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Introduction

ADVERSE DRUG EVENTS
Health-care professionals are facing a rapidly increasing complexity and error sensitivity
of health care in their daily practice. Therefore, adverse drug events (ADEs) and
medication errors occur frequently in hospitalised patients.1-3 More than a decade ago,
the report ‘To Err Is Human: Building a Safer Health System´ showed the impact of these
drug-related problems on morbidity, mortality, and health-care expenditures.1 In the
United States it was estimated that 44 000 to 98 000 patients die each year in hospitals as
a result of medical errors. The subsequent report ‘Preventing medication errors’
estimated at least 1.5 million preventable ADEs occur annually in the United States.4
Other studies show that these results are not very different in other countries, such as for
example the Netherlands.5 The Dutch study ‘Hospital Admissions Related to Medication’
(HARM) showed that 5.6% of acute hospitalisations are due to medication errors, of
which 46.5% of these cases were preventable. Extrapolating the results of the HARM
study to the whole Dutch population, 19 000 hospitalisations could have been avoided
and 86.7 million euros a year could have been saved.5 Another Dutch study showed
unintended harm in 5.7% of all hospital admissions in the Netherlands, of which 40% was
deemed preventable.6 The same study showed approximately 1700 preventable deaths
each year due to preventable harm.
In comparison with international results, these results seem better than average. Still, a
lot of improvement in patient safety is possible. Therefore improving safety has become
an important goal for health-care professionals.
Medication errors occur due to deficiencies in the whole medication process, despite
use of current medication safety systems. These errors occur during ordering,
transcribing, dispensing, administrating, and monitoring of medication.7 The relation
between ADEs and medication errors is shown schematically in Figure 1.
Quality and safety in health care have benefited greatly during the last decade from the
introduction of health information technology. In particular, studies have shown that
medication errors can be prevented using electronic health records (EHR) and
computerised physician order entry systems (CPOE).8,9 However, it has also been shown
that these breakthroughs were insufficient to overcome the large number of medication
errors.10,11 Some studies even warn of the unintended consequences of CPOE
implementation, as they also frequently introduce new medication errors.12,13
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In the Netherlands, almost all hospitals use a CPOE system, including a basic, drugoriented clinical decision support system (CDSS) based on a Dutch national drugdatabase (G-Standard). This database contains safety information on all drugs registered
in the Netherlands, and provides alerts on drug–drug interactions, duplicate orders,
under- and over-doses.

FIGURE 1 Schematic representation of medication errors and adverse drug events.7

Unfortunately, drug safety alerts generated by CPOE/CDSS often show a low specificity,
due to frequent false-positive alerts.14 Alert overrides, which occur when clinicians do not
follow the guidance presented by the alert, can hinder improved patient outcomes.
Overriding basic CDSS alerts in CPOE systems is very common and occurs in 49–96% of
all cases.15 A recent study by Nanji showed that about half of CDS alerts were overridden
by providers and about half of the overrides were classified as appropriate, but the
likelihood of overriding an alert varied widely by alert type.16 Over-alerting may cause
alert fatigue, which constitutes a substantial barrier to alert effectiveness. Alert fatigue is
described as ‘the mental state that is the result of too many alerts consuming time and
mental energy, which can cause important alerts to be ignored along with clinically
unimportant ones.’15
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Well-functioning EHR and CPOE systems have been shown to reduce ADEs and
medication errors.17-20 However, even in highly computerised hospitals, ADEs still occur in
a considerable proportion of admitted patients.11,21 This emphasises the need for more
advanced alert solutions.

CLINICAL DECISION SUPPORT SYSTEMS
Health-care professionals have to manage growing amounts of clinical data in an
increasingly complex practice environment. To help professionals manage this clinical
complexity, a new generation of support tools for clinical decision-making is demanded
that ´make it easy to do it right´.9 Clinical decision support systems, together with CPOE
systems are proposed as key interventions to prevent medication errors.1,4 Errors are
often the result of poorly designed systems and health-care facilities should rely more on
information technology to make the system less prone to errors.22
CDSSs are computer-based information systems that support decision-making in
individual patient care by integrating clinically relevant patient information. These
systems have been widely described and discussed in literature. However, reviews were
equivocal in their assessment of the systems because they included a wide variety of
systems, ranging from basic to advanced CDSSs. Advanced CDSSs can integrate all
clinical patient-specific data and generate reminders in case of a deviation from
guidelines or protocols. Examples of advanced CDSS functionality include: checking
contraindications (disease and drugs), individualised dosing support during renal
insufficiency, or guidance for medication-related laboratory testing.18 However while
basic CDSS is widely adopted in the US and the Netherlands, advanced CDSS is currently
only implemented in 15.5% of US and Dutch hospitals.22-24 This thesis will only focus on
the use of these advanced CDSSs.

SUCCESS FACTORS
During the last decade, research has provided more insight into the success factors that
could accelerate CDSS adoption.25-27 Recommendations made by Kuperman et al. to
optimise the effectiveness of medication-related alerting focused on: (1) bridging the
gaps in understanding the impact of such alerting on clinicians’ behaviour; (2)
optimising alert presentation; and (3) considering underlying reasons for alert fatigue.18
Another suggestion was to integrate health care improvement preferably at the point of
care, using real-time, patient-specific alerts.28
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To identify features predicting success, Kawamoto et al. conducted an analysis of 88
randomised controlled trials on the effectiveness of CDSSs.26 Four important features
were identified: (1) integrating CDSSs into clinicians’ workflow; (2) CDSSs that offered
recommendations rather than mere assessments; (3) decision support at the time and
place of decision-making; and (4) computer assessment of eligibility for services. Of the
systems that had all four of these features, 94% improved practice.

ALERT METHODS
Successful adoption of a CDSS does not only require careful consideration of the features
of the alerting system, it also depends on the human factors that influence alert
implementation. Physicians are often unaware of the importance of certain drug
interactions and therefore alert designs have not reached their full potential for aiding
decision-making. This emphasises the need for more advanced alert solutions.
Understanding how to prompt physicians successfully at the point of care is a complex
problem, which requires consideration of technological, clinical, and socio-technical
issues.29,30 So far, technological and clinical aspects have received the most attention,
while less research has focused on the socio-technical aspects of alerting, i.e. the human
aspects of the interaction between users and technology.29
Two major categories of modulators for alert acceptance have been identified: (1) alert
content, and (2) alert presentation.31 However, their quantitative impact on alert
acceptance and their relationship to one another have not been empirically evaluated in
ways that inform how to improve electronic warnings and CDSS acceptance. Some
studies suggest prioritising and presenting alerts differently according to the respective
situation, i.e. patient characteristics or severity of the alert, in order to reduce overalerting.14,15 At the moment it is unclear what type of context information a system
should take into account in order to prioritise and differently format an alert before
presentation.32 Russ et al. found several factors that influenced prescriber–alert
interactions, and identified strategies to enhance alert design.30 Recommended actions
to enhance alert design can be divided into the important factors ‘alert display’ and ‘alert
content’. Also known is that interruptive (active) alerts show a significantly higher
effectiveness than non-interruptive (passive) reminders.25,26,33,34 Additionally, a greater
positive impact was observed when recommendations prompted an action and could
not be ignored.33,35 Moreover, Dexter et al. found that relatively small changes in the
presentation of alerts caused the difference between a significant increase in preventive
measure rates and no effect at all.33
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While a well-designed alerting system will act as a decision-making aid and improve task
performance, a poorly designed one may irritate or distract users and can impede
performance. Consequently, it is important to select the alert mechanism with care, as
the alert method will greatly affect the impact of the clinical rules. A review by
Schedlbauer et al. has shown that there are serious gaps in medical literature regarding
the most effective methods for displaying alerts and that there is a need to investigate
how to present and display information at the point of prescribing.36

OBJECTIVES OF THIS THESIS
The main objectives of this thesis are:
(a)

to investigate which success factors and barriers influence the implementation of CDSSs in
daily clinical practice; and

(b)

to investigate how the alert method used can contribute to the effectiveness of CDSSs in
daily clinical practice.

OUTLINE OF THIS THESIS
This thesis consists of two parts on implementation of clinical decision support systems.
The first part describes the success factors for implementation of CDSS in daily clinical
practice. Chapter 2.1 provides a practical literature review of success factors and barriers
of advanced CDSSs, supplemented with our own initial experiences. The next chapter
(chapter 2.2) focuses on the complex development, use and maintenance of CDSSs in a
hospital and describes several aspects and challenges of EHRs and CDSSs in daily clinical
practice. In chapter 2.3 we describe a strategy for the development and validation of
clinical rules that generates patient-specific, relevant alerts with a high predictive value.
This strategy is used in the development of all clinical rules applied in the second part of
this thesis.
The second part of this thesis describes the application of various alert methods in a
CDSS. In chapter 3.1 we show how the addition of gastro-protection can be optimised
by implementation of a CDSS and acting on the alerts by pharmacy prescription. Chapter
3.2 describes a study on opioid-laxative therapy, in which the clinical rule is able to
reduce the occurrence of opioid-induced constipation. During these studies, many
clinical rules have been developed and implemented in daily clinical practice. The results
of these rules during a two-year follow-up period and pharmacy intervention are
presented in chapter 3.3. Chapter 3.4 compares the effectiveness of two active and two
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passive alert mechanisms, implemented in the intensive care unit of our hospital. This
pilot-study also investigated which method was preferred by users. These results were
used for the last study of this thesis described in chapter 3.5. In this study, three active
alert mechanisms were compared on alert compliance.
In the general discussion in chapter 4 the results of our studies are placed in a broader
perspective in relation to clinical practice and research. In addition we offer
considerations for further research and clinical practice.
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Chapter 2.1

INTRODUCTION
Ten years ago, the US Institute of Medicine (IOM) called for a massive redesign of the
healthcare delivery system.1 Today it is clear that one of the goals, the nationwide use of
an electronic medical record (EMR) by 2010, has failed to be reached as the process of
adoption has been slow. Some may consider an EMR as a final destination, although in
fact it is only the start point of a revolution in healthcare: the implementation of clinical
decision support systems (CDSS) that ‘make it easy to do it right’.2 These systems are able
to address the large, potential additional value of the implementation of an EMR. When
an EMR is available, this is already a step in the right direction, to have an easy and
structured access to all patient data available for all healthcare professionals that need
them. However, this is still a huge amount of data, but one should also have the ability to
integrate all these data and use these data in making the right choices in therapy.
Practice has shown that despite the availability of an EMR, still many medication errors
are made. Therefore, CDSS are designed to aid clinical decision-making by matching
patient characteristics to a computerized knowledge or rule base to generate patientspecific recommendations.3 In the trendsetting IOM reports ‘To Err is Human’ and
‘Crossing the quality chasm’, a CDSS was endorsed as one of the most powerful tools
available for improving patient safety and healthcare quality.1,3,4
It is difficult to accept that despite multiple opportunities and promising results, these
systems instead of being common practice, still remain ‘next-generation’.2 During the
last five years, research gave more insight in the success factors that could accelerate the
idle process of CDSS adoption. 5-7 The conclusions however are not univocal because the
reviews included a wide variety of systems ranging from computerised to noncomputerised CDSS as well as from basic to advanced systems. Basic decision support
includes checking on drug-drug interactions, duplicate therapy, drug-allergies and
generalized drug dosing. Advanced CDSS, used in addition to basic CDSS, includes for
example checking on contra-indications (disease and drugs), individualized dosing
support during renal impairment or guidance for medication-related laboratory testing.8
Basic decision support is nowadays commonly available. In the Netherlands, this
provision is used nationwide since 1980, integrated in a drug database (G-standaard,
Royal Dutch Association for the Advancement of Pharmacy). Despite this support that is
available for every physician and pharmacy, medication errors occur frequently which
emphasizes the urge for advanced solutions. 9
In our 600-bed university-affiliated hospital, we have implemented an advanced CDSS in
practice on a few departments already and are on the eve of hospital-wide expansion. A
critical examination of the literature made clear which prerequisites are needed for
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optimal implementation of advanced CDSS. To accelerate the process of CDSS adoption,
we present an overview of success factors and barriers for implementation of advanced
CDSS in hospital practice. Subsequently, we present our own experienced success
factors and barriers after implementing an advanced decision support system in 2008 in
daily hospital practice and compare these results with literature findings.

BACKGROUND
Medication errors occur distressingly frequent due to deficiencies in the overall system of
healthcare delivery despite use of current medication safety systems.1,3,10 Many reports
call attention to the gaps between optimal and actual practice.1,3,4 The report ‘To Err is
human’ indicated that 44.000 to 98.000 patients die in hospitals each year due to
medical errors.3 The recent IOM report ‘Preventing Medication Errors’ showed that in the
USA medications harm at least 1.5 million people per year of which at least 400,000
preventable adverse drug events (ADE’s) in hospitals.4
The number of patients, dying from medical errors is probably a low estimate and the
situation in Europe is not expected to be different. The Dutch statistics are, for example,
not encouraging either. From the patients that died in Dutch hospitals in 2007, 10.7%
experienced preventable medical complications; resulting in the death of 1735 patients
(4.1%). Even more discouraging is the fact that the number of unnecessary deaths tends
to increase. For the Netherlands these were 1745 deaths in 2004 and 1960 in 2008; an
increase of 11.5%, despite advances in knowledge and IT-systems. 11 The HARM-report
(2006, NL) showed 19.000 preventable drug related admissions a year in Dutch hospitals;
5.6 % of all acute admissions, associated with a total cost of 86 million euros.9 Medication
errors occur due to the rapidly increasing complexity of evidence based medicine and
error sensitivity of healthcare.2 Physicians need to take many drug- and patient specific
characteristics into account and literature shows that this is often omitted or not
recognized in time.10,12,13 Beyond reminders, CDSS can integrate clinical data to support
professionals managing an increasingly complex practice environment.2 Integration of
these specific parameters is necessary to guide patients through the complete clinical
pathway from anamnesis to evaluation and fine-tuning of the therapy. Reviews of
Kawamoto and Garg have shown that a CDSS is effective in decreasing medication errors
and improving efficiency and quality of care.5,6 These reviews found that 64%
respectively 68% of the decision support systems significantly improve clinical practice.5,6
In literature, basic and advanced decision support are both called CDSS and exact
descriptions of the systems used are scarce, which makes these systems difficult to
compare. This review will only include advanced CDSS, defined as a multi-purpose rule
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based expert system which contains complex electronic guidelines that can integrate
data from different domains.14 Goals of implementing advanced CDSS are to decrease
errors and improve patient safety, improve quality through adoption of best practices,
increase cost-effectiveness and optimize the management of chronic diseases.15 In our
hospital, research is performed with clinical decision support since 1998, in which we
found that these goals can be achieved though structured development, validation and
implementation. The objective of this chapter is to extend a practical overview of
success factors and barriers of advanced CDSS found in literature and practice, before
widespread hospital implementation, concentrating on these central aspects.

SUCCESS FACTORS
TABLE 1 Overview of success factors for implementation of advanced CDSS

RIGHT MESSAGE

Accurate content
Reliable messages
Easy and actionable messages
Inclusion of references in the message

RIGHT TIME

Save time
Integration in workflow
High system’s speed

RIGHT PLACE

Deliver message at the point of care
Active alerting mechanism

RIGHT SYSTEM

Electronic availability of data in the EHR
Integration with other systems
Maintenance of the system and content
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Right message
Accurate content
To facilitate the adoption of evidence based medicine in practice, paper guidelines have
to be translated into a computer-interpretable format, called clinical rules. This is a
challenging task, because evidence based recommendations are often non-specific,
multi-interpretable and either too complex to recall or too general to apply specifically.
8,13,14,16
For example, according to guidelines, leukocyte counts should be measured
frequent during lithium therapy, but the exact frequency, cut-off values and relevance is
lacking.17 This problem can be solved by involving a multidisciplinary expert team to
review and optimize the clinical rules.16-20 One should compose the expert team carefully,
being a reflection of end users and recognised experts in the particular field, as this
determines the strength of the clinical rule developed. In fact, this is generally alike to the
development of a new guideline. Benefits of this approach are that the specific subject
gains renewed attention from the experts which may already increase compliance to
these guidelines and user commitment is gained as the experts will be end-users of the
system and motivate other users once implemented in practice.17,19,21
Reliable messages
Current medication safety systems generate masses of irrelevant alerts leading to alert
fatigue as a result of the often low specificity and clinical relevance.22 This is especially
the case with basic, drug-oriented decision support, as we know in the Netherlands for
about 30 years. Many alerts are generated, and the research of van der Sijs showed that
more than 90% of alerts are overridden, without the physician even looking at the alert.
The underlying conditions are: low alert specificity, information content unclear, low
sensitivity, handling was insufficient and unsafe and the workflow was unnecessary
disrupted. Also, physicians were not trained on the alerts and trusted the pharmacy in
checking their medication orders. In summary, there are many failures of the systems
used today, that can be solved with these new advanced decision support systems.
Even, these current systems can be dangerous, which pleads for a rapid response. These
basic systems increases the risk of overriding a potentially harmful alert.13,22,23 Even
pharmacists have been found to override a third of life threatening drug-drug
interactions.23 Therefore, it is vitally important to validate the clinical rules extensively
before bringing these into practice to ensure reliable recommendations.14,17,18,24,25 The
above mentioned obstacles need to be taken into account when designing en
implementing these newer systems. Also, validation of the alerts is fundamental for
success. Scheepers et al has described a strategy that can be used in various settings to
create clinical rules of a high reliability.26 By measuring the positive and negative
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predictive value during the development process and afterwards, one can easily monitor
if the quality of the clinical rules is high enough before implementation in practice. Since
few studies have focused on validation of clinical rules, more research is needed. There is
a need for other successful strategies to be described, to help others with these
fundamental questions. Also, research may answer the question which minimal
notification threshold is needed for effective alerting before bringing the alert into
practice.26
Easy and actionable messages
A CDSS is effective when it minimizes the effort required by physicians to receive and act
on system recommendations.5,24 This can be accomplished by giving clear advice and a
straightforward way to perform the action indicated.19,23,24,27 Besides that, applications
must anticipate physicians needs for gathering and translating data into actionable
recommendations.5,23,27 For example, a clinical rule is developed to check if a patient
needs a gastro-protective drug when using a NSAID or dosage adjustment because of
renal insufficiency.28 If necessary, an automatic medication order pops-up and only one
click on the ‘authorize’ button is needed to prevent the patient from having adverse
drug events. This is all in line with the words of James (2001) to ‘Make it easy to do it
right’ and emphasises the need of an expert/end users team that is well involved in the
development process.
Inclusion of references in the message
A valuable addition to the message is to present the source of the information and the
explanation of the rationale for the guideline.5,27,29,30 Many guidelines exist and these are
continuously renewed, which makes it difficult to keep up with all recommendations.
Although it appears that not all users use this option, it is a valuable addition that
literature citations and web-based evidence are available when desired.23

Right time
Save time
Physicians encounter a barrier to invest time in another computer system. All health
professionals face time pressure and increasing data overload. The number of therapies
is so large that physicians cannot effectively keep track of them all.23 A CDSS can save
time by making associations between different data domains, which physicians might
miss because of the large amount of data. Time saving can be achieved by making it
easy to do it right and is therefore a highly valued success factor.25,27 It is important to
find the right balance between over- and under reporting in accordance with the wishes

28

Succes factors and barriers

of the end-users of the system and to convince users that the added value of the system
compensates for the time required to learn and use the system.29
Integration in clinical workflow
The most important success factor of CDSS is that the system is integrated in the clinical
workflow.5,19,27 A CDSS will otherwise have no beneficial effect and will not be used.
Messages should be presented at the moment of decision making, though with as less
disturbance for the physician as possible. Therefore different alert mechanisms (pop-up,
automatic lab order, prescription order, email, etc) should be developed, suitable for
different alerting priorities.19 In this particular field, the research is very limited and needs
to be expanded soon. Understanding the clinical workflow and user’s wishes thoroughly
strongly increases the probability for success.23
High system’s speed
As with every computer system, speed is a very important parameter for user’s
acceptance.27 As explained above, recommendations should appear exactly at the right
time of decision making. When the speed of an application is slow, user satisfaction
declines markedly. Bates et al found that this parameter is valued most by users and
therefore it should be a priority factor of the CDSS.23

Right place
Point of care
An important quality of advanced CDSS is the ability to deliver recommendations at the
point of care.27 The question is who should receive the message. The point of care may
vary, as patients therapy is guided by various health professionals in the process. The
multidisciplinary expert team can identify the receiver of the recommendations (e.g.
physician, pharmacist, nurse etc).17
Active alert mechanism
The performance of systems in which users are automatically prompted to use the
system is significantly more effective, compared with studies in which users were
required to actively initiate the system.5,6,18,31 Also a larger positive impact is seen when a
recommendation is prompting for an action and not ignorable.18,23 Dexter found that
relatively small changes in the presentation of alerts made the difference between a
significantly increase in preventive measurement rates and no effect at all.18 So it is
important to select the alert mechanism carefully, as the type of alert will greatly affect
the impact of the clinical rule.
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Right system
Electronic availability of data
A CDSS acts on electronically available patient data in the EMR (clinical data, pharmacy,
laboratory, diagnoses, complications, microbiology etc).32 Progress of implementation
and adoption of EMR is slow, which inhibits adoption of CDSS. The most specific and
advanced clinical rules can be developed if a CDSS is able to gather all mentioned data
from the EMR, but at least a pharmacy-laboratory link is needed.10,30,33 The ability to
integrate outpatient data in the CDSS can give additional improvements for more
specific clinical rules.29
Integration with other systems
Integrated systems (e.g. in CPOE) are significantly more likely to succeed than stand
alone systems.5,6,27 This provides relevant information to physicians at key times in
decision making, enabling to prompt alerts during drug prescription or chart review.13,24
Maintenance of system and content
Once a CDSS is implemented it is essential for long term success that the system and
content remains up-to-date.34 Technical maintenance is important to guarantee a
flawless link between the CDSS and the EMR. Maintenance concerning content is
needed to ensure that the clinical rules remain applicable regarding the latest evidencebased guidelines.19 Sometimes corrections are required after implementation when it
turns out that the impact or physician’s satisfaction is not as expected.16,23 Therefore
Bates et al assigned each area of decision support to an individual. For example, a
cardiologist has to evaluate the clinical rules regarding his specialism periodically.
Regarding the novelty of complex CDSS, maintenance of the system and content is
hardly studied yet.

BARRIERS
Certain barriers found in literature may hamper implementation of advanced CDSS.
Besides the lack of the described success factors, an often mentioned barrier to
implementation is low computer skills among physicians.6,20,34 This must be carefully
taken into account within the design of the alerts. New generation physicians, like
medical students and junior doctors, may bring a higher level of computer literacy to
clinical practice and stimulate implementation of a CDSS in practice.20 Another barrier,
brought forward by Bates, is the loss of physician’s autonomy with the use of CDSS.23
However, CDSS are able to present the best evidence-based practice automatically,
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without requiring extra thought or work. This allows the health professionals to focus on
those areas of special need and adjust care to each individual patient.35 This not only
increases patient safety, but also physician’s safety by reducing the risk on malpractice
claims. Even, the system may improve clinical skills through a learn effect of the
corrective messages.24

OWN EXPERIENCED SUCCESS FACTORS AND BARRIERS
In our years of research we evolved a development and validation strategy for clinical
rules. This three-step strategy (retrospective technical, retrospective therapeutic and
prospective validation step), following a Plan-do-check-act-cycle in combination with an
expert team, has led to high success rates.17,36 We found that a well considered strategy,
that creates rules with a high positive predictive value (PPV) is essential for accurate
content and reliable messages. Application of this strategy has led to clinical rules with a
reliability (PPV) of at least 94%, which indicates that more than 94% of the alerts are
technically correct and clinically relevant as indicated by the expert team and endusers.17
This strategy mentioned is described in detail in another publication and tries to solve
important barriers described earlier, especially the ones regarding content and
reliability.26 In our hospital we use the advanced CDSS Gaston, a commercially available
system described in many publications.21 Gaston is a software system – you could also
call it an intelligent agent – that consists of two parts. The first part – the guideline-editor
(Fig. 1) – allows the user to build the guidelines as flowcharts in a user friendly
environment. The steps in the flowchart contain the selection definitions based on the
parameters that are available in the EHR. The second part, the decision support module
(DCS) is the guideline execution engine. This engine translates the guideline from the
guideline-editor into a routine that can be executed. As the expert team is the key
quality of the strategy developed in our previous research, we experienced some specific
factors that need to be taken into account. These aspects may help others to compose
the right team in order to optimise outcomes:
 Define the objective clearly. The context of the clinical rule and how it will be applied
in practice should be clear for all participants.
 Start by making a clear structure in which the clinical rule is developed. Some
content covers only one drug, some covers a certain drug class, while others concern
a complete (contra-)indication. One should try to classify the content correctly.
 Develop the clinical rule in a way that is clear for all participants 1 before start and in
a structured way with a pre-defined strategy.
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 Compose the team of experts with experts from different departments and
specialisms. Also, compose the team with people that can be trusted to have an
active role in the discussion and reflect the opinion of others well.
 Communicate to the experts what effort is expected form them and how much time
it will cost them. How will they be rewarded for their input.
 Communicate clearly how feedback will be given, in meetings or digital
communication.
 Determine how decisions are made when not all experts agree. Which experts are
identified as having the last word or should there be a majority with the same
opinion.
 When opinions differ, stay objective as being the chairman of the session. Try to
make a clear overview of all pro- and contra arguments and try to literature to create
an agreement.

FIGURE 1 Screenshot of the Gaston Guideline Editor, with an example of a clinical
rule, build as a flowchart to cover the complete therapy of lithium.
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Integration of all computer systems in one environment is also found to be important to
ease implementation. In our hospital, CPOE is integrated in the EMR. Only one link is
needed between CDSS and EMR/CPOE which facilitates technical implementation,
maintenance and costs.21 An example: we found that every time the EMR was upgraded
to a new version, also adaptations in de CDSS were 1 needed. Besides these two factors,
we experienced that the success factors as described above are important for an
effective foundation before widespread hospital implementation.

Barriers experienced in practice
When the dependence on a CDSS is growing for the checking of guidelines in a more
consistent and reliable way, it is necessary that the well-functioning of the CDSS is
guaranteed in the hospital. During our research we experienced a lot of barriers. For the
guarantee of well-functioning, the following ‘commandments’ need to be addressed:
1.

2.

Stability and performance of the CDSS: When the CDSS is increasingly used, it
may impact the performance of the system itself as well as other systems. It is
important that the position of the CDSS is well known amongst all and that
these performance problems are known, controlled and monitored
continuously by the ICT-department.
Maintenance of the CDSS: Maintenance can be divided in functional and
technical maintenance, with different responsibilities. It should be indicated
clearly who is responsible for the content of the system and all the parameters
used in these clinical rules (functional). This is usually a task for the medical
professional, who builds, tests and releases these clinical guidelines. Between
function and technical maintenance is the maintenance of the data and
parameters used (data dictionary). When a parameter, location or database
structure are changed for the information systems that feed the CDSS with data
(e.g. the EHR or laboratory information system), the data dictionary of the CDSS
should be changed accordingly. The use of so-called ‘free-text’ in the data
feeding information systems should be minimized for as much as possible.
Typo-errors or different use of text for the same concept makes it impossible to
guarantee the correct functioning of the CDSS. Technical maintenance includes
the maintenance of the CDSS application, installing updates and new releases
of the CDSS (and EHR) and testing the technical correct functioning of the
CDSS. Because a CDSS uses data from other information systems like the EHR, it
is important that technical testing of the CDSS is also performed after installing
updates or new releases of other information systems like the EHR. This is
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3.

4.

5.

