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AIMS
The prevention of adverse drug events (ADEs) demands co-ordination of
different health care professionals. ADE scorecards are a novel approach to
raise the team awareness regarding ADE risks and causes. It makes
information on numbers and on possible causes of possible ADE cases
available to the clinical team. The aim of the study was to investigate the
usage and acceptance of ADE scorecards by healthcare professionals and
their impact on rates of possible ADEs.

METHODS
ADE scorecards were introduced in three departments of a French hospital.
A controlled time series analysis of ADE data was conducted to assess the
impact of the ADE scorecards. In addition, qualitative interviews and a
standardized survey with all participating staff members were performed.

RESULTS
Physicians, nurses and pharmacists found ADE scorecards effective to
increase medication safety and recommended future usage. The time-series
analysis did not show changes in rates of possible ADEs.

CONCLUSION
ADE scorecards appear to be useful to raise awareness of ADE-related
issues among professionals. Although the evaluation did not show
significant reductions of ADE rates, the participating physicians, nurses and
pharmacists believed that the ADE scorecards could contribute to
increased patient safety and to a reduction in ADE rates. Strategies need to
be designed to integrate ADE scorecards better into the clinical routine and
to increase the precision of ADE detection.

WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
Adverse drug events (ADEs) occur frequently
in all types of hospitals. Their prevention
demands careful co-ordination of different
professionals. Decision support tools
integrated into the medication management
cycle can improve medication safety, but
mainly target individual professionals.
Integrated team-oriented tools to increase
ADE awareness and to increase medication
safety are still rare.

WHAT THIS STUDY ADDS
ADE scorecards automatically identify and
present cases of possible ADEs in a given
department. A clinical study has shown that
ADE scorecards are useful to raise awareness
of ADE-related issues among professionals
and that professionals appreciate their
potential to contribute to medication safety.
However, an impact of ADE scorecards on
rates of possible ADEs has not yet been
shown.
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Introduction

Adverse drug events (ADEs) are an important challenge for
health care worldwide [1]. An ADE is defined as ‘any injury
occurring during the patient’s drug therapy and resulting
either from appropriate care, or from unsuitable or subop-
timal care’ [2]. At least 25% of ADEs are related to medica-
tion errors and are thus preventable [3].

The medication cycle in hospitals covers several inter-
related steps including prescribing, communicating, dis-
pensing, administering and monitoring [4]. It is a highly
distributed process in which information has to be passed
along to different professionals such as physicians, phar-
macists and nurses [5,6] as well as to the patient [7],with all
steps requiring careful co-ordination [8]. Medication safety,
defined as ‘freedom from accidental injury during the
course of medication use’ [2], can thus be seen as a team
task, as all professionals need a‘common ground’of knowl-
edge and representation [9], or ‘team situation awareness’
[10]. Several approaches to prevent ADEs have been
described, including organizational [11] and technical
interventions such as computerized physician order entry
(CPOE) systems with decision support [12]. CPOE systems
can issue ADE-related alerts through active monitoring
procedures [13, 14]. However, the impact of CPOE systems
on ADE rates has been found to be limited [15–17].

A novel approach to prevent ADEs is to make the team
aware of ADE risks and their underlying causes, thus raising
their ‘team ADE awareness’ [18]. Other approaches, such as
CPOE systems, do not support this very well, as their alerts
normally target only one professional. We attempted to
increase ‘team ADE awareness’ by making automatically
derived information on the number and on the possible
causes of recent possible ADE cases available to the entire
team [19] using a tool called ADE scorecards [20].

Scorecards have long been used in the economic sci-
ences and in various areas of industry to support strategic
management decisions. Key data from domains of interest
are collected, aggregated and presented to the decision
maker to allow a comprehensive view on the subject of
interest [21].

The ADE scorecards were developed within the Euro-
pean Union project ‘Patient Safety through Intelligent Pro-
cedures in Medication’ (PSIP) [22, 23]. The project aimed,
among other things, at automatically identifying and
reducing preventable ADEs, characterized according to the
National Council for Medication Error Reporting and Pre-
vention (NCCMERP) [24] as ‘monitoring errors’, mostly ‘inad-
equate monitoring of clinical/lab parameters’. As part of a
first clinical study, the ADE scorecards were introduced into
a French hospital. A public version of the tool is available
on the web for demonstration [25].

