonomous motivation for education
increases, indicating that attitude towards a subject influences motivation to learn.5,22

For e-learning in antimicrobial stewardship, this means that face-to-face education
prior to the module, explaining the importance and thereby influencing attitude,
could enhance autonomous motivation and thus increase participation.29,30 This is
already applied in “blended” learning, which is increasingly used as an innovative and
effective method to integrate e-learning with face-to-face instruction.31
Our study has strengths and limitations. To our knowledge, this is the first study to
address the role of autonomous motivation in participation in e-learning on antibiotic
prescribing. Although our sample was limited, we included residents from multiple
centres and specialties, and found a consistent association between autonomous
motivation and participation across subgroups. We adjusted for factors that could
have influenced participation such as workload (which is usually considered lower
in University Medical Centres compared with teaching hospitals), clinical experience,
and previous knowledge on the subject of antibiotics. Our findings are supported
by the SDT, which is a rigorously investigated and validated theory on motivation,
and fit into the larger frameworks of behaviour change. However, supervisors of the
participating residents were aware of the study and availability of the e-learning. This
may have triggered participation in residents with more controlled motivation, which
could have reduced differences in participation with their autonomously motivated
colleagues. The module was available for three weeks; participation rates could have
been higher had availability been extended. We did not collect data on reasons for
non-participation; factors unrelated to autonomous motivation, such as distractions
at work or at home, could have influenced the effect.
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E-learning is increasingly used in antimicrobial stewardship interventions, but
simply making a module available may not be sufficient, as many people may not
participate.26 Participation could be improved by increasing autonomous motivation,
for instance by combining e-learning with face-to-face education that explains
the importance and relevance of prudent use of antibiotics. Future studies should
focus on ways to provide these learning environments, and investigate the effect of
enhanced autonomous motivation on participation.
Parts of the results were presented previously at the Conference of the Nederlandse
Vereniging voor Medisch Onderwijs (NVMO), Rotterdam, November 12th 2015
(abstract A12.2) and the Conference of the Association for Medical Education in
Europe (AMEE), Barcelona, August 29th 2016 (abstract #3N3 133375).
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If you want to encourage someone to do something, make it easy
- Richard H. Thaler
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ABSTRACT
PROBLEM There is an urgent need to improve antibiotic prescribing and infection
control by junior doctors. Introductory e-learning could prove useful, but it is unkown
at what time during residency this would be most effective. Behavioural interventions,
such as nudging, could enhance e-learning uptake in clinical practice, but whether
junior doctors find such interventions acceptable is yet to be explored.
APPROACH The authors conducted in-depth interviews on antibiotic prescribing and
infection control with residents of different specialties, to assess their educational
needs on these subjects, determine the optimal time to offer such e-learning, and
investigate the acceptability of several behavioural interventions. They then developed
an e-learning module which incorporated these interventions, and assessed its value
and uptake among residents of internal medicine and general surgery (years 1-4).
OUTCOMES All nine interviewees reported they had not been receptive to new
information during their first months of residency (average 3-4 months, range 2-6).
They considered “nudging”, “creating a social standard”, “implementation intention”
and “public commitment” acceptable behavioural interventions. Sixty residents (38
internal medicine, 22 surgery) received login credentials for the module, 15 (25%)
participated. Residents most frequently reported lack of (scheduled) time as cause for
not participating.
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NEXT STEPS Junior doctors find behavioural interventions incorporated in an e-learning
module on antibiotic prescribing and infection control acceptable. For these doctors,
the best time for introductory e-learning appears to be after 3-4 months residency.
Future studies should focus on increasing uptake through institutional support and
investigate the effect of behavioural interventions in e-learning on daily practice.
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PROBLEM
Junior doctors often report a lack of knowledge and skills, specifically concerning
infection control and antibiotic prescribing.1 This is reflected in frequent deviation
from infection control guidelines and in the number of unjustified prescriptions:
misuse of antibiotics occurs in up to 50%.2,3 In many hospitals, junior doctors are
responsible for the majority of antibiotic prescriptions, and play a key role in infection
control, due to their frequent interactions with patients. Education aimed at guideline
adherence in busy daily practice is therefore much needed.
E-learning appears to be a valuable method, as it has shown to improve prescribing
skills, has low costs, is easily distributed among large groups, and can easily be adapted
to changes in guidelines.4 However, an important factor in the uptake of education
is the learner’s ability to absorb information. The transition from student to physician
is often reported as very stressful, which could render junior doctors less receptive
to education at the commencement of clinical work.5 To achieve adequate uptake,
determining the most opportune moment to offer such an e-learning is paramount.
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Although education is a prerequisite, it is increasingly recognized that improving
guideline adherence in daily practice requires behaviour change. Measures to support
the effect of e-learning are therefore essential. Several concepts from the behavioural
sciences, not yet commonly applied in healthcare, could aid in achieving this. Firstly,
an environment with committed role models is an important factor in sustainable
practice.3 Creating a social standard, for example by having supervisors advocate
prudent use of antibiotics, or by incorporating them as role models in an e-learning
module, could enhance chances of behaviour change. In addition, formulating
a commitment (also known as an implementation intention6), such as signing a
hospital-wide petition to reduce healthcare-associated infections, has been shown to
increase chances of putting new knowledge into practice. A third promising approach
is nudging, a friendly push to encourage desired behaviour. It has been shown that
nudges displayed as posters in general practitioners’ offices can reduce unnecessary
antibiotic prescriptions and, when displayed next to dispensers can increase the use
of hand desinfectant.7,8
Although these interventions have been shown to affect behaviour in daily practice, to
our knowledge, their use in e-learning has not been described before. Incorporating
behavioural interventions such as these in an e-learning module may help further
improve junior doctors’ antibiotic prescribing and their adherence to infection control
guidelines. However, it is not known whether such interventions are acceptable to
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junior doctors. This is important, because if these measures do not appeal to the
target audience, or worse, are perceived as annoying, they can be counterproductive.
This paper describes the development of an e-learning module, based on junior
doctors’ needs, which incorporates behavioural interventions. Our goal was to develop
a module with input from junior doctors, to determine the most opportune moment
to offer such a module, to assess whether behavioural interventions incorporated in
the module are acceptable, and finally, to assess implementation among the endusers.

APPROACH
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Interviews
In 2016, we conducted in-depth, semi structured interviews with residents of different
specialties. Topics were antibiotic prescribing, prudent use of antibiotics (also known
as “antibiotic stewardship”), and infection control. Main objectives were to assess
difficulties residents had experienced at the start of their residency (i.e. barriers to
good prescribing and adherence to infection control guidelines), the best time for
an introductory e-learning on these subjects, and whether they would be willing to
formulate an implementation intention and sign a commitment to prudent use of
antibiotics and adequate infection control. Interviews continued until data saturation
and participation of at least one resident from all major specialties.
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E-learning
We developed an e-learning module aimed at practical skills for antibiotic prescribing
and infection control, which addressed the barriers most frequently reported in the
interviews. Firstly, learning goals were defined with input from teaching experts,
behavioural scientists, and experienced medical microbiologists and infectious diseases
physicians. After defining the key concepts, learning objectives were formulated with
an educational expert and translated into a course design (table 1). The module
was assessed by applying the ‘e-learning design screening questions’, which include
questions on seven dimensions, such as content engagement (e.g. incorporation
of quizzes), copyright, and usability (e.g. checking all links and buttons, testing the
module in multiple browsers).9 Ease of navigation, visual design, learnability, and
consistency were also taken into consideration.10

The behavioural interventions were incorporated in the e-learning module, starting
by creating a social standard. In our hospital, we had recently founded a group of
“antibiotic champions”: medical specialists who agreed to propagate prudent use of
antibiotics to their specialty’s peers,1 and to function as spokespersons for antibiotic
stewardship. One of the assignments in the module entailed an overview with pictures
of all the antibiotic champions; participants were asked to point out “their” champion.
After completion of most of the module, participants were asked to formulate their
own implementation intention, specifying when, where, and how they would put
their newly gained knowledge into practice. Finally, they were asked to “sign” a
commitment to prudent use of antibiotics and adequate infection control, by clicking
a button (figure 1). This generated a personalized course certificate (constituting
a nudge) stating that they had successfully completed the course and had joined
the network of doctors who commit themselves to prudent use of antibiotics and
adequate infection control.
Evaluation
In 2017, we conducted a study among residents in years 1 through 4 of their residency
within the departments of internal medicine and general surgery, to assess the value
and uptake of the e-learning module, including reasons for (not) participating,
through short surveys.

FIGURE 1 Public commitment. Text reads “Prudent use of antibiotics and adequate infection control are
indispensable in patient care. Together, we aim to provide the very best for our patients; today and in the
future! Join the hospital physicians that see to this every single day, by pushing the blue button.” Button
Figure
1 – joining
Publicthis
commitment.
reads:
“YES, I’m
network.” Text reads "Prudent use of antibiotics and adequate infection

control are indispensable in patient care. Together, we aim to provide the very best for our
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patients; today and in the future! Side with the hospital physicians that see to this every single
day. Push the blue button join us." Button reads: "YES, I’m joining this network."

OUTCOMES
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Interviews
A total of nine residents in Internal medicine, General surgery, Orthopaedic surgery,
Paediatrics, Neurology, and Otorhinolaryngology participated. Four were female,
the mean level of clinical experience was 20 months (range 6-48 months). There
was a consistent story from all residents, regardless of specialty, experience, or
background: introductory education on various topics was common, but all junior
doctors experienced an overflow of information during the hectic first period of their
residency. They all referred to a moment when “the dust settles” or “the smoke
clears”, mostly around 3-4 months of experience (range 2-6 months), after which they
were able to process new information. Residents considered an e-learning module on
antibiotic prescribing and infection control very useful and felt such a module should
be aimed at clinical practice, address logistics and valuable sources of information, and
incorporate clinical cases. Regarding the use of role models, creating a social standard
in their respective departments was considered very important. Leading by example
and knowing their first port of call would aid guideline adherence. All interviewees
reported that they would have no problem formulating an implementation intention
or signing a public commitment.
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E-learning
A total of 60 residents (38 internal medicine, 22 surgery, all employed for a minimum
of three months) received personal login credentials, valid for three months.
Participating residents were asked for feedback, and non-participating residents for
their reasons for not partaking. Fifteen residents (25%) participated in the module, ten
of whom provided us with feedback. In general, these residents confirmed the need
for education on antibiotics and infection control as expressed by their peers in the
prior interviews. However, they also indicated that e-learning does not have priority
when it has to be completed alongside daily clinical activities. This led to many of the
residents not finishing the module. Some residents indicated that the module should
include more clinical cases. Additional suggestions were made to incorporate the
module in an educational session on the subject, with live discussion of clinical cases.
Out of the 45 non-participating residents, 14 responded, 5 of whom reported a
current focus on research without clinical duties as their reason for not participating.
The remaining 9 residents indicated that they had planned to participate but had not
had the time to do so.