6.

usually done by the ICT-department. In addition, advanced reporting-systems
should be able for signalling and solving errors of the CDSS. When one is not
aware of an error or malfunctioning of the CDSS, the patient safety could be at
risk without anybody noticing it. The responsibility of the functional and
technical maintenance of the CDSS should be clearly defined and time and
budget should be available for medical professionals and the hospital IT –
department.
Skills and knowledge of personnel: When there are errors concerning the CDSS,
one should be able to estimate the possible risks on patient safety and
immediately act upon it. This requires effort from all personnel, medical as well
as IT personnel. Documentation on the guidelines, possible errors and their risks
and an emergency procedure, in case of malfunctioning of the CDSS is an
important aspect of the safe use of a CDSS.
A generalised format: Agreements should be made between the hospital
departments about the layout, priority and content of warnings of the CDSS,
the way they should respond to them and the content of guidelines. The
presence of a wide variety of warnings could cause that medical professionals
lose interest for them. In that case the warnings of the CDSS are not used and
their additional value declines.
Continuity and support of the CDSS vendor: This support is essential for
continued technical quality of the system and the validated manner of
application in practice. In every setting local adaptations are needed to fulfil the
demands of the CDSS customer.
Comprehensive testing protocols: These should be available for the testing of
guidelines before implementation and for the testing of guidelines after new
releases and updates. Also testing protocols should be available for the
technical testing of the CDSS. When the number of guidelines increases in a
hospital, it will cost an increasing amount of time to test all the guidelines after
a new release or update. One should develop testing strategies, which allow
adequate testing within a limited amount of time.

This list is not a complete list and not a completely new list: Most of the issues are also
applicable for other information systems like the EHR itself. It is important that the issues
on this list are addressed because downtime and malfunctioning of the EHR or the CDSS
have severe implications for the hospital and its patients. One should be aware that
malfunctioning of the CDSS is not immediately visible for the medical professional
because it generally results in the absence of warnings. Warnings are, however, not
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always present, only in case of treatment differing from guidelines. The absence of
warnings will therefore not automatically alarm a medical professional. Continuously
monitoring of the CDSS by the IT department is therefore important, to prevent
unreported malfunctioning CDSS, which is a potential risk for patient safety.

DISCUSSION
The primary finding in this chapter is that many factors determine the successful
implementation of advanced decision support. Although several publications have
addressed the need of detailed description of system design and implementation
features, these are continuously poorly reported.5,6,27 Also the definition of a CDSS is used
confusingly, as they include a wide variety of computerized and non-computerized
systems that apply basic and advanced decision support. This complicates to conclude
which factors really contribute to success of advanced decision support and seriously
hampers widespread implementation of these systems that are so urgently needed.
The implementation of effective clinical decision support is a challenging task and in this
complex process there are no easy solutions to guarantee success or to avoid failure.
When starting with a CDSS, first certain prerequisites must be met. First, nationwide
adoption of an EMR must be accelerated, as this is a prerequisite for CDSS adoption.
Secondly, it is important to gather the right data and create a clinical rule with high
reliability with technically correct and clinically relevant messages. Essential is that an
effective system must minimize the effort required by clinicians to receive and act on
systems recommendations.5 Last but not least, the commitment and participation of
physicians as most frequent end-users is crucial for success.23 It is important to identify
stakeholders that support the implementation and a multidisciplinary team to achieve
realisation, distribution and continuation.19 When these people address the value and
possibilities of these systems, time and money can be made available. It is very time
consuming to add knowledge to a CDSS, continuously test and validate the clinical rules
and recommendations. Consequently, high costs are associated with the development
of clinical rules and the cost-effectiveness of CDSS has rarely been studied yet.28
Nevertheless, a CDSS is a powerful tool that can even fulfil ‘latent needs’. These needs,
that are present but not yet realized, can be fulfilled by detecting errors that need
prevention but are too time-consuming with current possibilities. An example is the
clinical rule for renal function Helmons et al developed.36 This clinical rule checks when a
patient has a decreased renal function and dose adjustments of the medication are
necessary. Compared to chart review, this clinical rule decreases time needed for
checking and intervention by 80%. This example illustrates that today many gaps exist
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between optimal and actual practice. Although a pharmacist should check all patients
on the combination of drug dosing and decreased renal function, in the current situation
it is impossible as time is limited. Our research shows that with every developed clinical
rule, remarkable differences between guidelines and practice were found, even though
guidelines are well known. Prospective research must demonstrate the effect of these
clinical rules in practice.17,26,36

CONCLUSION AND FURTHER RECOMMENDATIONS
This chapter demonstrates a practical overview of success factors which are crucial for
successful implementation of advanced CDSS to facilitate widespread implementation in
hospital practice. These success factors are focused on presenting the right message, at
the right time, in the right place with the right system. More adequate descriptions of
system design features and implementation are needed to translate these factors to
effects on patient outcomes. CDSS are expected to unchain a revolution in healthcare
and fill the existing information gap by bringing relevant data and knowledge to the
point of care.23 Despite the consciousness that change is indispensable and the years of
research and effort worldwide, this has only led to slow adoption of EMR and CDSS. We
believe it is now the time to bring these identified success factors in practice to
accelerate the adoption of these systems and reap the benefits of this promising nextgeneration in medication safety. More research is needed in most areas concerning
CDSS.8,31 The focus of this research should be which alerting mechanism (list, pop-ups, email, SMS, dedicated quality persons) results in the best adherence of physicians to
previously agreed standards of care and how do these methods effect patient
outcomes? Eventually this will give an answer to the question: how to optimally
implement a CDSS in clinical practice in order to reduce errors and omissions so
frequently noted.
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ABSTRACT
Medical guidelines and best practices are used in medicine to increase the quality of the health-care
delivery system. To support implementation and application of these guidelines, clinical decision
support systems (CDSS) have been developed. These systems are defined as ‘Computer-based
information systems used to integrate clinical and patient information and provide support for
decision-making in patient care’ (MeSH) These are integrated with so-called Electronic Health Records
(EHR), which have been developed by companies and National Governmental Institutes, and are used
to register and present the patient medical data. The integration of an EHR with CDSS modules will
revolutionize the way medicine will be practiced. In pediatrics, as well as geriatrics, such systems might
prove to be even more needed. The development, use and maintenance of CDSS in a hospital is
complex and far from trivial. In this chapter, we will focus on several aspects and challenges of EHR’s
and CDSS-modules in daily clinical practice in the hospital.
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INTRODUCTION
Clinical decision support systems (CDSS) are a diverse group of interactive computer
tools—primarily customizable software —designed to assist decision-making. The goal
of a CDSS is to make patient-management more efficient and effective, particularly with
ad hoc and discretionary decisions (versus routine or programmatic ones that require
little judgment). Interactivity is the key; unlike related expert systems and many artificial
intelligence tools, CDSS generally do not attempt to make the decision themselves. They
rather present information in a manner that facilitates the ease of making an informed
and effective decision, which is based on evidence-based guidelines, clinical rules and in
agreement with the professional standards of care. Also, by making practice more
efficient and effective, more time remains for complex patient situations that cannot be
automated.
A wide variety of CDSS is available, ranging from computerized to non-computerized
systems as well as from basic to advanced systems. This makes the systems that are
mentioned in literature difficult to compare. Basic decision support includes for example
checking on drug-drug interactions, duplicate therapy, drug-allergies and generalized
drug dosing. Advanced CDSS, used in addition to basic CDSS, includes for example
checking on contra-indications (disease and drugs), individualized dosing support during
renal impairment or guidance for medication-related laboratory testing. In this chapter,
we will focus only on the advanced systems, as this are the systems that can really
change healthcare practice.
The application of decision support systems on electronically stored patient data,
preferably in an electronic health record system, (EHR) will revolutionize the health care
delivery system. That is the prediction of James, published as an editorial in the New
England Journal of Medicine, almost a decennium ago.1 Despite the speed of
development of new technology, treatments and techniques in medicine during the last
decennium, the development of ICT-technology in medicine clearly remains behind. This
is a system-wide failure of the “modern” healthcare system, as the author James states.1
This system could perform much better; it is estimated that 50% of the North Americans
are being under treated. An expert-panel from the Institute of Medicine, part of the
National Academy of Sciences, USA found that medical errors kill from 44000 to 98000
Americans each year.2 The chairman of the 19 member panel stated; “These stunningly
high rates of medical errors – resulting in deaths, permanent disability, and unnecessary
suffering – are simply unacceptable in a medical system that promise first to ‘do no
harm’.3 The number of patients, dying from medical errors is probably a low estimate.
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The situation in Europe is not expected to be different. The Dutch statistics are, for
example, not encouraging either. From the patients that died in Dutch hospitals in 2007,
10.7% experienced preventable medical complications; resulting in the death of 1735
patients (4.1%). Even more discouraging is the fact that the number of unnecessary
deaths tends to increase. For the Netherlands these were 1745 deaths in 2004 and 1960
in 2008; an increase of 11.5%, despite advances in knowledge and IT-systems.4

BACKGROUND
Mack reviewed the use of a CDSS in the pediatric intensive-care unit .5 They defined
CDSS as computer software programs that support healthcare providers in their clinical
decision making. Once used solely for diagnostic support, nowadays many CDSS have
the ability to transform clinical practice by providing interactive assistance based on
therapeutic best practices. The recent emphasis on improving quality and patient safety
by using electronic patient records (as supported by Leapfrog and other agencies) has
also encouraged an increase in the use of CDSS tools. CDSS tools linked to electronic
patient records can extend the quality and safety largely in comparison to stand-alone
electronic patient records. CDSS are of particular interest in the NICU (neonatal intensive
care unit) where rapid decision-making benefits from tools that can improve patient
safety. CDSS have been described in the NICU with varying effects on healthcare
outcomes.5
There is growing consensus that the success of a CDSS depends as much (or more) on
the method of implementation and use in the complex environment of a pediatric ICU
as on their setup / content. Mack concludes – in agreement with our experiences in an
adult ICU - that CDSS have the potential to improve clinical practice in NICU settings.5
Several strategies for improving chronic illness care have recently emerged, including
embedding decision support into electronic health records (EHRs). Decision support for
chronic illness care includes automated reminders, templates, and registries. Electronic
decision support has been shown to improve care in areas such as immunization and
has benefits over paper-based reminders, including facilitating documentation and
embedded decision support. Similarly, the use of templates has been shown to improve
documentation during clinical encounters in the outpatient setting. Despite these
findings, few studies have examined the effectiveness of integrating electronic decision
support into clinical care, specifically for use in caring for children with chronic illness. Co
examined the use and effects of EHR reminders and templates in pediatric primary care
on the quality of documented care for ADHD (Attention Deficit Hyperactivity Disorder).6
Specifically, they hypothesized that (1) reminders would improve the likelihood that
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patients with ADHD would have a visit during the study period in which their ADHD was
assessed and (2) the use of an ADHD documentation template would improve the
quality of documented care for children with ADHD. They concluded that the use of
CDSS can both increase the rate at which patients with ADHD have management of
their condition discussed at ambulatory visits and improve the quality of documentation
of care at those visits. Their use has potential for improving care for children with ADHD
and other chronic conditions. Future work should be conducted to determine how best
to maximize the frequency of their use and effectiveness, including in co-managing
more complex cases with specialists, as well as in combination with more patientcentered interventions.
When a CDSS is selected and implemented, care should be taken that the goal of
improved clinical practice is achieved and the introduction of adverse effects is avoided.
The implementation of new technologies in complex healthcare settings can sometimes
cause this. Lipton emphasized that a CDSS needs to be designed to fit into the clinical
workflow (in the commentary accompanying the review of Mack).7 To prevent the
introduction of adverse effects, careful evaluation is necessary not only on the use of the
CDSS, but also on the clinical outcomes. Despite these problems, Lipton expects that
future CDSS will improve adherence and support the development of new and
improved guidelines; CDSS can play a key role in the application of evidence-base
medicine in the Pediatric Intensive-Care.7 In our view this statement can be broadened:
accurate use of CDSS can be of benefit in the whole healthcare system.

DECISION SUPPORT IN DAILY PRACTICE
Lack of a Comprehensive synopsis
Like the authors of the editorial in the New England Journal of Medicine “Making It Easy
To Do It Right”, we expect that a CDSS will become a necessary part of the healthcare
delivery system and increase the quality and safety of it.1
One reason for the failings in the healthcare delivery system is the fragmentation of
information. In many cases, an individual healthcare provider does not have a
comprehensive synopsis of their patients. One reason for this is that different
professionals working in different departments, disciplines and institutions in sometimes
different places, are delivering healthcare to a patient. Coordination of the care,
communication on the therapeutic strategy and findings do not always occur. In
addition, there is abundance of information on guidelines, procedures and treatments
for specific complaints available, but they are not always known and found by healthcare
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professionals. Because this information is presented at many different places, it is difficult
to keep track of it and apply it to the treatment of a patient.
To provide a comprehensive synopsis of an individual patient, three issues must be
addressed: (1) an EHR should be obligatory for registration and presentation of the
information in a comprehensive way; (2) guidelines on medical diagnosis, treatments
and procedures should be presented in an electronic, consistent and standardized
format and (3) a CDSS should be used to compare the data in the EHR with those in the
guidelines. Such a system should warn and give advice. The warning should be shown
when asked for or even automatically– depending on the importance of the warning or
imminent harm to the patient. A warning must be generated when the deviation of the
guideline is such that harm to the patient is to be expected.
The above barriers were also found in daily practice during a study with CDSS in our
hospital. We found interesting challenges, but also success factors that could help others
facilitate implementation of these systems. This will be explained in the next part of this
chapter.

The development of a CDSS in the Catharina Hospital
The department of Electrical Engineering of the Technical University of Eindhoven is
specialized in decision support. Originally, these systems were used for validation of
electronic signals (for example to determine whether the quality of an arterial pressure
wave was of sufficient quality to use it for blood-pressure control).8,9 These systems were
also used to combine electronic data for the prediction of for instance the fluid status of
a patient. The Dutch Government has encouraged the development of these decision
support systems by funding it (Medicast-project 2010). This funding, complemented by
additional funding from the Technical University and the Catharina Hospital, made it able
for Dr Ir de Clercq to continue the development and implementation of his decision
support system ‘Gaston’ after finishing his PhD.10
Gaston is a software system – you could also call it an intelligent agent – that consists of
two parts. The first part – the guideline-editor (Fig. 1) – allows the user to build the
guidelines as flowcharts in a user-friendly environment. The steps in the flowchart
contain the selection definitions based on the parameters that are available in the EHR.
The second part, the decision support module (DCS) (Fig. 2) is the guideline execution
engine. This engine translates the guideline from the guideline-editor into a routine that
can be executed.
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FIGURE 1 Screenshot of the Gaston Guideline Editor

FIGURE 2 Schematic representation of the Gaston Decision Support Module and
how it’s linked to patient parameters.
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An example of the result of the execution of a routine is the presentation of a warning or
medical advice in response to an entered value in the EHR for medication. Routines can
be executed at a specific time of the day, for example to check once a day whether the
protocol for all admitted patients with diabetes has been fulfilled, or can be invoked
when a specific action has been performed, for example the entering of high potassium
value and the simultaneous use of digoxin. Warnings can be in the form of a printed list
of the identified patients with potential medical risks, a pop-up, an e-mail or a sms.
The DCS module can act on parameters available in different information-systems. For
example the EHR that is used in the hospital, the information system of the general
practitioner, pharmacy-systems (hospital as well as community pharmacies), laboratory
information systems etc. The DCS-module can also extract parameters from external
devices, for example the monitors in the Intensive Care or Operating Room. It uses ICTstandards like HL7, ODBC/JDBC, XML and COBRA for exchange of data.
Gaston has several advantages in comparison with other CDSS: (1) It is easy to use –
there is no need for an information expert or knowledge engineer to build the
guidelines. Medical professionals can easily do that by themselves. (2) It interfaces easily
with other information systems, by using internationally accepted ICT-standards for
exchange of information. (3) It uses advanced rules of reasoning. No other systems are
available in the Netherlands that also provide these important features.
In the future, it is expected that vendors of EHR’s will either implement an advanced
CDSS (like Gaston) into their application or EHR’s will be forced to use the internationally
recognized ICT-standards for exchange of information so that an advanced CDSS can
easily connect to them.

THE USE OF GASTON IN THE CATHARINA HOSPITAL
Studies in the Catharina Hospital have shown that the application of CDSS on digital
available patient data is of benefit, both in terms of quality and patient-safety, as well as
economically.11

Gaston at the pharmacy
In the pharmacy of the Catharina hospital Gaston verifies once daily whether all admitted
patients are treated according to specific protocols, based on evidence based medicine
and current guidelines.11 These protocols are built into electronic guidelines in Gaston. A
few examples of these protocols, called clinical rules, are: whether the admitted patients
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with a disturbed kidney function receive the right dose of medication, or whether there
are patients who receive NSAIDs (Non-Steroidal Anti-Inflammatory Drugs) without
gastric protection. Another one checks whether patients who receive opioids also
receive a laxative or checks whether patients, who receive oral anticoagulants have a
high INR (International Normalized Ratio) of >6 and therefore need vitamin K. Many
different therapies are in this way checked every day, in addition to normal basic
decision support that is common in all pharmacies over the country.
By applying these guidelines to the database of former admitted patients it was found
that in 2009 2100 patients with a disturbed kidney dose received a higher dose than
should be prescribed according to the protocol, in 42% of the patients who received
NSAIDs gastric protection was indicated but omitted, 33% of the patients who received
opiates didn’t receive a laxative and 14% of the patients, who received an oral
anticoagulant and had a high INR (>6) didn’t receive vitamin K. The treatment of these
patients different from the existing protocols could have caused them harm.
Nowadays these patients are identified with the help of Gaston. Every day a list is
generated at the pharmacy with patients with a potential risk for harm. The pharmacist
checks whether an intervention is needed for these patients. When this is the case, the
specialist is called with a specific advice from the pharmacist. The present results of the
pharmacy show that in 33% of the patients, who were identified by Gaston, an
intervention was performed. For the other patients, the pharmacist determined that an
intervention was not needed, the patient had already been discharged or the patient
had already been identified at an earlier execution of the guidelines while having a good
reason to deviate from the guidelines. The pharmacy is very enthusiastic about these
results. Patients with a potential risk for harm that were unknown before, are now
identified. They are therefore putting much effort in extending the number of guidelines
that are used and to keep the quality and validity of current guidelines as high as
possible. The examples explained above are only a few ideas that can be implemented,
based on high-risk processes in the general hospital population. Specific pediatric clinical
rules can be developed for this specific class of patients, were other conditions are
important. As long as the information needed is available in de EHR, it can be used to
automatically screen these patients on standardized care that can be automated, but is
so often omitted.
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Gaston at the geriatric department
In geriatric patients adverse drug reactions (ADRs) are a common, and often preventable,
cause of hospital admission, and also frequently occur during hospitalization. In an earlier
study, it was found that adverse drug reactions detected during hospitalization and
requiring cessation of the causative drug were poorly communicated to primary care
professionals (general practitioners and pharmacists), leading to a rate of represcription
of withdrawn medication of 27% during the first 6 months after discharge.12 The study
highlighted the need for better communication of reasons for discontinuation of
medication. Adequate communication of these reasons can only exist on the condition
that these reasons are well documented. It was found that in more than a third of the
discontinued medications the reason was not documented in the patient records.13 With
Gaston we built a clinical rule at the geriatric department of the Catharina hospital that
documents reasons of discontinuation of medication, makes this information available to
other health care professionals (general practitioners and pharmacist) and generates a
warning at the moment a medication that previously caused an ADR is re-prescribed.14
Current pilot studies will have to show if this system is effective and can prevent
represcription and recurrent ADRs.

Results and challenges for Gaston in the Catharina hospital
The introduction of an EHR has started at the Catharina hospital about six to eight years
ago. Two departments use the EHR at the moment and others will follow soon. An EHR is
a necessary condition to be able to apply decision support. Like other hospitals in the
Netherlands however, the Catharina hospital struggles to register and present patientdata in a comprehensive way, see the paragraph “Lack of a Comprehensive synopsis”.
This is, however, necessary to apply decision support in a consistent way.
In addition, the introduction of the EHR can have severe consequences on the working
process of the caregivers at the hospital. These can, however, not all be overseen by the
IT-department, the CDSS-vendor and the caregivers themselves at the start of such a
challenging project. Failures in the decisions made regarding the implementation of the
EHR caused for example an increase in time needed for documentation of the medical
history of patients, and difficulty in finding medical results in the record. The vendor in
our case sold the system Gaston, and however it is linked to al EHR data, still the system
contained no content. The content needed to be inserted by the users (pharmacists,
physicians) themselves.
The problems with implementation have caused disappointment of caregivers in the
EHR and in ICT in general and resistance against the introduction of new applications like
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CDSS. To be able to test the use of an EHR in the working process before implementation,
the ‘Skills- and Innovation Laboratory for ICT’ has been created at the Catharina hospital.
Other examples of use for this laboratory is teaching the team of nurses and doctors on
the ward in using the EHR; testing and teaching new ways of cooperating and
coordinating care in an electronic environment; testing and developing new strategies
for quick and easy capture and overview of clinical data. On top of that, the advantages
of the use of decision support on the electronic clinical data will be demonstrated and its
effects on the users studied. Besides using CDSS for alerting, future examples of use of a
CDSS, which are thought of, is the comprehensive representation of the data in the
context of a clinical activity (e.g. seeing out-patients, during department rounds, writing
reports or doing research). It may also be used for retrieving insight in the outcomes for
specific populations: for instance an overview of the different types of follow-ups for
octogenarians, who are operated on their heart.

Challenges for CDSS in general
Once a CDSS is implemented, the clinical guidelines that are checked by the CDSS will
show an exponential growth over time. For instance, in our pharmacy, the number of
guidelines that are used on a daily basis for automatic medication surveillance is still
increasing. Also other departments are starting to develop and implement guidelines.
A CDSS makes the checking of guidelines more time efficient. It is not only quicker than
doing it manually, it also enables to check many more guidelines than in the manual
situation. To overcome the resistance with these systems, end-users are actively involved
in the content development process. An expert team is consulted every time regarding
the specific subject of the clinical rule, to overcome possible resistance regarding
content.
When the dependence on a CDSS is growing for the checking of guidelines in a more
consistent and reliable way, it is necessary that the well-functioning of the CDSS is
guaranteed in the hospital. For this guarantee, the following ‘ten commandments’ need
to be addressed:
1.

Stability and performance of the CDSS (in our case the intelligent agent
‘Gaston’). The use of an increasing number of clinical rules in the hospital may
have an impact on the performance of the CDSS itself, the EHR, and other
systems in the hospital. These effects should be known, controlled and
monitored continuously.
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2.

3.

4.

5.

6.

7.
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Maintenance of the CDSS. One can distinguish (a) ‘Functional’ and (b)
‘Technical’ maintenance.
(a) Functional maintenance concerns the
maintenance of the content of the clinical guidelines and the used data
(parameters) in the guideline. This is usually a task for the medical professional,
who builds, tests and releases these clinical guidelines. (b) Technical
maintenance includes the maintenance of the CDSS application, installing
updates and new releases of the CDSS (and EHR) and testing the technical
correct functioning of the CDSS. Because a CDSS uses data from other
information systems like the EHR, it is important that technical testing of the
CDSS is also performed after installing updates or new releases of other
information systems like the EHR. This is usually done by the IT department.
Maintenance of the data and parameters used (data dictionary). When a
parameter, location or database structure are changed for the information
systems that feed the CDSS with data (e.g. the EHR or laboratory information
system), the data dictionary of the CDSS should be changed accordingly. The
use of so-called ‘free-text’ in the data feeding information systems should be
minimized for as much as possible. Typo-errors or different use of text for the
same concept makes it impossible to guarantee the correct functioning of the
CDSS.
Skills and knowledge of the IT-as well as medical professionals - is needed.
When errors are reported by the CDSS, they should be able to estimate the
possible risks on patient safety and immediately act upon it. Documentation on
the guidelines, possible errors and their risks and an emergency procedure, in
case of malfunctioning of the CDSS is an important aspect of the safe use of a
CDSS.
Agreements should be made between the hospital departments about the
layout, priority and content of warnings of the CDSS, the way they should
respond to them and the content of guidelines. The presence of a wide variety
of warnings could cause that medical professionals lose interest for them. In
that case the warnings of the CDSS are not used and their additional value
declines.
Continuity and support of the vendor of the CDSS is necessary. This support is
essential for continued technical quality of the system and the validated
manner of application in practice.
Comprehensive testing protocols should be available for the testing of
guidelines before implementation and for the testing of guidelines after new
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releases and updates. Also testing protocols should be available for the
technical testing of the CDSS.
8. When the number of guidelines increases in a hospital, it will cost an increasing
amount of time to test all the guidelines after a new release or update. One
should develop testing strategies, which allow adequate testing within a
limited amount of time.
9. In addition, advanced reporting-systems should be able for signaling and
solving errors of the CDSS. When one is not aware of an error or malfunctioning
of the CDSS, the patient safety could be at risk without anybody noticing it.
10. The responsibility of the functional and technical maintenance of the CDSS
should be clearly defined and time and budget should be available for medical
professionals and the hospital IT –department.
This list is not a complete list and not a completely new list: Most of the issues are also
applicable for other information systems like the EHR itself. It is important that the issues
on this list are addressed because downtime and malfunctioning of the EHR or the CDSS
have severe implications for the hospital and its patients. One should be aware that
malfunctioning of the CDSS is not immediately visible for the medical professional
because it generally results in the absence of warnings. Warnings are, however, not
always present, only in case of treatment differing from guidelines. The absence of
warnings will therefore not automatically alarm a medical professional. Continuously
monitoring of the CDSS by the IT department is therefore important, to prevent
unreported malfunctioning CDSS, which is a potential risk for patient safety.

National and International Up Scaling
Although best practices and medical guidelines have been developed nationally and
internationally, guidelines programmed into a CDSS cannot yet be exchanged
internationally, or nationally. There are two main reasons for this:
 Structure of the data The structure of databases for medical data varies amongst
hospitals. The syntax of the medical data also varies amongst hospitals: Sometimes
free text is used, sometimes an hospital-specific lookup table, and sometimes a
nationally or internationally code-system (SNOMED, ICD-10), which is preferable.
When one wants to use a guideline from hospital A in hospital B, one has to
determine for all parameters in the guideline which parameters of hospital A can be
mapped to which parameters in hospital B. When a different syntacs is used for these
parameters, the guideline should be adapted for this.
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 Structure of the guidelines. Every company for CDSS has its own structure of
guidelines. Guidelines built in a CDSS from one company cannot be exported and
used in a CDSS from another company.
 Content: Although the content of the guidelines should be standardized as much as
possible, local adaptations in content (for example reference values) are sometimes
necessary to increase the quality of the clinical rules and the frequency alerts are
followed in daily practice. Therefore it should be well documented why certain
clinical rules are developed and which guidelines or literature was used.
The building, testing and implementation of a guideline are labor intensive. It is
therefore recommended that national and international agreements between medical
professionals and companies for hospital information systems are made about the
structuring of the content and format of medical data and guidelines. We are aware that
is a long term process.