The aims of this study were 1) to investigate the usage
and acceptance of ADE scorecards by the involved health
care professionals and 2) to investigate the impact of ADE
scorecards on rates of possible ADEs.

Methods

Clinical setting
The study took place in Denain General Hospital, a 416-
bed hospital situated in northern France. This hospital
is equipped with a comprehensive clinical information
system (DxCare®), which includes an electronic medical
record (EMR) and a CPOE to facilitate the computerized
ordering of drugs, imaging and laboratory tests.

ADE scorecards
Design and objective The ADE scorecards tool was devel-
oped following a user-centred design strategy [26]. Repre-
sentatives of end-users were involved in the design
process from the beginning in an iterative design evalua-
tion process [27, 28].

The ADE scorecards aimed to provide health care pro-
fessionals (e.g. physicians, nurses, pharmacists, quality
managers) with detailed information about ADE cases sus-
pected of having previously occurred in their department.
The motivation for using ADE scorecards was to make the
team aware of possible ADE cases and to learn how to
avoid such ADEs in the future.

Generation of ADE data for ADE scorecards The ADE data
presented in the ADE scorecards were generated by
applying pre-defined rules to patient data. These rules
were developed in the PISP project using the following
approach:

First, a common data model containing 92 data fields
describing supposed ADE-related information items (e.g.
demographic data, admission and discharge data, diagno-
ses, drug administrations, medical procedures, laboratory
results,etc.) was developed [29].All data were standardized
using ICD-10 [30] for diagnoses, ATC [31] for drugs and
C-NPU classification (IUPAC, [32]) for laboratory results.This
data model represents a ‘minimal ADE detection dataset’.

In a second step, clinical data from 130 700 inpatient
stays from the hospital in Denain and other PSIP partner
hospitals were imported into the data model. The follow-
ing data mining steps were then conducted [19]:

1 Aggregation and transformation of the data into time-
related events with start and stop dates (e.g. the 18 000
ICD 10 codes were aggregated to 48 categories of
chronic diseases, the 5400 ATC codes were aggregated
into 250 drug categories).

2 Classification of the events as either ‘potential cause of
ADE’ (e.g. administration of a drug) or ‘potential outcome
of ADE’ (e.g. abnormal laboratory value or antidote
administration).

3 Automatic calculation of statistical associations between
causes and outcomes (e.g. ‘age >70 years and potassium
sparing diuretic ⇒ hyperkalaemia’) using decision trees
and association rules [19, 33].
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4 Filtering of associations: only associations containing
drugs in their list of potential causes were kept and vali-
dated against scientific knowledge by a group of experts
(pharmacologists, pharmacists and physicians).

As a result, data mining resulted in 236 validated rules to
detect automatically 27 classes of possible ADEs and their
causes. While the approach was able to detect various
kinds of possible ADEs, it was particularly optimized to
detect hyperkalaemia, vitamin K antagonist (VKA) over-
dose, renal failure and anaemia. These ADE classes repre-
sented frequently occurring ADEs in the involved
departments and were selected based on the preferences
of the participating departments (Table 1).

The rules used in the ADE scorecards consist of a set of
conditions that lead to an effect. The conditions can be
related to demographic characteristics (such as age and
gender), drug administrations and drug discontinuations,
laboratory results or diagnoses. The rules do not take into
account drug dosing and route of administration. Details
of the rules can be found in [19] and [20].

ADE scorecards were generated based on these 236
ADE detection rules. Patient data were imported into the
data model and the rules were applied to these data to
detect possible ADEs. These possible ADEs are not neces-
sarily actual ADEs and need to be confirmed by an expert
review.

To assess the positive predictive value of the ADE
detection rules, a sample of 24 753 patient records was
imported into the data model and 997 possible ADEs (= 4%
of all hospitalizations) were detected by the ADE score-
cards, including 507 cases of possible drug-associated
hyperkalaemia. A manual expert review confirmed that
271 of these hyperkalaemia cases were in fact actual ADEs.
The positive predictive value of the ADE scorecards in this
sub-study was found to be 53.5%, the sensitivity was 95.1%
and the specificity 52% [19]. This was found sufficient for
further clinical evaluation.