NEXT STEPS
With this study, we found that when offering e-learning, it is important to determine
the most opportune moment. Regardless of specialty, residents experience a hectic
first few months during which they are not receptive to new information. This should
be taken into account when modules are introduced. In addition, our study confirms
that junior doctors have a need for education on antibiotic prescribing and infection
control.1 We found that they mainly request practical information, such as phone
numbers within the institution and easy-to-find links to guidelines, combined with
clinical cases. This indicates that it is useful to develop a tailored module or to adapt
existing modules to local circumstances.
The ultimate goal of educational interventions is to influence behaviour in daily
practice. Although only scarcely applied in healthcare, behavioural interventions could
be useful to support education and increase uptake. As interventions to improve
antibiotic prescribing and adherence to infection control guidelines are often met
with resistance, it is important to know whether these interventions are acceptable
before widely introducing them. We found that “nudging”, “creating a social
standard”, formulating an “implementation intention” and “public commitment” are
easily incorporated in a module and are all acceptable to junior doctors, which is a
first step in determining their value in e-learning.
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The most obvious limitations of our study are that we did not assess the effect on
prescribing skills and infection control in clinical practice, and the small sample size.
In addition, our study suffers from suboptimal participation, a common downfall in
non-obligatory e-learning. This is reflected in the implementation phase of our study,
which shows that scheduled time to participate in the module is essential.
There is an urgent need to improve antibiotic prescribing and infection control
among junior doctors and e-learning could be a valuable tool to do so. Our study
shows that to fully benefit from e-learning, it is important to involve junior doctors
in the development process. During the first few months of their residency, they are
not receptive to learning new skills, which should affect decisions on the timing of
introductory e-learning. The behavioural interventions of creating a social standard,
formulating an implementation intention, signing a commitment, and receiving a
certificate as nudges are all acceptable to junior doctors. We believe that this topic
merits further exploration, as these interventions are easily incorporated in e-learning
modules and could potentially enhance uptake. Moreover, this does not only applies
to antibiotic prescribing and infection control, but to all educational subjects requiring
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behaviour change. Our study shows that for learners to fully benefit from e-learning,
institutional commitment, translated into scheduled time to partake in the modules,
is vital.
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ANTIBIOTIC STEWARDSHIP
AND INFECTION CONTROL
IN GUIDELINES

To change something, build a new model that makes the existing
model obsolete
- R. Buckminster Fuller
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ABSTRACT
BACKGROUND Empiric antibiotic treatment guidelines are usually adjusted when
resistance rates of the most likely pathogen reach 10%. We aimed to assess how
this approach affects overtreatment of infections with many possible causative
pathogens, such as suspected bloodstream infection (BSI).
METHODS We studied patients admitted to 3 Dutch hospitals between 2010 and
2016, who had blood cultures drawn and received empiric intravenous treatment
with either A) second-/third-generation cephalosporins (3GC, considered ‘standard’
empiric BSI treatment in the Netherlands) or B) a carbapenem, 3GC+gentamicin,
or vancomycin+gentamicin (considered ‘extensive’). We calculated how often a
hypothetical adaptation of empiric therapy based on Gram-negative resistance would
lead to empiric overtreatment.
RESULTS We included 4140 patients, 3556 (86%) received empiric 3GC. 589 patients
(14%) had positive blood cultures, 374 (9% of all patients, 63% of patients with
positive blood cultures) with Gram-negative bacteria (GNB). 19% of GNB showed
resistance to 3GC. In this cohort, adapting empiric treatment based on 3GC-resistance
of >10% would have led to extensive empiric treatment for all patients, resulting in
99% overtreatment (4094 of 4140 patients).
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CONCLUSIONS In patients suspected of bloodstream infection, there are many
possible causative pathogens and blood cultures often remain negative. Resistance
rates of a subgroup of pathogens therefore have little impact on the risk of
undertreatment, even when resistance rates in this subgroup are higher than the
generally accepted threshold for adaptation of empiric therapy. This study suggests
that adapting empiric therapy based on resistance of a subgroup of likely pathogens
may induce overtreatment.
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INTRODUCTION
Bloodstream infections (BSI) are a major cause of infectious disease morbidity and
mortality worldwide.1 In the Netherlands, empiric treatment, i.e. before susceptibility
results are known and when a clear focus of infection is lacking, usually consists of
third-generation cephalosporins (3GC), such as ceftriaxone. However, an increasing
number of BSI are caused by bacteria that have developed 3GC-resistance.2,3 Empiric
therapy has therefore shifted to carbapenems or aminoglycoside combination
therapy for patients at an increased risk of 3GC-resistant infection.4 Unfortunately,
these antibiotics are associated with important adverse events (Clostridium difficile
infection and acute kidney injury, respectively5-8), and (over)use of antibiotics in general
induces further development of antibiotic resistance.9 In addition, current guidelines
apply risk factors (such as prior colonization with 3GC-resistant pathogens) that have
very low predictive values, which means we are unable to accurately identify these
patients.10
The basis of empiric antibiotic treatment is the expected susceptibility of the most
likely causative pathogen.11 Although not set in stone, 10-20% resistance is generally
considered the threshold to adapt empiric drug regimens to the increased resistance
rate. This makes sense for infections such as urinary tract infections (UTI); most are
caused by the same bacterial species, thus increased resistance in that species will
affect most patients. Escherichia coli causes up to 90% of UTI. If 20% of the E. coli in
urine cultures are resistant to amoxicillin-clavulanic acid, empirically treating a patient
with amoxicillin-clavulanic acid would lead to an 18% chance of inappropriate initial
therapy, which is not considered acceptable.
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Gram-negative bacteria in general, E. coli in particular, are frequent causes of BSI, and
in the Netherlands, E. coli’s 3GC-resistance is approaching the 10% threshold.2 This
will soon lead to discussions on whether empiric treatment for suspected BSI should
be adapted to carbapenems or aminoglycoside combination therapy for all patients.
However, the question arises whether this is the best approach to determine empiric
treatment for complex infections such as BSI. Firstly, as mentioned above, the threshold
for adjustment applies to single pathogens,12 while there are many pathogens that
can cause BSI. Secondly, there is a focus on culture-proven BSI, while in at least 80%
of patients suspected of BSI, blood cultures remain negative.13 This process thus
disregards the larger part of patients physicians will encounter, which compromises the
applicability of these empiric treatment guidelines in clinical practice.14
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We aimed to assess whether the current approach to adaptation of guidelines should
be applied to complex infections such as bloodstream infection (BSI), by investigating
the impact of Gram-negative resistance on a cohort of patients suspected of BSI, and
calculating how two different approaches to adaptation of empiric therapy would
impact under- and overtreatment rates. We additionally assessed the occurrence of
adverse events, and associations between empiric therapy, mortality and adverse
events.

METHODS
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We conducted a retrospective cohort study in one tertiary and two teaching
hospitals in Amsterdam, The Netherlands. We aimed to mimic a common scenario
in clinical practice for physicians (in training): ‘My patient has a fever, it could be
bloodstream infection, but a clear focus is lacking. Which antibiotic should I start
while awaiting culture results?’ We therefore included all adult patients (≥ 18 years),
admitted between 2010 and 2016, from whom blood cultures were obtained and
empiric broad-spectrum intravenous antibiotics were prescribed. All patients were
included once, regardless of blood culture results (positive or negative). We included
antibiotic regimens according to Dutch (hospital) guidelines: a second-/thirdgeneration cephalosporin without anti-pseudomonal activity, i.e. ceftriaxone and
cefuroxime (hereafter: 3GC), a carbapenem, 3GC/gentamicin combination therapy,
and vancomycin/gentamicin combination therapy. Patients with active haematologic
malignancies, neutropenia or endocarditis were excluded. We evaluated currently
applied risk factors for 3GC-resistant BSI, in-hospital mortality and adverse events
(acute kidney injury, Clostridium difficile infection).
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Definitions
Empiric therapy was defined as antibiotic therapy started within 1 hour before, up
to 24 hours after collection of blood cultures. Episodes were considered communityacquired if blood cultures were drawn within 48 hours of admission, and hospitalacquired when drawn thereafter. Following Dutch guidelines, risk factors for 3GCresistant infection were defined as use of cephalosporins and/or fluoroquinolones
in the 30 days prior to infection, and/or known carriage of cephalosporin-resistant
micro-organisms in the 90 days prior to infection, and/or hospital-acquired infection.4
We reviewed 3GC-resistance regardless of extended-spectrum beta-lactamase (ESBL)production, as proposed before.13 Cefotaxime susceptibility was used as proxy for
3GC-susceptibility. If tested, ceftriaxone susceptibility was used. We assessed whether
3GC-resistance was intrinsic or acquired, based on EUCAST wild type susceptibility

