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Abstract

Background: Clinical decision support (CDS) for electronic prescribing systems (computerized physician order
entry) should help prescribers in the safe and rational use of medicines. However, the best ways to alert users to
unsafe or irrational prescribing are uncertain. Specifically, CDS systems may generate too many alerts, producing
unwelcome distractions for prescribers, or too few alerts running the risk of overlooking possible harms. Obtaining
the right balance of alerting to adequately improve patient safety should be a priority.

Methods: A workshop funded through the European Regional Development Fund was convened by the University
Hospitals Birmingham NHS Foundation Trust to assess current knowledge on alerts in CDS and to reach a
consensus on a future research agenda on this topic. Leading European researchers in CDS and alerts in electronic
prescribing systems were invited to the workshop.

Results: We identified important knowledge gaps and suggest research priorities including (1) the need to
determine the optimal sensitivity and specificity of alerts; (2) whether adaptation to the environment or
characteristics of the user may improve alerts; and (3) whether modifying the timing and number of alerts will lead
to improvements. We have also discussed the challenges and benefits of using naturalistic or experimental studies
in the evaluation of alerts and suggested appropriate outcome measures.

Conclusions: We have identified critical problems in CDS, which should help to guide priorities in research to
evaluate alerts. It is hoped that this will spark the next generation of novel research from which practical steps can
be taken to implement changes to CDS systems that will ultimately reduce alert fatigue and improve the design of
future systems.
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Background
Computerized physician order entry and clinical decision
support
Computerized physician (or provider) order entry (CPOE)
systems allow users to prescribe using a computer system,
reducing the risk of prescribing errors resulting from il-
legible handwriting or transcription errors. They have
also been shown to reduce medication errors and adverse
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drug reactions in hospitals [1-6], although large multi-
centred trials, which give ‘guidance in optimizing CPOE
implementations’ are lacking [7]. CPOE systems can have
integrated clinical decision support (CDS), which attempts
to improve clinicians’ decisions through guidance, alerts,
and reminders. These CDS systems draw on information
contained in supporting knowledge database(s), which
are often integrated with software algorithms that gen-
erate alerts during drug prescribing [8,9] and may also
address issues relevant for the administration process
[10]. In principle, clinicians support the idea of CDS
alerts in identifying and preventing erroneous or less
optimal prescribing [11-14].
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Alert specificity and sensitivity
In a CDS system, sensitivity is the ability of the system
to alert prescribers correctly when patients are at risk of
experiencing drug-induced harm, for example, from a
drug–drug interaction or drug allergy. The specificity of
the CDS system is a measure of its ability to distinguish
between events that put an individual at risk of harm
and non-events that will not: the more false positives,
the lower the specificity. Previous research has led to
the suggestion that safe alerting systems should have
high specificity and sensitivity, present clear informa-
tion, not unnecessarily disrupt workflow, and facilitate
safe and efficient handling of alerts [15]. Indeed, the
ideal alert should demonstrate the following character-
istics: provision of the right (correct) information, to
the right person, in the right CDS intervention format,
through the right channel, and at the right time in the
workflow [16]. These 'five rights' may be better achieved
when alerts are tailored and filtered to take into account
the characteristics of (1) the organizational unit and the
user, (2) the patient or case, and (3) the alert [17].

Knowledge of alert fatigue in CDS systems
CDS alerts have the potential to cause harm to patients by
occurring too frequently and thus producing distracting
‘noise’ in the system [11-14]. In most, if not all, systems a
large proportion of alerts generated by CDS is overridden
(i.e. clinician chooses to proceed without adjusting or can-
celling the prescription) [10,15,18,19]. This may be a
symptom of ‘alert fatigue’, the mental state resulting from
alerts consuming too much time and mental energy,
which may increase the chance that future alerts pertinent
to patient safety will be overridden [20-22] along with clin-
ically irrelevant ones [23]. In general terms, exposure to
frequent false alarms can desensitize users so that they
ignore and increasingly mistrust alarms [24].
Most of the focus on reducing override rates in CDS

systems considers strategies such as the customization
of third party providers’ sets of alerts [25-28], imple-
mentation of highly specific algorithms [18], and use of
tiered severity grading to stratify and reduce the number
of interruptive alerts [29,30]. Other suggested strategies to
counteract alert fatigue have included turning off fre-
quently overridden alerts and directing time-dependent
drug–drug interaction alerts to nurses [31,32]. A formal
framework to evaluate the appropriateness of alerts may
also prove useful [33].
Alert fatigue continues to plague and frustrate users

despite varying improvement strategies [34] and the
overall effect and generalizability of such strategies on
patient safety is unclear. Indeed, in many European
countries, hospital electronic prescribing systems are in
the embryonic stages, and vary widely in terms of their
use and how they are being both developed and
implemented. Therefore, the need for further research
in the use of alerts in CDS systems remains. To address
these issues, European experts on CDS attended a work-
shop in Birmingham, United Kingdom. Here, we describe
the agreed consensus from the workshop on the current
gaps in the research, the challenges of improving alerting
in CDS systems, and the issues that were as yet un-
answered. Recommendations are also provided for the
strategic direction of future research on CDS-based safety
alerts from a European perspective.