FUTURE EXPECTATIONS
The resistance - not only from caregivers but also from patients themselves - against the
use of an EHR and CDSS in the healthcare system may be easier to solve once the added
value is clear to all participants: intelligent and safe care, based on evidence based
guidelines and the sharing of information between all medical professionals, e.g. the
general practitioners office, hospitals physicians and pharmacies.
It is expected that in the nearby future the EHR and CDSS will be available throughout all
hospitals when the advantages of the use of CDSS will become well known. It is also
expected that these systems will be used in the future and are useful for the patients
themselves. Professional healthcare organizations may potentially get involved and
publish information in an electronic format that can directly be used in the EHR and
CDSS. Nowadays, users need to create the content themselves, each by their own which
hinders implementation in daily practice.
The Netherlands as region may also become an important contributor to these
developments. The Dutch government has used the term “Netherlands Knowledge
Land” for stating that its mission is to establish the Netherlands as one of the key regions
in the international knowledge economy. Hopefully they will remain supportive to this
statement by providing funding to projects like the further development and
implementation of CDSS as Gaston.
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CONCLUSION
The use of CDSS for checking whether treatment is performed according to clinical
protocols and guidelines can improve the quality of health care, support in the making
of decisions and warn medical professionals, and can possibly reduce unnecessary costs
in healthcare. In this paper, an insight is given into the development of the CDSS, Gaston,
at the Catharina hospital in the Netherlands. In addition, challenges and requirements for
successful use of CDSS have been discussed.
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ABSTRACT
Objective
Well-designed clinical decision support systems (CDSS) can reduce the problem of alert fatigue by
generating patient-specific alerts. This paper describes a strategy for development and preimplementation validation of specific and relevant clinical rules in order to reduce alert fatigue.
Methods
A four-step development and validation strategy of clinical rules is presented. From March till
September 2006 the example ´Lithium therapy´ rule, was developed with this strategy based on the
Plan-Do-Check-Act cycle (PDCA-cycle). Retrospectively 15.368 patients and prospectively 2.503
patients were screened while continuously monitoring the positive and negative predictive value
(PPV/NPV). The first step was to confirm that parameters used in the definitions are linked to the correct
data in the electronic health record (EHR). The second step involves an expert team in the review
process to assure that alerts generated are clinically relevant. Thirdly the rule was adjusted to generate
the right alerts in daily practice. The fourth step ensures technical and therapeutic maintenance after
implementation in practice.
Results
The ten clinical rules developed showed a progression during the development and resulted all in a
final therapeutic PPV ≥ 89% before implementation, based on expert opinion. NPV was determined for
five clinical rules and was always 100%.
Conclusion
The proposed strategy is effective for creating specific and reliable clinical rules that generate relevant
recommendations. The inclusion of an expert team in the development process is an essential success
factor. It will hopefully accelerate the widespread use of these promising decision support systems in
practice.
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INTRODUCTION
Clinical decision support systems (CDSS) are considered powerful tools for improving
patient safety and healthcare quality.1,2 They are defined as “Computer-based
information systems used to integrate clinical and patient information to provide
support for decision-making in patient care”.3 CDSS are the next generation of
medication safety systems and are able to narrow the gap between evidence-based
medicine and practice.4,5 They generate patient-specific alerts, using data stored in
Electronic Health Records (EHR). Advanced CDSS, used in addition to basic CDSS,
includes for example checking on contra-indications (disease and drugs),
individualized dosing support during renal impairment or guidance for medicationrelated laboratory testing.6,7
There is an urgent need for implementation of CDSS, as medication errors occur
frequently despite the use of medication safety systems.2,8 However, high rates of alert
overrides (alert fatigue) and low rates of alert adherence can hinder the success of welldesigned CDSS.9-12 Alert fatigue compromises the intended increase in medication
safety, with clinicians´ override rates varying from 49% to 96%.11-13 To prevent the pitfall
of alert fatigue, structured development and validation of the decision support
algorithms (clinical rules) are crucial before widespread dissemination into practice.9,14 To
achieve fewer interruptive alerts, a solution is to select only alerts with the highest
clinical importance.15 Few studies have concurrently examined technical correctness of
alerts and the corresponding clinical appropriateness of CDSS alerts.9 However, a need
exists to share best practices in CDSS development and implementation.16 Two key
components of validation strategy have been described in most studies: (1) the use of a
multi-disciplinary expert panel as well as (2) off-line test and revision cycles.17-21 Recently
a framework was published by McCoy, describing a potentially effective method for
assessing clinical appropriateness of medication alerts. A key attribute of this framework
is that it determines appropriateness at the time of a triggered alert and by applying
expert knowledge.9 Weingart et al examined a subset of all displayed alerts to determine
alert validity and expert agreement with overrides, although no measures of unintended
adverse consequences were reported.21 Sucher mentions factors that need to be tested,
such as verification, validation and worst case testing, but these factors are not explained
in detail.22 A practical validation approach is described by Osherhoff et al, using cases and
testing scenarios to validate clinical rules.23 The method has however limited usefulness
due to lack of a detailed description of the method and outcome values.
To prevent alert fatigue, CDSS implementers must monitor and identify situations that
frequently trigger inappropriate alerts and take well-defined steps to improve alert
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suitability.9 Studies examining CDSS content validation often lack a complete and
reproducible method that is demonstrably leading to appropriate alerts. We propose a
strategy for development and validation clinical rules that generate patient-specific,
relevant alerts with a high predictive value.

METHODS
Study site
This study was conducted in the Catharina Hospital in Eindhoven, The Netherlands, a
600-bed university-affiliated hospital. The hospital uses a hospital information system
(EHR: CS-EZIS, Chipsoft BV, Amsterdam), with integrated computerized physician order
entry (CPOE). Most patient data (medication, laboratory data, therapy, microbiology,
diagnosis, etc.) are available in this system. However the system also provides
unstructured text notes describing the patients’ actual status, which cannot be used for
decisions support. The CPOE system includes basic drug-oriented decision support such
as drug-drug interactions and drug-dosing checking, based on the nationally established
electronic drug database (WinAp, G-standard, Den Haag The Netherlands).12 Since 2004
the Department of Pharmacy of the Catharina Hospital has been involved in the
development of a strategy for designing and validating clinical rules with an advanced
clinical decisions support system.

Decision support system
In this study the CDSS Gaston (Medecs BV, Eindhoven) is used. This system, worldwide
commercially available, was developed in 1998 at the Technical University Eindhoven in
collaboration with our hospital. Technical assistance during our research was supplied by
Medecs BV.
The CDSS Gaston is linked to our EHR, which allows the electronic data stored in the EHR
to be used in clinical rules.24,25 The CDSS consists of two modules: (1) a guideline editor
for development of electronic guidelines and (2) a guideline execution engine. The
editor is a user-friendly environment, in which clinical rules are built as flowcharts. The
steps in the flowchart contain the selection definitions based on the parameters that are
available in the EHR. The engine is used for retro- and prospective database research and
prospective alerting.

Site setup and participants
The strategy described was first applied in the study period from March 2006 till
September 2006 for the clinical rule for ´Lithium therapy´. Lithium was chosen as it is a
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potentially hazardous drug with a narrow therapeutic window and many parameters
needed to be monitored.26 The method described in this paper will cover the
development of this clinical rule. In the period from September 2006 till July 2010 nine
other rules were developed following the exact same strategy. These rules were all
selected according to a national study that identified high-risk patients with medication
related problems leading to hospital admission.8 The pre-implementation results of all
ten clinical rules are shown in table 2.
The development of the clinical rule was carried out by the research team, consisting of
a pharmacist (in training) building the clinical rule, a hospital pharmacist/clinical
pharmacologist and a research pharmacist experienced in decision support. Time
investment for this rule was three months fulltime (spread over 6 months) for the
pharmacist in training and one hour a week for six months for the other two members of
the research team. Furthermore, the clinical relevance was monitored by an expert team
that consisted of three specialized physicians (Head of Internal Medicine, Head of
Psychiatry and an Anaesthesiologist specialized in Computer technology) and
experienced hospital pharmacist, being all experts on lithium therapy. The expert team
invested three hours for the plenary meetings with the research team and another two
hours for preparation and written consultation.

Outcome values
The applicability of the strategy was determined by measurement of the positive and
negative predictive value (PPV/NPV) of the clinical rule (see Table 1). PPV and NPV are
used to express the quality of a clinical rule and to monitor the right balance between
clinical relevance and over-alerting.15,27 In each step of the strategy the PPV and NPV
were monitored. The research team decided whether an alert was technically (in)correct.
The expert team decided whether an alert was therapeutically (in)correct, in which the
expert physician on psychiatry had the final decision. Consequently, the outcome values
measured in this study represent expert opinion.
Positive validation: By testing the CDSS, alerts were generated which could either be
correct (true positive) or incorrect (false positive). A PPV is calculated by dividing the
number of true positives by the total number of alerts (Table 1). Aim was to maintain a
maximum NPV while minimizing the amount of false positives to prevent alert fatigue.
Negative validation: We used our completely independent pharmacy system (Centrasys,
Isoft BV, The Netherlands) to select the last 100 patients with a lithium prescription. The
research team checked all these patients manually, by reviewing their EHR-data on all
conditions of the clinical rule. For example, when a patients´ lithium blood level needs to
be monitored within five days after starting the drug, it was checked in the EHR
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laboratory data if this was performed. If so, this patient correctly did not receive an alert
(true negative). If not, it was checked by the research team if the CDSS generated an alert
at that time. When no alert was generated this would have been a false positive alert.
The NPV was calculated by dividing the number of true negatives by the total number of
patients without alerts (Table 1). The NPV was added to the strategy at a later stage.
Therefore it was only measured for clinical rules which have been developed recently
(clozapin, fenytoin, lithium, digoxin and aminoglycosides).
TABLE 1 Schematic representation of PPV and NPV calculation
CONDITION

ALERTS

Positive

Negative

Positive

True positive

False positive

PPV = TP/(TP+FP)

Negative

False positive

True negative

NPV = TN/(TN+FN)

Sensitivity

Specificity

PPV = Positive Predictive Value, NPV = Negative Predictive Value, TP= True positive, FP = False positive, TN =
True negative, FN = False negative

Database
The different steps of the strategy were tested on the database of our EHR. The first two
steps (retrospective) were tested on the historic database, including all 15.368 patients
admitted in the twelve months prior to the start of the development period (March 2005
till March 2006). We thought that physicians’ acceptance would not be affected after
implementation of the rule, if no error was detected in the population of the preceding
year. The third step (prospective) was tested on all 2.503 admitted patients during the
months July and August 2006. The fourth step is performed on the same hospital
database, starting from the moment of implementation in practice. These results are not
included in this study.
Development and validation strategy for clinical rules: the Catharina Hospital approach
We developed a four-step strategy for development and validation of clinical rules. To
improve the quality of the clinical rule the Plan-Do-Check-Act cycle for quality control is
applied at least once every step (Fig 1). In step 1-3 the reliability and quality of the rule
are expressed as PPV and NPV.
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FIGURE 1 PDCA-cycle for the development and validation of clinical rules, followed in
each validation step of the described strategy to improve the PPV and NPV.

Step 1: Technical retrospective validation
The first step is a retrospective technical validation of the CDSS. The objective is to
determine whether the parameters in the CDSS are linked to the correct parameters in
the EHR creating technically valid definitions. For example, for the definition in the CDSS
`The last lithium blood level is above 1,2 mmol/L´, it is checked if the intended EHR data
is transferred to the CDSS to correctly interpret the lithium blood level.
The first step starts by designing the clinical rule based on evidence-based guidelines
(Plan). Protocols or literature were used in case guidelines were unavailable. The
guidelines were translated into a computer-interpretable format with measurable and
specified parameters. The clinical rule was then tested on the retrospective database
(Do). Results were analyzed by the research team to determine the amount of true and
false positives and negatives, and discussed in a plenary meeting with the expert team
(Check). Here possible improvements were identified and later implemented by the
research team (Act). If so, another pass through the PDCA-cycle was required. Now the
PPV and NPV could be calculated with the final results. When the objectives were met
(PPV > 90% and NPV >95%), the second step starts.
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Step 2: Therapeutic retrospective validation
The second step is to check whether all alerts are clinically relevant, actionable and
judged to be useful by an expert team. Although alerts can be technically valid and
based on evidence based guidelines, physicians may not always consider them relevant
or useful. Therapeutic validation is most important for gaining user acceptance.
This step starts with a meeting between the research team and the expert team to
discuss the therapeutic value of the alerts and determine baseline therapeutic PPV and
NPV (Check). The experts reviewed all alerts generated on being clinically relevant (true
positive) or not (false positive). Differences between theory and practice were discussed
and the expert team formulated modifications of the clinical rule (Act). After refinement
(Plan), the rule was applied again to the same retrospective database as in step 1 (Do). In
a second meeting, the research team and expert team evaluated the results of the
adjusted clinical rule were evaluated (Check). The updated therapeutic PPV and NPV
were calculated, to monitor the improvement in accuracy of the clinical rule during this
development (Fig. 1). All proposed modifications were first technically validated
according to step 1, before therapeutic validation in Step 2 (Act). The results of the
clinical rule were discussed with the expert team until the PPV and NPV were maximized
(and above threshold) and the team indicates that no further adjustments are required.
Usually two to three PDCA-cycles were needed.

Step 3: Pre-implementation prospective validation
The third step is the preparation of the clinical rule for routine application in daily
practice. Now the CDSS is linked to the prospective (live) database of the EHR, allowing
to generate alerts of actual admitted patients. In step 3 the clinical rule is adapted to
assure prospective, timely alerting, integrated in the clinical workflow.
The expert team is consulted on the content of the message (e.g., proposal, command),
the recipient of the message (e.g., nurse, physician, pharmacist), the frequency (e.g., once
daily, continuously) and the alerting method (e.g., on-demand, automatic) (Check). When
the rule was refined on these issues (Act, Plan), it was implemented into the operational
EHR in a test-setting (Do) for final validation. This validation is conducted prospectively,
using patients admitted to the hospital to provide a simulation of daily practice. In this
step the rule may need some minor technical adjustments, as the retrospective rule
needs slightly different definitions to correctly select patients compared to the
prospective designed rule. This may influence PPV and NPV in a minor way, therefore
they are calculated again. After a two months test, the results are again checked by the
research team and discussed with the expert team to determine a final PPV. Maximizing
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the PPV is the final step before implementing the clinical rule into practice. NPV was
measured on one test patient ‘admitted’ to our hospital, were a prescription of lithium
and relevant laboratory values were added. Now the clinical rule with its technical,
therapeutic and prospective PPV and NPV is ready for implementation in daily practice.

Step 4: Post-implementation prospective validation
The fourth step, after implementation of the clinical rule in daily practice, is continuous
maintenance. In this step the clinical rule is monitored while the rule is operational, in
our case in the pharmacy. It consists of technical and therapeutic maintenance to ensure
continuous accuracy of the alerts. We found that with every clinical rule after
implementation in practice adjustments were needed, which were not foreseen during
the development phase (step 1-3).
First, technical adjustments may be necessary due to updates or new functionalities in
the CDSS or EHR. These technical adjustments were developed, validated and
implemented by the research team only (according to step 1). When the changes had
also therapeutic consequences, the expert team was consulted.
Secondly, the content of the clinical rule should be updated regularly, due to changes in
the underlying evidence-based medicine or end-users preferences. For example when a
new (monthly) update of the underlying drug database (G-standard) was available,
clinical rules were checked on these changes. Every time these proposed changes were
applied to the strategy described. Clinical rules developed in this study were also
warranted in the pharmacy quality system; the content of the rules as well as the
strategy for development. This step finalizes the strategy, through continuously
optimizing suitability of the rule in practice.

RESULTS
Using the strategy outlined above, we developed ten clinical rules with a high positive
predictive value (Table 2). All clinical rules showed a progression during the development
and resulted in a final therapeutic PPV ≥ 89% before implementation (end step 3).
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TABLE 2 Application of the strategy resulted in ten clinical rules. PPV is shown in
column 3-5, during application of the “Development and validation
strategy for clinical rules: the Catharina Hospital approach”. A PPV of 100%
indicates that all alerts were technical correct and therapeutic correct
(relevant) as indicated by the expert panel.*
CLINICAL RULE

CONTENT

Heart failure

Prevention of contra-indicated drugs in

PPV END

PPV END

PPV END

STEP 11*

STEP 2*

STEP 32*

55%

100%

100%

patients with heart failure

[297/545]

[545/545]

[44/44]

Methotrexate

Prevention of incorrect MTX dosing incl.

78%

82%

89%

folic acid

[38/49]

[40/49]

[17/19]

Beers

Medication to be avoided in elderly

79%

100%

100%

[595/753]

[753/753]

[47/47]

Gastric

Addition of gastric protection in high risk

92%

94%

99%

protection

patients using NSAID’s

[784/852]

[801/852]

[83/84]

TDM of

Monitoring accuracy of TDM of

46%

78%

100%

aminoglycosides

aminoglycosides

[129/278]

[215/278]

[53/53]

Potassium

Guiding therapy of patients with severe

50%

78%

96%

hypo- or hyperkaliemia

[143/285]

[222/285]

[115/120]

Opioids and

Addition of laxatives in patients using

56%

91%

99%

laxative

opioids

[596/1064]

[968/1064]

[122/123]

Lithium

Guiding patients with lithium therapy

63%

83%

97%

[44/70]

[58/70]

[11/13]

Anticoagulation

Guiding therapy of patients using

80%

90%

100%

anticoagulation

[367/461]

[415/461]

[35/35]

Recommending dosage reduction during

17%

28%

98%

decreased renal function

[139/819]

[230/819]

[121/123]

Renal function

1:

Therapeutic PPV in percentages of the first draft of the clinical rule (end step 1/start step 2), consulted with
the expert team and [number of alerts].

2:

Therapeutic PPV in percentages of the final clinical rules (end of step 3), after at least three PDCA-cycles
and [number of alerts].

*

These results are corrected for 0-3% technical errors due to wrong input of data in the EHR by
inexperienced users of the EHR, which hinders correct alerting by CDSS.

68

Strategy for development and pre-implementation validation of effective CDSS

NPV calculation of the clinical rules for clozapin, fenytoin, lithium, digoxin and
aminoglycosides showed all a NPV of 100%. This indicates that an alert was generated for
all patients for whom an alert was expected and no patients or alerts were missing.

DISCUSSION
Clinical decision support systems are increasingly used to improve patient safety. Yet, the
appropriateness of displayed alerts and subsequent decision making is not well
understood.9 Two major categories of modulators for alert acceptance are recently
identified: alert content and alert presentation.10 Alert fatigue due to non-specific clinical
rules may be an important causative factor.11 Application of our proposed strategy for
development and validation of CDSS content leads to clinical rules with a high predictive
value (PPV/NPV). Development and validation of a clinical rule showed to be labourintensive as it took four to six months on average before implementation. Therefore
widespread use of CDSS could be promoted by using national or international clinical
rules. This strategy can facilitate the translation of evidence based medicine into practical
and relevant clinical rules.
A key attribute of the strategy is the expert team involvement, as already addressed by
others.17-23 The expert team is consulted to overcome the problem of non-specific
guidelines and literature. Besides, the experts are able to determine clinically relevant
conditions and refine the content.21 An additional advantage is that cooperation from
physicians is assured by involving them in the development cycle. Dedication and time
of the professionals involved was required to realize these results.
New in this strategy is the use of the Plan-Do-Check-Act cycle in combination with the
calculation of the PPV and NPV during the complete development period. Baseline PPVs
remained relatively low due to technical challenges and the fact that the rule was not
adapted to end-users’ wishes. Our strategy has shown to overcome these problems. The
PPV and NPV are suitable for determining technical and therapeutic reliability to indicate
physicians’ acceptance of alerts generated by the CDSS. However, PPV and NPV values
depend on the prevalence of the condition. Therefore, the number of patients included
in the retrospective database must be large enough to detect possible errors.
An important parameter influencing the outcome values is the quality of the database. In
our situation we have an extensive database which is suitable for the use of advanced
CDSS. This is an important prerequisite, as it influences directly the PPV and NPV of the
alerts generated. Still the results shown are corrected for 0-3% technical errors due to
wrong input of data in the EHR by inexperienced users of the EHR. These are errors that
are hard to prevent, especially in a hospital with many junior doctors.
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By means of our strategy, new applications of CDSS were developed and definitions
refined, thereby raising the positive predictive value of every clinical rule. A newly
developed clinical rule always required new functionalities of the CDSS as well. The
development of clinical rules made it necessary to add new parameters such as
diagnoses, temperature, planning of surgical operations, etc. to our EHR. These examples
show that technical assistance of the developer of the CDSS was essential. The purchase
of our CDSS was therefore accompanied by a service-pack to support technical
implementation in our hospital.
When the clinical rules were validated retrospectively, they were applied to a large
database (step 2). The resulting alerts were used to predict the impact of the rule on
medication safety. An estimation is obtained about the type(s) of medication errors that
are prevented when the clinical rule is used in practice. The strategy described above
focused on pre-implementation validation and its results and therefore the results of
step 4 are not included in this paper. Future publications will cover these results, but
preliminary results showed that a substantial increase in medication safety can be
achieved.7

LIMITATIONS
The strategy described has only been tested in a single hospital. Testing of the outlined
strategy on a larger scale is needed. Due to technical barriers, initially only the PPV and
not NPV were measured in this study. Consequently only pre-implementation PPV values
are shown in table 2. Recently we added the measurement of NPV to strengthen the
validation. However, well-founded screening revealed no false negative patients,
indicating that all patients were correctly identified by the CDSS. More research is
needed to translate the PPV and NPV results into daily practice. Therefore an
interpretation of the results of the post-implementation step is necessary, as we saw that
after implementation a lot of other factors influence acceptance of the alerts in practice.
Various factors influence the effective application of decision support.10,28 For example, it
may be influenced by the type of alert. Literature on this topic is limited, but indicates
that active alerting is more effective than passive alerting.10,29 Comparative studies
describing different alerting types have not yet been studied.
Another factor is the threshold setting for notification before implementing a clinical
rule. When a PPV is low, alerts will be more likely overridden and implementation of the
rule will not be useful because it may result in alert fatigue. The setting of the threshold
will also depend on factors such as disease severity or alert frequency. A low PPV may be
accepted (PPV of 30% or even 10%) if the alert can prevent severe complications or save
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a patient’s life. Further research is needed to determine the setting of the minimum
threshold to improve the beneficial effects of the CDSS.

CONCLUSION
In this paper a strategy is presented for the development and pre-implementation
validation of clinical rules with a high positive and negative predictive value (PPV/NPV),
determined by an expert team. The proposed strategy is effective for creating specific
and reliable clinical rules that generate relevant recommendations. No other study has
yet described a complete method for validation of clinical rules which are be monitored
with PPV and NPV during al development phases. Ensuring appropriate alerting is a
prerequisite for continued efficacy and acceptance of recommendations generated by
clinical decision support systems. The crucial value of our approach lies in the
consultation of an expert team in the development of the clinical rules, together with
the continuous monitoring of the technical correctness and clinical relevance during the
development.
The strategy showed to be effective, since the reliability of all clinical rules ranged from a
PPV of 89 to 100%, in consensus with an expert team and corrected for 0-3% incorrect
technical alerts due to incorrect EHR-data input. More research is needed to determine
the setting of the notification threshold of clinical rules and the effects of different alert
mechanisms on the acceptance of recommendations. This strategy will hopefully
facilitate standardization and acceleration of the effective and widespread use of these
innovative and promising decision support systems in daily practice.
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ABSTRACT
Background
Prescribing gastroprotective agents in patients at high risk of upper gastrointestinal (UGI) complications
while using NSAIDs or low-dose aspirin (LDA) is a preventive strategy incorporated in many evidencebased guidelines. Despite these guidelines, prescribing gastroprotection is often omitted. Advanced
clinical decision support systems (CDSS) are potentially able to overcome these problems. The aim of
our study is to investigate whether or not the prescription of gastroprotective agents in patients with
NSAIDS or LDA can be optimised by process redesign. The two major changes in the redesigned
process consist of the application of advanced clinical decision support combined with new
procedures for pharmacy technicians prescribing gastroprotection.
Methods
All patients admitted to our hospital in the year 2012, except for intensive care patients, were included
in our study. The former method, based on basic CDSS was compared with the redesigned process
based on advanced CDSS. In this new method we applied a clinical rule for gastroprotection in the
hospital information system, including all risk factors described in national guidelines for
gastroprotection. Pharmacy technicians were allowed to prescribe a proton pump inhibitor (PPI),
under strict conditions and after thorough validation, when indicated by the CDSS.
Results
In 2,083 patients, prescribing gastroprotection was indicated, although it was only correctly prescribed
in 626 patients (30.1%) (former method). Following the application of the redesigned process, the
correct prescription rate increased to 98.2%. The most important reason not to prescribe a PPI was that
the patient was already discharged before the pharmacy reviewed the alert.
Conclusion
Applying the redesigned process, based on an advanced CDSS in combination with pharmacy
technicians prescribing gastroprotection, is successful in identifying patients who are at a high-risk of
gastrointestinal (UGI) complications while using NSAIDs or LDA. In this study, the method increased the
correct prescription of gastroprotective agents from 30.1% to 93.8%.
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INTRODUCTION
Pain control is fundamental to maintaining quality of life. Non-steroidal antiinflammatory drugs (NSAIDs) are commonly prescribed for controlling pain and
inflammation. However, the use of NSAIDs or low-dose aspirin (LDA) carries a risk of
adverse events, including gastrointestinal (GI) ulceration and bleeding, which can lead to
hospitalisation and mortality.1 In a meta-analysis of 18 studies, the pooled relative risk of
serious upper gastrointestinal complications associated with NSAIDs was 3.8.2 For LDA
(50–162.5mg daily), pooled results from eight studies showed that the risk of
gastrointestinal bleeding is substantially increased (odds ratio 1.59).3 The level of
gastrointestinal risk is affected by both patient factors, such as age, a history of peptic
ulcer disease, co-morbidities, and concomitant medication as well as by factors related
to NSAIDs, such as dose and kind of NSAID.4,5
The prescription of gastroprotective agents in patients using NSAIDs or low-dose aspirin
(LDA) is a preventive strategy incorporated in many evidence-based guidelines.4,6-9
Despite these guidelines, prescribing gastroprotection is often omitted.10,11 A review of
11 observational investigations, including 1.6 million patients of whom 911,000 were
NSAID users, found that 76% (range 65% to 90%) of patients with at least one
gastrointestinal risk factor received no prescription for a gastroprotective agent during
concomitant use of an NSAID.10 A 2008 retrospective study in our own hospital showed
comparable results, indicating that in 42.1% of patients using NSAIDs (225/535), a
gastroprotective agent was not prescribed while indicated.11
A recent Cochrane review investigated strategies to prevent UGI complications while
using NSAIDs.12 Both double dose histamine-2 receptor antagonists (H2A) and protonpump inhibitors (PPI) were effective at reducing the risk of endoscopic-proven duodenal
and gastric ulcers (RR 0.44 and RR 0.40 respectively).
The majority of studies indicate a lack of awareness and/or recognition of risk factors as a
major cause for the under-prescription of gastroprotective agents.13-16 Electronic tools,
such as clinical decision support systems (CDSSs) are potentially able to overcome these
awareness problems.17,18 These systems are computer-based information systems used
to integrate clinical and patient information in order to provide support for decisionmaking in patient care.
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CDSS, together with CPOE systems, are proposed as key interventions to prevent
unintended harm including medication errors.19 These systems have been widely
described and discussed in the literature. The conclusions, however, are not univocal
because the reviews included a wide variety of systems, ranging from basic to advanced
systems. Basic decision support includes checking on drug-drug interactions, duplicate
therapy, drug-allergies and generalised drug dosing. Advanced CDSS, used in addition to
basic CDSS, includes for example, checking on contraindications (disease and drugs),
individualised dosing support during renal impairment or guidance for medicationrelated laboratory testing. The use of decision support for optimising the co-prescription
of gastroprotective agents is only scarcely described. Laine described a ‘written reminder
method’ to increase guideline adherence for gastroprotection (from 43% to 61%), but
concluded that additional strategies are required to achieve higher compliance rates.20
In our hospital, we redesigned the process of prescribing gastroprotective agents in
patients using NSAIDs. The former method used, which was based on basic decision
support, has been changed to a new method based on advanced decision support in
combination with the prescription of gastroprotection by pharmacy technicians. The aim
of our study is to investigate whether or not the prescription of gastroprotective agents
in patients with NSAIDS or LDA can be optimised by application of the redesigned
process.

METHODS
Study site and design
The study was performed at the Catharina Hospital, a 700-bed secondary care teaching
hospital in Eindhoven, The Netherlands. All patients admitted to the hospital in the year
2012 were included in our study, except for patients admitted to the intensive care (ICU)
department. ICU-patients were excluded because medication order processing was
incomparable to the former or newer methods applied to all other departments in our
hospital.
The hospital uses a hospital information system (HIS: CS-EZIS, Chipsoft BV, Amsterdam)
with integrated computerised physician order entry (CPOE). The CPOE system includes
basic drug-oriented decision support, such as drug-drug interactions and drug-dose
checking based on the national electronic drug database (WinAp, G-standard, Den Haag
the Netherlands).
Since 2004, the Department of Pharmacy at the Catharina Hospital has created a strategy
for the development and validation of clinical rules with an advanced clinical decisions
support system (Gaston®, Medecs BV, Eindhoven).21 Advanced CDSS is able to include all
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data from the HIS, enabling, for instance, the checking of contraindications (diseases, comorbidities and drugs), individualised dosing support during renal insufficiency or
hepatic failure, or guidance on medication-related laboratory testing. The CDSS Gaston®,
which is available worldwide, was developed in 1998 at the Technical University
Eindhoven in collaboration with our hospital.