patterns.15 Bacterial species for which cefotaxime nor ceftriaxone sensitivity was
tested, were judged intrinsically resistant or intrinsically sensitive, based on EUCAST
patterns.
For potential skin contaminants (Corynebacterium species, Bacillus species,
Propionibacterium species, coagulase-negative staphylococci, viridans group
streptococci, Aerococcus species, Micrococcus species) bacteraemia was determined
by growth of the same genus in two or more blood cultures drawn on separate
occasions,16 otherwise the episode was considered culture-negative. Antibiotic
therapy was assessed following Dutch guidelines and judged overtreatment (if too
broad spectrum), appropriate, or undertreatment (if too narrow spectrum). Empiric
therapy was considered overtreatment if antibiotics were anything other than 3GCmonotherapy and A) blood culture later showed a 3GC-susceptible microorganism
or B) blood cultures were negative, and the patient had no risk factors. In case of
a documented type I beta lactam allergy, carbapenem or vancomycin/gentamicin
combination therapy was considered appropriate. Empiric undertreatment was
defined as 3GC-monotherapy and A) blood culture later showed a micro-organism
with in vitro 3GC-resistance or intermediate susceptibility or B) blood cultures
were negative but the patient had at least one risk factor. Adverse events included
acute kidney injury (i.e. increase of ≥ 1 in RIFLE criteria17) and Clostridium difficile
infection (positive C. difficile toxin A and/or B in faeces, positive C. difficile culture
or positive PCR on C. difficile toxin16). Comorbidities were assessed by ICD-codes
where available, otherwise activity-based costing information was used. Charlson
Comorbidity Index (CCI) scores were calculated and categorized as originally denoted,
age was disregarded to prevent double adjustment.18
Analysis
Descriptive statistics were applied as appropriate. We used contingency tables in Excel
(Microsoft Office Excel 2010) to calculate the impact of two different approaches to
adaptation of empiric therapy on the rates of under- and overtreatment, as well as
numbers needed to treat. To model the effect of further increasing prevalence of
3GC-resistance, we created formulas to express the value of each cell in terms of
3GC-resistance (r). In contrast to positive and negative predictive values, likelihood
ratios are not influenced by the prevalence of disease.19,20 We therefore based
the formulas of each cell on the positive likelihood ratio divided by the negative
likelihood ratio (for formulas see Supplementary Table 1). We then modelled the
increase of 3GC-resistance in Gram-negative bacteria with a step-size of 1%, from the
current prevalence to 100%, to evaluate the effect of these approaches with further
increasing 3GC-resistance. The proportion of patients with and without risk factors
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at the current prevalence was based on our patient cohort. To confine the model’s
complexity, we assumed that these proportions do not change with increasing 3GCresistance.
We used logistic regression to assess associations between empiric therapy, inhospital mortality (including overall, 3-day, 7-day and 30-day in-hospital mortality),
and occurrence of adverse events, adjusting for ICU-admission, age, hospitalacquired infection, and CCI score. All statistical analyses were performed with IBM
SPSS Statistics (version 22.0).

RESULTS
We identified 4140 episodes of suspected bloodstream infection (table 1). The
majority of patients (n=3556) received a second-/third-generation cephalosporin
(3GC). In most episodes, blood cultures remained negative (86%). In 589 episodes,
one or more blood cultures became positive, mostly with Escherichia coli (40%). In
2.7% of all episodes (n=113) the cultured micro-organism was 3GC-resistant, most of
these (n=70) were intrinsically resistant (e.g. Pseudomonas aeruginosa).
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‘Dilution’ of resistance
In our sample, 19% of Gram-negative bacteria were 3GC-resistant (table 1). Figure
1 shows the impact of this resistance rate on the total number of patients initially
suspected of BSI. Of every 100 patients, 14.2 will have a positive blood culture, 9.0
will have a positive blood culture with Gram-negative bacteria and only 1.7 will have
a positive blood culture with Gram-negative bacteria that are 3GC-resistant.
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Empiric treatment and outcomes
12% of patients (n=480) received extensive empiric treatment (i.e. broader than 3GCmonotherapy), while this appeared unnecessary once culture results became available
because the cultured micro-organism was not 3GC-resistant, or blood cultures
remained negative and the patient had no risk factors for 3GC-resistant infection.
The majority of extensive regimens were superfluous: overtreatment was present
in 81% of carbapenem (n=332) and 86% of aminoglycoside prescriptions (n=248).
Undertreatment (based on susceptibility results or presence of risk factors proposed
by current guidelines) occurred in 8% of episodes (n=343). Logistic regression
showed no association between empiric undertreatment and ICU-admission, or inhospital mortality at any time interval (table 2), but did show an association between
overtreatment and mortality, and a trend towards ICU-admission.

Patient characteristics

All patients

Tertiary hospital

4140

2960

1180

Male, n (%)

2303 (56)

1698 (57)

605 (51)

Age, median (IQR)

67 (54-78)

67 (54-77)

69 (55-79)

0

1402 (34)

652 (22)

750 (64)

1-2

949 (23)

595 (20)

354 (30)

No. of patients

CCI, n (%)

Empiric therapy, n (%)

Outcome, n (%)

Teaching hospitals

3-4

428 (10)

367 (12)

61 (5)

>4

1361 (33)

1346 (46)

15 (1)

3GC (standard)

3556 (86)

2634 (89)

922 (78)

3GC+gentamicin

233 (6)

25 (1)

208 (18)

Vancomycin+gentamicin

15 (0.4)

8 (0.3)

7 (1)

Carbapenem

336 (8)

293 (10)

43 (4)

ICU-admission

653 (16)

443 (15)

210 (18)

In-hospital mortality

310 (7)

198 (7)

112 (10)

3-day

68

45

23

7-day

119

73

46

30-day

259

158

101

589 (14)

412 (14)

177 (15)

233 (40)

157 (38)

76 (43)

S. aureus

52 (9)

34 (8)

18 (10)

K. pneumoniae

45 (8)

29 (7)

16 (9)

374 (9)

263 (9)

111 (9)

3GC-R (acquired)

42 (11)

32 (12)

10 (9)

Total 3GC-R (acquired+intrinsic)

72 (19)

54 (21)

18 (16)

Blood culture results, n (%) Positive culture
E. coli

Gram-negative pathogen

3GC-R pathogen

113 (3)

76 (3)

37 (3)

E. coli

24 (21)

16 (21)

8 (22)

Enterococcus spp.

36 (32)

18 (24)

18 (43)

P. aeruginosa

16 (14)

9 (12)

7 (19)

8

TABLE 1 Population characteristics
IQR: Interquartile range CCI: Charlson Comorbidity Index 3GC: second-/third-generation cephalosporin ICU:
Intensive Care Unit 3GC-R: 3GC-resistant.
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FIGURE 1 Gram-negative resistance in patients suspected of bloodstream infection (n=4140).
3GC: second-/third-generation cephalosporin

Antibiotic treatment, n (%)

Association between antibiotic treatment and
outcome, OR* (95% CI)

Appropriate

Under

Over

Under

Over

Total

3317 (80)

343 (8)

480 (12)

ICU-admission

512 (15)

39 (11)

102 (21)

0.82 (0.57-1.18)

1.40 (1.08-1.81)

In-hospital mortality

216 (7)

3-day

49

26 (8)

68 (14)

1.30 (0.84-1.99)

2.81 (2.07-3.81)

6

13

1.15 (0.48-2.71)

2.18 (1.16-4.11)

7-day
30-day

86

9

24

1.03 (0.51-2.08)

2.41 (1.50-3.87)

179

22

58

1.30 (0.81-2.06)

3.04 (2.19-4.21)

TABLE 2 Rates and outcomes of appropriate, under- and overtreatment in empiric therapy
*Results of logistic regression analysis with appropriate therapy as reference, adjusted for age, hospitalacquired infection and categorized Charlson Comorbidity Index score. ICU: Intensive Care Unit CI:
confidence interval
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Empiric treatment
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Carbapenem

Aminoglycosides

Adverse event, n (%)

3GC

Carba

ACT

Adverse Event OR*
(95% CI)

ARP %
(NNH)

Adverse Event OR* ARP %
(95% CI)
(NNH)

Acute kidney injury

185 (5)

20 (6)

34 (14)

1.26 (0.77-2.06)

13 (133)

3.10 (2.01-4.66)

62 (12)

C. difficile infection

62 (2)

14 (4)

3 (1)

2.60 (1.41-4.78)

58 (41)

0.63 (0.19-2.10)

-

Total

247 (7)

34 (10)

37 (15)

1.62 (1.08-2.43)

31 (32)

2.37 (1.58-3.55)

53 (13)

TABLE 3 Empiric therapy and adverse events
*Results of logistic regression analysis with 3GC as reference, adjusted for age, hospital-acquired infection,
ICU-admission and categorized Charlson Comorbidity Index score. 3GC: second-/third-generation
cephalosporin monotherapy Carba: Carbapenem ACT: aminoglycoside combination therapy OR: odds ratio
CI: Confidence Interval ARP: Attributable Risk Percent (percentage of adverse events that is attributable to
treatment with carbapenem or aminoglycosides, respectively) NNH: number needed to harm

Adverse events
318 adverse events occurred in 306 patients, most often acute kidney injury.
Extensive regimens were associated with more adverse events (table 3). There was
no significant difference in occurrence of adverse events between appropriate
treatment and overtreatment with either carbapenems (OR 1.00 95% CI 0.39-2.60)
or aminoglycoside combination therapies (OR 1.27 95% CI 0.44-3.69).
Risk factors for 3GC-resistant bloodstream infection
Of the 113 patients with 3GC-resistant BSI, 42% had at least one risk factor as currently
defined by Dutch guidelines (i.e. use of cephalosporins and/or fluoroquinolones in the
30 days prior to infection, known carriage of cephalosporin-resistant micro-organisms
in the 90 days prior to infection, hospital-acquired infection). Presence of any risk
factor resulted in a PPV of 3.6% for 3GC-resistant BSI (full results in Supplementary
Table 2).
Modelled outcomes of two approaches to adaptation of empiric treatment
In light of these results, there are two approaches to adaptation of empiric treatment
for patients suspected of BSI. If empiric treatment is adapted based on 3GCresistance, as is currently the accepted approach, then empiric therapy would shift
to a carbapenem or aminoglycoside combination therapy for all patients (approach
‘Extensive’). However, when including the dilution of resistance shown in figure 1, and
the limited predictive values of currently applied risk factors, empiric therapy would
abandon risk stratification and consist of 3GC-monotherapy for all patients (approach
‘Standard’). Figure 2 shows how a modelled further increase in 3GC-resistance would
affect overtreatment rates for the Extensive approach (panel A), and undertreatment
rates for the Standard approach (Panel B). In our cohort, 1.01% (42 out of 4140) of all
suspected BSI was caused by Gram-negatives with acquired 3GC-resistance, yielding
a NNT of 99 (Panel A, ‡). This means that if we would follow the current practice of
adapting empiric therapy based on 19% resistance among Gram-negatives, and thus
apply the Extensive approach to all patients with suspected BSI, 98 patients would be
overtreated to provide adequate empiric therapy to 1 patient.