Methods
Researchers with a strong publication record in the field
of CDS were identified through literature searches and
were invited by email to attend a two-day workshop in
Birmingham, United Kingdom, in November 2011 on
“building research capacity in the study of alerts in CDS
systems”. The workshop was funded by the European
Regional Development Fund and organized by the Univer-
sity Hospitals Birmingham NHS Foundation Trust. No
ethical approval was required for this work. The objectives
of the workshop were (1) to identify key knowledge gaps
in the study of CDS-based alerting; (2) to identify research
priorities on CDS-based alerting; and (3) to identify re-
search methodologies to evaluate alerts.
Workshop participants (see online Additional file 1)

separated into smaller groups for directed discussions
after a general discussion of previous work on the nature
of alert fatigue in CPOE and in other industries. Re-
search questions to answer the objectives were discussed
in each smaller participants group (N=4–6 participants)
first, and then summarized in the plenum. All partici-
pants provided full consent for the recording of discus-
sions. Minutes from the discussions were transcribed
and circulated among the group for approval following
the workshop. The main themes highlighted and
discussed at the workshop were abstracted, and further
sub-themes identified. All participants were requested to
comment on various iterative drafts and their comments
are incorporated into this paper. The following report
reflects the discussions and recommendations of the
expert participants, with additional contributions from
an invitee who was unable to attend.

Results
Knowledge gaps in the study of alerts in CDS systems
The workshop participants identified knowledge gaps in
the study of alerts in CDS systems that require further
investigation (Table 1).

Important research priorities
The following four priorities for research on alerts in
CDS systems have been developed from the gaps in
knowledge identified in Table 1. As time was limited, the



Table 1 Identified knowledge gaps in the research on CDS alerts

Research gap Comments

1. Sensitivity and specificity of a CDS system It is unclear whether there is an ideal sensitivity and specificity of a CDS system or whether there is an
optimum number of alerts within a system.

2. Presentation and personalization of alerts The best strategies for contextualizing, presenting and filtering alerts for users are still uncertain.

3. Timing of alerts The appropriate point in the workflow process for alerting users needs to be determined.

4. Relevance of the outcome measures in
the study of alerts

Studies on effects of alerts often include surrogate markers instead of patient parameters as outcome
measures.

5. Measurement of the quality of alerts The criteria by which the quality of an alert is judged or whether an alert adds value to a system have
not been defined.

6. Design and firing of alerts/rules A systematic approach to the generation of alerts has never been explicitly described.

7. Legal issues The legal implications in the study of alert fatigue are yet to be established. This has been, however,
discussed in an American context [35], with particular emphasis on the liability implications of CDS with
drug–drug interactions [36,37].

8. Human factors and usability More investigation of the interaction between users and CDS systems is needed.
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workshop did not assign research priorities to all areas
where gaps in knowledge were identified.

Determine the optimum sensitivity and specificity of a CDS
system in practice
We agreed that the perfect CDS system would be both
100% sensitive and 100% specific. Indeed clinicians will
wish the overall sensitivity and specificity to be high; that
is, will wish to know all those patients who will in fact ex-
perience drug-induced harm, and none of those who will
suffer no harm (whether or not they are at risk). Current
systems tend to have high sensitivity but often the specifi-
city is low [38]. Sensitivities below 100% are risky and may
contribute to patient harm, especially for the most injuri-
ous events. If we strive for high sensitivity, we will inevit-
ably increase the number of alerts. Should we instead be
looking for better specificity?
It is important that the system is able to draw in add-

itional information from beyond the knowledge base – by
which we mean the collection of evidence-based informa-
tion about drugs and their interactions – to increase speci-
ficity, for example through the integration of individual
patient information such as laboratory values and co-
morbidities with information on medicines [39-42]. The
challenge is in ensuring that drug information is accurate,
comprehensive and up-to-date, whilst keeping the process
manageable in terms of expertise, time, and resources. One
solution may be the collaborative development and sharing
of knowledge bases between countries [9,43]. Indeed, na-
tional knowledge bases exist, such as the Dutch national
drug database (G-Standaard), which serves as a professional
standard for pharmacists in the Netherlands, and is the
standard from which all Dutch CPOE systems are based
[44]. Sharing of such knowledge bases may enable the
effective use of resources and harnessing of expertise.
However, recent findings suggest that systems can be

both sensitive and specific, or indeed lack both qualities
[45]. Furthermore, system quality may differ with regards
to different alert categories (e.g. overdose vs. drug–drug
interactions), and differences when alerting for medica-
tions only, as opposed to a combination of medication and
patient parameters [45,46]. Future studies involving rigor-
ous testing, alongside more in-depth analysis of system
design features leading to high sensitivity and specificity,
can be used to guide future CPOE system designs in order
to determine the optimum sensitivity and specificity in
the real world. By comparing differences in the design
of current systems, it may be possible to identify a gold
standard on which to base future CPOE systems.
Research from other industries may help guide discus-

sions on the appropriate balance between specificity and
sensitivity. A meta-analysis identified experimental studies
that compared human performance aided by imperfect
diagnostic automation with unaided human performance
detecting the same signals — when sensitivity of auto-
mated alerts fell below 70%, performance was worse than
in the absence of automation [47]. This is a rough estimate
(95% confidence interval = 56–84%), but it suggests that
automated systems require the sensitivity of alerts to be
over some minimum value if they are to be beneficial.
Indeed, this apparently counter-intuitive finding that poor
CDS is worse than no CDS emphasizes the dangers of
systems that miss important signals.
Determine whether personalization of alerts will reduce
alert fatigue
Certainly, the importance of applying human factors princi-
ples to matters such as placement, visibility, prioritization,
and colour in the design of CDS alerts is well established
[48-50]. Customization to the setting in which the system is
used (the ‘use environment’) could provide an opportunity
to eliminate inappropriate alerts and requires further evalu-
ation. For example, an interaction warning for excessive
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sedation by a benzodiazepine/opioid combination is rather
meaningless in anaesthetized patients. Hence, such alerts
would be suppressed in the “operating theatre” but not in
“general practice”.
Allowing individual users to personalize the interface