Process redesign
Description of the former process
The former process of prescribing gastroprotective agents in patients with NSAIDs and
LDA was based on the use of a basic decision support system (WinAp, G-standard, Den
Haag the Netherlands) integrated in our CPOE system. This process is schematically
shown in Figure 1a. In this process, the physician prescribes a NSAID or LDA in the CPOE
system. The prescription is automatically checked using the basic drug-oriented decision
support. Subsequently, the drug order is sent to the pharmacy and checked by
pharmacy technicians. If indicated, an alert is generated in the pharmacy to recommend
starting a gastroprotective agent. In case where intervention is indicated (conform
protocols), the recommendation is reviewed by a hospital pharmacist. The hospital
pharmacist contacts the physician by telephone to discuss the recommendation to start
a gastroprotective agent. Subsequently, the physician decides whether or not to
prescribe the gastroprotective agent.
It is important to note that using this drug-oriented basic CDSS, important parameters
needed for the complete application of the guideline cannot be integrated into this
method. Therefore, patients in which gastroprotection is indicated may not receive an
alert, as the system is not able to check on these patient characteristics (for example, comorbidities or age).

FIGURE 1 Process diagrams showing the former method of gastroprotection alerts
based on basic CDSS (1a) versus the new method based on advanced CDSS
using the clinical rule for gastroprotection and the prescription of
gastroprotection by pharmacy technicians (1b) (next page)
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Clinical rule “Gastroprotection”
The clinical rule “Gastroprotection” was developed according to a validated strategy
described in an earlier study.21 The clinical rule is based on the national guideline for
gastroprotection as well as the HARM study.22,23 The consulted expert team consisted of
a gastroenterologist, a clinical pharmacologist, and a clinical pharmacist. Several
development cycles, according to the strategy, were applied to optimise the quality and
clinical relevance of the rule. The rule was retrospectively validated in 3.047 patients
admitted in the year 2008 and had a positive predictive value of 99%. Finally the clinical
rule for gastroprotection was approved by the hospital’s Medicines and Therapeutics
Committee.
The clinical rule for gastroprotection is designed as a flowchart and consists of various
decision steps. The rule starts by selecting NSAID (including high dose aspirin >200 mg)
and/or LDA users. Secondly a risk-stratification is performed based on the following
parameters:
Medication:
 dose of NSAID/acetylsalicylic acid,
 co-medication: anticoagulant therapy, additional LDA, selective serotonin reuptake
inhibitor (SSRI), corticosteroid or spironolactone >25 mg a day
 Patient:
 age,
 history of ulcers,
 heart failure,
 rheumatoid arthritis
 diabetes mellitus
When the total number of risk factors indicate the need for gastroprotection, and it is not
prescribed or inadequately prescribed, an alert is generated by the CDSS. This alert
explains the action needed and which risk factors led to the advice.

Data analysis
The outcome values of the former method, which were described in a retrospective
study, showed that in 42.1% of patients using NSAIDs (n=225/535) a gastroprotective
agent was not prescribed when indicated.7 In this study we will determine the follow-up
percentage of the former process again and compare this outcome value with the new
method after process redesign. In cases were the alert did not lead to the prescription of
a gastroprotective agent, we investigate the cause of deviation from the advice. Second,
we will investigate which risk factors led to the generation of the alerts.
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RESULTS
A total of 28,988 patients were included in the study. In 7.2% (2,083) of these patients, a
prescription of a gastroprotective agent was indicated according to the criteria defined
in the clinical rule. The physicians correctly started gastroprotection without pharmacy
intervention in 626 patients (30.1%). The CDSS generated an alert with the advice to start
gastroprotection in 1,457 patients. In 65 patients the alert was reviewed, while the
patient had already been discharged from the hospital and intervention was no longer
possible. Gastroprotection was initiated by a pharmacy technician in the remaining of
98.2% of alerts (n= 1,367 of 1,392 patients), representing 4.7% of all admitted patients
(excl. ICU) in the year 2012.
In 25 patients the alert did not lead to a prescription of a gastroprotective agent. In 12
patients the alert was classified as incorrect, due to technical inconsistencies in the CPOE
or CDSS. For six patients the prescription of the NSAID had stopped that day. In seven
patients the physician classified the additional risk factors as negligible due to the
following reasons: corticosteroid dosing only once (n=4) and the patient was a paediatric
case (n=3). We integrated the exclusion of these last two causes into a newer version of
the clinical rule after this study.
The drugs that initiated the clinical rule included: naproxen (74.8%), LDA (11.3%),
diclofenac (9.5%) and other NSAIDs (4.4%). The distribution in number of risk factors per
patient is presented in Table 1. Cases where the alert was triggered by only one risk
factor (n=427) were divided into: age >70 years (n = 417) and a history of an ulcer (n=10).
In 1,030 cases, two or more additional risk factors triggered the alert (Table 2).
TABLE 1 Distribution of the number of risk factors per patient resulting in CDSS
alerts
NUMBER OF RISK
FACTORS
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FREQUENCY

% OF TOTAL NUMBER OF ALERTS (N = 1,457)

1

427

29.3

2

767

52.6

3

239

16.4

4

23

1.6

5

1

0.1
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TABLE 2 Frequency of additional risk factors resulting in CDSS alerts

RISK FACTOR

FREQUENCY

% OF TOTAL NUMBER OF ALERTS BASED ON ADDITIONAL RISK
FACTOR (N = 1,038)

High dose NSAID

988

95.2

Anticoagulant

821

79.1

Age >60 years

375

36.1

Diabetes

71

6.8

SSRIs

46

4.4

Corticosteroids

18

1.7

Rheumatoid arthritis

14

1.3

Heart failure

9

0.9

Pharmacy technicians spent only 10-15 min each day reviewing the alerts and
prescribing the PPIs for the whole hospital. This time investment outweighs the time
gained in medication reviews and consultations with the hospital pharmacist. The
workload of both the hospital pharmacist and the physician was reduced by
approximately 50 hours a year, based on an average of two minutes per alert handling.

DISCUSSION
We found that after the process redesign for prescribing gastroprotective agents in
patients using NSAIDs or LDA, the correct prescription of gastroprotection according to
the guidelines increased from 30.1% to 98.2%. Application of an advanced CDSS is
successful in identifying patients that are at high-risk for gastrointestinal (UGI)
complications while using NSAIDs or low-dose aspirin (LDA). One of the most important
factors in this high follow-up percentage is that all relevant patient data were available in
the HIS to screen for the risk factors described in the guidelines on gastroprotection. Our
findings support the fact that, although basic decision support is available, the
prescription of gastroprotective agents is often omitted. This is based on the fact that
there were only 30.1% correct prescriptions before the process redesign.
Laine et al. used physician education and computer alerts to improve the targeted use of
gastroprotection among NSAID users.20 With this strategy, the overall use of
gastroprotection increased from 43% to 61%. Compared with the results found in our
study, we hypothesise that the better follow-up rates are due to the new process design,
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bypassing the initial prescribing physician. However, this hypothesis can only be
confirmed when it is compared to other methods of alerting and when the results can
be replicated in other hospital settings.
This study is part of a set of studies that focus on the implementation of CDSS in daily
hospital practice using different alert methods. For example, we have compared four
different alert methods in the ICU of our hospital.24 We found that the efficacy of
advanced CDSS is highly dependent on the alert method used. This study can put these
results into a broader perspective, indicating many ways exist to implement advanced
CDSS.
A limitation of our strategy is that it can only be applied to clinical rules that satisfy strict
conditions. First, the clinical rule must have a positive predictive value approaching
100%, minimising the risk of over-prescription. This can, of course, only be accomplished
when all data relevant for the clinical rule are available in the HIS and no other factors
influence the recommendation indicated. Also, harm induced by over-prescription
should be negligible and the recommendation should not be very urgent to execute (for
example, intervention needed within one day and not acute).
In the Netherlands, pharmacy technicians are not allowed to prescribe drugs. In our
setting, this was nevertheless supported and approved by the hospital Medicines and
Therapeutics Committee for only this process, because rigorous validation of the clinical
rule, in combination with robust process redesign (predefined medication order, no
work disruption of the physician), results in a safe and effective process.
In this study, we started a prescription of a PPI, but we did not investigate if the
physicians correctly stopped it once the risk factors were no longer applicable. To solve
this problem, we have added the text ´Stop this PPI prescription when the NSAID stops´
on the prescription label. Advanced CDSS could also be applied for this issue, however,
in our infrastructure, we were unable to design this derivative clinical rule yet. Besides
that, we are unable to control the drug use after a patient’s discharge. In the future, this
could be solved by linking community pharmacies and GP-systems to the hospital
systems in order to create a national health record.

CONCLUSION
Pharmacy intervention based on the validated clinical rule for gastroprotection, in
combination with process redesign, is an effective way to assure adequate prescription
of gastroprotection. In this study, we redesigned the process of prescribing
gastroprotective agents in patients with NSAIDs and LDA. The former method used,
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which was based on basic decision support, was changed to a new method based on
advanced decision support, in combination with the prescription of gastroprotection by
pharmacy technicians. This new strategy was able to increase the correct prescription of
gastroprotective agents from 30.1% to 98.2%. Application of an advanced CDSS is
successful in identifying patients at high-risk for gastrointestinal (UGI) complications
while using NSAIDs or LDA. The redesigned process is suitable for the specific clinical rule
for gastroprotection that was applied in this study. We considered the fact that this
process can only be applied to clinical rules that satisfy strict conditions.
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ABSTRACT
Objective
The objective of this study was: (1) to develop and validate an electronic clinical rule for ‘OpioidLaxative Use’ and to implement this rule in clinical pharmacy practice; (2) to improve guideline
compliance by using this refined clinical rule; and (3) to investigate if opioid-induced constipation (OIC)
can be reduced in hospitalised patients by the application of this clinical rule.
Methods
Interventions using clinical rule alerts were performed between June and September 2009. We
compared guideline compliance before and after the intervention to determine the difference.
Interventions consisted of telephone consultations by a clinical pharmacist advising physicians to add a
laxative to opioid therapy. Patient files were matched to a historical control group using an opioid
without a laxative to examine the difference between intervention- and control patients in the
presence of OIC.
Results
Prospective validation of the rule resulted in several refinements. In the intervention period, 140 alerts
were generated, 60 of which (43%) led to co-prescription of a laxative. Therefore, guideline compliance
increased from 70% to 83%. A significant difference in OIC was found between the intervention group
(12%) and the control group (56%).
Conclusions
This study showed that pharmacy intervention based on an electronic clinical rule for ´Opioid-Laxative
Use´ led to more adequate co-prescription of opioids and laxatives. This led to a better compliance
with the guideline as well as a better outcome, as measured by the significant decrease in the
prevalence of OIC.
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INTRODUCTION
While opioids are the cornerstone of pain management for moderate to severe cancer
pain and chronic non-cancer pain, the use of opioids is commonly associated with
opioid-induced bowel dysfunction, which has a serious impact on patients’ quality of life.
The gastrointestinal (GI) tract is an important site of opioid-related adverse effects due to
the presence of opioid receptors, whose activation by exogenous opioids disrupts GI
motility and secretion, thereby inhibiting normal bowel function.1 These adverse events
include a range of different gastrointestinal symptoms, including straining, hard stools,
incomplete evacuation, abdominal distension, bloating, increased gastroesophageal
reflux and constipation.2
Constipation is the most common and often most debilitating adverse event while using
opioids, with a reported incidence of 41% in patients with chronic non-cancer pain
treated with morphine.3 Pappagallo found that 80% of patients receiving opioids
required at least one treatment for constipation, while 58% needed two or more
treatments.4 In another study surveying 2,055 patients using opioids for non-cancer pain,
57% reported having constipation associated with opioid treatment.5 Of these patients,
33% considered constipation to be the most bothersome adverse event associated with
their opioid treatment.
Reducing or avoiding opioid-induced constipation (OIC) is an important objective for
improving the management of patients with chronic pain. Opioid dose reduction or
discontinuation of opioid therapy negatively affects pain management and severely
impairs patients’ quality of life.1 Therefore, preventing the occurrence of OIC remains the
best treatment. First, guidelines generally recommend non-pharmacological
interventions, such as increasing dietary fibre and fluid intake and encouraging mobility.
However, these interventions are usually insufficient to prevent or treat OIC, and most
patients receiving long-term opioid therapy require pharmacological intervention.
Several types of pharmacological agents are available for treating OIC, including
stool softeners, bowel stimulants and bulk laxatives, which are all grouped as
laxatives in this paper.
It is widely advised to start a laxative concurrently with opioids before OIC can occur.
However, a study which assessed laxative prescription in patients receiving a strong
opioid for the first time showed that only 37% of patients started taking laxatives within 5
days of starting opioid therapy.6-8 In community practice in the Netherlands, a laxative is
prescribed for only 15-50% of patients starting opioids.9 Retrospective research in the
Catharina Hospital in Eindhoven in 2008 showed that co-prescription of a laxative was
omitted at the start of therapy in 67% of clinical patients receiving opioids.10 A study by
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Bouvy et al showed that pharmacy intervention can lead to better opioid and laxative
combination therapy in the community setting.6
To our knowledge, no research has been performed on pharmacy intervention to
improve opioid and laxative combination therapy in a hospital setting, and the effects on
clinical outcomes have not been studied. In clinical practice, problems like OIC may
potentially be prevented with the help of electronic clinical decision support systems
(CDSSs). These systems are computer-based information systems which integrate clinical
information and patient information to support decision making in patient care.11 For
example, clinical information on drugs or laboratory values can be used to generate
alerts when a patient is not treated according to the guidelines. This information from
guidelines and protocols can be translated into clinical rules: decision support
algorithms, which are integrated in the CDSS. In the Catharina Hospital, research on
clinical rules started in 1998. Since then, many clinical rules have been developed and
implemented in clinical practice: for example, the clinical rule ‘NSAIDs and Prophylactic
Gastro-Protection’ or the clinical rule ‘Renal Impairement’.10
The objective of the present study consists of three parts:
 to develop and validate a clinical rule for ‘Opioid-Laxative Use’ and to implement this
rule in clinical pharmacy practice;
 to improve guideline compliance by using this refined clinical rule;
 and to investigate if opioid-induced constipation can be reduced in hospitalised
patients by the application of this clinical rule.

METHODS
Study site
This study was conducted in the Catharina Hospital in Eindhoven, The Netherlands,
which is a 600-bed university-affiliated hospital. The hospital uses an electronic health
record (EHR) (CS-EZIS, Chipsoft BV, Amsterdam) with integrated computerised physician
order entry (CPOE). In this system, most patient data (medication, laboratory data,
therapy, microbiology, diagnosis, etc.) are recorded. The integrated CPOE includes basic
drug-oriented decision support, such as drug-drug interactions and drug-dose checking,
based on the nationally established electronic drug database (WinAp, G-standard, Den
Haag, The Netherlands).12 Since 2004, the Department of Pharmacy at the Catharina
Hospital has been involved in the development of a strategy for designing and validating
clinical rules by means of an advanced clinical decision support system – the CDSS
Gaston (Medecs BV, Eindhoven).
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Decision support system
In this study, the CDSS Gaston was used. This system, which is commercially available
worldwide, was developed in 1998 at the Technical University Eindhoven in
collaboration with our hospital. Technical assistance during our research was supplied by
Medecs BV. The CDSS Gaston is linked to our EHR, which allows the electronic data
stored in the EHR to be used in clinical rules.13,14 The CDSS consists of two modules: (1) a
guideline editor for developing electronic guidelines and (2) a guideline execution
engine. The editor is a user-friendly environment, in which clinical rules are built as
flowcharts. The steps in the flowchart contain the selection definitions based on the
parameters that are available in the EHR. The engine is used for retro- and prospective
database research and prospective alerting.

Clinical rule ‘Opioid-Laxative Use’
In 2008, the clinical rule for ´Opioid-Laxative Use´ was developed according to a strategy
designed in our hospital. This strategy is based on the Plan-Do-Check-Act cycle and
includes an expert team that optimises the quality and clinical relevance of clinical
rules.10 The ‘Opioid-Laxative Use’ rule was specifically selected for development based on
a national study that identified high-risk patients with medication-related problems
leading to hospital admission.15
The first draft of the clinical rule was designed to generate an alert when a patient uses
an opioid without a laxative. This clinical rule was designed and retrospectively validated
in a previous study. Patients were included if a new prescription for a drug from the
category ´opioid analgesics´ had been made in the previous 24 hours. Piritramide and
sufentanyl are mostly used for a short post-surgery period. Therefore, these drugs were
only included in the rule if they were used for more than 72 hours. The clinical rule was
prospectively validated according to the development strategy to fine-tune the clinical
rule so that it leads only to relevant alerts.10 The adaptations made to the clinical rule are
shown in Figure 1 and described in the Results section.

Site setup and participants
The development of the clinical rule was carried out by the research team, consisting of
a pharmacist who built the clinical rule, a hospital pharmacist/clinical pharmacologist
and a research pharmacist experienced in decision support. Time investment for this rule
was three months full time (spread over six months) for the pharmacist and one hour a
week for six months for the other two members of the research team. Furthermore, the
clinical relevance was monitored by an expert team that consisted of two specialised
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physicians (an anaesthesiologist and an oncologist) and an experienced hospital
pharmacist, all of them experts on pain management.
From June until September 2009, the clinical rule ´Opioid-Laxative Use´ was
implemented in daily hospital practice (intervention phase). This clinical rule included all
patients admitted to the hospital except for intensive care patients. If a patient met all
criteria defined in the clinical rule, an alert was generated.
Once a day at noon, an (Excel) list of alerts was generated by the CDSS and placed on the
electronic pharmacy desktop. The relevance of each alert was first evaluated by a
hospital pharmacist, who then consulted the physician on duty by telephone to discuss
the recommendation. Subsequently, the physician decided whether or not to follow the
recommendation. In our hospital, we recommended that the physician start macrogol,
as it was the laxative of first choice. Also, the physician was asked why a laxative had not
been co-prescribed with the opioid initially.

Outcome values
The main outcome value in this study was the percentage of patients having OIC. During
the intervention phase from June 2009 until September 2009, the first 50 consecutive
patients with a successful intervention were collected. A successful intervention was
defined as the start of a prescription for a laxative within 24 hours after the hospital
pharmacist consulted the physician. These 50 patients were matched to 50 controls
collected in the period January 2009 until June 2009 (control phase), in which the clinical
rule had not been used. These control patients were selected for using an opioid without
a prescription for a laxative. Patients were matched for sex, age (+/- 10 years), opioid and
department (surgery vs. non-surgery). To assess the presence of OIC, all patient files were
investigated by three independent researchers. In case of uncertainty, the patient file
was evaluated by all three researchers. OIC was scored binomially as a combined
outcome parameter: no defecation for 3 or more days and/or a notification of
constipation in the patient file and/or the start of a laxative during treatment with
opioids. We also evaluated the combined use of an opioid and laxative at the moment of
discharge from the hospital.
Secondly, the percentage of guideline compliance was measured before and after the
intervention phase and the results were compared to determine the difference.
According to the guideline, every patient using an opioid needs a co-prescription of a
laxative. The percentage of patients using opioids and a co-prescription of a laxative was
measured in the control phase as well as in the intervention phase.
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This study was approved by the independent Medical Research Ethics Committee of the
Catharina Hospital, indicating that the Medical Research Involving Human Subjects Act
does not apply for this study.
SPSS (Version 19) was used to analyse the results using an ANOVA test for continuous
variables and a two-sided chi-square test for categorical variables at a significance level
of α = 0.05 and 1-β = 0.80.

RESULTS
TABLE 1 General study characteristics and results of the intervention study
INTERVENTIONS

CONTROLS

(N=50)

(N=50)

P-VALUE

Average age (yr ± SD)

65,7 (±12,0)

65,6 (±11,2)

n.s.

Gender male/female

26/24

26/24

n.s.

Contemplative vs. surgery department

32 vs.18

33 vs.17

n.s.

Constipation developed during stay

6

28

< 0,001

Opioid use < 5 days

15

12

n.s.

Laxative prescribed within 5 days

50

16

< 0,001

Discharged with opioid, with laxative

27

13

0,04

Discharged with opioid, without laxative

5

22

< 0,001

Discharged without opioid, with laxative

4

2

n.s.

Discharged without opioid, without laxative

14

15

n.s.

Average age (yr ± SD)

65,7 (±12,0)

65,6 (±11,2)

n.s.

Gender male/female

26/24

26/24

n.s.

n.s. = not significant

Clinical rule opioid-laxative use
Prospective validation of the clinical rule using the validation strategy with the expert
team led to the following refinements:
 Patients using opioids as a component of self-manufactured products of our hospital
pharmacy were included.
 Patients using stool hardeners (e.g., loperamide) were excluded.
 Patients using an opioid planned to stop within 3 days were excluded.
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 Patients using opioids in a patient-controlled analgesia pump who used an opioid
only once or only when necessary were excluded.
 Patients using the weak opioids tramadol or codeine in a dosage equal to or below
150 mg a day or 30 mg a day respectively were excluded. This choice was based on
the registered doses for pain management.
Figure 1 shows the final schematic flowchart of the clinical rule. This improved clinical
rule will only generate an alert in patients using opioids that need a laxative according to
the guidelines and adjusted by the expert team. The expert team found that all alerts
generated by the CDSS during prospective validation were clinically relevant, expressed
as a positive predictive value of 100%(10).

Guideline compliance
The first draft of the clinical rule for ´Opioid-Laxative Use´ showed that 67% of the
patients using opioids had no co-prescription of a laxative.10 Refinement through the
validation strategy (Plan-Do-Check-Act) showed that the clinical rule could be adjusted
to select only patients who actually need intervention according to the expert team. The
refined rule was tested retrospectively on 50 patients from the control group and this
showed that for 30% of the patients using opioids, a laxative was omitted. This
percentage of non-compliance with the rule could be further reduced to 17% by
pharmacy intervention using the alerts generated by the CDSS.

Intervention study
During 100 days of intervention, 140 alerts were generated by the CDSS. First the
physicians were asked why a laxative had not yet been prescribed; in most cases the
laxative had been forgotten (Figure 2a). Secondly, the advice to start a laxative was given,
which in 43% of the cases (60/140) led to a successful intervention (Figure 2b). For 57%
of patients, consultation did not lead to an intervention. Fourteen patients (10%) had
already been discharged at the time of intervention. For 44 patients, the physician made
the deliberate choice not to prescribe a laxative, and for 22 patients, the physician forgot
the prescription after consultation by telephone (see Figure 2). Reasons for deliberately
not starting a laxative were that patients were receiving terminal care with opioids (28
times), patients had diarrhoea (eight times), patients had already used the opioid
without a laxative and without OIC before admission (five times), and the physician was
not persuaded to start a laxative before OIC occurred (three times).
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FIGURE 1 Schematic flowchart of the clinical rule for ´Opioid-laxative use´
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FIGURE 2 Schematic representation of the physicians’ reason why a laxative was not
added before intervention and the results after intervention.
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Of the 60 patients with a successful intervention, 10 were excluded for having an
incomplete patient record. Therefore, 50 patients with a successful intervention and a
complete dossier were matched to 50 controls with a complete dossier showing the
defecation status during admission.
In the matched control group without intervention, 28 patients (56%) developed OIC
compared to six patients (12%) in the intervention group (Table 1). This result is
statistically significant (p < 0.001). Also, the two groups showed a significant difference in
the number of patients discharged with an active opioid prescription.

DISCUSSION
This study validated and refined the clinical rule for ´Opioid-Laxative Use´ and
investigated the effect of the refined rule on guideline compliance after implementation
in daily hospital practice. It demonstrated that this clinical rule can be optimised to select
only those patients who need a laxative prescription in combination with their opioid
therapy. Also, it showed that implementation of this rule led to a significant decrease in
the prevalence of opioid-induced constipation. A key strength of this study was that, to
our knowledge, it was the first to investigate clinical outcomes of adding a laxative to
opioid therapy. Despite the fact that this advice is widely given in current guidelines and
is mandatory according to Dutch Health Authority, we did not find other studies
reporting on a reduction of OIC after increasing guideline compliance.
Before implementation of the clinical rule, 30% of the patients using opioids had no coprescription of a laxative. By applying the clinical rule to our admitted patients, guideline
non-compliance was reduced to 17%. Although this was an improvement in guideline
compliance, we found that the follow-up of the interventions remained low (43%).
However, in many cases the physician had a valid reason for not prescribing a laxative:
for example, for patients with diarrhoea or in a terminal phase of life. For 22 patients the
intervention was forgotten, so there is still room for improvement. Further research is
needed to find a solution for increasing guideline and alert compliance.
Prospective validation is an important step in the development of a clinical rule.10,16,17
Despite the consultation of an expert team in the earlier phases of validation, many
changes were still required to optimise the clinical rule during prospective validation.
This confirms that structured development and validation of clinical rules are crucial
before widespread implementation in clinical practice.10,16,17 In the near future, the rule
will be further optimised: for instance, when data on the bowel elimination (e.g.,
diarrhoea) of patients have been added to the EHR.
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The importance of adding a laxative to opioid therapy is evident. Constipation occurred
even in the intervention group, which reinforces the recommendation to add a laxative
in opioid therapy. However, little is known about which opioid leads to OIC most often
and whether or not this is a dosage-related side effect. For this reason, the content of the
rule is partly based on expert opinion rather than on evidence from literature. Further
literature research might clarify this issue.
Several types of pharmacologic agents are used to treat opioid-induced constipation,
including osmotic or lubricant laxatives, stimulant laxatives and prokinetics. Newer
studies in this area suggest that the effects of these ´older´ therapies are non-specific
and generally unpredictable, often generating diarrhoea or cramps. In our study, these
newer therapies were not included, as they were not available in our hospital during the
study period.
This study showed a significant effect on OIC in a relatively small group of patients. A
larger number of patients is needed to address the difference in effect in relation to
different opioids, sex or age differences or differences between hospital departments.
This study showed that pharmacy intervention is a suitable method for implementing a
clinical rule in daily practice. However, this method was not compared with other
possible alerting methods. Currently, we are investigating the options to make the coprescription of the laxative more transparent. We found that it was not always clear to
the physicians that the laxative was started only for prevention of OIC. For example, this
study showed that three patients in the intervention group were discharged with a
prescription for a laxative but not for an opioid. A solution could be the development of
pre-defined combination prescriptions that are easy for a physician to prescribe. An
important subject for further investigation will be how to integrate these new and
promising systems into clinical workflow.