8

123

Chapter 8

FIGURE 2 Modelled effect of two approaches to adaptation of empiric treatment.
Panel A: approach ‘Extensive’, all patients empirically treated with carbapenem or aminoglycoside
combination therapy. Overtreatment in this scenario equals percentage of patients without second-/thirdgeneration cephalosporin (3GC)-resistant infection. *Current situation (99% overtreatment) †When all
Gram-negatives are 3GC-resistant (89% overtreatment). Dotted line shows number needed to treat (NNT)
to achieve empiric coverage of 3GC-resistant pathogens ‡Current situation (NNT 98) §When all Gramnegatives are 3GC-resistant (NNT 9) Panel B: approach ‘Standard’, all patients empirically treated with
3GC. Undertreatment in this scenario equals percentage of patients with 3GC-resistant infection. ¶Current
situation (1% undertreatment) || When all Gram-negatives are 3GC-resistant (11% undertreatment)
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DISCUSSION
In our multicentre cohort study, resistance to second-/third-generation cephalosporins
(3GC) affected less than 2% of the total number of patients receiving empiric therapy
because of suspected BSI. This was despite a nearly 20% prevalence of 3GC-resistance
among Gram-negatives. We additionally confirmed that patients who are at an
increased risk of 3GC-resistant BSI cannot be identified with current risk stratification
algorithms.13
Clinicians are thus challenged to weigh the risk of empiric undertreatment against
the side effects of empiric overtreatment.21 Although the effects of (unnecessary)
treatment with broader-spectrum antibiotics on the development of antibiotic
resistance are well-known,9,22 fear of too narrow empiric treatment usually dominates,
and side effects in individual patients are often brushed aside. In our cohort, empiric
undertreatment rates (based on susceptibility results) were low (less than 2%). More
importantly, empiric undertreatment was not associated with ICU admission or inhospital mortality. The importance of rapid administration of antibiotics is largely
undisputed, but the belief that early appropriate therapy improves survival in nonICU patients, although intuitive, is often challenged and has been disproved by
several studies.3,23-30 At the same time, adverse events of extensive regimens were
frequent. As shown before, carbapenems and aminoglycosides were associated
with an increased risk of Clostridium difficile infections5 (odds ratio 2.65) and acute
kidney injury6,7 (odds ratio 2.76), respectively. More importantly, these regimens were
deemed superfluous in as many as eight to nine out of ten prescriptions, which
means that the larger part of adverse events may have been prevented.
Our study thus reveals a problem in our current thinking about empiric antibiotic
treatment. The effects of extensive treatment are usually underestimated, while the
effects of empiric undertreatment seem to be overestimated. Moreover, patients
suspected of BSI encompass a large and diverse group; there are many possible
causative pathogens and blood cultures often remain negative.13 This causes a
phenomenon we have named ‘dilution’ of resistance. Intuitively and historically,
guidelines for empiric antibiotic treatment are adjusted to the susceptibility of a
single most likely pathogen,11 with 10-20% resistance generally considered a breaking
point.4 Although we naturally respond well to this approach, adjustment could also
be based on the susceptibility of several likely causes combined, as the issues with
cut-off percentages for single pathogens have been pointed out before.12,13 Our study
demonstrates that in the example of BSI, adjusting for a single group of most likely
pathogens would mean that empiric therapy guidelines may soon be adjusted to
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carbapenems or aminoglycoside combination therapies for all patients, which will
lead to vast overtreatment.
Our study has strengths and limitations. To our knowledge, this is the first study that
illustrates the problem of the empiric antibiotics paradigm. With the ever-increasing
antibiotic resistance, combined with the stagnant development of new antimicrobials,
there is an urgent need to preserve what is left of our precious antimicrobial arsenal.
Our study indicates that with a different approach to choosing empiric therapy,
extensive regimens may be preserved. The concept of ‘dilution’ of resistance is
not only applicable to Gram-negative BSI in a low-resistance country such as the
Netherlands, but also to other infections, other micro-organisms and settings where
resistant strains are more prevalent.
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Our study is subject to the general limitations of a retrospective design. In our
study, this may have resulted in incomplete data on risk factors. In one hospital,
ICD-codes could not be retrieved, therefore Charlson Comorbidity Index scores were
calculated using activity-based costing information, which may have underestimated
comorbidity severity. We aimed to include patients in which BSI is suspected.
Patients who did not have BSI, but a respiratory or urinary tract infection with Gramnegatives may have been included, therefore some of the extensive regimens may
have incorrectly been labelled as unnecessary. Although blood cultures remain the
main method for the diagnosis of BSI, sensitivity varies from 80-96%.31 Some of
the culture-negative BSI may have been caused by resistant pathogens, which may
have caused underestimation of 3GC-resistant BSI. Unfortunately, this is a general
limitation of studies and of clinical decision-making. An important limitation is that
we did not have information on the severity of illness upon presentation. However,
an interesting finding was the association between overtreatment and mortality, as
well as a trend towards ICU-admission, regardless of risk factors for 3GC-resistant
infections. This suggests that physicians use extensive regimens in the most severely
ill patients, reflecting the more severe consequences of empiric undertreatment in
this category. Interestingly, this approach is already common practice in antibiotic
guidelines for pneumonia (not the susceptibility of the most likely pathogen, but
severity of illness, estimated through scoring systems such as PSI or CURB-65, guides
the choice of empiric treatment), while in guidelines for empiric treatment of BSI,
severity of illness scores (such as (q)SOFA or (q)PITT) are usually not included.
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Although hospital-acquired infection is often considered a risk factor for infection
with 3GC-resistant bacteria, our study confirms that this has a very low predictive
value.13 We therefore included both community- and hospital-acquired infections in

our study; this may be different in other settings. In addition, we did not quantify the
(long-term) impact of the adverse events. However, Clostridium difficile infections
have been extensively linked to increased mortality and increased costs32 and acute
kidney injury, even if reversible, can contribute to long-term morbidity and mortality.33
In current guidelines, 3GC-resistance is defined as extended-spectrum beta-lactamase
(ESBL)-production, which comprises micro-organisms that have acquired 3GCresistance. Our model therefore focused on the impact of acquired resistance. One
could argue that when acquired resistance in Gram-negatives increases, prevalence
of intrinsically resistant micro-organisms, such as Pseudomonas aeruginosa, will
increase as well.
We developed a model based on characteristics of likelihood ratios.19,20 To confine
complexity, we assumed a set ratio between patients with and without risk factors,
even with increasing incidence of resistance. This is a simplification of reality, as
the prevalence of risk factors, especially prior colonization, will likely increase with
rising resistance. Our model’s predictions will therefore become less accurate further
into the future. However, both simplification and decreasing accuracy are inherent
to mathematical models. Most importantly, these data are meant to illustrate the
phenomenon of dilution, not to predict future resistance rates.
It is important to note that it is not our intention to propose completely abandoning
extensive therapy for patients suspected of BSI, but merely to challenge the way we
think about adjustment of empiric therapy. As mentioned above, empiric therapy
constitutes a calculated risk; the risk of empiric undertreatment versus adverse events
of empiric overtreatment. Our aim was to show how resistance of selected microorganisms does not translate well to the individual patient. In addition, we should
remark that we address empiric therapy only. Empiric antibiotic treatment should
always be adjusted to definitive treatment as soon as susceptibility results become
available, as proposed before.24,28
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Our study shows that resistance rates of a single group of possible causative
pathogens have little impact on the risk of undertreatment. Efforts to improve risk
stratification are needed to better guide empiric treatment decisions,34 but until
then, the practice of adapting empiric therapy based on resistance of the most likely
pathogens, without taking into account that this resistance only occurs in a very small
proportion of patients suspected of BSI, may lead to high overtreatment rates with an
associated increase in important adverse events.
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SUPPLEMENTARY MATERIAL
3GC resistant +

3GC resistant -

Risk Factors +

a

b

x

Risk Factors -

c

d

n-x

rn

(1-r)n

n (a+b+c+d)

TABLE S1. Contingency table with model formulas
3GC: third-generation cephalosporins

Formulas for the individual cells
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Formula for a was derived from
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Risk factor
Prior colonization
(90 days)
Prior use of antibiotics
(30 days)
Hospital-acquired BSI
Prior colonization or
prior use of antibiotics
Prior colonization or
prior use of antibiotics
or hospital-acquired BSI

Prevalence in patients with 3GC-resistant
blood culture n (%)
Overall prevalence Acquired and intrinsic Acquired resistance
of risk factor n (%)
resistance (113)
only (43)

Positive predictive value (%)
Acquired and intrinsic
Acquired
resistance
resistance only

102 (2)

9 (8)

8 (19)

8.8

7.8

256 (6)

15 (13)

5 (12)

5.9

2.0

1057 (26)

30 (27)

12 (28)

2.8

1.1

340 (8)

23 (20)

12 (28)

6.8

3.9

1341 (32)

48 (42)

21 (49)