design of CDS alerts may also reduce alert fatigue. Indeed,
CDS system developers can learn a lot from smartphones,
which allow for the personalization of their user interface
(e.g. alter icon arrangement, font size, or background
colour). Most smartphone users enjoy the ability to modify
their devices in certain ways. Conversely, we agreed that
CDS alerts are often boring, difficult to see and under-
stand, and thus frustrating to users. In addition, we
discussed that CDS alerts often result in negative feeling
in users, for example, because their clinical decision mak-
ing has been criticized. Determining whether cosmetic
personalization improves usability and receptivity of CDS
alerts is important and should be investigated.
Personalization of alerts may not just be limited to the

user interface, but may be done in an automatic way
based upon a user’s familiarity with certain risk situa-
tions, training, and expertise. For example, frequent
users may require fewer alerts than those who rarely use
a system or a specific medicine. The development of
individualized alerts will require structured and system-
atic design to ensure that they are generated appropri-
ately for each patient. Allowing an individual prescriber
to have control over which alerts are switched on or off
may have some benefit, but could introduce the poten-
tial for error due to slips or lapses [51], particularly
when a clinician is busy or distracted. Determining
whether personalization in this way improves usability
and receptivity of CDS alerts is important.
Alerts are only valuable if they may change the patient’s

clinical management. Those that are irrelevant to clinical
management add to the alert burden without any clinical
benefit. Studies to identify and refine management deci-
sion support will be important.
Table 2 Potential outcome measures for the evaluation of ale

Suggested outcome measure Comments

Patient harm This entails identifying patient harms spe
establishing their relative importance.

Length of stay in hospital This measure has the benefit of being ea
prescribing.

Mortality Again, this measure has the benefit of be
quality of prescribing.

Quality measures The National Quality Forum in the USA h
medical decision making and a direct link

Measures of clinical improvement Some examples include decreased fever

Medication errors [53] It is difficult to identify and often to defin
establish the potential harm caused by th

Costs These may be an appropriate outcome m
minimize harm, not cost.
Determine whether appropriate timing of an alert within
the prescribing process will reduce alert fatigue
We agreed that ideally alerts should be displayed as early
as possible in the prescribing process, and if possible, there
should be no more than one alert for any prescription (by
which we mean, an order for a single item). So, for ex-
ample, if a situation exists that would strictly contraindi-
cate a prescription (such as a clinically relevant allergy
alert) users should be alerted before they have gone too far
down the prescribing path. However, there are difficulties
in a system set up to show only one alert for one drug
prescription. For example, the user may have to enter
all necessary information (e.g. dose, route, frequency
and duration) before an overarching CDS alert relevant
to all elements of the prescription is shown. Alerting the
user as early as possible and having complete information
that can be integrated into a single CDS alert are not easily
compatible. We discussed a hierarchy of agreed alerts, that
is, a grading such as (i) prescribing absolutely contraindi-
cated; (ii) prescribe but only if certain conditions are met;
and (iii) prescribe where benefit outweighs harm. Such
a hierarchy would mitigate this conflict, since an alert at
the highest level that interrupted the process could be
displayed as soon as it was first encountered. However,
this may be difficult to achieve in practice. Indeed, de-
pending on the user interface of the computerized system,
one alert per item may not be practicable. For example,
when prescriptions for multiple drug items can be entered
all together it could be difficult to determine which alert
should be selected with priority. New research should
focus on assessing the impact of the timing and number
of alerts generated during one drug prescription.

Determine the relevance of the outcome measures in
evaluating alerts
One of the main challenges in designing and evaluating
alerts is deciding on what outcome measure(s) should be
used. Here we suggest potential measures (Table 2).
rts in CDS

cific to the prescribing process that may be prevented by CDS; and then

sily measured, but depends on several factors other than the quality of

ing easily measured, but depends on several factors other than the

as developed quality measurements and test cases in order to capture
between decision process and quality of care [52].

and falling white cell count.

e actual medication errors and perhaps even more challenging to
ese errors.

easure, but the workshop’s view was that the primary aim of CDS is to
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Although several outcome measures exist, those that
are obviously relevant such as mortality, are unlikely, be-
cause of their rarity, to give a full or reliable picture of
the value of alerts; and those which are more common
are less obviously relevant. The correct balance needs to
be established. There is also a need for consistent defini-
tions of medication error and therapeutic harm [53] in
order to increase the comparability of studies [54].

Research methods to evaluate alerts
The appropriate research methods for evaluating alerts
depend on the research question being asked. Here we
consider methods that would be of potential use in
evaluating alerts in CDS and for addressing the priorities
for research identified during the workshop.