CONCLUSION
This study showed that pharmacy intervention based on an electronic clinical rule for
´Opioid-Laxative Use´ led to better co-prescription of opioids and laxatives. This led to a
better compliance with the guideline as well as a better outcome, as measured by the
significant decrease in the prevalence of OIC. Therefore, we conclude that the use of this
electronic rule increases medication safety. As a co-prescription is not always indicated,
the addition of a laxative to opioid therapy should always be prescribed in consultation
with the physician.
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ABSTRACT
Background
Prevention of medication errors by means of advanced clinical decision support systems (CDSS) can be
improved by accurate implementation of these systems. Since 2009 a computerized, hospital-wide
CDSS is used in the hospital pharmacy to act on drug-related clinical rules. The objective of this study
was to evaluate compliance with clinical rule alerts, implemented by means of pharmacy intervention
in daily hospital practice. Secondly, we investigated if a learning effect could be detected during a
follow-up period of more than two years.
Methods
A prospective open-label intervention study was performed from March 2010 till November 2012,
including all patients admitted to our hospital. During this period, a set of nineteen locally developed
clinical rules was used to generate CDSS alerts once a day. These alerts were evaluated on relevance by
a hospital pharmacist, and when indicated, the pharmacist consulted the treating physician by
telephone to discuss the recommendations (pharmacy intervention). Each alert was classified into one
of four categories: intervention, no adjustment, irrelevant or incorrect. Outcome values were the total
number of alerts, the total number of consultations and the number of therapy adjustments (alert
compliance).
Results
During the study period, 11.382 unique alerts were generated in 5.349 patients. This is an average of
18.7 unique alerts a day. The physician was advised to perform an intervention on 7.369 alerts (64.7%),
and this led to an adjustment of the therapy in 2.642 alerts (35.9% alert compliance). Of the remaining
35.3% of alerts, 32.0% were found irrelevant and 3.3% were found incorrect by the hospital pharmacist,
precluding the need to consult a physician and thus preventing alert fatigue. Most alerts were
generated on the clinical rules renal impairment (24%), opioid - laxative (19%) and therapeutic drug
monitoring of digoxin (19%). No learning effect could be detected.
Conclusions
A CDSS can effectively be used in daily hospital practice to prevent medication errors. This study shows
that pharmacy intervention based on an advanced and locally customized CDSS can generate highly
relevant medication safety alerts. The average alert compliance was 35.9%, and this percentage
remained stable during the study. Although implementation in daily practice was successful, other alert
methods should be explored to determine the most effective method for increasing alert compliance.
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INTRODUCTION
Adverse drug events (ADEs) and medication errors frequently occur in hospitalised
patients.1-3 More than a decade ago, the report ‘To err is human’ showed the impact of
these drug-related problems on morbidity and mortality, as well as on health-care
expenditures.3 The subsequent report ‘Prevention medication errors’ estimated that at
least 1.5 million preventable ADEs occur annually in the United States.4 Other studies
showed similar results for other countries, such as the Netherlands.5 Therefore, improving
medication safety has become an important goal for health care professionals.
Information technology such as computerized physician order entry (CPOE) systems and
clinical decision support systems (CDSS) are increasingly used to prevent these ADEs and
medications errors. When implemented appropriately and accepted by users, these
systems have shown to reduce ADEs and medication errors.6-9 However, even in highly
computerised hospitals, adverse drug events still occur in a considerable proportion of
admitted patients.10,11
In the Netherlands, almost all hospitals use a CPOE system, including basic CDSS
retrieved from a Dutch national drug-database (the G-Standard). This database contains
safety information on all drugs registered in the Netherlands and provides alerts on
drug–drug interactions, duplicate orders and under- or over-doses.12 A growing number
of hospitals has implemented some kind of advanced CDSS, which may include, for
example, checking contraindications (disease and drugs), individualised dosing support
during renal impairment, or guidance for medication-related laboratory testing.8 Still,
these hospitals use different CDSSs, and most decision algorithms were developed
locally. An attempt has been made to include clinical rules in the G-standard. However,
the content of these clinical rules is often not suitable for daily hospital practice, because
they lack contextualization. Examples of such important contextualizations are multiple
risk factors, complexity of the case, clinical status of the patient, sequence of events and
severity of the effect.13
To optimise the effect of an advanced CDSS, it is important to investigate the impact of
CDSS alert presentation on physicians’ behaviour.8 At the moment it is still unclear how
decision support alerts should be presented to physicians and other medical staff to
ensure that they are used most effectively. Currently, in the Netherlands, the pharmacist
consults the physician by telephone when a therapy intervention is indicated (pharmacy
intervention).
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In the Catharina Hospital Eindhoven, the CDSS Gaston (Medecs BV, Eindhoven) was
implemented on the intensive care in 2007.14 After that, we started to develop hospitalwide clinical rules, using a validated strategy to create specific and reliable
recommendations.15 In May 2009, the system was implemented in daily hospital practice,
using a limited number of clinical rules. While the CDSS was used, it generated many
relevant alerts, which enabled us to investigate the effectiveness of each clinical rule in
daily hospital practice.
The primary objective of this study was to evaluate compliance with clinical rule alerts
implemented in daily hospital practice by means of pharmacy intervention. Secondly, we
investigated if a learning effect could be detected during the study period of more than
two years.

METHODS
Study site
This study was performed in the Catharina Hospital in Eindhoven, a large 700-bed
university-affiliated teaching hospital in the Netherlands. All patients admitted to the
hospital in the study period from March 2010 till November 2012 were included in this
study.

System details
The hospital uses an electronic health record (EHR) (CS-EZIS, Chipsoft BV, Amsterdam)
with integrated computerized physician order entry (CPOE). In this system, records are
kept of most patient data (medication, laboratory data, therapy, microbiology, diagnosis,
etc.). Basic CDSS was provided by the Dutch drug database G-standard. Advanced CDSS
was provided by the CDSS Gaston (Medecs BV, Eindhoven). This system, which is
commercially available worldwide, was developed in 1998 at the Technical University
Eindhoven in collaboration with our hospital.16,17 Technical assistance during our research
was supplied by Medecs BV. The CDSS Gaston is linked to our EHR, which allows the use
of the electronic data stored in the EHR in clinical rules. The CDSS consists of two
modules: (1) a guideline editor for developing electronic guidelines and (2) a guideline
execution engine. The editor is a user-friendly environment, in which clinical rules are
built as flowcharts. The steps in each flowchart contain the selection definitions based on
the parameters recorded in the EHR. The CDSS engine is used for retrospective and
prospective database research and for prospective alerting.
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Description of clinical rules
A set of nineteen clinical rules was locally developed, according to a validated strategy
based on the Plan-Do-Check-Act cycle (Table 1) and on the following criteria; (1) the
presence of a process or drug that constitutes a high risk of patient harm; (2) the
opportunity of a relevant intervention and (3) the availability of the data in the EHR. The
rules were developed by a research team (Department of Pharmacy) consisting of a
pharmacist (in training) who built the clinical rules, a hospital pharmacist and a research
pharmacist with experience in decision support. The content of each rule was fine-tuned
in consensus with an expert team of at least two physicians and two pharmacists
specialised in the subject of the clinical rules involved. More detailed information about
the development and validation of our system including these clinical rules has been
provided elsewhere.15

Study setup
Since May 2009, the set of clinical rules has been continuously updated and used to
provide alerts to physicians by means of pharmacy intervention. Consequently,
physicians were already familiar with the provision of these recommendations at the
start of the study period. Once a day at noon, a so-called ´Report Manager´ collected all
alerts applicable at that moment for all patients admitted to the hospital. Alerts were
generated each day by the CDSS, and evaluated six days a week. The alerts generated on
Sunday were taken into account on Monday morning.
First, a hospital pharmacist evaluated the relevance of each alert, using additional
information from the EHR to assess the clinical relevance of the alert for each specific
patient. Consequently, the responsible physician was alerted by telephone to discuss the
recommendation. The physician decided whether or not to act upon the
recommendation.

TABLE 1 Content of the nineteen clinical rules implemented in this study and
number of unique alerts generated by the CDSS in the study period
(next page)
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CLINICAL RULE

EXPLANATION

NUMBER OF UNIQUE
ALERTS
(N=11.382)

Amiodarone

GUIDING CORRECT DOSING OF INTRAVENOUS AMIODARONE

39

Anticoagulation

Guiding oral anti-coagulation by INR values and the use of

850

(INR)

vitamin K.

Calcium

Guiding therapy of patients with severe hypo- or hypocalcaemia

25

Cytostatics

Guiding the correct use of oral cytostatics therapy duration

106

Heart failure

PREVENTION OF CONTRA-INDICATED DRUGS IN PATIENTS WITH

206

HEART FAILURE
Methotrexate

Prevention of incorrect methotrexate dosing incl. folic acid

151

Opioid - laxative

Addition of a laxative in patients using an opioid

2.178

Potassium

Guiding therapy of patients with severe hypo- or hyperkalemia

595

Renal impairment

RECOMMENDING DOSAGE ADJUSTMENTS DURING DECREASED

2.683

RENAL FUNCTION
Sodium

Guiding therapy of patients with severe hypo- or hypernatremia

23

TDM of

Monitoring accuracy of TDM of aminoglycosides and

1.454

aminoglycosides

vancomycin

TDM of clozapin

Monitoring accuracy of TDM of clozapin

66

TDM of digoxin

MONITORING ACCURACY OF TDM OF DIGOXIN

2.175

TDM of fenytoin

Monitoring accuracy of TDM of fenytoin

202

TDM of lithium

Monitoring accuracy of TDM of lithium

234

ICU: SBD

Specific ICU rule checking for SBD in all patients admitted to the

55

ICU for ≥2
ICU: levothyroxine

SPECIFIC ICU RULE CHECKING ALL PATIENTS WITH TUBE FEEDING

6

FOR CONCURRENT DOSED LEVOTHYROXINE
ICU: INR ≥2.2

Specific ICU rule guiding all patients using a LMWH and having

146

an INR-value of ≥2.2 during ≥2 days
ICU: Dalterparin

Specific ICU rule for correct dosing of dalteparin in patients

dosing

weighting ≥80 kg.

INR: International Normalised Ratio to measure blood coagulation
TDM: Therapeutic Drug Monitoring
ICU: Intensive Care Unit
SBD: Selective Bowel Decontamination
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While processing the alerts, the hospital pharmacist could classify the new alerts into one
of four categories (Figure 1):
 Intervention: The hospital pharmacist decided that the recommendation was
relevant and contacted the physician, and the physician agreed on the intervention.
 No adjustment: The hospital pharmacist decided that the recommendation was
relevant and contacted the physician. The physician decided not to follow the
recommendation.
 Irrelevant: The hospital pharmacist decided that the recommendation was irrelevant
after screening the EHR (for example, the patient had already been discharged).
 Incorrect: The hospital pharmacist decided that the recommendation was incorrect
after screening the EHR, revealing a technical mistake of the CDSS; for example if the
CDSS showed that a patient was undergoing haemodialysis while this was not the
case. Alerts in this category were used to immediately update the CDSS.

FIGURE 1 Screenshot of the Gaston Report Manager, showing new alerts of that day,
in order to be processed by a hospital pharmacist

Outcome values
To evaluate the use of the system, the following outcome values were determined: the
total number of alerts, the total number of recommendations (intervention + no
adjustment) and the number of therapy adjustments (recommendations leading to
follow-up; alert compliance). The outcome value alert compliance was determined by
screening the EHR and evaluating the actual follow-up of the recommendations.
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An alert appeared if the situation of a specific patient was not compliant with the
requirements in the clinical rule. All clinical rules that were developed contain specific
recommendations; for example, the clinical rule for renal impairment advises specific
dosages for patients who have a decreased renal function. If the specific
recommendation of the alert was followed within 24 hours after the first appearance of
the alert, it was recorded as ‘alert compliant’.
At the end of the study, the CDSS composed a list of all alerts generated during the
study. These alerts were checked for alert compliance by a researcher, who manually
evaluated the EHR database to confirm whether the recommendation was followed
within 24 hours after first appearance. Furthermore, the total number of consultations
and adjustments were measured over time to determine if a learning effect was
detectable.

RESULTS

FIGURE 2 Schematic representation of the alert outcomes of the study
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During the study period from March 2010 to November 2012, a total of 60.778 patients
were admitted to the hospital. The CDSS generated a total of 18.726 alerts in 5.349
patients (Figure 2). Of these alerts, 11.382 were unique alerts, with an average of 18.7
unique alerts a day. The physician was consulted on 7.369 alerts (64.7%). He agreed on
the recommendation in 47.8% of these presented alerts (intervention), and in 35.9% of
the alerts the recommendation was actually performed.
In 35.3% of the total amount of alerts the physician was not consulted, as the hospital
pharmacist found 32.0% of the alerts irrelevant and 3.3% incorrect. Most alerts were
generated on the clinical rules renal impairment (24%), opioid - laxative (19%) and
therapeutic drug monitoring of digoxin (19%) (Table 1).
During the study period, the number of unique alerts increased considerably (Figure 3).
The number of advised interventions and the number of actual adjustments of the
therapy remained constant. A learning effect, in which the total number of alerts would
decrease over time, or the average alert compliance would increase, could not be
detected.

FIGURE 3 Graph showing the total amount of unique alerts, the amount of interventions
and the amount of alerts actually followed up during the study.
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DISCUSSION
Evaluation of the outcome values
This study evaluated CDSS alert compliance in daily hospital practice during a two-year
period. The clinical rules resulted in an average of 18.7 unique alerts a day, with an
average alert compliance of 35.9% of the alerts presented to the physician.
Clinical rules in this study were developed using a validated strategy based on the PDCAcycle, with a crucial role for the expert team. In the development phase, the expert team
found that all alerts generated by the system were essentially relevant. However, firstly a
detailed review of the EHR was performed when a hospital pharmacist received the alert.
Often, data was found that showed the alerts to be irrelevant (32.0% of alerts). This was
due to the fact that not all information is readily available in the CDSS: even though in
our hospital the complete EHR is digitalized, it contains several unstructured text notes
describing the patient’s actual status, which cannot be used for decision support.
Irrelevant alerts found during this study were, for example: (1) alerts on patients who
were already discharged from the hospital at the time of possible intervention, (2) alerts
advising to start a laxative in patients using only one opioid in the terminal phase of their
life while all others drugs had already been discontinued or (3) alerts on patients with a
renal function of 49 ml/min (eGFR), following the rule that a dose adjustment is
necessary below an eGFR of 50 ml/min. In the last example, the CDSS correctly
generated an alert, but most of the times the hospital pharmacist decided to wait
another day to review if the renal function would decrease further (take action) or would
recover spontaneously (no dose adjustment necessary).
During the study, no learning effect could be detected. We believe that this is due to the
fact that the group of physicians consulted by the pharmacist changed frequently
during the study, since the treating physician was mostly one of the many resident
physicians working in our teaching hospital. Moreover, the content of the clinical rules
was not part of a standard training programme at the start of the residents’ employment.
Therefore, our results show that intervention on the clinical rules remains indicated.
The number of unique alerts per day increased during the study period. This increase can
be explained by the addition of a new set of specific clinical rules for the intensive care
department and the enhancement of the existing clinical rules. However, the number of
actual interventions remained unchanged. This result needs further evaluation, in order
to optimise the relevance of the alerts and to prevent alert fatigue over time.
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Results in relation to others
The alert compliance (35.9%) in this study is high in relation to other studies.18-21 A recent
study using the same CDSS with different clinical rules showed alert compliance rates of
4.8% after advising the physician and 10.0% after consulting a nurse.18 An earlier study of
this group showed an alert compliance rate of 11,8%, concluding that rule effectiveness
is variable.19 Jha et al. investigated a commercially available CDSS and demonstrated that
11,3% of alerts were relevant and the physician was contacted, leading to an adjustment
of the therapy in 5.3%.20 Silverman et al. showed percentages that ranged from 5%
to13% after CDSS application.21 Kilbridge implemented a CDSS within an academic
medical centre, which generated 4604 alerts in a two-month period, 206 of which led to
an intervention (4%).22
In an earlier study, we compared the pharmacy intervention method with three other
alert methods on the intensive care of our hospital.23 Due to this slightly different setting,
pharmacy intervention had an even higher alert compliance of 33%. In a prospective
follow-up study recently performed on four general hospital wards in our hospital,
pharmacy intervention generated an alert compliance of 22% based on the total
number of generated alerts, which is comparable to the one found in the present study
(unpublished data).

Strengths and limitations
The main strength of this study was that the CDSS was not implemented in a research
setting, but in an actual clinical setting, as part of routine daily pharmacy practice.
Another strength is that the results were measured over an extensive period of more
than two years, in which many relevant alerts were generated. The study design also
enabled us to investigate the possibility of a learning effect during this long follow-up
period.
A limitation of the long study period was that during this period, the content of the
clinical rules was slightly changed. These changes were in line with the Plan-Do-CheckAct strategy for the development of the clinical rules, which required the clinical rules to
be adjusted depending on the outcomes of the implementation of the rules in daily
practice.15 In some cases, rules needed to be adapted to optimise their effectiveness on
issues not foreseen during the development phase and to reduce alert fatigue.
Adaptations of the rules could either lead to fewer irrelevant alerts or increase the
number of relevant alerts. These effects could not be measured, because during the
study period many minor changes were made to the clinical rules. These changes
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included, for example, the removal of technical inconsistencies as well as the
implementation of therapeutic updates according to the newest guidelines.
A second limitation is that this study did not measure the number of ADEs. However, the
content of the clinical rules used in the study is based on an extensive aggregation of
the latest international, national and local guidelines in consultation with the expert
team. Therefore one may reasonably expect that the actual number of ADEs will
decrease if these guidelines are promoted and guideline compliance is raised,.
Another limitation is that only one alert presentation method was implemented in this
study. Previous studies found that the alert presentation method was a major modulator
for alert acceptance.24 The pharmacy intervention method is the golden standard in the
Netherlands nowadays. Therefore, this method was chosen for implementing the CDSS
in routine practice. Our previous study on the intensive care unit compared four alert
methods and showed that pharmacy intervention was the second most effective alert
method.23 Moreover, it was the method that physicians preferred most for receiving
CDSS recommendations. However, more research is needed to investigate which
method is the most effective and the most suitable for CDSS implementation.
A final limitation is that this study was performed in one hospital, using a locally
developed customised CDSS. Therefore the results of this study cannot readily be
generalized to other systems. The results strongly depend on the content of the CDSS
and on the complete infrastructure present, such as the possibilities of the CDSS used.
For the results to be more widely applicable, systematic research in various hospital
settings and systems is required. In the near future, the present research will be
expanded to other Dutch hospitals collaborating in the Santeon group to investigate if
these results can be reproduced in other settings.

Suggestions for implementation of advanced CDSS
In this study, clinical rules were developed using a validated strategy. The proposed
strategy is effective for creating specific and reliable clinical rules that generate relevant
recommendations. The inclusion of an expert team in the development process was an
essential success factor. The use of this strategy can reduce the number of irrelevant
alerts, and hence the risk of alert fatigue. On the other hand, the development of a
clinical rule is a complex process, and it may take months before the rule is suitable for
use in daily practice. In our study, we found that some clinical rules are more effective
than others in effectuating adjustments in a patient’s therapy. Alerts based on the clinical
rules ‘renal impairment’ and ‘TDM of digoxin’ were complied with more frequently than,
for example, alerts based on the rule for opioid-laxative therapy. Rommers et al. found
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comparable results, indicating that clinical rules related to laboratory values can be
considered as the most effective rules.17
Implementing a CDSS involves many stakeholders, which implies that implementing
such complex systems may be a process which requires a lot of patience. To successfully
implement a CDSS, an optimal collaboration is needed between technical as well as
therapeutic personnel. Once the clinical rules were developed in our hospital, they were
all approved by the hospital drug committee before being implemented in practice. This
gave them the status of a local guideline. All fourteen hospital pharmacists working in
our pharmacy evaluated the clinical rules and were all trained on how to act on the
recommendations and work with the system.
Future research should investigate which alert method results in the best adherence of
physicians to previously agreed standards of care, and how these methods affect patient
outcomes. Since information presentation affects user behaviour and decision-making,
information architecture and graphic interface design demand careful consideration.24
For example, interruptive (active) alerts show a significantly higher effectiveness than
non-interruptive (passive) reminders.23,26-28 Still, little is known on how to prioritize and
present alerts in relation to the respective situation, i.e. patient characteristics or severity
of the alert, in order to reduce alert fatigue.24,29,30

CONCLUSION
A CDSS can effectively be used in daily hospital practice to prevent medication errors.
This study shows that an advanced and locally customized CDSS is able to generate
highly relevant medication safety alerts. The average CDSS alert compliance was 35.9%,
which remained constant over time. Although implementation in daily practice was
successful, other alert methods should be explored to determine the most effective
method for increasing alert compliance.
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ABSTRACT
Background
In the intensive care environment technology is omnipresent whereby ensuring constant monitoring
and the administration of critical drugs to unstable patients. A clinical decision support system (CDSS),
with its widespread possibilities, can be a valuable tool in supporting adequate patient care. However,
it is still unclear how decision support alerts should be presented to physicians and other medical staff
to ensure that they are used most effectively.
Objective
To determine the effect of four different alert presentation methods on alert compliance after the
implementation of an advanced CDSS on the intensive care unit (ICU) in our hospital.
Methods
A randomised clinical trial was executed from August 2010 till December 2011,
which included all patients admitted to the ICU of our hospital. The CDSS applied contained a set of
thirteen locally developed clinical rules. The percentage of alert compliance was compared for four
alert presentation methods: pharmacy intervention, physician alert list, electronic health record section
(EHR) and pop-up alerts. Additionally, surveys were held to determine the method most preferred by
users of the CDSS.
Results
In the study period, the CDSS generated 902 unique alerts, primarily due to drug dosing during
decreased renal function and potassium disturbances. Alert compliance was highest for
recommendations offered in pop-up alerts (41%, n=68/166), followed by pharmacy intervention (33%,
n=80/244), the physician alert list (20%, n=40/199) and the EHR section (19%, n=55/293). The method
most preferred by clinicians was pharmacy intervention, and pop-up alerts were found suitable as well
if applied correctly. The physician alert list and EHR section were not considered suitable for CDSSs in
the process of this study.
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Conclusion
The alert presentation method used for CDSSs is crucial for the compliance with alerts for the clinical
rules and, consequently, for the efficacy of these systems. Active alerts such as pop-ups and pharmacy
intervention were more effective than passive alerts, which do not automatically appear within the
clinical workflow. In this pilot study, ICU clinicians also preferred pharmacy intervention and pop-up
alerts. More research is required to expand these results to other departments and other hospitals, as
well as to other types of CDSSs and different alert presentation methods.

INTRODUCTION
Background of CDSSs
Quality and safety in healthcare have benefited greatly during the last decade from the
introduction of health information technology. In particular, studies have shown that
medication errors can be prevented by using electronic health records (EHR) and
computerized physician order entry systems (CPOE).1,2 However, it has also been shown
that these breakthroughs were insufficient to overcome the large amount of medication
errors.3,4 Even though well-functioning EHR and CPOE are important prerequisites for
clinical improvement, it can only be fully achieved with the help of intelligent, advanced
clinical decision support systems (CDSSs).3 CDSSs are computer-based information
systems used to integrate clinically relevant patient information to provide support for
decision-making in patient care.5 These systems have been widely described and
discussed in the relevant literature. However, reviews were equivocal in their assessment
of the systems because they included a wide variety of systems, ranging from basic to
advanced CDSSs. While basic decision support is commonly available nowadays in the
Netherlands, van der Sijs et al has shown that these systems often generate non-specific
alerts, which may lead to alert fatigue.6 Consequently, medication errors frequently occur
despite the presence of CDSSs, which emphasizes the need for more advanced alertsolutions.7,8
During the last five years, research has provided more insight into the success factors
that could accelerate CDSS adoption.9-11 Recommendations made by Kuperman et al, to
optimise the effectiveness of medication-related alerting focused on (1) bridging the
gaps in understanding the impact of such alerting on clinicians’ behaviour (2) optimizing
alert presentation and (3) considering underlying reasons for alert fatigue.12 Another
suggestion was to integrate healthcare improvement into daily patient care as much as
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possible, preferably at the point of care and using real-time, patient-specific alerts.13 This
preferably should take place at the point of care and with real-time, patient-specific
alerts.
Understanding how to prompt clinicians successfully at the point of care is a complex
problem, which requires consideration of technological, clinical, and sociotechnical
issues.14 So far, technological and clinical aspects have received the most attention, while
less research has focused on the socio-technical aspects of alerting, i.e. the human
aspect of the interaction between users and technology.14
To identify features predicting success, Kawamoto et al. conducted an analysis of 88
randomized controlled trials on CDSSs.10 Four features were identified: (1) integrating
CDSSs into clinicians’ workflow, (2) CDSSs that made recommendations rather than mere
assessments, (3) decision support at the time and place of decision making, and (4)
computer assessment of eligibility for services. Of the systems that had all four of these
features, 94% improved practice.
Successful adoption of a CDSS does not only require careful consideration of the features
of the alerting system, it also depends on the human factors that influence alert
implementation. Studies in which users were automatically prompted to use the system
showed a significantly higher effectiveness than studies in which users were required to
actively initiate the system.9,10,15,16 Additionally, a greater positive impact was observed
when recommendations prompted an action and could not be ignored.15,17 Moreover,
Dexter et al. found that relatively small changes in the presentation of alerts caused the
difference between a significant increase in preventive measure rates and no effect at
all.15
While a well-designed alerting system will act as a decision making aid and improve task
performance, a poorly designed one may become an irritation or distract users and can
impede performance. Consequently, it is important to select the alert mechanism with
care, as the type of alert will greatly affect the impact of the clinical rule.14

CDSSs on the Intensive Care Unit
In the intensive care environment, technology is omnipresent whereby ensuring the
monitoring of critical drugs to unstable patients. A CDSS can be a valuable tool to
support adequate patient care, since elements intensive care unit (ICU) therapy can be
standardized and translated into a CDSS, just as in other hospital departments.
Nevertheless, the use of CDSSs within the Intensive Care setting is still limited to only a
few specific areas. Studies have mainly described the use of CDSSs for glycemic control
and ventilation, while few have focused on routine advanced CDSSs with standardized
patient care, such as drug dosing and renal function, electrolytes and gastric
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protection.18-22 Bertsche et al. described a study on the prevention of adverse drug
reactions (ADRs) by means of a basic CDSS, which included drug-drug interactions
offered to the ICU physicians on paper.23 This proved to be effective in lowering the
number of drug interactions and related adverse events in routine practice.23 A previous
study in our ICU described the use of a CDSS based on the clinical rule for renal function
and drug dosing, revealing that dosage adjustments of antimicrobials was often
omitted.24 Implementation of this clinical rule may significantly improve medication
safety and generate substantial savings as well. While these studies have shown that a
CDSS could be a valuable addition to daily ICU practice to prevent omissions in
standardized care, the best method of implementing these systems has yet to be
properly studied. Mann et al. did evaluate the implementation of two kinds of ICU-CDSSs,
showing that it was important to ensure the staff’s acceptance and trust in
recommendations made by the computer system by giving them feedback on the
successes of the new technology in terms of patient outcomes.22
The present pilot-study investigated the question: ‘Which of the different alert
presentation methods is best suited to ensure that decision support is applied most
effectively?’ To answer this question, the ICU of the Catharina Hospital in Eindhoven was
supplied with an advanced CDSS, which generates alerts via four different methods: (1)
pharmacy intervention, (2) physician alert list (3) HER section tab or (4) a pop-up alert.
After prospective implementation, the four alert mechanisms were compared in terms of
the differences in the percentage of alert compliance.

METHODS
Study design and settings
We performed a randomized prospective intervention study evaluating the difference in
percentage of alert compliance after the implementation of four alert presentation
methods. After the intervention period we held surveys among the physicians who
received CDSS alerts to determine which alert presentation method they preferred.
Approval by the Institutional Review Board was not required for this type of study.
The study was conducted at the Catharina Hospital, a 700-bed secondary care teaching
hospital in Eindhoven, the Netherlands. The 21-bed ICU uses the hospital information
system CS-EZIS (Chipsoft BV, Amsterdam) as EHR with integrated CPOE. Medication,
laboratory data, microbiology, diagnosis, therapies and complications are recorded in
this system. The CPOE system includes basic drug-oriented decision support such as
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drug-drug interactions and drug-dosing checking, based on the national electronic drug
database (WinAp, G-standard, The Hague, The Netherlands).

Decision support system
In this study the commercially available CDSS Gaston (Medecs BV, Eindhoven) was used.
This system was developed in 1998 at the Technical University Eindhoven in
collaboration with our hospital. During our research, Medecs BV supplied technical
assistance.25,26 The CDSS Gaston is linked to the hospital´s EHR, which allows the
electronic data stored in the EHR to be used in the clinical rules. The CDSS consists of
two modules: (1) a guideline editor for the development of electronic guidelines and (2)
a guideline execution engine. The editor is a user-friendly environment in which clinical
rules are represented as flowcharts; the steps in the flowcharts display selection
definitions based on the parameters that are available in the EHR. Presently, the system
provides various means of alerting users, for example text messages (SMS), e-mails,
checklists, etc. For this study, we selected the four options that were technically available
to us at the start of the study:
1.

2.

3.

4.
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Pharmacy intervention: Once a day at noon, an Excel list of alerts is generated
by the system and placed on the electronic pharmacy desktop. First a hospital
pharmacist evaluates relevance of each alert and then consults the ICU
physician on duty to discuss the recommendations. Subsequently, the ICU
physician decides whether or not to follow the recommendations.
Physician alert list: Once a day at noon an Excel list of alerts is generated and
placed on the electronic desktop of all ICU physicians. Physicians have to open
the document themselves to see the recommendations of that day.
EHR-section: In the EHR, all the information is stored in a specific section of the
EHR, a tab. If the CDSS tab is clicked, the system checks the CDSS content for
that specific patient at that particular moment. This takes around 20 seconds for
a possible recommendation to appear. Otherwise, the system indicates ‘no
advice for this patient’.
Pop-up alert: When the physician evaluates the EHR of an admitted patient,
irrespective of the section of the EHR, a pop-up message appears automatically
and continuously if a recommendation is available. The pop-up alert disappears
when the advise is followed, or when a snooze or discard button is clicked in
case the alert was deemed not relevant.

Physycians’ response to clinical decision support on an intensive care unit

FIGURE 1 Screenshot showing a pop-up alert in the CDSS Gaston. The alert shows an
example of the clinical rule for renal function.