3.6

1.6

TABLE S2. Prevalence and positive predictive values of risk factors for second/third-generation
cephalosporin (3GC)-resistant bloodstream infection (BSI)
Rates were calculated for all 3GC-resistant BSI, and for BSI caused by Gram-negative bacteria with acquired
resistance only
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ABSTRACT
OBJECTIVES We aimed to assess whether longer PICC indwelling time increases
risk of CLABSI and thus address whether scheduled PICC replacement could aid in
preventing CLABSI in haematology patients.
METHODS Multicentre retrospective cohort study among haematology patients
receiving PICCs between 2013-2015. Occurrence of CLABSI based on CDC definitions
was assessed. We calculated cumulative incidence and hazard of CLABSI and
determined risk factors. The cumulative hazard function was assumed to follow a
Weibull distribution. As the curve showed a change in slope after 28 days, cumulative
hazard was estimated separately for the period up to and after 28 days of PICC
indwelling time.
RESULTS 455 PICCs were placed in 370 patients, comprising 19063 catheter days.
Median indwelling time was 26 days (range 0-385) and CLABSI incidence was 4.0 per
1000 catheter days. For the first 28 days, the estimated cumulative hazard function
showed an increasing cumulative hazard over time (estimated shape parameter 1.8),
but a constant hazard with indwelling time thereafter (estimated shape parameter 1).
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CONCLUSIONS Our study shows that risk of CLABSI increases during the first 28
days after PICC-placement, but does not appear to increase with indwelling time
thereafter. Routine replacement of PICCs therefore is unlikely to prevent CLABSI in
this population.
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INTRODUCTION
A recurring dilemma in clinical practice is whether we should routinely replace central
venous catheters (CVCs) to prevent infections or wait and see if one occurs. In
haematology patients, peripherally inserted central catheters (PICCs) are frequently used
to provide long-term venous access, as they are easier and safer to insert than other
types of CVCs.1,2 However, like other CVCs, PICCs pose an important, albeit smaller
risk for central line-associated bloodstream infection (CLABSI),3-6 which may lead to
hospitalization and a considerable burden of antibiotic therapy.4 Previous studies have
shown that bacterial colonization of intravascular catheters increases with prolonged
use, leading to increasing risk of infection with longer indwelling time.5,7,8 This suggests
that routine replacement of PICCs may prevent CLABSI.
The Center for Disease Control and Prevention (CDC) currently advises against routine
replacement of CVCs to prevent bloodstream infections, based on results of randomized
studies in critically ill patients.2,9-11 Unfortunately, results of these studies are not easily
translated to the haematology population, as CVCs were replaced within several days,
whereas PICCs can remain in situ for weeks or even months. In addition, none of
the studies investigated PICCs as type of CVC, even though risks of replacement are
much lower. Moreover, incidence of CLABSI is higher in aggressive haematologic
malignancies,12 acute leukaemia in particular.13 Pre-emptive CVC replacement could
thus be beneficial, but studies in this population are lacking.
The value of scheduled replacement of PICCs to reduce risk of infection in patients with
haematological malignancies therefore remains an important but unresolved issue. We
aimed to assess if and when scheduled replacement of PICCs in these patients should
take place.
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METHODS
This cohort study was conducted between June 2013 and June 2015 at the Amsterdam
UMC, location VUmc, a tertiary care centre, and affiliated teaching hospitals in the
Netherlands. All PICCs inserted at the department of haematology in VUmc were
registered in a prospective database designed for quality purposes. Data included
previously reported risk factors for CLABSI such as number of catheter days, side of
insertion, time needed for insertion, need for repositioning and number of lumens, as
well as reasons for removal. Patient data included age, gender, primary haematological
diagnosis, use of total parenteral nutrition, highest dose of prednisone in the week
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before CLABSI, and presence of neutropenia. Neutropenia was defined as an absolute
neutrophil count or total white blood cell count <500 cells/mm3 on at least two separate
days within a seven-day window around a CLABSI event (i.e. 3 days before the event and
3 days thereafter), as proposed by the CDC. Patient data and culture data were collected
retrospectively from patient records. For logistical reasons, most patients undergoing
autologous stem cell transplantation in our centre, are transferred to a regional teaching
hospital on the day after stem cell infusion. If patients were transferred while a PICCline was in situ, data was obtained from that hospital. PICCs inserted were used for
chemotherapy, stem cell transplantations and supportive care. No other types of CVCs
than PICCs were used. PICCs inserted for use in non-haematology patients were
excluded from the analysis.
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Catheter placement and post-insertion care
All PICCs were inserted by trained nurses. PICC position was assessed through chest
radiography; incorrectly positioned catheters were replaced by an intervention radiologist.
PowerPICCs (BARD access systems) with an open-ended valve (Bionector®) with heparin
lock were used. Antimicrobial lock therapy and antimicrobial catheters were not used
during our study. In January 2014, chlorhexidine replaced iodine tincture as disinfectant
for PICC placements. Throughout the study period, StatLock® was used for fixation which
was routinely replaced every 3 weeks. A chlorhexidine coated dressing (Tegaderm HCG®)
was used to seal the insertion site. The dressing and open-ended valve were replaced
weekly or earlier if needed. All patients with expected neutropenia of more than 7 days
received antibacterial prophylaxis (ciprofloxacin, amoxicillin or pheneticillin, and oral
tobramycin) and fluconazole as antifungal prophylaxis from start of chemotherapy until
recovery of neutropenia. All other patients received prophylaxis with ciprofloxacin and
fluconazole only. According to hospital protocol routine surveillance blood cultures were
obtained twice weekly in patients with GVHD treated with high dose corticosteroids, and
patients with acute lymphoblastic leukaemia or aplastic anaemia.
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Definitions
CLABSI was defined using the CDC Device-associated Module BSI ‘Bloodstream Infection
Event (Central Line-Associated Bloodstream Infection and Non-central Line-Associated
Bloodstream Infection)’ (2015). TThis module defines CLABSI as a laboratory-confirmed
bloodstream infection (LCBI), with either a recognized pathogen (LCBI 1) or a common
commensal in the presence of one or more clinical signs or symptoms (temperature
>38.0°C, chills or systolic blood pressure <90mmHg) (LCBI 2, see also figure 1). Following
CDC recommendations, we excluded secondary bloodstream infections and Mucosal
Barrier Injury-LCBI (MBI-LCBI) from CLABSI, as these infections are not related to the central
line. CLABSI treatment with either antibiotics, PICC removal, or both, was registered.

Statistical analysis
We applied descriptive statistics as appropriate. Incidence of CLABSI and DVT was
calculated per 1000 catheter days. Median time to CLABSI and cumulative incidence of
CLABSI were assessed by Kaplan Meier curves and risk factors were investigated using
a Cox proportional hazards model. Clinically relevant covariates were retained at the
p<0.1 significance level. Using backward elimination, variables with p-values <0.05 were
included in the model. To adjust for clustering, sensitivity analyses were performed to
assess influence of PICC-line rank on these associations. These analyses were performed
with IBM SPSS Statistics (version 22.0). To assess whether the risk of CLABSI increases
with longer catheter indwelling time, we investigated the cumulative hazard for two
different time intervals, using R, version 3.4.2 (R foundation for Statistical Computing,
Vienna, Austria). The cumulative hazard function was assumed to follow a Weibull
distribution, which is a commonly used distribution for time-to-event variables.

RESULTS
We evaluated 455 PICC episodes in 352 patients, comprising 18.977 catheter days.
Patient and PICC episode characteristics are summarized in table 1. Nearly half of
all patients underwent haematopoietic stem cell transplantation (HSCT), mostly
autologous. A double lumen PICC was placed in the right arm in the majority of
patients. Most PICCs were in place for approximately one month. Due to the data
collection process, we had no missing data.
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Infectious complications
CLABSI occurred in 17% of PICC episodes (77/455), with an incidence of 4.1 per 1000
catheter days (Figure 1). Median time to CLABSI was 33 days (range 18-158) (Figure
2, panel A). Fifty-one percent of CLABSI cases occurred during neutropenia and
40% occurred in the outpatient setting; these were all symptomatic. In 33% of the
outpatient CLABSI events patients had received prophylactic antibiotics. The majority
of CLABSIs was caused by a recognized pathogen (LCBI1) (Figure 1). Gram-negative
pathogens accounted for 62% of bloodstream infections (Table 2). In one third of
these episodes the pathogen was resistant against ciprofloxacin or tobramycin used
as prophylaxis (data not shown). Staphylococcus epidermidis and Enterococcus
faecium were the most prevalent Gram-positive bacteria. If CLABSI occurred, the
PICC was removed in 64 of 77 CLABSI events (83%) because of proven or suspected
CLABSI. The median time to PICC-removal was 4 days (IQR 2-14).
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Patient characteristics

All

CLABSI

Number of episodes

455

77

378

Age, median (range)

58 (18-78)

57 (18-78)

58 (18-78)

281 (62)

44 (56)

236 (62)

Gender, male (%)

No CLABSI

Primary diagnosis, n (% in CLABSI vs. No CLABSI)
Multiple myeloma

122

8 (7)

114 (93)

Acute Myeloid Leukaemia

118

25 (21)

93 (79)

Non-Hodgkin Lymphoma

103

14 (14)

89 (86)

Acute Lymphoblastic Leukaemia

46

14 (30)

32 (70)

Myelodysplastic Syndrome

15

4 (27)

11 (13)

Hodgkin Lymphoma

11

3 (27)

8 (13)

Aplastic Anaemia

10

6 (60)

4 (40)

Chronic Myeloid Leukaemia

8

0

8 (100)

Chronic Myelomonocytic Leukaemia

7

2 (29)

5 (71)

Myeloproliferative neoplasms

6

0

6 (100)

Chronic Lymphocytic Leukaemia

5

1 (20)

4 (80)

Other#

4

0

4 (100)

HSCT, n (%)

219 (48)

12 (6)

207 (94)

Autologous

164 (75)

5 (3)

159 (97)

Allogeneic

55 (25)

7 (13)

48 (87)

Chemotherapy

218 (48)

61 (28)

157 (72)

Supportive care

16 (4)

4 (25)

12 (75)

PICC characteristics
Duration of placement in minutes, median (range)◊

30 (20-180)

30 (30-75)

30 (20-180)

Repositioning after placement, n (%)*

126 (28)

18 (14)

108 (86)

Insertion in right arm, n (%)

367 (81)

60 (16)

307 (84)

Single lumen

53 (12)

14 (26)

39 (74)

Double lumen

368 (81)

53 (14)

315 (86)

34 (8)

10 (29)

24 (71)