Expert opinion
Expert opinion has been previously used to try to evalu-
ate alerts and potentially improve the quality of alerting.
For example, groups of clinicians have been asked to
agree on which alerts could be turned off safely within a
hospital system [32] and to assess the value of alerts for
120 drug–drug interactions [55]. This method has also
been used to identify and refine high-severity drug–drug
interactions [56] and to identify low-priority drug–drug
interactions that do not require interruptive alerts [57].
These studies may provide information on some re-
search gaps, such as determining which outcome is most
relevant to the specific research question. An expert
panel could be used to examine a large number of pre-
scriptions and see what warnings appear. The panel
would select an outcome measure and explore how to
reduce the number of warnings, in order to design more
specific alert algorithms. A possible increase in alert
adherence could then be investigated.

Observational (naturalistic) studies
Naturalistic studies involve the careful observation and
recording of behaviours and events in their natural
setting and they can be very powerful when based on
strong theoretical foundations. Such studies have an im-
portant role in the study of alerts in CDS systems and
previously have been used to explore factors affecting
prescribing errors in hospitals [58]. A possibility for a
naturalistic study would be to implement CDS systems
in one geographical area or electronic health record sys-
tem and study the outcome compared with other areas
or groups where no system exists. Alternatively, an
evaluation of the outcomes pre- and post-introduction
of a CDS system in one setting may provide useful in-
formation on the effect of CDS alerts. Indeed, a recent
controlled trial demonstrated a reduction in the preva-
lence of potentially dangerous drug–drug interactions,
after implementation of a drug–drug interaction database
[59]. However, a given CDS system may produce different
responses in different healthcare settings [60].

Experimental studies
Experimental studies can allow for the manipulation and
testing of CDS alerts in a controlled environment. For
example, it would be possible to turn alerts on and off to
see the effect on override rates. This could be undertaken
in a safe setting that would not have any direct impact on
patient care or safety during the experiment. A previous
study found that the rates of prescribing errors fell signifi-
cantly when junior doctors were shown a modal alert – an
alert that requires users to interact with it before they can
return to the main interface – compared with a non-
modal alert [61]. There are few similar studies. They may
be the most practicable way to investigate the ideal level of
sensitivity and specificity, as well as determining the ef-
fects of the personalization of alerts for the user. However,
they may not take into account the effect of stressful
working environments on the user.

Comparing naturalistic and experimental study designs
Naturalistic studies have the advantage of providing a
real-life assessment of alerts and alert overrides. How-
ever, removing alerts and monitoring the effect may be
problematic and unethical. The effectiveness of such
studies is also dependent on having a suitable audit trail
and capturing the data reproducibly. Conversely, experi-
mental studies benefit from a controlled environment
with no ethical constraints. However, such studies may
not reflect real-life use of alerts accurately, as prescribers
could alter their use of a CPOE system when they are
being watched.

Challenges to implementing research methods
The value of the alert must in part be judged by the ac-
tions taken in response to it. This may, however, prove
challenging. There is, at present, no easy way to differen-
tiate between an informed decision to override an alert
and one that is ignored or missed, although this is a crit-
ical distinction. Some systems require a reason for over-
riding certain alerts – but this adds to the burden on the
end user, and only provides reliable feedback to the
system developers if the user provides the true reason
for overriding.
Both naturalistic and experimental approaches are valu-

able, but the sequencing of events within the study design
is important: the effectiveness of a naturalistic approach
depends on having a suitable audit trail and capturing the
data reproducibly. Randomization and masking in experi-
mental studies can be difficult in such circumstances [62].
There are also problems with screen capture designs, since
in naturalistic settings there are many actions to capture
successfully.
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It would also be beneficial to work with organizations
that are looking to implement CPOE/CDS and monitor
the steps to full implementation. Nonetheless, the chal-
lenge of how to measure the adverse outcomes prevented
or caused by a decision support system remains, and a
gold standard defined by an expert group is needed to
achieve such measurement. This standard could then be
used as a yardstick to judge the system. However, this may
only test the system and not the outcome.
An ‘ideal’ design for studies of alerts in CDS systems

may not exist. One of the approaches could be a purpose-
ful synthesis/integration of different studies leading to new
insights. However, one specific study design may provide
considerable insight into CDS alerts. This would be to set
up a safe environment where alerts that are always over-
ridden are removed from a CDS system. After the alerts
are removed, the system is then interrogated to see what
happens in terms of override rates and potential patient
outcomes. If supported by an expert panel who could
assess existing alerts and select those for removal, an itera-
tive prospective study may be valuable.

Discussion
Summary of findings
We have identified several research priorities including
(1) the need to determine the optimal sensitivity and
specificity of alerts; (2) whether adaptation to the envir-
onment or characteristics of the user may improve
alerts; and (3) whether modifying the timing and num-
ber of alerts improves alerts. We have also discussed the
challenges and benefits of using naturalistic or experi-
mental studies in the evaluation of alerts and suggested
appropriate outcome measures.
We recommend that the reduction of alert fatigue