User interface of the ADE scorecards The ADE scorecards
provide users with web-based, password-restricted
access to the following ADE data concerning their own
department:

1 ‘Synthesis’ (Figure 1): First page that presents classes of
possible ADEs that occurred in a department and
number of related cases per month. From this page, users
can select an ADE class of interest (part 3) for which
‘detailed statistics’ will be generated.

2 ‘Detailed statistics’ (Figure 2) displays:
a. characteristics of the patients for whom the given ADE

class occurred
b. conditions (causes) that lead to the given ADE class

and information on available evidence (e.g. literature)
c. different statistical measures (confidence, which is the

probability of the outcome once the causes are met,
and median delay of the outcome after occurrence of
the causes)

It is possible to select the patients for whom a possible ADE
has been detected:

3 ‘Case review facility’ (Figure 3) contains a patient record
synthesis, presenting details of the inpatient stays that
were affected by a possible ADE (such as demographic
information, diagnoses, procedures, medications, labora-
tory results and important free-text documents).

Study design
The evaluation questions were:

1 Are the ADE scorecards used and accepted by the differ-
ent user groups?

2 Do the ADE scorecards have an effect on rates of possible
ADEs in a given department?

Table 1
Departments and practitioners participating in the ADE scorecard study (numbers from July 2010)

Department
Involved health care
professionals

Number of beds
(number of patients/year)

Outcomes of special interest
(defined by department head physician)

Study Department A (Cardiology and Gastroenterology) 2 physicians,
1 head nurse,
3 nurses

25 (1,340) Hyperkalaemia
Renal failure
Vitamin K antagonist overdose

Study Department B (Internal Medicine and Infectious Diseases) 1 physician,
1 head nurse,
2 nurses

25 (800) All

Study Department C (Acute Geriatric Care ) 1 physician,
1 head nurse,
1 nurse

10 (390) All (especially interested in renal failure)

Control Department D (Surgery) No use of ADE scorecards 56 (1,500) –

Control Department E (Pulmonology) No use of ADE scorecards 30 (880) –
Pharmacy 2 pharmacists n.a. (5,000) All

W. O. Hackl et al.
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The study was designed as a quasi-experimental field
study using an interrupted time series design with
control group to assess the impact of the ADE scorecards
on ADE rates. The targeted outcome measure was
monthly rates of possible ADEs. In addition, log files,
qualitative interviews and a standardized survey were
conducted.

Participants and study flow
Five medical units of the Denain Hospital where sufficient
structured clinical EHR data to match the PSIP data model
were available were eligible for the study. Those already
involved in the PSIP project (cardiology/gastroenterology,
internal medicine/infectious diseases and the acute geriat-
ric care departments) were chosen as study wards and

their head physicians were asked for consent. In these
study wards, ADE scorecards were implemented and phy-
sicians and (head) nurses were invited to participate. The
two remaining wards (surgery and the respiratory depart-
ments) were chosen as control wards without implemen-
tation of ADE scorecards.

In the study wards, ADE scorecards were made avail-
able via Intranet to physicians, (head) nurses and hospital
pharmacists (Table 1). While physicians and nurses had
access only to their own unit, pharmacists had access to
ADE scorecards for all study wards.

The users were encouraged to consult at least those
ADEs defined by the head physician (c.f. Table 1). At the
beginning of the study in July 2010, scorecards contained
ADE information for the first 4 months of 2010 and for all of

Figure 1
ADE scorecards‘Synthesis’page. It provides an overview of detected possible ADEs in a department.Part 1 displays the number of detected ADEs per month.
Part 2 is the graphical presentation of this information. Part 3 allows the generation of detailed statistics for selected ADE classes
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2009, 2008 and 2007. The ADE information was then
updated about every 2 months.

To ensure that users would regularly look at the ADE
scorecards, meetings were organized at regular intervals in
which the ADE scorecards were presented and discussed.
The evaluation team, composed of ergonomists and phy-
sicians, animated these meetings. In total, there were 21
meetings: three rounds of meetings for physicians in each
study ward, three for pharmacists and three for nurses in
each of the study departments.