343 (75)

53 (16)

290 (84)

89 (20)

23 (26)

66 (74)

23 (5)

1 (5)

22 (94)

26 (0-385)

25 (0-385)

41 (4-320)

Number of lumens, n (%)

Triple lumen
PICC line rank, n (%)
First
Second
Third or more
Catheter days
median (range)
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mean
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46

40

44

Total parenteral nutrition, n (%)

52 (11)

12 (23)¶

40 (77)¶

Duration (median days, range)

10 (1-185)

11 (1-120)

13 (2-99)

TABLE 1 Population characteristics
#
Blastic Plasmocytoid Dendritic Cell Neoplasm (n=2), Systemic sclerosis (n=1) and Hairy Cell Leukaemia (n=1)
◊ 9 episodes had missing data * 20 episodes had missing data. ¶ Χ2 not significant

PICCs placed between
June 2013-June 2015
(n=532)

74 episodes excluded
63 non-hematology patients
9 not first PICC during study period
1 line removed same day due to progression

PICCs placed between
June 2013-June 2015
(n=458)

Date of removal missing (n=3)
PICCs-episodes included
(n=455)

Positive blood culture(s)
(n=167)

Pathogen
(n=100)

Commensal
(n=67)
No fever, chills or hypotension (n=48)

Secondary BSII
(n=5)

MBI-LCBI
(n=35)

LCBI 2
(n=17)

LCBI 1
(n=60)

No LCBI 2
(n=50)

Second culture
Different organism (n=5)
More than 24 hours after first culture (n=2)
Unknown location (n=1)

CLABSI
(n=77)

FIGURE 1 Infectious complications of PICCs in the study population
BSI Bloodstream infection; °Secondary BSI the same micro-organism was found in cultures from a different
site; LCBI Laboratory Confirmed BSI; MBI-LCBI Mucosal Barrier Injury-LCBI

9

Risk factors for CLABSI
Univariate analysis revealed that ALL, aplastic anaemia, any stem cell transplantation,
but autologous SCT in particular, induction chemotherapy, higher number of lumens
and catheter indwelling time were found to have a significant relation with CLABSI.
The multivariate model showed a significant association between aplastic anaemia
and occurrence of CLABSI (HR 6.48 [95% CI 2.76-15.18]). Autologous stem cell
transplantation showed an inverse association with the occurrence of CLABSI (HR
0.24 [95% CI 0.10-0.61] (table 2; figure 2, panel A). Sensitivity analysis revealed no
effect of line rank on the associations.
Figure 2, panel B shows the cumulative hazard for CLABSI, stratified for aplastic
anaemia and autologous SCT, respectively. Panel C shows the cumulative hazard
curve, which was assumed to follow the aforementioned Weibull distribution with
scale parameter l and shape parameter p. Curves showed a decrease in slope after
28 days, we therefore estimated the parameters l and p separately for the period
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up to 28 days and the period after 28 days. For the first period, the scale parameter
was estimated by 0.11 and the shape parameter by 1.8. This corresponds with an
increasing hazard (i.e. instantaneous risk of CLABSI) during the first 28 days (as shown
by the exponential curve in light blue). For the second period after 28 days, the scale
parameter was estimated by 0.0058 while the shape parameter was set to 1. This
indicates a constant hazard over time (as shown by the linear curve in dark blue).
Incidence of CLABSI occurring before 28 days was 15% (36/238) and 29% (41/140)
thereafter.
Pathogen

Number of CLABSI in which pathogen was present in 1 or
more blood cultures, n (%)

Gram positive

36 (40)

Staphylococcus epidermidis

18 (20)

Enterococcus faecium

7 (8)

Staphylococcus aureus

3 (3)

Rothia mucilaginosa

3 (3)

Enterobacter cloacae/asburiae

2 (2)

Enterococcus faecalis

3 (3)

Gram negative
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55 (60)

Stenotrophomonas maltophilia

7 (8)

Pseudomonas aeruginosa

6 (7)

Acinetobacter spp.

5 (5)

Pseudomonas fluorescens

4 (4)

Serratia marcescens

3 (3)

Escherichia coli

3 (3)

Achromobacter spp.

2 (2)

Klebsiella pneumoniae

2 (2)

Pseudomonas putida

2 (2)

Pantoea spp.

2

Brevundimonas diminuta

2

Brevibacterium casei

2

Other (all n=1)*

15
91

TABLE 2 Cultured pathogens in CLABSI
* Chrysobacterium indologenes, Citrobacter freundii, Enterococcus casselflavius, Fusarium dimerum,
Gemella haemolysins, Micrococcus spp., Mycobacterium chelonae, Neisseria subflava, Ochrobactrum
anthropic, Propionibacterium acnes, Pseudomonas oryzihabitans, Rhizobium radiobacter, Sphingomonas
paucimobilis, Staphylococcus haemolyticus, Streptococcus pneumoniae
** In 14 episodes, blood cultures showed 2 different pathogens.

Panel A
Cumulative incidence of CLABSI, stratified analysis

Panel B
Cumulative hazard of CLABSI, stratified analysis
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Panel C
Cumulative hazard of CLABSI, overall analysis

FIGURE 2 Cumulative incidence and cumulative hazard of CLABSI. autoSCT: autologous stem cell transplantation,
AA: aplastic anaemia
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DISCUSSION
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This multicentre cohort study shows that in patients with haematological malignancies,
the risk of PICC-associated CLABSI increases progressively during the first 28 days, but the
cumulative hazard flattens upon longer indwelling time. As PICCs in haematology patients
usually remain in situ for at least several weeks, this suggests that routine replacement is
unlikely to prevent PICC-associated infections and may even be counterproductive. This
is in contrast with previous studies that showed non-linear colonization of CVCs, i.e. that
the risk of infection increases with longer indwelling time.5,7,8 However, these studies
investigated neonates,5 and intensive care patients,7,8 had much shorter indwelling times
(median 14 days,5 maximum of 15 days in 93% of patients,7 and median 4-7 days,8
respectively) or did not include PICCs.7,8 In addition, these studies solely focused on
inpatients, whereas our study also included outpatients. In the outpatient setting the
PICC is used less intensively (e.g. for drug administration and blood withdrawal), which
might decrease the risk of bacterial translocation to the bloodstream. Finally, selection
effects could explain that patients receiving intensive treatment are more prone to
CLABSI early on, while patients with less intensive treatment are able to retain the PICC
longer without developing CLABSI. This could possibly explain the decreasing cumulative
hazard of CLABSI after 28 days.
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CLABSI incidence in our study was 4.1 per 1000 catheter days, which is in line with
previous studies in haematology patients with PICCs (incidence rates of 0.17 to
6.61/1000 catheter days).6,13-15 In our cohort, 57% of CLABSI were due to Gramnegative pathogens, even though all patients received prophylactic antibiotics. This is
in contrast with earlier epidemiologic studies in haematology patients reporting Grampositive pathogens as the most common cause for bloodstream infection (55%, mostly
coagulase negative Staphylococcus (CNS)). Although a more recent study suggested an
increase in Gram-negative bacteria,16 this shift could also be due to the CDC-definition
of CLABSI. The definition of secondary bloodstream infection from the gastrointestinal
tract (MBI-LCBI) is quite strict, because secondary bloodstream infection from mucosal
barrier disruption can only be diagnosed during grade 3 or 4 intestinal graft versus host
disease or if neutropenia was present during the three days before and after the date
of bacteraemia. It can therefore be difficult to distinguish between primary CLABSI and
MBI-LCBI. This may have led to incorrectly labelling MBI-LCBI as CLABSI, which could
explain a higher percentage of Gram-negative pathogens. Also, one third of Gramnegative blood culture isolates showed resistance against standard prophylaxis, which
might also partly explain this finding.

We identified aplastic anaemia (AA) as an important risk factor for CLABSI. Patients
with AA typically have prolonged neutropenia and receive immunosuppressive
therapy that includes high doses of steroids. Steroids, in addition to neutropenia,
could hamper skin barrier function at the insertion site, which could make these
patients more prone to CLABSI. As mentioned before, surveillance blood cultures were
obtained in these patients, which may have led to higher detection of bacteraemia.
However, this is less likely with the crude CLABSI definitions, in which positive blood
cultures with common commensal bacteria (such as CNS) are only considered CLABSI
if clinical symptoms (fever, chills, and/or hypotension) are present. Autologous stem
cell transplant recipients on the other hand appeared to have a lower risk of CLABSI,
which may be due to the short duration of neutropenia during PICC indwelling time.
Although total parenteral nutrition (TPN) has previously been described as a risk factor
for CLABSI in different subgroups such as trauma and ICU patients, and patients with
gastro-intestinal malignancies, we did not find this association in our cohort.17,18 In
one study among oncology patients receiving long term parenteral nutrition at home,
median indwelling time was 112 days, CLABSI incidence rate was 0.6 per 1000 ‘home
TPN days’ versus 0.35 per 1000 overall catheter days,19 suggesting that TPN is a
possible risk factor for CLABSI. In haematological patients, TPN is used to overcome
alimentary problems due to nausea and mucositis. Compared to non-haematological
patients, TPN is used for a relatively short period of time (a median duration of 9.5
days in our cohort) (Table 1), which may explain these differences. Unfortunately,
most studies report TPN as a binary variable and do not report median duration of
TPN.
Our study has strengths and limitations. To our knowledge, this is the first study to
investigate whether the risk of PICC-associated CLABSI increases with longer indwelling
time in a high-risk population of haematology patients. Our cohort represents a
diverse group with respect to age, gender, and primary haematological diagnosis,
and included a large cohort over several years in multiple hospitals. Therefore our
findings can be extrapolated to the general haematology population. Our study
is subject to the general limitations of an observational design, which means that
information bias may have been introduced: although most of our database was kept
prospectively, post-insertion data from other hospitals was collected retrospectively,
which may have led to misclassification. We assessed the occurrence of CLABSI based
on CDC-definitions, which is a rigorous method and therefore adds to generalizability.
However, as the CDC guideline was mainly developed for surveillance purposes,
definitions of CLABSI are rather stringent, which means that clinically suspected
catheter-related infections without positive blood cultures are not reported. As
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suspected CLABSI is an important driver of antibiotic use in clinical practice, this
method may have underestimated clinically relevant incidence of CLABSI.
Our study shows that in patients with haematological malignancies, risk of CLABSI
sharply increases during the first 28 days after PICC-placement, but CLABSI hazard
remains constant thereafter, suggesting reduced risk increase after the first 4 weeks.
We can therefore hypothesise that replacing PICCs before 28 days, e.g. after 2 weeks,
would only reset patients to the start of the curve, thereby prolonging the period
of increased risk, while routine replacement thereafter would not aid in preventing
PICC-associated infections. Routine replacement of PICCs should therefore not be
recommended in this population.
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The future is uncertain, but this uncertainty is at the very heart of
human creativity
- Ilya Romanovich Prigogine