may be possible through the integration of patient,
illness and medicine information, and through the
development of an alert hierarchy to generate at most
one clinically relevant alert per prescription. Ideally,
alerts will only be displayed when there is a true risk of
harm, but will always be displayed when such risks exist,
to the extent that it is desirable or necessary for the
user. Given that no practical system can achieve 100%
specificity and 100% sensitivity, the best balance needs
to be determined. We believe that specificity can be
increased without sacrificing sensitivity through the in-
tegration and linkage of solid knowledge bases and pa-
tient parameters, using well-tailored algorithms. Future
collaboration with researchers and practitioners from
other countries, such as the United States, where the
use of CDS systems is prominent, is also important.
However, this does mean that, even if conclusions can
be made about optimal alert generation, it may not be
possible to implement universal change within every
system in every hospital.
Strengths and limitations of the approach
This workshop successfully facilitated collaboration and
communication between researchers, which allowed for
the further refinement of research priorities and the
generation of future research ideas. Most discussion on
CDS has come from the United States [7,43]; here we
have identified and refined the knowledge gaps, particu-
larly relevant to the European market. Workshop partic-
ipants were experts in the use of CDS, with a wide
breadth of knowledge of and experience in using a var-
iety of locally-developed and commercial prescribing
systems. However, as a limitation, the majority of partici-
pants were academic researchers and we did not consult
other potentially relevant groups such as CDS vendors.
Time constraints also meant that not every knowledge
gap could be expanded upon during the workshop. Fur-
thermore, despite a varied representation of participants
from across Europe, this paper cannot, unfortunately,
provide a pan-European perspective on alerts in CDS.

Conclusions
The use of CDS systems within CPOE is increasing rap-
idly and is becoming an essential component of patient
care in many countries. Previous research has indicated
the need to eliminate alert fatigue, but this has yet to be
achieved in practice. Research should be undertaken to
determine whether the use of CDS alerts really improves
patient outcomes, using appropriate methodologies and
appropriate outcome measures. Strategies must be devel-
oped to reduce the burden of CDS alerts without com-
promising patient safety.

Additional file

Additional file 1: List of Workshop Participants, affiliated institution(s)
and expertise.

Competing interests
All authors have no conflict of interest to declare.

Authors’ contributions
All authors have (1) contributed to the concept of the paper; (2) drafted the
paper or revised it critically for important intellectual content; and (3) have
given their final approval of the submitted paper.

Acknowledgments
We thank Dr Paddie Murphy for her assistance in documenting the
discussions of the workshop.

Funding
Accommodation, travel, and workshop fees for the authors were provided
by the European Regional Development Fund (ERDF). The ERDF had no role
in the writing of the manuscript or in the decision to submit the manuscript
for publication
JJC, REF and SMcD received funding from the National Institute for Health
Research (NIHR) through the Collaborations for Leadership in Applied Health
Research and Care for Birmingham and Black Country (CLAHRC-BBC)
programme. JJC and AS have received funding from the NIHR programme
grant to investigate the implementation, adoption and effectiveness of

http://www.biomedcentral.com/content/supplementary/1472-6947-13-111-S1.docx


Coleman et al. BMC Medical Informatics and Decision Making 2013, 13:111 Page 7 of 8
http://www.biomedcentral.com/1472-6947/13/111
ePrescribing systems in English hospitals. The views expressed are those of
the authors and not necessarily those of the NHS, the NIHR or the
Department of Health.

Author details
1University Hospitals Birmingham NHS Foundation Trust, Queen Elizabeth
Hospital Birmingham, Mindelsohn Way, Edgbaston, Birmingham B15 2WB UK.
2College of Medical and Dental Sciences, University of Birmingham,
Birmingham B15 2SP UK. 3West Midlands Centre for Adverse Drug Reactions,
City Hospital, Dudley Road, Birmingham B18 7QH UK. 4Erasmus University
Medical Centre, Department of Hospital Pharmacy, PO Box 2040, 3000 CA
Rotterdam, Netherlands. 5Department of Clinical Pharmacology and
Pharmacoepidemiology, Cooperation Unit Clinical Pharmacy, University of
Heidelberg, Im Neuenheimer Feld 410, 69120 Heidelberg, Germany. 6School
of Medicine Pharmacy and Health, The University of Durham, Durham TS17
6BH UK. 7Division of General Internal Medicine, Brigham and Women’s
Hospital, Boston, MA 02120 USA. 8Harvard Medical School, Boston, MA 02115
USA. 9Department of Laboratory Medicine, Division of Clinical Pharmacology,
Karolinska Institutet, Karolinska University Hospital, Stockholm 14186 Sweden.
10Institute of Health Policy and Management, Erasmus University Rotterdam,
PO Box 1738, 3000 DR Rotterdam, The Netherlands. 11Institute of Health
Informatics, UMIT – University of Health Sciences, Medical Informatics and
Technology, Eduard Wallnöfer-Zentrum I, 6060 Hall in Tirol, Austria.

Received: 12 March 2013 Accepted: 25 September 2013
Published: 1 October 2013
References
1. Ammenwerth E, Schnell-Inderst P, Machan C, Siebert U: The effect of

electronic prescribing on medication errors and adverse drug events: a
systematic review. J Am Med Inform Assoc 2008, 15(5):585–600.

2. Hug BL, Witkowski DJ, Sox CM, Keohane CA, Seger DL, Yoon C, Matheny
ME, Bates DW: Adverse drug event rates in six community hospitals and
the potential impact of computerized physician order entry for
prevention. J Gen Intern Med 2010, 25(1):31–38.

3. Reckmann MH, Westbrook JI, Koh Y, Lo C, Day RO: Does computerized
provider order entry reduce prescribing errors for hospital inpatients? A
systematic review. J Am Med Inform Assoc 2009, 16(5):613–623.

4. Shamliyan TA, Duval S, Du J, Kane RL: Just what the doctor ordered.
Review of the evidence of the impact of computerized physician order
entry system on medication errors. Health Serv Res 2008, 43(1 Pt 1):32–53.