Clinical Rules
Before the study period, a set of thirteen clinical rules was developed locally, according
to the validated strategy described earlier (Table 1).8 Clinical rules included for example:
drug dosing in renal insufficiency, therapeutic drug monitoring and electrolytes
disturbances.27 These clinical rules were developed according to the following criteria; (1)
the presence of a process or drug that constitutes a high risk for patient harm, (2)
availability of a useful and relevant intervention for ICU patients and (3) that the data
needed for the rule was available in the EHR. These clinical rules were developed by the
research team (Department of Pharmacy), consisting of a pharmacist (in training) who
built the clinical rules, a hospital pharmacist and a research pharmacist who had
experience in decision support. Subsequently, the content of each rule was fine-tuned in
collaboration with an expert team specializing in the subject of the clinical rules
involved, which consisted of at least two physicians from the Intensive Care Department,
a pharmacist and a hospital pharmacist.
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TABLE 1 Content of the thirteen clinical rules implemented on the ICU
CLINICAL RULE

EXPLANATION

Amiodarone dosing

GUIDING CORRECT DOSING OF AMIODARONE IN THE ICU

Anticoagulation (INR)

Guiding oral anti-coagulation by INR values and the use of Vitamin K.

Calcium

Guiding therapy of patients with severe hypo- or hypercalcemia

Heart failure

Prevention of contra-indicated drugs in patients with heart failure

LMWH with high INR

ADVISES TO STOP LMWH-THERAPY WHEN INR VALUE INCREASES

Potassium

Guiding therapy of patients with severe hypo- or hyperkalemia

Renal function

Recommending dosage adjustments during decreased renal function

Sodium

Guiding therapy of patients with severe hypo- or hypernatremia

TDM of aminoglycosides

MONITORING ACCURACY OF TDM OF AMINOGLYCOSIDES

TDM of clozapin

Monitoring accuracy of TDM of clozapin

TDM of digoxin

Monitoring accuracy of TDM of digoxin

TDM of fenytoin

Monitoring accuracy of TDM of fenytoin

TDM of lithium

Monitoring accuracy of TDM of lithium

INR: International Normalised Ratio to measure blood coagulation
LMWH: Low-molecular weight heparins
TDM: Therapeutic Drug Monitoring

Study setup
The intervention period was preceded by a 5-month implementation period, during which
the CDSS was technically implemented. All alert presentation methods were tested to
eliminate any technical inconsistencies of the system. Moreover, all the physicians who
worked in the ICU were trained in the use of the CDSS and the alerts. They were also
trained on the content of the clinical rules, on what type of recommendations to expect
and how to deal with these recommendations. Physicians involved in dealing with the
CDSS recommendations included specialised ICU clinicians (intensivists), junior doctors and
specialised ICU-nurse practitioners. These ICU nurse practitioners have the same
responsibilities as physicians regarding, for example, the prescription of medication.
From the start of the intervention period, each patient admitted to the ICU was randomly
assigned one of the four methods of alerting. Randomization was performed by the CDSS
itself by means of a calculation using the patient number (i.e. a randomly generated
number that each patient receives at hospital admission). The calculation resulted in a
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number 1, 2, 3 or 4 for each patient, which determined the alert presentation method
assigned to that particular patient. Patients kept the same alert presentation method
during the entire study.
During the intervention period, alerts were generated for all patients admitted to the ICU
whenever indicated according to the clinical rules. All four methods provided exactly the
same information while generating the alert. The alert contained the date, general patient
information (name, patient number and date of birth), the name of the relevant clinical rule
and the exact recommendation related to this rule. The text in the recommendation
described the situation of the patient with regard to the clinical rule and provided specific
advice. Figure 1 shows an example of a pop-up alert, while also reflecting the lay-out of the
EHR section. The same information was presented in the daily physician list and in the
pharmacy list, where it was placed into Excel columns.
The outcome value of ´alert compliance´ was determined by measuring the interventions
that followed the recommendations of the alerts. Alerts appeared when the situation of
the specific patient was not compliant with the existing guidelines. All clinical rules that
were developed contained specific recommendations; for example, the clinical rule for
renal function advised specific dosages for patients who had a decreased renal function. If
the specific recommendation of the alert was followed within 24 hours after the first
appearance of the alert, it was recorded as ‘alert compliant’. At the end of the study, the
CDSS composed a list of all alerts generated during the study. These alerts were checked
on follow-up by a researcher, who manually evaluated the EHR database to confirm
whether the recommendation was followed within 24 hours after first appearance.
SPSS (Version 19) was used to analyze the results, using a two-sided chi-square test at
significance level of α = 0.05 and 1-β = 0.80. Since one method was compared with three
other methods, a Bonferroni correction for multiple tests was applied, which decreased the
level for statistical significance to 0.0167 (0.05/3).

User satisfaction
After the intervention period, satisfaction with the use of the CDSS was investigated by
means of a survey, conducted with only those physicians who had worked at the ICU
during the entire intervention period. The survey comprised 27 questions. The first part of
the survey contained questions about the satisfaction and suitability of the four methods
investigated, and the second part contained questions about the content of the clinical
rules, which were used to update the rules after the study period in order to improve their
compliance with the users’ requirements.
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RESULTS
A total of 3,281 patients were admitted to the ICU during the research period, and 384 of
these patients (11.7 %) had one or more alerts. In total, 902 unique alerts (out of a total
9,595) were generated, resulting in an average of 2.3 unique alerts per patient during the
ICU admission period.
TABLE 2 General study characteristics of the patients and clinical rule alerts
CHARACTERISTICS

PHARMACY

PHYSICIAN

EHR

INTERVENTION

DAILY LIST

SECTION

POP-UP ALERT

Number of patients

91

134

91

68

Age, mean (years)

65.4

66.1

66.5

64.7

Male (%)

54.4

53.7

54.8

55.1

Alerts fired (N)

244

199

293

166

Amiodarone

14

10

15

12

Anticoagulation

13

13

20

10

Calcium

0

0

0

0

Heart failure

0

0

1

2

LMWH + INR

32

33

49

25

Potassium

91

55

71

25

Renal function

49

51

92

42

Sodium

15

5

8

11

TDM aminoglycosides

10

6

9

13

TDM Clozapin

0

0

0

2

TDM digoxin

16

24

24

23

TDM fenytoin

0

2

1

0

TDM lithium

4

0

3

1

Alerts by clinical rule:

INR: International Normalised Ratio to measure blood coagulation
LMWH: Low-molecular weight heparins
TDM: Therapeutic Drug Monitoring
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Alert compliance
The average compliance percentage of the pop-up alert (41%) was significantly higher
than that of the physician alert list (20%, p<0.001) and EHR section (19%, p<0.001) alert
methods, but it was not significantly higher than the compliance percentage for
pharmacy intervention (33%, p=0.091). Pharmacy intervention also resulted in
significantly higher compliance percentages than the physician alert list (20%, p=0.003)
and EHR section (19%, p<0.0001) methods. The compliance percentages for the
physician alert list and EHR section did not differ significantly (p=0.714).
TABLE 3 Total number of (unique) alerts and compliance percentages of the four
studied alert presentation methods
PRESENTATION METHOD

UNIQUE ALERTS

UNIQUE ALERTS FOLLOWED (N / %)

(N)
Pop-up alert

166

68 (41%)

Pharmacy intervention

244

80 (33%)

Physician alert list

199

40 (20%)

EHR section

293

55 (19%)

Total

902

243 (27% avg.)

TABLE 4 Survey outcomes (N=6)
QUESTIONS

Did you receive the method at least

PHARMACY

PHYSICIAN

EHR

POP-UP

INTERVENTION

ALERT LIST

SECTION

ALERT

6/6 (100%)

6/6 (100%)

4/6 (67%)

6/6 (100%)

6/6 (100%)

3/6 (50%)

0/6 (0%)

6/6 (100%)

4.3

3.3

3

3.7

4.3

2.7

2.3

3.3

once? (Yes)
Did you follow the alert
recommendation at least once? (Yes)
Satisfaction of method
(scale 1-5: average)
Suitability of method
(scale 1-5: average)

Scale 1-5: 1= very unsuitable, 2 = unsuitable, 3 = neutral, 4 = suitable, 5 = very suitable
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User satisfaction
In January 2012, the user satisfaction survey was distributed to 10 physicians, with 6
responses. On a scale from 1 to 5 (very unsuitable – very suitable), pharmacy intervention
was considered the most suitable alert method (with an average score of 4.3), followed
by the pop-up alert (3.3), the physician alert list (2.7) and the EHR section (2.3) (Table 4).
Regarding user satisfaction, the alert methods ranked in the same order.

DISCUSSION
This study investigated four different alert presentation methods (pharmacy intervention,
physician alert list, EHR section and pop-up alerts) of a CDSS after the implementation of
thirteen locally developed clinical rules in the ICU of the Catharina Hospital in Eindhoven.
This study confirms the findings of other studies that ‘active’ methods, such as pharmacy
intervention and pop-up alerts, generate significantly higher compliance percentages
than the ‘passive’ methods of the physician alert list and the EHR section, which do not
automatically appear within clinical workflow.9,10,15,16 An important advantage of this
study is that it used a set of clinical rules that were developed locally in consultation with
the users of the system. With this potential strength, we aimed at high compliance
percentages, avoiding the alert fatigue induced by current basic CDSSs and,
consequently, increasing the chance of success.6
A review of Phansalkar et al. recommended to prioritizing alerts and distinguishing the
ranking of these alerts by means of colour, shape or otherwise.14 They also concluded
that the evidence on how to present alerts most effectively is still limited, but that it is
highly valuable in better informing the design and implementation of future CDSSs. We
showed that the design of the alert is indeed important for the efficacy of the CDSS;
feedback from the users indicated that the active alerts were more satisfactory and more
suitable than the passive alerts. To our knowledge, this was the first study which directly
compared different alert presentation methods generated by the same CDSS in terms of
their compliance percentages, which reflects the effectiveness of a CDSS.
The four methods compared in this study varied considerably in usability. However, all
four methods were implemented exactly as they would have been applied in daily
practice after the end of the study. The only difference was that during the study period,
the four methods were used in parallel to compare their effectiveness and to investigate
whether one method would be preferable to the others. Pharmacy intervention was
indicated as suitable and satisfactory, because the user could give direct feedback to the
pharmacists who had developed the clinical rules. An important advantage of this
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method was that pharmacist and physician had the opportunity to discuss the
recommendation and to decide on the best therapy for each unique situation. The
pharmacist also had the opportunity to evaluate the recommendations before
intervention to select only those alerts which actually might be relevant. For example, if a
patient was transferred to another hospital department in the meantime, the pharmacist
refrained from contacting the physician. The complete team of thirteen pharmacists had
been trained on how to perform this method and when to consult the physician.
An advantage of the pop-up alert is that it always appears when the physician is
evaluating the EHR of a specific patient. Therefore, the physicians reported that this
method was less disturbing and fitted better into their clinical workflow than the other
three methods. Moreover, this type of alert remained in place as long as the condition
was valid; if the first moment of appearance was unsuitable, the alert was still on
display to be acted upon later that day if the condition was still valid. This is in contrast
to pharmacy intervention and the physician alert list, where alerts appeared only once a day.
A notable disadvantage of the physician alert list was that checking this list was not
integrated into the clinical workflow. It proved to be a challenge to alter current routines
for this method, and therefore it was hardly used. This confirms the results of other
studies, that it is important to integrate the method into the workflow and that passive
alerting in unsuitable. 9,10,15,16
Unfortunately, we had to conclude that the EHR section was unsuitable within the
current parameters of our study. It had important technical disadvantages, and therefore
users indicated that it was never used. After clicking on the button, it took about 20-30
seconds for the CDSS to check the patient, which was considered too long by the users.
Moreover, due to the small number of alerts, no alert appeared on the EHR section
during the majority of the times it was checked. This did not motivate the physicians to
use the EHR section. Physicians indicated that they never used it in the actual study
period, as they had already been discouraged from using it during the implementation
period.

LIMITATIONS
A limitation of this study is the fact that the group of physicians changed frequently
during the study period, due to its setting in a teaching hospital. Hence it was a
challenge to educate every physician on the CDSS and its contents. Before the start of
the study, all clinical rules were developed in consultation with the ICU clinicians, but in
practice not all junior physicians were familiar with the content of these rules. Also,
compliance percentages and surveys suggested that some clinical rules were valued
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more than others. Another limitation is that this study was executed on the ICU to
provide routine advanced CDSS alerts for critically ill patients. An ICU department differs
from other hospital departments; the most important differences with respect to this
study being more physicians per patient on average, more frequent plenary patient
discussions, less routine therapy and the use of specific ICU-protocols instead of hospitalwide protocols. Therefore, the results of this study cannot be directly translated to other
hospital departments.
A third limitation of this study is that it was conducted in only one hospital, and as such
the results of this study cannot readily be generalized to other systems. The results
strongly depend on the complete infrastructure present, such as the possibilities of the
CDSS used. For example, in order to make the EHR section more suitable, we wanted the
font or colour of the button to change when an alert was generated. Unfortunately, it
was technically impossible to adapt the EHR in this way. Therefore we had to conclude
that with the current limitations, the EHR section method in our hospital was unsuitable
for alerting. For the results to be more widely applicable, systematic research in various
hospital environments and with various systems will be required.
Another limitation is that the randomisation method used did not distribute patients
equally over the four alert methods. Consequently, more alerts were generated in the
EHR section group and in the pharmacy intervention group. This was caused by the fact
that the randomisation method was based on the patients’ number; a registration
number any patient receives when he or she is admitted to our hospital for the first time.
A standard calculation using this number assigned each patient to one of the four
methods. Coincidentally, the study population comprised more patients with patient
numbers leading to the EHR section than patients with patient numbers leading to the
other methods. Nevertheless, table 2 shows that the alerts generated by the different
clinical rules were comparably distributed over the four methods.
Overall, we found that the compliance percentages remained low, with an average of
27%. Exceptions exist where physicians correctly deviate from the recommendations
provided by the alerts due to circumstances which cannot always be foreseen by the
system. Given the large number of alerts, we expect these exceptions to be randomly
distributed over all alert methods, so that individual compliance percentages of the four
methods will not be affected.
Users indicated that the EHR section was never used during this study; nevertheless, the
alert method EHR section achieved a compliance percentage of 19%. This suggests that
in approximately 19% of the cases, users spontaneously carried out an action that
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complied with the advice within 24 hours of the alert generation, without having
received the alert itself. Through application of the pop-up method, for example, an
additional compliance percentage of 22% was achieved (41% in total).
At the end of the study, we gathered all feedback on the content of the clinical rules that
we received during the study and in the surveys. In collaboration with the expert team,
the clinical rules were updated according to the wishes of the end-users, the guidelines
and expert consensus. For example, the reference values of the clinical rule for potassium
were changed, so that the rule no longer generates alerts for minimal potassium
disturbances. This decision was taken after the end of this study. Turning off alerts that
were found to be irrelevant might enhance compliance percentages and hence increase
the efficacy of the system.

CONCLUSION
In this study, a routine advanced CDSS with a set of thirteen locally developed clinical
rules was implemented in an ICU. We showed that the alert presentation method used
was associated with the compliance percentage of the clinical rules in the CDSS, and
therefore with the potential effectiveness of the system. This study showed that active
alerts such as pop-ups and pharmacy intervention were more effective than passive
alerts, which do not automatically appear within the clinical workflow. Furthermore, popup alerts and pharmacy intervention were the most preferred method by clinicians in
this study. More research is required to extend these results to other departments and
other hospitals, as well as to other types of CDSS and different types of alerting.
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ABSTRACT
Background
The alert presentation method is crucial for the efficacy of an electronic clinical decision support system
(CDSS). This study compared the alert compliance percentages of three active alert presentation
methods.
Methods
A six-month prospective open-label intervention study included all patients admitted to the
departments of pulmonology, internal medicine, surgery and cardiothoracic surgery of a Dutch general
teaching hospital. Alert compliance percentages were compared for pharmacy intervention (telephone
consultation), pop-up alerts and live consultation (hospital pharmacist on the ward). Additional surveys
determined which method physicians preferred.
Results
The CDSS generated 565 unique alerts. Alert compliance was highest for pop-up alerts (44%,
n=59/135), followed by live consultation (38%, n=58/151) and pharmacy intervention (22%,
n=61/279). Physicians preferred live consultation.
Conclusion
Pop-up alerts and live consultation were significantly more effective in terms of alert compliance than
pharmacy intervention, which is currently the standard method. Physicians preferred live consultation
as it can initiate additional beneficial therapy interventions.
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INTRODUCTION
The Institute of Medicine estimates that at least 1.5 million preventable adverse drug
events (ADEs) occur annually in the United States.1 In the Netherlands, 5.6% of all
unplanned hospital admissions were found to be medication related, and half of these
were preventable.2 When implemented appropriately and accepted by users,
computerized physician order entry (CPOE) systems can reduce medication errors and
ADEs.3-6 Bates et al found that the rate of preventable ADEs decreased from 2.9/1000
patient-days in the absence of CPOE and electronic clinical decision support systems
(CDSS) to 1.1/1000 patient-days in the presence of CPOE and CDSS.7
CPOE systems can be equipped with different levels of clinical decision support, ranging
from basic to advanced support.4 Advanced CDSS, used in addition to basic CDSS,
include, for example, checking contraindications (disease and drugs), individualized
dosing support during renal insufficiency, or guidance on medication-related laboratory
testing.4,8 Unfortunately, drug safety alerts generated by CPOE/CDSS systems often show
low specificity, because of frequent false-positive alerts.9 Overriding basic CDSS alerts in
CPOE systems is very common and occurs in 49 to 96% of all cases.10 Over-alerting may
cause alert fatigue, which constitutes a substantial barrier to alert effectiveness.10
Whereas a well-designed alerting system will act as a decision-making aid and improve
task performance, a poorly designed one may become an irritation, distract users and
impede performance.11 Since information presentation affects user behavior and
decision-making, information architecture and graphic interface design demand careful
consideration.21 The review by Schedlbauer et al has shown that there are serious gaps in
medical literature regarding the most effective methods for displaying alerts and that
there is a need to investigate how to present and display information at the point of
prescription.22
Physicians are often unaware of important drug interactions, which suggests that alert
designs have not reached their full potential for aiding decision-making. This emphasizes
the need for more advanced alert solutions. Understanding how to prompt physicians
successfully at the point of care is a complex problem, and requires consideration of
technological, clinical, and socio-technical issues.11,12 Two major categories of modulators
for alert acceptance have been identified: (1) alert content and (2) alert presentation.13
Their quantitative impact on alert acceptance and their relationship with each other
have not, however, been empirically evaluated in ways that explain how to improve
electronic warnings and CDSS acceptance. Some studies suggest prioritizing and
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presenting alerts differently, according to the respective situation, e.g. patient
characteristics or severity of the alert, in order to reduce over-alerting.9,10 At the moment
it is unclear what types of context information a system should take into account in
order to prioritize and differently format an alert before presentation.20 Russ et al found
several factors that influence prescriber–alert interactions, and identified strategies to
enhance alert design.12 What is known is that interruptive (active) alerts show
significantly higher effectiveness than non-interruptive (passive) reminders.14-18
Additionally, a greater positive impact was observed when recommendations prompted
an action and could not be ignored.16,19 Little research has been done, however, on the
relative effectiveness of the various active alert methods currently available.
This study investigated the question: “Which of the different active alert presentation
methods is best suited to ensuring that decision support is applied most effectively?” To
answer this question, four departments of the Catharina hospital in Eindhoven were
supplied with an advanced CDSS, which generates alerts via three different methods: (1)
pharmacy intervention (telephone call), (2) live consultation (hospital pharmacist on
ward) and (3) pop-up alerts. After prospective implementation, the three alert
mechanisms were compared in terms of the differences in the percentage of alert
compliance.

METHODS
Study design and settings
The study was performed at the Catharina Hospital (CZE), a 700-bed university-affiliated
teaching hospital in Eindhoven, Netherlands. The hospital information system CS-EZIS
(Chipsoft BV, Amsterdam) is used as an electronic health record (EHR) with integrated
CPOE. Medication, laboratory data, microbiology, diagnosis, therapies and complications
are recorded in this system. The CPOE system includes basic drug-oriented decision
support, such as drug-drug interactions and drug-dose checking, based on the national
electronic drug database (WinAp, G-standard, The Hague).
We performed a prospective open-label intervention study evaluating the differences in
percentages of alert compliance after the implementation of three active (interruptive)
alert presentation methods. After the intervention, participating physicians received a
survey to determine the alert presentation method they preferred.
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FIGURE 1 Screenshot showing a pop-up alert in the CDSS Gaston. The alert shows an
example of the clinical rule for renal insufficiency.

Decision support system
In this study, the commercially available CDSS Gaston (Medecs BV, Eindhoven) was
used.23,24 This system was developed in 1998 at the Technical University Eindhoven in
collaboration with our hospital. During our research, Medecs BV supplied technical
assistance. The CDSS Gaston is linked to the hospital’s EHR, which allows the electronic
data stored in the EHR to be used in the clinical rules (or clinical algorithms). The CDSS
consists of two modules: (1) a guideline editor for the development of computer
interpretable guidelines and (2) a decision support module. The editor is a user-friendly
environment in which clinical rules are represented as flowcharts; the steps in the
flowcharts display selection definitions based on the parameters that are available in the
EHR. Presently, the system provides various means of alerting users, for example text
messages (SMS), e-mails, checklists, etc. As active alerting methods are significantly more
effective than passive alerting methods, we selected the three active alerting methods
that were technically available to us at the start of the study.
 Pharmacy intervention: once a day at 1.00 p.m., a so-called “report manager” collects
all the alerts applicable at that time for all admitted patients. First, a hospital
pharmacist evaluates the relevance of each alert and then consults the responsible
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physician to discuss the recommendations by telephone. Subsequently, the
physician decides whether or not to follow the recommendations. Currently, this
method is the “gold standard” in the Netherlands for pharmacists’ advice regarding
CDSS alerts.
 Live consultation: this method resembles pharmacy intervention; however, instead of
a telephone consultation the hospital pharmacist will visit the specific department to
discuss the alert in person with the physician concerned. Four (hospital) pharmacists
were trained to perform live consultation.
 Pop-up alert: when the physician selects the EHR of an admitted patient, a pop-up
message appears automatically and continuously, as long as a recommendation is
available (see Figure 1). The pop-up alert disappears when the advice is followed or
when a snooze or discard button is clicked when the alert is deemed irrelevant.

Clinical rules
Before the study period, a set of thirteen clinical rules was developed locally, according to
the validated strategy described earlier (Table 1).8 Clinical rules included, for example, drug
dosing in renal insufficiency, therapeutic drug monitoring and electrolyte disturbances.
These clinical rules were developed according to the following criteria: (1) the presence of a
process or drug that constitutes a high risk of patient harm, (2) availability of a useful and
relevant intervention for patients and (3) availability of the data needed for the rule in the
EHR. These clinical rules were developed by the research team (Department of Pharmacy),
consisting of a pharmacist (in training) who built the clinical rules, a hospital pharmacist
and a research pharmacist who had experience in decision support. Subsequently, the
content of each rule was fine-tuned in collaboration with an expert team specializing in the
subject of the clinical rules involved, which consisted of at least two medical specialists in
this subject, a pharmacist and a hospital pharmacist.

Study setup
A prospective open-label intervention study was performed from September 2012 to
February 2013. Before this study, the set of clinical rules had been used and continuously
updated since January 2010. Since then, alerts have been provided by the pharmacy
intervention method (“gold standard”). Therefore, physicians were already familiar with the
provision of these clinical rule recommendations. During the study period, no adaptations
were made to the clinical rules.
The study included all the patients admitted to the wards of pulmonology, internal
medicine, surgery and cardiothoracic surgery at our hospital. These wards were chosen

148

Compliance with decision support after implementation of three active alert methods

because they generate a considerable number of alerts every day and because they differ
in terms of physicians and patients (general medicine vs. surgical). All four wards received
three months of pharmacy intervention followed by three months of live consultation for
the departments of internal medicine and surgery and three months of pop-up alerts for
the departments of pulmonology and cardiothoracic surgery.
Prior to the study all physicians working on these wards were trained in the use of the
CDSS and on the content of the clinical rules, the type of recommendations to expect and
how to deal with these recommendations. Physicians involved in dealing with the CDSS
recommendations included specialist physicians and resident physicians.
During the intervention period, alerts were generated for all patients admitted to the study
wards whenever indicated according to the clinical rules. All three methods provided exactly
the same information while generating the alert. The alert contained the date, general patient
information (name, patient number and date of birth), the name of the relevant clinical rule
and the exact recommendation related to this rule. The recommendation described the
situation of the patient with regard to the clinical rule and provided specific advice.
TABLE 1 Content of the thirteen clinical rules implemented in this study
CLINICAL RULE

EXPLANATION

Amiodarone

Guiding correct dosing of amiodarone

Calcium

Guiding therapy of patients with severe hypo- or hypercalcemia

Cytostatics

Guiding the correct use of oral cytostatics therapy duration

Heart failure

Preventing prescription of contra-indicated drugs in patients with heart
failure

Methotrexate

Prevention of incorrect methotrexate dosing and concurrent use of folic acid

Potassium

Guiding therapy of patients with severe hypo- or hyperkalemia

Renal insufficiency

Recommending dosage adjustments during renal insufficiency

Sodium

Guiding therapy of patients with severe hypo- or hypernatremia

TDM of aminoglycosides

Improving adequate TDM requests of aminoglycosides

TDM of clozapin

Improving adequate TDM requests of TDM of clozapin

TDM of digoxin

Improving adequate TDM requests of TDM of digoxin

TDM of fenytoin

Improving adequate TDM requests of TDM of fenytoin

TDM of lithium

Improving adequate TDM requests of TDM of lithium

TDM: Therapeutic Drug Monitoring
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The outcome value ”alert compliance” was determined by measuring the alerts that led
to actual follow-up of the recommendation. Alerts appeared when the situation of the
specific patient was not compliant with the existing guidelines. All the clinical rules
contained specific recommendations; for example, the clinical rule for renal insufficiency
advised specific dosages for patients who had renal insufficiency. If the specific
recommendation of the alert was followed within 24 hours after the first appearance of
the alert, it was recorded as “alert compliant”. At the end of the study, the CDSS
composed a list of all the alerts generated during the study. These alerts were checked
for follow-up by a researcher, who manually evaluated the EHR database to confirm
whether the recommendation had been followed within 24 hours after its first
appearance.
This study was approved by the independent Medical Research Ethics Committee of the
Catharina Hospital, indicating that the Medical Research Involving Human Subjects Act
does not apply for this study.
SPSS (Version 19) was used to analyze the results with a two-sided chi-square test at a
significance level of α = 0.05 and 1-β = 0.80. Since one method was compared with two
other methods, a Bonferroni correction for multiple tests was applied, which decreased
the level for statistical significance to 0.025 (0.05/2).

User satisfaction
After the intervention period, satisfaction with the use of the CDSS was investigated by
means of a survey, conducted among physicians who had worked on the study wards
during the intervention period. The survey comprised 18 questions. The questions
referred to the user satisfaction and suitability of the three methods investigated which
could be scored on a scale of one to five (ranging from “very unsuitable” to “very
suitable”). In the final part of the survey, the methods could be ranked in order of
preference. Finally a comment section was available to indicate what improvements to
the alert methods were still possible according to the user.

RESULTS
A total of 24.237 patients were admitted to the hospital during the study period, 3.049 of
whom were admitted to one of the study wards. Of these included patients, 374 (12.3%)
had one or more alerts (Table 2). In total, 565 unique alerts (out of a total of 955) were
generated.
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TABLE 2 General study characteristics of the patients and clinical rule alerts
CHARACTERISTICS

PHARMACY

LIVE INTERVENTION

INTERVENTION

POP-UP

TOTAL

ALERT

Number of patients

180

107

87

315

Age, mean (SD) (years)

71.8 (10.9)

74.6 (11.2)

72.4 (11.6)

72.8 (11.4)

Male (%)

56.2

56.0

64.4

59.1

Unique alerts (N)*

279

151

135

479

Calcium

0

2

6

8

Cytostatics

1

2

0

3

Heart failure

5

3

1

9

Methotrexate

11

3

0

14

Potassium

20

9

6

28

Renal insufficiency

130

97

57

244

TDM aminoglycosides

34

7

12

44

TDM clozapin

0

0

1

1

TDM digoxin

71

27

44

121

TDM fenytoin

2

0

3

5

TDM lithium

5

1

5

11

ALERTS BY CLINICAL RULE:

* The clinical rules for amiodarone and sodium generated no alerts during the study period and are therefore
excluded from this table.