CHAPTER 10
Summary of main findings, general
discussion and future directions

10

GUIDELINE ADHERENCE IN ANTIBIOTIC PRESCRIBING AND
INFECTION CONTROL
Antibiotic resistance describes the ability of bacteria to withstand the effects of our
antibiotics. The problem of antibiotic resistance is growing and has been named
one of the biggest challenges facing twenty-first century medicine. It is not an
overstatement to say that most of modern medicine hinges on the effectiveness
of antibiotics: without them, a large part of medicine (e.g. surgery, chemotherapy)
becomes impossible. The biggest threat is that everyday infections may eventually
become untreatable; preventing development and further dissemination of antibiotic
resistance is therefore of the utmost importance.
Two factors greatly influence dissemination: firstly, the (unnecessary) use of antibiotics,
and secondly, transmission, for example from person to person. Efforts directed at the
first factor aim to prevent development of resistance by promoting prudent use of
antibiotics. These interventions are collectively known as antimicrobial stewardship.
The key to the second factor lies in prevention, through infection control measures
such as hand hygiene.1 Although the connection between these two factors seems
evident (if you prevent infections, you will prevent the need for antibiotics), they
are rarely viewed as two sides of the same coin; efforts to promote antimicrobial
stewardship and efforts to promote infection control are remarkably disconnected.
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In January 2014, the Amsterdam UMC, location VUmc, in Amsterdam, The Netherlands,
initiated the Commission on Infection prevention and Antibiotics (CIA). The aim of this
new commission was to combat antibiotic resistance by combining efforts to tackle both
of these factors. To aid antibiotic prescribing and infection prevention, a lot has been
invested in national and local guidelines. Unfortunately, adherence to these guidelines
is notoriously poor: hand hygiene is often inadequate and inappropriate prescribing
of antibiotics remains frequent, despite decades of trying to achieve improvement.2,3
The most important question therefore was: how can we promote adherence to these
guidelines? This question is addressed in part I of this thesis.
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PART I – Behavioural interventions
It is increasingly recognized that improving guideline adherence requires behaviour
change. Safety culture is one of the factors that seems to play an important role in
achieving this.4,5 The importance of culture in hospital units became evident during
one of the CIA’s projects, in which we launched an extensive hospital-wide campaign
to improve adherence to hand hygiene guidelines (also known as compliance). We
performed a before-after trial to measure whether compliance had improved after

the campaign and found great differences between hospital units in how much
improvement had been achieved. In the qualitative investigation of safety culture
that followed, we found that units with high levels of safety culture had improved
their compliance, while units with lower levels of safety culture had not (chapter 2).
This suggests that strengthening safety culture before implementing interventions
(for example through team building exercises) could aid in achieving the behaviour
change that is needed for improved guideline adherence.
Although guidelines are meant to support healthcare workers’ decision-making,
they can be perceived as a way of ‘being told what to do’, which can make them
counterproductive. A second important factor in achieving behaviour change is
therefore involving stakeholders to prevent this sense of being ordered around.
Structured group processes such as participatory action research, nominal group
technique, and root cause analysis can be used to generate ideas, reach consensus,
and engage group members in problem solving.6,7 In another CIA project, we applied
this approach to promote adherence to hospital dress code. Identifying causes for
non-compliance and involving all stakeholders in the development of interventions to
target these causes, led to improved adherence (chapter 3). These results strengthen
previous findings that have shown that involving members of the target audience
and addressing their barriers is essential in order to achieve behaviour change and
improve guideline adherence.8
A third possibly useful method to achieve behaviour change is nudging: a friendly
push to encourage desired behaviour. When healthcare workers seldom encounter
clear problems of infections caused by antibiotic-resistant bacteria, they will consider
the odds of transmission negligible, and this will greatly reduce their willingness to
adhere to guidelines. This is caused by so-called ‘heuristics’. Heuristics are defined as
decisional short-cuts which can be useful, as they help us to quickly make judgements
or decisions. However, when heuristics lead to cognitive biases, they may confound
our judgement and thus influence our behaviour, which can lead to non-compliance.
Nudges can address heuristics and cognitive biases and thus encourage certain
behaviour. This was previously shown for influenza vaccination among healthcare
workers: nudges specifically designed to target heuristics regarding vaccination were
able to increase vaccine uptake.9 In addition, nudges displayed as posters in general
practitioners’ offices reduced unnecessary antibiotic prescriptions.10 A systematic
review of the literature provided us with several cognitive biases that can play a role
in non-compliance with hand hygiene. In a controlled before-after trial, we showed
that nudges, based on these cognitive biases and displayed as posters, can increase
the use of alcohol-based hand rub when shown next to dispensers (chapter 4).
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Nudging could therefore provide an easy, inexpensive measure to support behaviour
change strategies and thus promote guideline adherence.

EDUCATING JUNIOR DOCTORS
The ‘better to prevent than to cure’ approach is also useful in education: teaching
certain behaviour from the start is considered more effective than attempting to
change behaviour later on. This also applies to educating junior doctors on antibiotic
resistance. In Dutch hospitals, junior doctors are responsible for the majority of
antibiotic prescriptions and play a key role in infection control, as they have very
frequent interactions with patients. Strangely, they are seldom addressed in
antimicrobial stewardship interventions, nor taught how to comply with infection
prevention measures. At the same time, junior doctors frequently report a lack of
knowledge and clinical skills such as prescribing medication, particularly antibiotics.11,12
Education aimed at guideline adherence in busy daily practice therefore seems needed.
E-learning appears to be a valuable method, but to fully benefit from e-learning, more
insight is needed into its merits and into ways to maximize its effect. Part II therefore
addresses education of medical students and junior doctors on these subjects, with a
focus on e-learning as an educational tool.
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PART II – E-learning
Although e-learning is increasingly used, little is known on its effectiveness in
changing long-term prescribing behaviour.13-15 We performed a prospective controlled
intervention study among VUmc medical students, in which we implemented an
e-learning module on antibiotics as a temporary, non-compulsory course for fourthyear students (chapter 5). Students in the intervention group performed better in
their prescribing examinations six months later, with higher pass percentages (97%
versus 86%) and higher scores. This means that e-learning during a limited period can
have long-term impact, and can impact behaviour in a situation that mimics clinical
practice.
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However, a common downfall in non-obligatory e-learning is suboptimal participation.
E-learning requires a lot of motivation, as it is usually non-obligatory and performed
individually. This applies even more to postgraduate e-learning, as residents need to
combine learning with (often demanding) clinical duties. In a cohort study among
residents of four hospitals (two university medical centres, two teaching hospitals),
we found that participation in non-obligatory e-learning on antibiotic prescribing was
higher in residents with more autonomous motivation (chapter 6). Autonomous

motivation is described as motivation that originates from an interest in the subject or
an understanding of its importance, as opposed to controlled motivation, which comes
from rewards (such as credits).16 Studies have shown that autonomous motivation
is associated with higher study effort in medical students,17 higher achievements
in residents,18 and more increased participation in continuing education among
pharmacists.19 This means that interventions to increase autonomous motivation could
improve e-learning participation. Face-to-face education to explain the importance
of the subject preceding e-learning, could enhance autonomous motivation and thus
optimize e-learning participation.
Two other important aspects of educating junior doctors are of note. Firstly, timing.
In VUmc, we interviewed residents from several specialties and found that junior
doctors experience a hectic first few months, during which they are not receptive
to (e-)learning. Secondly, while e-learning obviously aims to educate, we ultimately
want doctors to put this knowledge into practice, a process that also requires
behaviour change. We found that ‘nudging’, ‘creating a social standard’, formulating
an ‘implementation intention’ and ‘public commitment’ are behavioural interventions
that are easily incorporated in an e-learning module and are all acceptable to junior
doctors (chapter 7). Determining the most opportune moment for e-learning and
combining a module with behavioural interventions seems promising to improve
junior doctors’ antibiotic prescribing and adherence to infection control guidelines.