5. van Doormaal JE, van den Bemt PM, Zaal RJ, Egberts AC, Lenderink BW,
Kosterink JG, Haaijer-Ruskamp FM, Mol PG: The influence that electronic
prescribing has on medication errors and preventable adverse drug
events: an interrupted time-series study. J Am Med Inform Assoc 2009,
16(6):816–825.

6. Wolfstadt JI, Gurwitz JH, Field TS, Lee M, Kalkar S, Wu W, Rochon PA: The
effect of computerized physician order entry with clinical decision
support on the rates of adverse drug events: a systematic review. J Gen
Intern Med 2008, 23(4):451–458.

7. Mulherin DP, Zimmerman CR, Chaffee BW: National standards for
computerized prescriber order entry and clinical decision support: the
case of drug interactions. Am J Health Syst Pharm 2013, 70(1):59–64.

8. Eiermann B, Bastholm Rahmner P, Korkmaz S, Landberg C, Lilja B, Shemeikka
T, Veg A, Wettermark B, Gustafsson LL: Knowledge Bases for Clinical
Decision Support in Drug Prescribing – Development, Quality Assurance,
Management, Integration, Implementation and Evaluation of Clinical
Value. In Decision Support Systems. Edited by Jao CS. Crotia: InTech; 2010.

9. Böttiger Y, Laine K, Andersson ML, Korhonen T, Molin B, Ovesjö ML,
Tirkkonen T, Rane A, Gustafsson LL, Eiermann B: SFINX-a drug-drug
interaction database designed for clinical decision support systems.
Eur J Clin Pharmacol 2009, 65(6):627–633.

10. Quinzler R, Schmitt SP, Pritsch M, Kaltschmidt J, Haefeli WE: Substantial
reduction of inappropriate tablet splitting with computerised decision
support: a prospective intervention study assessing potential benefit
and harm. BMC Med Inform Decis Mak 2009, 9:30.

11. Ko Y, Abarca J, Malone DC, Dare DC, Geraets D, Houranieh A, Jones WN,
Nichol WP, Schepers GP, Wilhardt M: Practitioners' views on computerized
drug-drug interaction alerts in the VA system. J Am Med Inform Assoc
2007, 14(1):56–64.
12. Ammenwerth E, Jung M: Expectations and barriers versus cxCDSS-CPOE:
a European user survey. In Proceedings of the PSIP International Workshop,
Sofia, Bulgaria, 23 June 2011. Edited by Beuscart R, Tcharaktchiev D,
Angelova G. Shoumen: Incoma; 2011:49–52.

13. Lapane KL, Waring ME, Schneider KL, Dubé C, Quilliam BJ: A mixed method
study of the merits of e-prescribing drug alerts in primary care. J Gen
Intern Med 2008, 23(4):442–446.

14. Weingart SN, Simchowitz B, Shiman L, Brouillard D, Cyrulik A, Davis RB, Isaac
T, Massagli M, Morway L, Sands DZ, et al: Clinicians' assessments of
electronic medication safety alerts in ambulatory care. Arch Intern Med
2009, 169(17):1627–1632.

15. van der Sijs H, Aarts J, Vulto A, Berg M: Overriding of drug safety alerts in
computerized physician order entry. J Am Med Inform Assoc 2006,
13(2):138–147.

16. Osheroff JA: Improving Medication Use and Outcomes with Clinical Decision
Support: A Step-by-Step Guide. Chicago, IL: Health Information and
Management Systems Society; 2009.

17. Riedmann D, Jung M, Hackl WO, Stühlinger W, van der Sijs H, Ammenwerth
E: Development of a context model to prioritize drug safety alerts in
CPOE systems. BMC Med Inform Decis Mak 2011, 11:35.

18. Seidling HM, Schmitt SP, Bruckner T, Kaltschmidt J, Pruszydlo MG, Senger C,
Bertsche T, Walter-Sack I, Haefeli WE: Patient-specific electronic decision
support reduces prescription of excessive doses. Qual Saf Health Care
2010, 19(5):e15.

19. Weingart SN, Toth M, Sands DZ, Aronson MD, Davis RB, Phillips RS:
Physicians' decisions to override computerized drug alerts in primary
care. Arch Intern Med 2003, 163(21):2625–2631.

20. Ash JS, Sittig DF, Dykstra R, Campbell E, Guappone K: The unintended
consequences of computerized provider order entry: findings from a
mixed methods exploration. Int J Med Inform 2009, 78(Suppl 1):S69–S76.

21. Ash JS, Sittig DF, Poon EG, Guappone K, Campbell E, Dykstra RH: The extent
and importance of unintended consequences related to computerized
provider order entry. J Am Med Inform Assoc 2007, 14(4):415–423.

22. Isaac T, Weissman JS, Davis RB, Massagli M, Cyrulik A, Sands DZ, Weingart
SN: Overrides of medication alerts in ambulatory care. Arch Intern Med
2009, 169(3):305–311.

23. van der Sijs H: Drug Safety Alerting in Computerized Physician Order Entry -
Unraveling and Counteracting Alert Fatigue. Rotterdam: Erasmus University; 2009.

24. Getty DJ, Swets JA, Pickett RM, Gonthier D: System operator response to
warnings of danger: a laboratory investigation of the effects of the
predictive value of a warning on human response time. J Exp Psychol
Appl 1995, 1(1):19–33.