TABLE 3 Total number of (unique) alerts and compliance percentages of the three
alert presentation methods
PRESENTATION METHOD

PHARMACY

LIVE INTERVENTION

INTERVENTION

POP-UP

TOTAL

ALERT

Unique alerts (N)

279

151

135

565

Unique alerts followed (N (%))

61 (22%)

58 (38%)

59 (44%)

159 (32%)
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Alert compliance
The average alert compliance of the pop-up alert (44%) was significantly higher than that
of the pharmacy intervention (22%, p<0.001), but it was not significantly higher than the
compliance percentage for live intervention (38%, p=0.400) (Table 3). Live intervention
(38%) also resulted in a significantly higher compliance percentage than pharmacy
intervention (22%, p=0.001).

User satisfaction
In March 2013, the user satisfaction survey was distributed to all physicians (N=62) who had
worked on one of the study wards during the research period. Eight physicians responded;
four had received pop-up alerts and four had received the live intervention method (Table 4).
On a scale of one to five (ranging from “very unsuitable” to “very suitable”), pharmacy
intervention was considered the most suitable alert method (with an average score of 4.1),
followed by live intervention (3.7) and pop-up alert (2.5). Regarding user satisfaction, the alert
methods ranked in the same order. Live intervention was rated second; however, this was
mainly because of one physician, who scored “very unsuitable” twice, which lowered the
result from an average of 4.2 to 3.7. None of the results differed significantly.
Seven out of eight physicians indicated that live intervention would be their method of
choice for the presentation of clinical rule alerts. Overall, clinical rules were experienced as
positive; however, all users indicated that the method of delivering the alerts could be
improved. Physicians who received pop-up alerts found these to be annoying and slow. One
physician suggested combining pop-up alerts with live intervention.
TABLE 4 Survey outcomes of physicians receiving pharmacy intervention (N=8), live
intervention (N=4) and pop-up alert (N=4)
QUESTIONS

PHARMACY

LIVE INTERVENTION

INTERVENTION

POP-UP
ALERT

Did you receive the method at least once? (Yes)

8/8 (100%)

4/4 (100%)

4/4

Did you follow the alert recommendation at least

8/8 (100%)

4/4 (100%)

3/4 (75%)

4.1

3.7

2.5

4.1

3.7

2.5

(100%)

once? (Yes)
Satisfactoriness of method
(scale 1-5: average)
Suitability of method
(scale 1-5: average)

Scale 1-5: 1= very unsuitable, 2 = unsuitable, 3 = neutral, 4 = suitable, 5 = very suitable
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DISCUSSION
This study investigated three different active alert presentation methods (pharmacy
intervention, live intervention and pop-up alerts) of a CDSS after the implementation of
thirteen locally developed clinical rules within the Catharina Hospital in Eindhoven. Many
previous studies have evaluated the impact of clinical decision support.11, 14,15,25 Important
factors affecting whether or not decision support is accepted include workflow
integration, intrusiveness, the importance of the alert, the receiver of the alert and factors
related to the system itself. In this study we attempted to quantify the effects of different
alert methods in daily hospital practice. The study confirmed that the design of the alert
is indeed important for the efficacy of a CDSS. To our knowledge this is the first study
investigating different active alerting methods on general hospital wards in order to
compare alert follow-up percentages. An important advantage of this study is the use of
locally developed clinical rules in consultation with an expert team. With this potential
strength, we aimed at high compliance percentages, avoiding the alert fatigue induced
by current basic CDSS and, consequently, increasing the chance of success.
The three methods compared in this study all used the same content and
recommendations but varied considerably in usability. They were implemented exactly
as they would have been in daily practice.
Pharmacy telephone consultation is the gold standard nowadays in the Netherlands, if
pharmacists need to intervene in a patient's therapy. An important advantage of this
method is that pharmacist and physician have the opportunity to discuss the
recommendation and to decide on the best therapy in each unique situation. The
pharmacist also has the opportunity to evaluate the recommendations before
intervention and can select only those alerts which are actually relevant. The only
difference between this method and the method of live intervention was the personal
delivery of the recommendation. Apparently, this had a significant effect on alert followup, which rose from 22% to 38%. While performing the study, we found that if
recommendations were delivered personally, interventions were made immediately.
Surveys showed that during telephone consultation, a pharmacist may have intruded at
a moment that was not appropriate for performing an intervention. For example, if the
physician was not near a computer at the time of the telephone consultation, it was
more likely that the recommendation would be omitted. Live intervention, on the other
hand, was always performed at a previously agreed time, when physicians were available
for performing interventions. This would suggest that scheduling a suitable time for
intervention by telephone might improve the efficacy of pharmacy intervention.
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Live intervention also had another positive effect, besides the one studied. While the
pharmacist was on the ward, s/he was often consulted about other therapy issues as
well. We did not quantify these interventions, as they were outside the scope of this
study, but the fact that a pharmacist was easily accessible during live intervention was
appreciated by the physicians working on the wards. We think that this effect also
contributed to the fact that live intervention was the preferred method for alert delivery
according to 88% of the physicians surveyed.
The highest follow-up percentage of 44% was achieved by means of the pop-up alert.
This is remarkable because this method was also the less preferred method indicated by
the survey. An advantage of the pop-up alert is that it always appears when the
physician is evaluating the EHR of a specific patient. Therefore, this method fits well into
clinical workflow. Moreover, this type of alert was presented repeatedly as long as the
condition was valid; if it first appeared at a time unsuitable for performing an
intervention, the alert would appear later that day if the condition was still valid. This is in
contrast to pharmacy intervention and live intervention, which only offer alerts once a
day. Our finding is in line with a study by Seidling et al, who found that alerts were more
often accepted when they are repeatedly presented.13 This may correspond to findings
in psychology which indicate that we are better able to handle information we already
know.13 Thirdly, with the pop-up method all alerts are presented to the physician, in
contrast to the other two methods which are first screened on relevance by a hospital
pharmacist. A physician may act on alerts that pharmacist generally consider as
irrelevant.
Overall, we found a high compliance percentages remained low to our opinion, with an
average of 32%. Previous research by our group showed a comparable average
percentage of 27% on the intensive care unit, which also included the effects of passive
alert methods.18 One reason for the low percentage is that not all alerts were considered
relevant. Turning off alerts that are seen as irrelevant might enhance compliance
percentages and hence increase the efficacy of the system.
Second, we found that with standardized CDSS, exceptions often arise whereby
physicians need to correctly deviate from the recommendations provided by the alerts
because of circumstances which cannot always be foreseen by the model. Even a highly
optimized and advanced CDSS cannot completely capture the complexity of health care.
A clinical pharmacist can identify many additional drug-related problems in a setting
with routine use of CPOE/CDSS. A recent study showed that only 8% of the drug-related
problems identified by a clinical pharmacist generated a CPOE/CDSS alert.26 Given the
type of drug-related problems identified by clinical pharmacists which were not
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recognized by a CDSS, clinical pharmacists may provide additional value even in settings
using more advanced CDSS.
The results obtained plead for contextualization of alerts, and a system that prioritizes
and presents alerts depending on the clinical context. Several studies have been
performed recently to investigate tailoring alerts to specific conditions.3,11,20,27,28 A review
by Phansalkar et al recommended prioritizing alerts and distinguishing the ranking of
these alerts by means of color, shape or otherwise.11 According to a study by Riedmann
et al the most important contextual factors for prioritizing alerts are: (1) severity of the
effect of the ADE to which the alert refers; (2) clinical status of the patient; (3) probability
of occurrence of the ADE to which the alert refers; (4) risk factors of the patient; and (5)
strength of evidence on which the alert is built.20 All these factors were included in the
clinical rules used in this study. The evidence on how to present alerts most effectively is
still limited, but it is highly valuable in terms of better informing the design and
implementation of future CDSS.11
A limitation of this study was that not all clinical rules available in our pharmacy could be
included. Two important clinical rules, “opioid laxative use” and “anticoagulation,” had to
be excluded. These two rules frequently generate alerts with high follow-up
percentages.8,18 The pop-up alert did not, however, support a newer “building block”
used in these rules. As a result of this technical defect, these rules gave an error message
and were therefore not displayed as a pop-up alert. Consequently these rules were
excluded from our study.
A second limitation of this study was that it was conducted in only one hospital and
consequently the results cannot readily be generalized to others. The results strongly
depend on the complete infrastructure present, such as the potential of the CDSS used.
For the results to be more widely applicable, systematic research in various hospital
environments and with various systems will be required.
A third limitation of this study is that physicians only received two out of three alert
methods. Although similar departments were compared, physicians were not able to
compare all three methods themselves. Four physicians who answered the survey
received pop-up alerts, but responded that the live intervention method appeared
preferable, although they had had no actual experience of it yet. In a follow-up study, it
would be advisable to take this into account, and to expand these results to different
wards, hospitals, types of CDSS and alert presentation methods.
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CONCLUSION
The alert presentation method used for CDSS is crucial for the compliance with alerts for
the clinical rules and, consequently, for the efficacy of these systems. Pop-up alerts and
live consultation seemed equally effective, resulting in a high percentage of alert
compliance. Pop-up alerts showed a high follow-up percentage, possibly because of
frequent presentation; however, they scored lowest regarding usability. In this study
physician’s preferred live consultation over other methods, as live consultation may also
lead to additional beneficial therapy interventions.
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INTRODUCTION
How can we continue to deliver high quality, accessible and affordable health care in the
future, while maintaining focus on high quality patient care? This challenge relies upon
many stakeholders in the health care business. In the past decade patient safety has
become one of the most important topics in daily clinical practice and many initiatives
have been raised to improve safety.
Various international and national reports have been published to demonstrate the
extent of medical errors. The milestone report ‘To Err Is Human: Building a Safer Health
System’, published in 2000 by the Institute of Medicine (IOM) raised awareness about
medical errors and accelerated existing efforts to prevent such errors.1 Medication errors
are among the most common medical mistakes, harming at least 1.5 million people
every year, as estimated in the subsequent report ‘Preventing medication errors’.2 In the
Netherlands these numbers have been confirmed by the Dutch HARM study, which
demonstrated 19 000 preventable hospitalisations a year due to medication errors.3 The
NIVEL/EMGO report published in 2007 showed unintended harm in 5.7% of all hospital
admissions in the Netherlands and an estimated 1700 preventable deaths each year due
to preventable harm.4 These disturbing numbers address the need for optimising
medication safety.
Medication safety is defined as ‘minimising the risk that is caused by medication-related
problems’, especially focusing on prevention of medication errors, and these issues are
traditional areas of pharmacy activity.5 Medication errors occur due to deficiencies in the
whole medication process, from ordering, transcribing, dispensing, administrating, to
monitoring of medication.6
Quality and safety in health care have benefited greatly during the last decade from the
introduction of innovations in health information technology. In particular, studies have
shown that medication errors can be prevented using electronic health records (EHR)
and computerised physician order entry systems (CPOE) including basic clinical decision
support systems (CDSSs).7,8 However, it has also been shown that these breakthroughs
were insufficient to overcome the large number of medication errors.9,10 Studies
documenting positive effects of basic decision support on patient outcomes have
prompted calls for additional patient-specific advice. On the other hand, if the burden of
alerts is too high, alert fatigue may cause physicians to override both important and
unimportant alerts, in a manner that compromises the desired safety effect of
integrating decision support into CPOE. This emphasises the need for more advanced
alert solutions.
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Advanced CDSS, integrated into well-designed EHR and CPOE systems are proposed as
key interventions to prevent medication errors.1,2 These are computer-based information
systems that support decision-making in individual patient care by integrating clinically
relevant patient information. They have been shown to improve patient outcomes by
prevention of medication errors and adverse drug events (ADEs). This thesis will focus on
the use of these advanced CDSSs.
In this final chapter, the results of the individual studies will be placed in a broader
perspective, focusing on the following topics:
 Successful implementation of CDSSs
 Alert mechanisms.
Furthermore we offer perspectives for future research and implications for clinical
practice.

SUCCESSFUL IMPLEMENTATION OF CDSS’S
The most important success factor, as well as an essential prerequisite is the availability
of a well-designed infrastructure of other information technology systems. Many
successful CDSSs are those incorporated into existing EHRs and CPOEs and have the
advantage of using the available data within those systems to effectively generate
alerts.11 The quality of these systems, and the quantity and availability of structured data
in the EHR determine (and limit) the additional potential value of CDSSs. In other words,
as the parameters needed to develop high quality clinical decision support are not
available in the EHR, the CDSS cannot use these parameters in the clinical rules to
electronically check guidelines and optimise medication safety.
Other essential success factors can be divided into two important modulators: alert
content and alert presentation. These success factors are schematically shown in table 1.
The second most important success factor described in literature is the integration of
CDSSs in clinical workflow. Users are more willing to utilise a CDSS if the system does not
disrupt their usual workflow, and the alerts are presented when the user is in the process
of decision-making.12-14 In order to make patient care more efficient, CDSSs should
minimise the time needed to act on the presented alerts. Features important for alert
presentation are explained in the next paragraph: alert presentation.
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TABLE 1 Overview of success factors for implementation of advanced CDSSs
(chapter 2.1)

Accurate content
Reliable messages
ALERT CONTENT

RIGHT MESSAGE
Easy and actionable messages
Inclusion of references in the message
Save time
RIGHT TIME

Integration in workflow
High system’s speed

ALERT PRESENTATION

Deliver message at the point of care
RIGHT PLACE
Active alerting mechanism
Electronic availability of data in the EHR
RIGHT SYSTEM

Integration with other systems
Maintenance of the system and content

Regarding alert content we created a generally applicable strategy for development and
validation of effective clinical decision support. The main success of this strategy is the
inclusion of a multi-disciplinary expert team in the development process. This strategy
enables the creation of specific and reliable clinical rules that generate relevant
recommendations, independent of the kind of system used. This is essential in order to
enable others to use this strategy and promote the widespread adoption of high quality,
successful CDSSs. Also it can be used after implementation of clinical rules in daily
practice, to monitor clinical rules outcomes and to continuously optimise clinical rule
content.
In line with these success factors, we have experienced several barriers for CDSS
implementation, which are also described in literature. Major barriers for CDSS adoption
include the cost of CDSSs, workflow incorporation, lack of existing information systems,
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and lack of staff available for training and education on the system.15 Implementing a
CDSS involves many stakeholders, making it a complex process which requires a lot of
patience. To successfully implement a CDSS, an optimal collaboration is needed
between technical as well as therapeutic personnel. This is schematically shown in the
figure below (Figure 1). All different personnel involved and their roles in clinical decision
support implementation are visualised in this figure. This indicates the complex working
field of CDSS implementation.

FIGURE 1 Stakeholders involved and their role in the process of advanced CDSS
implementation in our hospital (figure by A. Suntjens)
CR = Clinical Rule
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The development, implementation, and maintenance of a CDSS are extremely costly in
time as well as financially. Furthermore, adequate organisational support and a strong
focus on success factors is required to implement these systems successfully. While a
well-designed CDSS will act as a decision-making aid and improve task performance, a
poorly designed one may irritate or distract users and can impede performance.

ALERT MECHANISMS
Physicians are often unaware of important drug interactions, which suggest that alert
designs have not reached their full potential for aiding decision-making; this emphasises
the need for more advanced alert solutions. Understanding how to prompt physicians
successfully at the point of care is a complex problem, and requires consideration of
technological, clinical, and socio-technical issues.16,17
Little research has been done, however, on the relative effectiveness of the various active
alert methods currently available. A review by Schedlbauer confirms that there are
serious gaps in medical literature regarding the most effective methods for displaying
alerts, and that there is a need to investigate how to present and display information at
the point of prescription.18 To our knowledge, the studies described in chapter 3.4 and
3.5 are the first studies comparing different alerting methods in advanced CDSSs in order
to compare alert follow-up percentages (alert compliance). These studies both confirm
the finding that active alerts, where the alert is automatically provided to the user, are
more effective than passive alerts were the user has to interrupt workflow to initiate the
alert themselves.19,20 Providing users with automated alerts with suggestions and
resources available within the alert decreases the time that would have been occupied
having to navigate to other resources. The presence of automatic prompts prevents the
user from having to interrupt their workflow by looking elsewhere for information.11,12,15
Additionally, some studies describe a greater positive impact when recommendations
prompted an action and could not be ignored.13,21 In our studies we were unable to
facilitate these mandatory alerts.
The alert method that can be applied is strongly dependent on the complete
infrastructure available. It depends on the possibilities and limitations of the CDSS, EHR,
end-users’ wishes and local agreements and constraints. Therefore it is difficult to
extrapolate results found in literature and in our studies to other facilities. However,
these results may indicate which alert methods have more potential to lead to successful
follow-up on the recommendations provided.
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The current standard method for alert presentation in the Netherlands is the use of
pharmacy intervention. This alert method has been used in our hospital to act on
advanced CDSSs since 2010, and the results of different applications are shown for all
studies in part two of this thesis. This method has proven to be effective, resulting in
high follow-up percentages compared with those found in literature. The overall
compliance rate after evaluation of a more than two-year’s follow-up period was 35.9%,
which is much higher than compliance rates described by others, which ranged from 4–
13%.22-25 We believe that this high compliance rate is due to the application of the
development strategy, in combination with the implementation of the aforementioned
success factors.
In the studies described in chapter 3.4 and 3.5, pharmacy intervention was compared
with other alert presentation methods. Pharmacy intervention, an active alert method,
was significantly more effective than the passive methods of physician alert list and EHR
section. This confirms the results that passive alerts are less effective in daily clinical
practice.
The active alert presentation method pop-up seemed most effective in both studies,
with a significant difference demonstrated in the second study. An important advantage
of pop-up alerts is that they always appear when the physician is evaluating the EHR of a
specific patient. Therefore, this method fits well into clinical workflow, which is one of the
most important success factors. Secondly, this type of alert was presented repeatedly as
long as the condition was valid; if it first appeared at a time unsuitable for performing an
intervention, the alert would appear later that day if the condition was still valid. This is in
contrast to pharmacy intervention and live intervention, which only offer alerts once a
day. Our finding is in line with a study by Seidling et al., who found that alerts were
accepted more often when they were repeatedly presented.19 Thirdly, all pop-ups were
presented to the physician, in contrast to pharmacy intervention and live intervention
which are first screened for relevance by a hospital pharmacist. With these last two
methods, only a selection of the alerts is presented to physicians, while physicians
receiving pop-ups receive all available alerts. A physician has the possibility to act on
alerts that pharmacists generally consider irrelevant.
The live intervention method which was applied in the second study was significantly
more effective than pharmacy intervention in our hospital. The only difference between
pharmacy intervention and live intervention was the personal delivery of the
recommendation at a previously agreed moment. Apparently, this had a significant
effect on alert follow-up, which rose from 22% to 38%. While performing the study, we
found that if recommendations were delivered personally, interventions were made
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immediately. Surveys showed that during a telephone consultation, a pharmacist may
have intruded at a moment that was not appropriate for performing an intervention. For
example, if the physician was not near a computer at the time of the telephone
consultation, it was more likely that the recommendation would be omitted. Live
intervention, on the other hand, was always performed at a previously agreed moment,
when physicians were available for performing interventions. This would suggest that
scheduling a suitable time for intervention by telephone might improve the efficacy of
pharmacy intervention.
Live intervention also had another positive effect, besides the one studied. While the
pharmacist was on the ward, consultations often took place about other therapy issues
as well. We did not quantify these interventions, as they were outside the scope of this
study, but the fact that a pharmacist was easily accessible during live intervention was
appreciated by the physicians working on the wards. We think that this effect also
contributed to the fact that live intervention was the preferred method for alert delivery
according to 88% of the physicians surveyed. A recent Dutch study confirmed that
clinical pharmacists add value to CPOE/CDSSs in the identification of drug-related
problems.26 This result is in line with the newer role of hospital pharmacists in expanding
their working field to bedside pharmacy as a fellow practitioner.
These results demonstrate that the alert presentation method used for advanced CDSSs
is crucial for the compliance with alerts for clinical rules and, consequently, for the
efficacy of these systems. However, these results strongly depend on local practices and
the infrastructure present. Newer strategies, which focus on adapting alerts to clinical
context, are mentioned in the paragraph ´future perspectives´.

LIMITATIONS
Some limitations regarding the studies in this thesis need to be addressed. In our studies,
we found that some clinical rules are more effective than others in effectuating
adjustments in a patient’s therapy. Alerts based on the clinical rules ‘renal impairment’
and ‘TDM of digoxin’ were complied with more frequently than, for example, alerts
based on the rule for opioid-laxative therapy. Rommers et al. found comparable results,
indicating that clinical rules related to laboratory values can be considered as the most
effective rules.22 However, in the studies in this thesis we focused on the general effect of
the complete set of clinical rules. Specific differences and the optimisation of the unique
clinical rules are taken into account in the maintenance phase of the development
strategy in clinical practice and was deliberately not a part of these studies.
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In these types of studies it is very difficult to measure actual ADEs that are prevented. As
outcome value we chose to measure alert compliance rates and not the actual number
of ADEs. The content of the clinical rules used in the study is based on an extensive
aggregation of the latest international, national and local guidelines in consultation with
the expert team. Therefore one may reasonably expect that the actual number of ADEs
will decrease if these guidelines are promoted and guideline compliance is raised.
Specifically in the study described in chapter 3.3, we studied clinical rules over a long
period of almost three years. A limitation of the long study period was that during this
study, the content of the clinical rules was changed slightly. These changes were in line
with the strategy for the development of the clinical rules (Chapter 2.3), which required
the clinical rules to be adjusted depending on the outcomes of the implementation of
the rules in daily practice. In some cases, rules needed to be adapted to optimise their
effectiveness on unforeseen issues during the development phase, and to reduce alert
fatigue. Adaptations of the rules could either lead to fewer irrelevant alerts or to an
increase in the number of relevant alerts. These effects could not be measured because
during the study period many minor changes were made to the clinical rules. These
changes included, for example, the removal of technical inconsistencies as well as the
implementation of therapeutic updates according to the newest guidelines.

FUTURE PERSPECTIVES WITHIN OUR HOSPITAL
Clinical decision support systems can have a wide range of applications. In this thesis, a
CDSS was applied specifically to improve medication safety from a hospital pharmacy’s
perspective. However, during the past few years our research team has supported many
initiatives within and outside our hospital to improve the use of CDSSs. At the moment,
the CDSS is actively used for many different purposes and by many departments. A few
examples of such are: improving adherence to protocols on the intensive care
department, improving patient selection for clinical trials by the cardiology department,
decreasing and improving antibiotic use, selecting patients in which additional
laboratory tests are necessary, etc.
Besides these smaller examples, three mayor new research areas have been started in
the last few years. This first research area studies the benefit of using CDSSs to improve
medication safety of nursing home residents. This study focuses on both investigating
the added value of using a CDSS alert during periodic medication review and on CDSS
assisted prevention of drug-related falls.
The second major research area focuses on the possibility of cost-effective multi-centre
use of harmonised clinical rules independent of EHR type. This research is a collaboration
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with the ‘Santeon’ hospitals in the Netherlands. The Catharina Hospital approach
towards clinical rule development and CDSSs is used as ´good practice´ to develop and
review clinical rules, together with participating hospitals. Also the CDSS is modified in
order to ascertain EHR independence and retain specificity of the alerts.
In the third major research area, our hospital is developing a checklist-based support
system for the use of bedside checklists.27 This system supports the execution of
complex clinical processes and rules involving data from EHRs. Workflow activities and
forms are specific to individual patients based on clinical rules, and they are
automatically dispatched to the right user based on a process model. The idea of this
study is extracted from the SURPASS study, where a surgical safety checklist was applied.
28
The use of this checklist significantly reduced surgical complications and mortality in
hospitals which already had a high standard of care. Possible advantages and limitations
of this new application of CDSSs in combination with checklists are currently being
studied in the context of usability.

FUTURE PERSPECTIVES DESCRIBED IN LITERATURE
Contextualisation
To further increase sensitivity of alerts, reduce override rates, and to improve medication
safety, newer strategies focus on prioritizing and contextualising alerts, according to the
respective situation.29-32 Contextualisation, where the alert is adapted to the clinical
context, is investigated in a few studies. A study by Ammenwerth asked both CPOE
researchers and physicians to judge the usefulness of 20 possible context factors in CPOE
systems.31 Researchers judged the following factors as most important: severity of the
effect, clinical status of the patient, probability of occurrence, risk factors of the patient,
and strength of evidence. Physicians judged the following factors as most important:
severity of the effect, clinical status of the patients, complexity of the case, and class of
drug. These top-ranked context factors could be used to redesign the way alerts are
presented in CPOE systems. Riedman, operating in the same study group as the
abovementioned study, stated that the ‘context model’ used in this study was the first
attempt to systematically describe and structure information on the clinical and user
context that can be used to optimise alert prioritisation and alert presentation. 33 It may
help to improve the ‘alert logistics’ in clinical settings and therefore support a reduction
of over-alerting and resulting alert fatigue.
During the studies described in this thesis, we were unable to include context factors in
our CDSS, because the infrastructure present did not provide such opportunities.
However, this seems a very promising research area, to further optimise the application
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of effective advanced CDSSs. More research is needed in order to apply contextualisation
to these systems and evaluate different context factors on actual patient outcomes.

Acceleration of adoption
Clinical decision support systems will continue to advance in the future as their use
continues to spread. In this thesis the system was only applied in clinical practice,
however in the future it is important for all health-care professionals to have access to
decision support. As more hospitals and physicians incorporate CDSSs into their practice,
it is expected that national or international formalised knowledge bases for these
systems will eventually be developed. In the Netherlands we have supported this
initiative through a national working committee on clinical rules for the association of
Dutch hospital pharmacists (NVZA). Also, the Royal Dutch Pharmacists Association
(KNMP) has started the development and electronic availability of national clinical rules.
In addition to developing formalised knowledge, it would be beneficial to have a
database available for all CDSSs to automatically and regularly update health information
and best evidence-based practice guidelines and rules to support the safe delivery of
patient care, instead of each practice having to manually update the CDSS themselves.
Having a single database to update all CDSSs could ensure consistent and uniform care
throughout the entire health-care system.15 The ability of a CDSS to retrieve automatic
updates on the continuously changing science of health care has the potential to further
increase trust in the system’s accuracy, leading to greater acceptance of system use.