DESIGNING GUIDELINES
One important question remains: if we aim to promote guideline adherence to
prevent further dissemination of antimicrobial resistance, how well are the guidelines
themselves designed to do that? In part III, we investigated this for two common
guidelines on antibiotic prescribing and infection control.
PART III – Antibiotic stewardship and infection control in guidelines
Guidelines for antibiotic prescribing provide recommendations for empiric treatment
of infections. Empiric means that at the time of prescribing, the causative organism
and its susceptibility to antibiotics are not yet known, therefore treatment is based
on epidemiology: the most common causative pathogens of this type of infection and
their susceptibility to antibiotics.20 Guidelines for empiric treatment are usually adjusted
when resistance of the most likely pathogen reaches 10%.21 This makes sense for
‘simple’ infections such as urinary tract infections: most are caused by Escherichia coli,
therefore if E. coli’s resistance to the empiric therapy increases, this will affect most
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patients. However, this approach causes a problem when dealing with infections with
many possible causative agents, such as bloodstream infections (BSI). In a multicentre,
retrospective cohort study, we investigated ˃4000 patients suspected of BSI. We found
that resistance to second-/third-generation cephalosporins (3GC) affected less than 2%
of patients suspected of BSI, despite 3GC-resistance among Gram-negatives reaching
20%.
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Patients suspected of BSI encompass a large and diverse group; there are many
possible causative pathogens, and blood cultures often remain negative.22 This causes
a phenomenon we named ‘dilution’ of resistance (chapter 8). We additionally found
that in these patients, the use of more broad-spectrum antibiotics (i.e. carbapenems or
aminoglycosides combination therapies) significantly increased the risk of Clostridium
difficile infection and acute kidney injury, respectively. In addition, broad-spectrum
therapy was deemed superfluous in as many as eight to nine out of ten patients to
whom they were prescribed. Although the issues with cut-off percentages for single
pathogens have been pointed out before,22,23 this approach to adaptation of empiric
treatment is still common practice. Efforts to improve risk stratification are needed to
better guide empiric treatment decisions.24 However, until then, the practice of adapting
empiric therapy based on resistance of the most likely pathogens, without taking into
account that this resistance only occurs in a very small proportion of patients suspected
of BSI, may lead to high overtreatment rates with an associated increase in important
adverse events, and further development of antibiotic resistance. Efforts to promote
prudent antibiotic prescribing should therefore also focus on whether guidelines are
‘stewardship’-proof, as this is overlooked in current approaches.
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An important question in clinical decision making is the treatment and prevention
of infections when using medical devices, such as urinary catheters and intravenous
lines. It is common to think that timely replacement of such devices may prevent
infection, especially when they are in place for longer periods of time. However, as
replacement of these devices has several downsides, such as patient discomfort and risk
of bleeding, the question of prevention over cure is more complicated. In haematology
patients, peripherally inserted central catheters (PICCs) are used for venous access and
may remain in situ for weeks or even months. Unfortunately, like other central lines,
PICCs are associated with central line-associated bloodstream infection (CLABSI).25
Previous studies have proposed that bacterial colonization of central lines is nonlinear, i.e. that the risk of infection increases with longer indwelling time.26-28 Under
this assumption, routine replacement of PICCs may prevent CLABSI and thus lower the
need for antibiotics. In a multicentre cohort study, we assessed 455 PICC episodes in
352 haematology patients, constituting 18977 catheter days. We found that in these

patients, the cumulative risk of CLABSI increases slightly during the first 28 days, but
does not increase with longer indwelling time thereafter. These findings suggest that
routinely replacing PICCs before 28 days, e.g. after 2 weeks, would prolong the period
of increased risk, while routine replacement thereafter would not aid in preventing
PICC-associated infections in this population (chapter 9).

FUTURE DIRECTIONS
The challenge of antibiotic resistance has many facets, including important
behavioural, political and financial aspects. The importance of the latter is painfully
portrayed by what has been named the discovery void, an ongoing period since
1987, during which no (genuinely) new classes of antibiotics have been developed.
To pharmaceutical companies, development of new antibiotics is not of interest:
antibiotics are used for a very limited time (typically a few days to a few weeks) and
physicians are encouraged to use as little of them as possible, so expected revenues
are too low. This means that other incentives (for example from governments) are
needed to secure investments in research and development, but these are slow to
take form.29 Therefore, until then, we must preserve what is left of our precious
antimicrobial arsenal; prescribing doctors carry the heaviest responsibility in securing
their future effectiveness.
Preserving the efficacy of antibiotics forms the cornerstone of antibiotic stewardship
programs, which encompass efforts to ensure prudent use. However, as mentioned
before, most of these programs disregard a very clear aspect of the antimicrobial
resistance challenge. The saying ‘an ounce of prevention is worth a pound of cure’ most
certainly goes for antibiotic resistance: prevent infections, and there will be less need
for antibiotics. This has been an important factor underlying this thesis; much of the
work was founded on the notion that antibiotic stewardship and infection control are
intertwined themes that need a combined approach and can benefit from approaches
based on the same concepts. The work presented in this thesis shows that involving
the target audience and addressing their barriers is essential to creating successful
interventions and consequently achieving behaviour change. This not only applies to
the design of new interventions, but perhaps even more so to the implementation of
interventions that were developed elsewhere, as these are typically less successful.30
This failure to implement previously successful interventions is often attributed to
the ‘not invented here syndrome’. This syndrome causes a negative attitude towards
products or knowledge developed in other organizations or disciplines, which leads
to its suboptimal utilization or even rejection. Instead of fighting this syndrome,
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we can utilize its positive counterpart, known as the IKEA-effect. The IKEA-effect
causes us to have greater appreciation for our own creations than for items that are
identical, but were constructed by someone else.31,32 Taking existing guidelines or
interventions and having healthcare workers shape them to make them their own,
can be a powerful tool to generate support and ultimately adherence. In addition,
despite our scientific tendency to look for highly successful single interventions, we
have shown that it pays to look for seemingly small interventions, such as nudging,
that can support other, perhaps more impactful ones.
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The concept of nudging relies on the fact that the layout of our surroundings
influences how we choose. This means that ‘choice architecture’, a term coined
originally by Thaler and Sunstein,33 makes it possible to impact decision-making. We
all know how attractive products can look when positioned near the supermarket
check-out: a layout or ‘architecture’ that causes us to make impulse buys. Although
often criticised as a mere way to trick consumers into buying things they do not really
need or want,34 nudging is also widely used to stimulate healthy behaviour, such
as smoking cessation and healthy food choices: descriptive labels that highlight a
product’s favourable characteristics, such as ‘low-fat,’ can nudge consumers towards
the healthier choice.35,36
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Nudging of healthcare workers has only recently been addressed in a few studies, in
which various kinds of nudges proved successful in influencing physician prescribing
behaviour.10,37-39 Although the exact mechanism has not been clarified, it has been
suggested that nudges can also influence behaviour by addressing cognitive biases
that underlie someone’s non-compliance.9 Cognitive biases are often caused by
‘heuristics’. Described in detail by Tversky and Kahneman, heuristics can be defined
as decisional shortcuts which can be useful, as they help us quickly make judgements
or decisions.40 However, when heuristics lead to cognitive biases, they can confound
our judgement and thus influence our behaviour. In medical decision making, several
cognitive biases and underlying heuristics have been proposed to play a role.41,42 A
striking example is the ‘availability heuristic’, which describes how we assess the
probability of an event by the ease with which we can recall it: the easier an event
is to recall, the more likely we consider it to occur.40 For example, if physicians have
just diagnosed a patient with a rare disease, in their next patient, they will consider
a diagnosis of that same rare disease much more likely. Conversely, this means that if
prevalence of healthcare-associated infections is low, healthcare workers are inclined
to believe that the chances of transmitting an infection through lack of hand hygiene
are also low, thus leading to non-compliance.43 A vital feature of nudging is that
it makes choosing a preferred option easier, without taking away less fortunate

alternatives. Nudging thus preserves professional autonomy, which is integral to
improving guideline adherence.8 It is a strategy not yet commonly used in health
care (perhaps also driven by the, not invented here, syndrome), but with enough
promising potential to warrant further research.
As virtually all doctors are allowed to prescribe antibiotics, regardless of specialty,
experience, or knowledge, it has to be made clear to all (aspiring) doctors that antibiotic
resistance is a complex problem, that requires their attention. Unfortunately, education
of future prescribers is often overlooked in antibiotic stewardship programs. Prudent
use of antibiotics is an integral part of rational medical decision making, and should be
approached as such from the beginning of medical training. This includes education
on how to handle guidelines: a vital but sometimes neglected aspect of guideline
adherence is reasoned deviation from them, which we should actively teach future
and junior doctors. An undergraduate to postgraduate continuum that incorporates
blended learning (a combination of face-to-face learning and e-learning), explains
their responsibility towards preservation of antibiotics,44 and teaches them how to
handle guidelines, is needed to achieve responsible prescribing. To fully benefit from
blended learning, future studies should focus on the remaining question whether
face-to-face education can enhance participation in e-learning and can thus improve
appropriate prescribing.
Rising antibiotic resistance also challenges us when we develop guidelines for empiric
antibiotic treatment. Empiric therapy comprises a calculated risk: the risk of empiric
undertreatment versus the risk of adverse events due to empiric overtreatment. When
considering adaptation of empiric guidelines, we are confronted with an increasingly
delicate balance between the two. Although the effects of (unnecessary) treatment
with broader-spectrum antibiotics on the development of antibiotic resistance are wellknown,45,46 fear of too narrow empiric treatment usually dominates, and side effects in
individual patients are often brushed aside. Our study showed that resistance rates of a
subgroup of possible causative pathogens have little impact on the risk of undertreatment,
which means that this resistance does not translate well to the individual patient. Efforts
to improve risk stratification24 and decrease time to susceptibility results are therefore
much needed to guide future empiric treatment decisions.
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Antibiotic resistance is a complex problem and its prevention requires complex
interventions. The next step in efforts to prevent further dissemination of antibiotic
resistance would be to combine the findings of this thesis, and assess its effect on
antibiotic prescribing and infection control in clinical practice during a randomized
trial. As junior doctors are often overlooked in stewardship interventions, they should
be the target population for further research.
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We previously applied the lessons learned from chapter 7, in which we assessed the
needs of junior doctors regarding education on antibiotic prescribing and infection
control, to develop an e-learning module. This module was pilot-tested and evaluated
among junior doctors, with input from medical specialists, infectious disease experts,
and behavioural and educational experts. It consists of case vignettes, web lectures,
and interactive quizzes aimed at junior doctors‘ needs, and focuses on overcoming
perceived barriers. It would be interesting to combine this educational module with
several behavioural interventions, such as explicitly formulating a commitment to apply
these skills in daily practice,47 cues that remind participants of their commitment to
reinforce its effect and nudge them towards the desired behaviour,10 and face-to-face
explanation of the importance. Most importantly, not the interventions themselves,
but the approach to their development is integral to their success; therefore close
collaboration with local stewardship programs is paramount to make full use of the
IKEA-effect. We would propose to apply this combined intervention in a multicentre,
stepped wedge, cluster randomized trial by reviewing appropriateness of antibiotic
prescriptions48 and the occurrence of hospital-acquired infections before and after
implementation, to assess the effect on those for whom it matters most: our patients.
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The journey is the thing
- Homer, The Odyssey
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