25. Del Beccaro M, Villanueva R, Knudson K, Harvey E, Langle J, Paul W:
Decision Support Alerts for Medication Ordering in a Computerized
Provider Order Entry (CPOE) System: a systematic approach to decrease
alerts. Appl Clin Inform 2010, 1:346–362.

26. Resetar E, Reichley RM, Noirot LA, Doherty JA, Dunagan WC, Bailey TC:
Strategies for reducing nuisance alerts in a dose checking application.
AMIA Annu Symp Proc 2005:624–628.

27. Resetar E, Reichley RM, Noirot LA, Dunagan WC, Bailey TC: Implementing
daily dosing rules using a commercial rule base. AMIA Annu Symp Proc
2006:1073.

28. Reichley RM, Seaton TL, Resetar E, Micek ST, Scott KL, Fraser VJ, Dunagan
WC, Bailey TC: Implementing a commercial rule base as a medication
order safety net. J Am Med Inform Assoc 2005, 12(4):383–389.

29. Paterno MD, Maviglia SM, Gorman PN, Seger DL, Yoshida E, Seger AC, Bates
DW, Gandhi TK: Tiering drug-drug interaction alerts by severity increases
compliance rates. J Am Med Inform Assoc 2009, 16(1):40–46.

30. Anton C, Nightingale PG, Adu D, Lipkin G, Ferner RE: Improving prescribing
using a rule based prescribing system. Qual Saf Health Care 2004,
13(3):186–190.

31. van der Sijs H, Lammers L, van den Tweel A, Aarts J, Berg M, Vulto A, van
Gelder T: Time-dependent drug-drug interaction alerts in care provider
order entry: software may inhibit medication error reductions. J Am Med
Inform Assoc 2009, 16(6):864–868.

32. van der Sijs H, Aarts J, van Gelder T, Berg M, Vulto A: Turning off frequently
overridden drug alerts: limited opportunities for doing it safely. J Am
Med Inform Assoc 2008, 15(4):439–448.

33. McCoy AB, Waitman LR, Lewis JB, Wright JA, Choma DP, Miller RA, Peterson
JF: A framework for evaluating the appropriateness of clinical decision
support alerts and responses. J Am Med Inform Assoc 2012, 19(3):346–352.



Coleman et al. BMC Medical Informatics and Decision Making 2013, 13:111 Page 8 of 8
http://www.biomedcentral.com/1472-6947/13/111
34. Perna G: Clinical alerts that cried wolf. As clinical alerts pose physician
workflow problems, healthcare IT leaders look for answers. Healthc
Inform 2012, 29(4):18, 20.

35. Kesselheim AS, Cresswell K, Phansalkar S, Bates DW, Sheikh A: Clinical
decision support systems could be modified to reduce 'alert fatigue'
while still minimizing the risk of litigation. Health Aff (Millwood) 2011,
30(12):2310–2317.

36. Hoffman S, Podgurski A: Drug-drug interaction alerts: emphasizing the
evidence. St Louis Univ J Health Law Pol 2012, 5:297–310.

37. Ridgely MS, Greenberg MD: Too many alerts, too much liability: sorting
through the malpractice implications of drug-drug interaction clinical
decision support. St Louis Univ J Health Law Pol 2012, 5:257–296.

38. Weingart SN, Simchowitz B, Padolsky H, Isaac T, Seger AC, Massagli M, Davis
RB, Weissman JS: An empirical model to estimate the potential impact of
medication safety alerts on patient safety, health care utilization, and
cost in ambulatory care. Arch Intern Med 2009, 169(16):1465–1473.

39. Troiano D, Jones MA, Smith AH, Chan RC, Laegeler AP, Le T, Flynn A,
Chaffee BW: The need for collaborative engagement in creating clinical
decision-support alerts. Am J Health Syst Pharm 2013, 70(2):150–153.

40. Coleman JJ, Nwulu U, Ferner RE: Decision support for sensible dosing in
electronic prescribing systems. J Clin Pharm Ther 2011, 37(4):415–419.

41. Ferner RE, Coleman JJ: An algorithm for integrating contraindications into
electronic prescribing decision support. Drug Saf 2010, 33(12):1089–1096.

42. Seidling HM, Storch CH, Bertsche T, Senger C, Kaltschmidt J, Walter-Sack I,
Haefeli WE: Successful strategy to improve the specificity of electronic
statin-drug interaction alerts. Eur J Clin Pharmacol 2009, 65(11):1149–1157.

43. Kawamoto K, Hongsermeier T, Wright A, Lewis J, Bell DS, Middleton B: Key
principles for a national clinical decision support knowledge sharing
framework: synthesis of insights from leading subject matter experts.
J Am Med Inform Assoc 2013, 20(1):199–207.

44. Aarts J, Koppel R: Implementation of computerized physician order entry
in seven countries. Health Aff (Millwood) 2009, 28(2):404–414.

45. van der Sijs H, Bouamar R, van Gelder T, Aarts J, Berg M, Vulto A:
Functionality test for drug safety alerting in computerized physician
order entry systems. Int J Med Inform 2010, 79(4):243–251.

46. van Doormaal JE, Rommers MK, Kosterink JGW, Teepe-Twiss IM, Haaijer-
Ruskamp FM, Mol PGM: Comparison of methods for identifying patients
at risk of medication-related harm. Qual Saf Health Care 2010, 19:1–5.