CONCLUSIONS AND IMPLICATIONS FOR CLINICAL PRACTICE
In this thesis we confirmed the importance of taking the listed success factors into
account, while implementing advanced CDSSs. Crucial factors were enhancement of
alert content and alert presentation. We have also shown that several barriers exist that
need to be challenged before successful use of these promising systems is possible. For
example, many stakeholders are involved in the development process of CDSSs, which
make implementation a complex and costly process. Collaboration between hospitals
and systems, for example the development of national clinical rules, may accelerate the
use of these systems in daily clinical practice.
Regarding alert content, the use of a validated strategy as described in chapter 2.3 can
support optimisation of alert content, generating rules with high relevance and reliable
recommendations. Regarding alert presentation, many factors need to be taken into
account. First, we have demonstrated that efficacy of decision support is highly
dependable on the alert mechanism applied. Active alert methods are significantly more
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effective in achieving high alert compliance rates, with pop-up alerts and live
intervention being the most successful methods that we studied. Furthermore, it is
important to keep in mind that in order to have a successful CDSS, the system must be
incorporated into clinical workflow and the existing infrastructure of health information
systems. The infrastructure present must support the use of CDSSs, but can also limit its
possibilities. Including these success factors during implementation of advanced CDSSs
will lead to a higher probability that CDSSs will be succesfully integrated into daily
clinical practice. To further improve efficacy of advanced CDSSs, progress in health
information technology is required to support this innovation. Newer strategies such as
the use of bedside devices, contextualisation of alerts or the integration of clinical rules
in the expanding clinical working field of hospital pharmacists, may further improve alert
compliance rates of these extremely promising systems being the future strategy in
improvement of medication safety.
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Summary

Alert methods as success factors influencing effectiveness of
a clinical decision support system in clinical practice
Quality and safety in health care have benefited greatly during the last decade from the
introduction of innovations in health information technology. In particular, studies have
shown that medication errors can be prevented using electronic health records (EHR)
and computerised physician order entry systems (CPOE) including basic clinical decision
support systems (CDSSs). However, it has also been shown that these breakthroughs
were insufficient to overcome the large number of medication errors. Studies
documenting positive effects of basic decision support on patient outcomes have
prompted calls for additional patient-specific advice. On the other hand, if the burden of
alerts is too high, alert fatigue may cause physicians to override both important and
unimportant alerts, in a manner that compromises the desired safety effect of
integrating decision support into CPOE; this emphasises the need for more advanced
alert solutions.
Advanced CDSS, integrated into well-designed EHR and CPOE systems are proposed as
key interventions to prevent medication errors. These are computer-based information
systems that support decision-making in individual patient care by integrating clinically
relevant patient information. They have been shown to improve patient outcomes by
prevention of medication errors and adverse drug events (ADEs). This thesis will focus on
the use of these advanced CDSSs.
The main objectives of this thesis were:
(a) to investigate which success factors and barriers influence the implementation
of CDSSs in daily clinical practice; and
(b) to investigate how the alert method used can contribute to the effectiveness of
CDSSs in daily clinical practice.
In the first part of this thesis, we found that many factors need to be taken into account
to overcome all barriers for successful implementation of CDSSs (cc hapter 2.1 and
2.2). C hapter 2.1 is a review of the available literature on success factors of these
systems. Also, we describe barriers that need to be taken into account while
implementing these systems. In c hapter 2.2 we describe various aspects and
challenges we found during implementation of the CDSS Gaston® in our hospital, and
we evaluate these aspects critically. We can conclude from these two chapters that
most important modulators for successful CDSS implementation were alert content and
alert presentation. Therefore, in c hapter 2.3 we propose a strategy to optimise alert
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content by application of a strategy for the development and validation of CDSSs. By
using this strategy we aim at a CDSS which presents reliable and clinically relevant alerts.
This strategy is applied for the development and validation of all clinical rules in the
studies described in part two of this thesis.
In the second part of this thesis, different alert presentation methods are investigated in
order to evaluate differences in efficacy in daily clinical practice. Firstly, the current gold
standard for intervention, pharmacy intervention, was used in the first two chapters
(cc hapter 3.1 and 3.2). In c hapter 3.1 it has been shown to be effective in optimising
the number of patients with adequate gastric protection during the use of nonsteroidal
anti-inflammatory drugs (NSAIDS). This method showed to be effective, resulting in a
follow-up percentage of the clinical rule for gastroprotection of 98%. The pharmacy
intervention method was also applied in c hapter 3.2. We showed that by application
of the clinical rule for ´Opioid-Laxative Use´, its guideline compliance can be optimised,
resulting in a reduction of the occurrence of opioid-induced constipation. Since the year
2009, the pharmacy intervention method is applied in daily practice by the Department
of Pharmacy of the Catharina hospital, by consultation of the physicians on duty by
telephone. This alert method has also been demonstrated to be highly effective in a
more than two-year evaluation period, after implementation of a large set of decision
support algorithms (clinical rules) in our hospital (cc hapter 3.3). Evaluation of the results
showed that the alert compliance rates found in this study are high, in comparison with
other (inter)national literature. In this study, we did not find any learning effect, which
would result in a reduction of the amount of alerts or intervention needed. This indicates
that continued use of these systems remains indicated. In c hapter 3.4 and 3.5 we
compare the results of pharmacy intervention with other passive and active alert
methods on alert compliance. In c hapter 3.4 we compare the effect of two passive and
two active alert methods on the intensive care unit of our hospital. We demonstrated
that other investigated active alert methods, in which the physician receives the alerts
automatically, are significantly more effective in preventing medication errors than the
two passive methods, in which the physician has to actively initiate the system to be
able to evaluate the alerts. Therefore we chose to apply only active methods in the study
described in c hapter 3.5. Three different alert methods were studied on four hospital
wards. The method which provided pop-up alerts and the method were the hospital
pharmacists consulted the physician live on the wards, were significantly more effective
than the traditional pharmacy intervention method. We conclude from these last two
chapters that the alert mechanism is highly important for the effectiveness of advanced
CDSSs.
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In c hapter 4 the results of the individual studies will be placed in a broader perspective,
focusing on successful implementation of CDSSs and alert mechanisms.
Furthermore we offer perspectives for future research and implications for clinical
practice. We describe which areas offer interesting possibilities and challenges and
which studies in the Catharina hospital will further evaluate these areas. In this thesis,
various alert methods and clinical rules are implemented in daily clinical practice, by
using the CDSS Gaston in combination with our other hospital systems and its current
possibilities. The infrastructure present must support the use of CDSSs, but can also limit
its possibilities. Including these success factors during implementation of advanced
CDSSs will lead to a higher probability that CDSSs will be succesfully integrated into daily
clinical practice. To further improve efficacy of advanced CDSSs, progress in health
information technology is required to support this innovation. Newer strategies such as
the use of bedside devices, contextualisation of alerts or the integration of clinical rules
in the expanding clinical working field of hospital pharmacists, may further improve alert
compliance rates of these extremely promising systems being the future strategy in
improvement of medication safety.
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SAMENVATTING
Hoe kunnen we de gezondheidszorg in de toekomst hoogstaand, toegankelijk én
betaalbaar houden en er tegelijkertijd voor zorgen dat de kwaliteit van de patiëntenzorg
centraal blijft staan? Deze uitdaging houdt vele zorgprofessionals bezig in de huidige
gezondheidszorg. In de laatste tien jaar is om die reden patiëntveiligheid een van de
belangrijkste onderwerpen geworden in de dagelijkse ziekenhuispraktijk. Vele
initiatieven zijn er gestart om de veiligheid in ziekenhuizen te verbeteren.
Zowel internationaal als nationaal zijn er diverse rapporten gepubliceerd die de omvang
van het probleem van medicatiefouten hebben onderzocht. Het toonaangevende
rapport ‘To Err is Human: Building a Safer Health System’ uit 2000 creëerde voor het eerst
duidelijk het besef van de aanwezigheid en de omvang medicatiefouten in de Verenigde
Staten. Ook deed dit rapport aanbevelingen om deze fouten in de toekomst te
voorkomen. Medicatiefouten zijn namelijk de meest voorkomende medische fouten,
welke bij tenminste 1,5 miljoen Amerikanen jaarlijks resulteren in gezondheidsschade.
Ook in Nederland is de omvang van medicatiefouten onderzocht, onder andere door het
HARM-onderzoek. Hierin werd aangetoond dat ongeveer 19.000 medicatiegerelateerde
ziekenhuisopnames per jaar voorkomen hadden kunnen worden. Een onderzoek van het
Nivel/EMGO-insituut uit 2007 liet vergelijkbare cijfers zien, waaruit bleek dat in 5,7% van
alle ziekenhuisopnames onbedoelde schade optrad. Uit deze cijfers bleek tevens dat
jaarlijks ongeveer 1700 patiënten overlijden door deze schade die te voorkomen was
geweest. Deze verontrustende cijfers onderstrepen de noodzaak om medicatieveiligheid
te verbeteren.
Medicatieveiligheid wordt gedefinieerd als ‘het minimaliseren van aan geneesmiddelen
gerelateerde problemen, waarvan medicatiefouten een belangrijk onderdeel vormen’.
Dit is traditioneel gezien een farmaceutische activiteit. Medicatiefouten ontstaan door
diverse tekortkomingen in het gehele medicatieproces, van voorschrijven tot aan
toedienen en monitoren van medicatie.
De kwaliteit en veiligheid van de gezondheidszorg hebben in de laatste tien jaar sterk
kunnen profiteren van de introductie van diverse innovaties op het gebied van
informatie technologie (ICT). Studies op dit gebied hebben voornamelijk aangetoond
dat medicatiefouten voorkomen kunnen worden door de introductie van het
elektronische patiëntendossier (EPD) en het invoeren van elektronisch voorschrijven.
Echter is ook aangetoond dat deze doorbraken onvoldoende effectief zijn gebleken in
het voorkomen van het grote aantal medicatiefouten. Onderzoeken die de effecten van
de huidige medicatiegerichte medicatiebewaking hebben onderzocht vragen dringend
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om aanvullende patentgerichte medicatiebewaking. De huidige medicatiebewaking
geeft namelijk een grote hoeveelheid signalen af; zowel belangrijke als onbelangrijke,
niet-specifieke signalen. Hierdoor kan signaalmoeheid optreden, waarbij de enkele
belangrijke meldingen worden gemist in de grote hoeveelheid onbelangrijke
meldingen. Daardoor kan het gewenste positieve effect van deze medicatiebewaking
teniet worden gedaan. Dit vraagt om nieuwe en vooruitstrevende oplossingen op het
gebied van medicatiebewaking.
Beslissingsondersteunende systemen, gecombineerd met een kwalitatief hoogstaand
EPD en elektronisch voorschrijven, worden aangemerkt als toonaangevende nieuwe
mogelijkheid om medicatiefouten te voorkomen. Met een beslissingsondersteunend
systeem kunnen verschillende informatiebronnen met patiënteninformatie (farmacie,
klinische chemie, microbiologie enzovoort) van het EPD in de medicatiebewaking
worden gebruikt. Deze systemen hebben aangetoond dat zij in staat zijn
medicatiefouten te voorkomen. Om een dergelijk systeem te kunnen toepassen, moeten
richtlijnen – bijvoorbeeld over het gebruik van een bepaald geneesmiddel – worden
geformuleerd in klinische beslisregels (‘clinical rules’). Deze klinische beslisregels zijn
vervolgens te koppelen aan de klinische gegevens van een patiënt. Wanneer een
bepaalde regel van toepassing blijkt, leidt dit tot een melding aan de arts. Een voorbeeld
hiervan is het gebruik van het geneesmiddel lithium bij nierfunctiestoornissen. Wanneer
de nierfunctie verslechtert bij een patiënt die lithium gebruikt, zou de behandeld arts het
advies kunnen krijgen een bloedspiegel te laten bepalen en/of de dosis te verlagen. Dit
proefschrift richt zich specifiek op de implementatie van een beslissingsondersteunend
systeem in de dagelijkse klinische praktijk.
Het doel van dit proefschrift was
(a) onderzoeken welke succesfactoren en barrières de invoering van
beslissingsondersteunende systemen in de dagelijkse klinische praktijk
beïnvloeden en
(b) onderzoeken hoe de methode van het presenteren van meldingen in deze
systemen kan bijdragen aan de effectiviteit van deze systemen in de dagelijkse
klinische praktijk.
Dit proefschrift bestaat uit twee gedeelten. In het eerste gedeelte van het proefschrift
concludeerden we dat het noodzakelijk is vele uiteenlopende factoren in acht te nemen
voor de succesvolle invoering van beslissingsondersteunende systemen (h
h oofdstuk
2.1 en 2.2). In h oofdstuk 2.1 hebben we een review uitgevoerd van de beschikbare
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literatuur en een overzicht gepresenteerd welke succesfactoren essentieel zijn voor de
implementatie van deze systemen. Tevens hebben we hierin de barrières benoemd,
waarmee rekening gehouden dient te worden bij de invoering. In h oofdstuk 2.2
beschrijven diverse aspecten en uitdagingen die we ervoeren tijdens de implementatie
van het beslissingsondersteunende system Gaston® in het Catharina ziekenhuis en
nemen we deze factoren kritisch mee in deze evaluatie. Uit bovenstaande hoofdstukken
is gebleken dat met name de inhoud en de manier van presentatie van de gegeven
adviezen de belangrijkste factoren zijn in het succes van deze systemen. Daarom
beschrijven we in h oofdstuk 2.3 een strategie om de ontwikkeling en validatie van de
inhoud van deze systemen te kunnen optimaliseren. Zodoende kunnen we streven naar
een systeem wat betrouwbare en relevante meldingen weergeeft. Deze strategie is
gehanteerd bij de ontwikkeling van alle clinical rules die zijn toegepast in de studies,
welke in deel twee van dit proefschrift zijn beschreven.
In het tweede gedeelte van dit proefschrift zijn diverse methoden onderzocht voor het
weergeven van meldingen, welke door beslissingsondersteunende systemen worden
gepresenteerd. Zodoende is getracht de verschillen tussen deze toegepaste methoden
te vergelijken op basis van effectiviteit. Allereerst zijn twee onderzoeken uitgevoerd op
basis van de huidige ‘gouden standaard’ methode, namelijk het uitvoeren van
interventies vanuit de apotheek. In h oofdstuk 3.1 is een methode beschreven waarin
het beslissingsondersteunend systeem is toegepast in combinatie met een nieuwe
werkwijze voor het voorschrijven van maagbescherming bij patiënten die NSAID’s en
acetylsalicylzuur gebuiken. Deze methode is dusdanig effectief gebleken dat in 98% van
de meldingen het advies wordt opgevolgd en maagbescherming wordt
voorgeschreven bij patiënten waarbij dit geïndiceerd is. De methode waarbij de
apotheek intervenieert, is tevens toegepast in h oofdstuk 3.2. Hierin hebben we
aangetoond dat door het toepassen van de clinical rule voor opiaat-laxans gebruik, de
toepassing van deze richtlijn kan worden bevorderd en er hierdoor significant minder
obstipatie als gevolg van opiaatgebruik optreedt bij deze patiëntengroep. Sinds 2009
wordt in de apotheek van het Catharina ziekenhuis de methode toegepast waarbij de
ziekenhuisapotheker naar de behandeld arts belt voor aanvullende interventies uit het
beslissingsondersteunend systeem. De resultaten hieruit zijn geëvalueerd gedurende
een periode van twee jaar en tien maanden en beschreven in h oofdstuk 3.3. Hierin
tonen we aan dat het opvolgingspercentage van de meldingen hoog is in vergelijking
met andere (internationale) literatuur. We konden echter geen leereffect (daling in
meldingen of benodigde interventies) aantonen gedurende deze lange
onderzoeksperiode, wat aangeeft dat de toepassing van deze systemen noodzakelijk
blijft. In h oofdstuk 3.4. en 3.5 vergelijken we de ‘apotheek methode’ met enkele
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andere mogelijke methoden op opvolgingspercentages. In h oofdstuk 3.4 vergelijken
we twee passieve en twee actieve methodes met elkaar op de intensive care van het
ziekenhuis. Hieruit komt duidelijk naar voren dat de twee actieve methodes, waarin de
melding de arts automatisch bereikt, significant effectiever zijn dan de twee passieve
methodes, waarbij de arts zelf eraan moet denken om naar de meldingen te kijken en te
evalueren. Om deze reden is in h oofdstuk 3.5 gekozen voor de toepassing van drie
verschillende actieve meldingsmethodes. Deze drie methodes zijn toegepast op vier
verschillende verpleegafdelingen van het ziekenhuis. De methoden waarbij de arts popup meldingen ontving en de methode waarbij de ziekenhuisapotheker de arts
persoonlijk adviseerde betreffende de meldingen, bleken hierin aantoonbaar effectiever
dan de gebruikelijke apotheek methode waarbij de arts telefonisch werd benaderd. Deze
laatste conclusie vraagt om extra onderzoek, om deze resultaten in andere omgevingen
te kunnen bevestigen. We kunnen echter uit deze twee laatste onderzoeken
concluderen dat de toegepaste methode voor het presenteren van meldingen van
beslissingsondersteunende systemen van essentieel belang is voor de effectiviteit van
deze systemen in de dagelijkse klinische praktijk.
Tot slot worden de belangrijkste bevindingen van dit proefschrift in h oofdstuk 4
bediscussieerd en samegevat in h oofdstuk 5. Hierbij worden de resultaten in een
breder perspectief geplaatst en aanbevelingen gedaan voor verder onderzoek. Tevens
wordt hierin beschreven op welke gebieden nog kansen en uitdagingen liggen voor de
toekomst en welke onderzoekslijnen in het Catharina ziekenhuis hierop zullen
voortborduren. Dit onderzoek heeft diverse methoden geïmplementeerd met de
huidige mogelijkheden, in de huidige setting en met het door ons toegepaste systeem
Gaston®. Hiermee wordt een voorzet gegeven voor de mogelijke effectiviteit van deze
systemen en de verschillende factoren die hierop van invloed zijn. De toekomst zal
moeten uitwijzen welke methode in welke context het meest geschikt zal zijn voor het
presenteren van meldingen van beslissingsondersteunende systemen in bredere zin.
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DANKWOORD
Wat heb ik uitgekeken naar het moment dat ik het dankwoord van mijn proefschrift
mocht gaan schrijven! Ik voel een grote vreugde en dankbaarheid voor deze mijlpaal in
mijn leven en de mensen die mij tot hier gebracht hebben. In dit dankwoord wil ik graag
iedereen bedanken die, op welke manier dan ook, bijgedragen hebben aan de
totstandkoming van dit proefschrift, maar in het bijzonder de volgende personen.
Dit onderzoek is voor mij gestart als onderzoeksstage tijdens mijn studie Farmacie, onder
begeleiding van Rene Grouls, Sonja Wessels-Basten en Eric Ackerman. Hiermee begon
voor mij een uitdagende tijd, waarbij ik mijn master-studie mocht combineren met ‘het
echte leven’ in de ziekenhuisfarmacie. Jullie zagen mijn enthousiasme en gaven me de
kans en het vertrouwen om verder te kunnen gaan met dit onderzoek. Toen jullie me
aanboden om dit om te zetten in een promotietraject, in combinatie met de opleiding
tot ziekenhuisapotheker, heb ik dan ook geen moment getwijfeld. Ik wil jullie ontzettend
bedanken voor deze grote kans en het scheppen van de mogelijkheden om mijn
ambities waar te kunnen maken.
Na een aanloop van twee jaar mocht ik me gelukkig prijzen met de samenstelling van
mijn promotie team: prof. dr. Erik. H.M. Korsten, prof. dr. Kees Neef en dr. Rene J.E. Grouls.
Allereerst wil ik graag mijn co-promotor Rene bedanken. Rene, je was tijdens de
afgelopen acht jaar mijn steun en toeverlaat van mijn onderzoek. Wat heb ik een geluk
gehad dat ik jou als co-promotor aan mijn zijde mocht hebben. Wat een luxe dat ik altijd,
op ieder moment, bij je terecht kon voor advies. Je hebt me enorm veel geleerd, richting
gegeven, ervaringen gedeeld, gesteund en bent regelmatig voor me ingesprongen
wanneer ik even wat meer ‘power’ nodig had. Samen vormden we de harde kern van
het onderzoeksteam en hebben we met veel plezier vele onderzoeksstudenten mogen
begeleiden. Ik bewonder je kennis, je harde werken en je ‘helikopter-view’. Als een van
de grondleggers van dit onderzoek in Nederland is de titel ‘Clinical Grouls’ dan ook zeer
op zijn plaats!
Beste Erik, als 1e promotor heb je mijn promotietraject tot een onvergetelijke tijd
gemaakt en het kleur gegeven. Je bent een bijzonder bevlogen persoon. Ik vind het
geweldig om te zien hoe je iedereen enthousiasmeert voor de vernieuwingen in de
gezondheidszorg door middel van beslissingsondersteuning. Misschien waren we soms
een wat ongebruikelijke combinatie: een anesthesist-intensivist, verbonden aan de
faculteit Electrical Engineering van de Technische Universiteit in Eindhoven samen met
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mij als apotheker. Maar de horizon verbredende discussies die dit opleverde maakte het
juist zo waardevol! Met veel plezier kijk ik terug op onze samenwerking, je humorvolle
communicatie en natuurlijk onze congresreis naar het Gardameer in Italie.
Beste Kees, als 2e promotor zorgde jij voor het evenwicht in het promotie team. Hoewel
enigszins van een afstand, wist je toch precies op de juiste momenten je grote
onderzoekservaring te delen. Ik wil je bedanken voor je altijd snelle, accurate en
opbouwende kritiek op de geschreven stukken. Ik vind het bijzonder fijn dat we sinds
kort elkaars directe collega mogen zijn.
De leden van de promotiecommissie, naast mijn promotie team bestaande uit prof.dr.ir.
U. Kaymak, prof.dr. A.C.G. Egberts, prof.dr. A. de Boer, prof.dr. S. Bambang Oetomo, dank
ik hartelijk voor de inhoudelijke beoordeling van mijn manuscript.
Dit onderzoek is het resultaat van een uitdagende samenwerking tussen diverse partijen:
de ziekenhuisapotheek van het Catharina ziekenhuis enerzijds, en anderzijds de afdeling
ICMT, diverse klinische afdelingen van het Catharina ziekenhuis en in het bijzonder de
samenwerking met Paul de Clercq en Harald van de Meerendonk van Medecs BV.
Beste Paul, toen het onderzoek en de omvang van Gaston nog maar klein waren, zaten
we hele dagen samen te klussen aan Gaston. Dit heeft van mij een echte ICT-er gemaakt
en ik vond het dan ook bijzonder gezellig (en nuttig). Toen de omvang begon toe te
nemen kwam Harald in beeld, waar ik nog steeds enorm dankbaar voor ben. Beste
Harald, ik wil je enorm bedanken voor het bijzonder prettige contact. Wat was dat een
optimale samenwerking! Je gaf me altijd de voorkeursbehandeling, een snelle service en
we wisten ook nog eens precies hoe het met de ander ging. Deze personal touch heeft
een enorme boost gegeven aan de voortgang van mijn onderzoek en vind je nergens
anders. Dank!
Er zijn ontzettend veel artsen betrokken geweest in de diverse fasen van het onderzoek.
Ik wil iedereen bedanken die heeft bijgedragen aan de ontwikkeling, ondersteuning,
deelname in de expert teams, en ook natuurlijk het ontvangen en behandelen van
meldingen (vrijwel iedere arts in het Catharina ziekenhuis). In het bijzonder dank ik de
artsen op de intensive care, en de afdelingen longziekten, inwendige geneeskunde,
chirurgie en cardiothoracale chirurgie voor hun deelname aan de vergelijkende studies.
Jullie hebben voor mij het perfecte klimaat geschept om dit onderzoek te kunnen verrichten.

Dankwoord

Ook de afdeling ICMT wil ik graag bedanken voor hun support en het inzicht dat Gaston
een waardevolle bijdrage levert aan de diverse verbeterprocessen in het ziekenhuis.
Keep up the good work!
Ik wil graag alle collega’s van de ziekenhuisapotheek van het ‘Cathrien’ bedanken voor
hun interesse in het onderzoek en de gezelligheid op de werkvloer. In het bijzonder wil
ik alle (ziekenhuis)apothekers bedanken. Jullie hebben me de ruimte gegeven om mijn
onderzoek naast mijn ‘gewone werkzaamheden’ te kunnen uitvoeren. Jullie hebben van
dichtbij mogen ervaren dat dit soms een wel heel uitdagend traject bleek, maar gelukkig
kon ik hierin ook begrip en steun van jullie ontvangen. Bedankt voor deze onvergetelijke
start van mijn loopbaan.
Sinds kort ben ik werkzaam in het Academisch Ziekenhuis Maastricht. Mijn dank gaat uit
naar de ziekenhuisapothekers die me het vertrouwen geven dat ik de opgedane kennis
ook in dit mooie ziekenhuis mag en kan gaan toepassen. Tevens dank voor de ruimte die
ik krijg om dit laatste staartje van het promotietraject netjes af te ronden. Ik zal na mijn
verlof met veel enthousiasme de Clinical Rules ook een goede plek gaan geven in het AZM!
Mijn vrienden en familie wil ik graag bedanken voor de interesse in mijn werk en voor
alle leuke momenten die me zoveel afleiding gaven van het werk. Het doorlopen traject
van de afgelopen jaren bleek niet heel goed verenigbaar met een sociaal leven. Het
promotieonderzoek, in combinatie met de opleiding tot ziekenhuisapotheker, het ‘zelf’
bouwen van een huis, en het krijgen van twee lieve zoons is op zijn minst uitdagend te
noemen. Jullie hebben me dan ook regelmatig gevraagd: ‘Hoe doe jij dat toch allemaal’?
Gelukkig heb ik nu het antwoord op de vraag: ‘Door mensen om je heen die je
onvoorwaardelijk steunen, begrip tonen en waarop je kunt terugvallen’. Ik hoop dat we
wat van de schade kunnen inhalen…. Dankjulliewel!
Jeannette, mijn peettante, 2e mama, en daarnaast ook collega. Wat ben ik blij dat jij mij al
heel vroeg in mijn leven de weg naar de ziekenhuisapotheek hebt getoond. Zo ben ik
enthousiast geworden voor dit mooie vak. Dankjewel voor al je interesse.
Hans en Marianne, wat een fijne schoonouders heb ik mogen treffen. Bij jullie voel ik me
echt thuis en ik ben blij dat we jullie zo dichtbij ons mogen hebben en zoveel gezellige
momenten samen beleven.
Winnie van ’t Geloof en Arthur Wasylewicz, ik ben heel erg blij en trots dat jullie mijn
paranimfen willen zijn en me tijdens de verdediging willen bijstaan. Beiden zijn jullie
begonnen als onderzoeksstagiaire en tevens (nog) beiden werkzaam in het Catharina
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ziekenhuis. Jullie hebben een groot gedeelte van het traject, zowel werkgerelateerd als
prive, van dichtbij mee gemaakt en weten daarom als geen ander wat het betekent om
dit te mogen gaan afronden. Beste Winnie, ik ben ontzettend blij dat de stage heeft
geleid tot een vriendschap. Je bent een geweldige leuke meid, waarbij ik gewoon mezelf
mag zijn. Onze fietstochten van en naar het werk waren voor mij het perfecte begin en
einde van de werkdag. Ik waardeer je kracht, enthousiasme en vrolijkheid en ben ervan
overtuigd dat deze je nog enorm ver gaan brengen. Beste Arthur, wat vind ik het gaaf
dat ook jij de kans krijgt het uitdagende traject van promotie en opleiding te mogen
combineren. Ik had me geen betere opvolger kunnen wensen! Daarnaast heb je me ook
nog enorm geholpen bij de dataverzameling en afronding van de laatste onderzoeken.
Je hulp was van onschatbare waarde.
Lieve papa en mama, wat heb ik ontzettend veel te danken aan jullie! Bedankt voor jullie
onvoorwaardelijke liefde en steun en de grote betrokkenheid bij alles wat ik doe. Dit
traject was echt niet mogelijk geweest zonder jullie, en dan doel ik niet alleen op de vele
oppasuurtjes op de kinderen. Ik ben zo ontzettend blij dat jullie me altijd zo gesteund
hebben en dat ik jullie zo dicht bij me mag hebben. We gaan gezellig weer eens vaker
op stap nu er wat meer tijd en ruimte gaat komen.
Allerliefste Rohan & Arwin, wat ik voor jullie voel kan ik amper beschrijven. Ik ben
dolgelukkig dat jullie ons leven hebben verrijkt. Dit gaf precies de goede reflectie en
afstand die ik nodig had en beschermde me op geheel natuurlijke wijze tegen ‘altijd nog
meer’. Jullie houden me met beide benen op de grond. En ook al hebben jullie nu nog
geen idee wat mama de afgelopen jaren heeft uitgespookt, later zullen jullie begrijpen
dat ook dit niet mogelijk zou zijn geweest zonder jullie liefde.
Allerliefste Jan, wat ben ik blij dat ik mijn leven met mijn maatje mag delen. Je begrijpt
me beter dan ik mezelf begrijp, maar gelukkig lijken we stiekem ook wel erg op elkaar.
Zonder jou en ons teamwork was het zeker niet mogelijk geweest om dit alles tot een
goed einde te brengen. De uitspraak ‘achter iedere succesvolle man staat een sterke
vrouw’, kan dan ook met recht worden omgedraaid. Dankjewel schat voor alle steun,
hulp, reflectie en ontspanning op z’n tijd. En nu wordt het tijd dat we alles weer eens
even op z’n plek laten vallen, uitkijkend naar de komst van ons derde ventje.

Dankwoord

Vele stagiaires heb ik mogen begeleiden en hebben me ondersteund met gezelligheid,
afleiding en hulp: Chantal Aalders, Loes van den Elzen, Esther Verlee-Paans, Frank van
Meijl, Marieke ten Katen, Maarten Loeffen, Thijs Altena, Charlotte Pieters, Xiao-Hui Chao,
Janneke van Tongeren, Edme Meuwese, Renate Schoenmakers, Janine van der Schaar,
Aziza Edderouzi, Jessica de Vries, Marloes Kokkelink, Renate van Uden, Lilian Hu, Hanneke
Meijer, Maartje Mathijsen, Marianne Verburg, Martine Vromen, Sjors Bloem, Nadia
Alhaidary, Laurent Pirson en Bram van den Heuvel: BEDANKT!
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