47. Wickens CD, Dixon SR: The benefits of imperfect diagnostic automation: a
synthesis of the literature. Theor Issues Ergon 2007, 8(3):201–212.

48. Russ AL, Zillich AJ, McManus MS, Doebbeling BN, Saleem JJ: A human
factors investigation of medication alerts: barriers to prescriber decision-
making and clinical workflow. AMIA Annu Symp Proc 2009, 2009:548–552.

49. Phansalkar S, Edworthy J, Hellier E, Seger DL, Schedlbauer A, Avery AJ, Bates
DW: A review of human factors principles for the design and
implementation of medication safety alerts in clinical information
systems. J Am Med Inform Assoc 2010, 17(5):493–501.

50. Zachariah M, Phansalkar S, Seidling HM, Neri PM, Cresswell KM, Duke J,
Bloomrosen M, Volk LA, Bates DW: Development and preliminary
evidence for the validity of an instrument assessing implementation of
human-factors principles in medication-related decision-support
systems–I-MeDeSA. J Am Med Inform Assoc 2011, 18(Suppl 1):i62–i72.

51. Reason J: Human Error. Cambridge, UK: Cambridge University Press; 1990.
52. Driving Quality and Performance Measurement—A Foundation for Clinical

Decision Support. A Consensus Report. [http://www.qualityforum.org/Publications/
2010/12/Driving_Quality_and_Performance_Measurement_-_A_Foundation_for_
Clinical_Decision_Support.aspx]

53. Ferner RE, Aronson JK: Clarification of terminology in medication errors:
definitions and classification. Drug Saf 2006, 29(11):1011–1022.

54. Lisby M, Nielsen LP, Brock B, Mainz J: How are medication errors defined?
A systematic literature review of definitions and characteristics. Int J Qual
Health Care 2010, 22(6):507–518.

55. Weingart SN, Seger AC, Feola N, Heffernan J, Schiff G, Isaac T: Electronic
drug interaction alerts in ambulatory care: the value and acceptance of
high-value alerts in US medical practices as assessed by an expert
clinical panel. Drug Saf 2011, 34(7):587–593.

56. Phansalkar S, Desai AA, Bell D, Yoshida E, Doole J, Czochanski M, Middleton
B, Bates DW: High-priority drug-drug interactions for use in electronic
health records. J Am Med Inform Assoc 2012, 19(5):735–743.

57. Phansalkar S, van der Sijs H, Tucker AD, Desai AA, Bell DS, Teich JM,
Middleton B, Bates DW: Drug-drug interactions that should be non-
interruptive in order to reduce alert fatigue in electronic health records.
J Am Med Inform Assoc 2013, 20(3):489–493.

58. Dean B, Schachter M, Vincent C, Barber N: Causes of prescribing errors in
hospital inpatients: a prospective study. Lancet 2002, 359(9315):1373–1378.

59. Andersson ML, Bottiger Y, Lindh JD, Wettermark B, Eiermann B: Impact of
the drug-drug interaction database SFINX on prevalence of potentially
serious drug-drug interactions in primary health care. Eur J Clin
Pharmacol 2013, 69(3):565–571.

60. Metzger J, Welebob E, Bates DW, Lipsitz S, Classen DC: Mixed results in the
safety performance of computerized physician order entry. Health Aff
(Millwood) 2010, 29(4):655–663.

61. Scott GP, Shah P, Wyatt JC, Makubate B, Cross FW: Making electronic
prescribing alerts more effective: scenario-based experimental study in
junior doctors. J Am Med Inform Assoc 2011, 18(6):789–798.

62. Chuang JH, Hripcsak G, Heitjan DF: Design and analysis of controlled trials
in naturally clustered environments: implications for medical informatics.
J Am Med Inform Assoc 2002, 9(3):230–238.

doi:10.1186/1472-6947-13-111
Cite this article as: Coleman et al.: On the alert: future priorities for
alerts in clinical decision support for computerized physician order
entry identified from a European workshop. BMC Medical Informatics and
Decision Making 2013 13:111.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://www.qualityforum.org/Publications/2010/12/Driving_Quality_and_Performance_Measurement_-_A_Foundation_for_Clinical_Decision_Support.aspx
http://www.qualityforum.org/Publications/2010/12/Driving_Quality_and_Performance_Measurement_-_A_Foundation_for_Clinical_Decision_Support.aspx
http://www.qualityforum.org/Publications/2010/12/Driving_Quality_and_Performance_Measurement_-_A_Foundation_for_Clinical_Decision_Support.aspx

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Computerized physician order entry and clinical decision support
	Alert specificity and sensitivity
	Knowledge of alert fatigue in CDS systems

	Methods
	Results
	Knowledge gaps in the study of alerts in CDS systems
	Important research priorities
	Determine the optimum sensitivity and specificity of a CDS system in practice
	Determine whether personalization of alerts will reduce alert fatigue
	Determine whether appropriate timing of an alert within the prescribing process will reduce alert fatigue
	Determine the relevance of the outcome measures in evaluating alerts

	Research methods to evaluate alerts
	Expert opinion
	Observational (naturalistic) studies
	Experimental studies
	Comparing naturalistic and experimental study designs
	Challenges to implementing research methods


	Discussion
	Summary of findings
	Strengths and limitations of the approach

	Conclusions
	Additional file
	Competing interests
	Authors’ contributions
	Funding
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