Methods for data acquisition and
data analysis
To assess usage of ADE scorecards, log files recording all
activities on the ADE scorecards were analyzed regarding

time, user, department and accessed ADE scorecard.Due to
technical changes, the recording of the log files ended in
March 2011.

To assess user acceptance, interviews and a survey were
conducted. The semi-structured interviews with all user
groups were conducted as part of the presentation meet-
ings described above to discuss experienced benefit and
future intention to use. These interviews were audio-
recorded and analyzed using qualitative and quantitative
content analysis [34]. This analysis developed categories
for the topics addressed in the interviews: experienced
benefit and future intention to use. In addition, at the end
of June 2011,after nearly 1 year of use,a standardized short
survey comprising 15 items was distributed to all users.
This survey was pre-tested but not formally validated.

Figure 2
ADE scorecards ‘Detailed statistics’ page for hyperkalaemia. It provides details for an ADE class. Part 1 displays characteristics of the patients presenting with
this ADE. Part 2 presents graphically the number of the selected ADEs that appeared per month (left) and their delay of appearance (right). Part 3 contains
the conditions (patients’ conditions, administered drugs) potentially leading to the selected possible ADE, with the number of identified cases, the statistical
confidence of the rule and the median delay of appearance of the ADE. Supplementary information (description of the underlying rules, including scientific
explanations, references and advice) are provided in part 4

W. O. Hackl et al.
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Users were asked to give their summarizing opinion on the
ADE scorecards after they had used them for 1 year.
Descriptive statistics were used to evaluate this survey.

To assess changes in ADE rates, the available ADE
numbers from January 2007 to March 2012 were exported
from the ADE scorecards using an open source business
intelligence and reporting platform (BIRT) [35]. First, a
simple comparison of ADE numbers and ratios in equal
intervals of 15 months pre- (April 2009–June 2010)
and post-intervention (July 2010–September 2012) was
performed.

To assess the longitudinal impact of the intervention
‘ADE scorecards introduction’ on ADE rates, segmented
regression analysis according to [36] was performed using
SPSS® version 17.The analyses took into account the base-
line levels of the ADE rates at the start of the observation
and tested for changes in the level of ADE rates directly
after the introduction of ADE scorecards as well as for
changes in slope of the ADE rates from pre- to post-
introduction of the ADE scorecards.The analyses were per-
formed for each single department and for a comparison
of study and control wards.To test the time series for serial

autocorrelation, the Durbin–Watson statistic was used. Sta-
tistical significance was defined as P < 0.05 for all tests.

Results

ADE scorecards usage
Between July 2010 and the end of March 2011, 441 con-
nections to the ADE scorecards were recorded and 405
inpatient stays were accessed via the ‘Expert Explorer’ (cf.
Table 2).

Overall, users in the different units looked at the same
kinds of ADEs. Among the six top assessed ADE scorecards,
the three which were considered to be ‘of special interest’
by the Department A chief physician were most frequently
accessed (c.f. Table 2).

Every professional group used the ADE scorecards, but
pharmacists looked at the ADE scorecards more than other
professionals.While the physicians in Department C and in
Department A accessed the ADE scorecards numerous
times, the involved Department B physician accessed
these only once.

Figure 3
ADE scorecards ‘Case review facility’ page. It displays detailed information for a patient where a possible ADE was found. In this case, the patient had renal
failure and received high molecular weight heparin, which caused hyperkalaemia. Part 1 represents the medication time line of the patient, part 2 the
development of laboratory parameters of interest and part 3 diagnoses and other characteristics of interest
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User acceptance, experienced benefit and
future intention to use
Among the 15 healthcare professionals involved, 13 were
interviewed during the first two presentation meetings
and 11 answered every topic tackled.

Experienced benefit Three major categories of experi-
enced benefits were present in the interviews: 1. ADE
scorecards as learning and supporting tool; 2. usefulness of
information presented by ADE scorecards; 3. ADE score-
cards as an inter-professional dialogue-supporting tool.

First category: All 11 participants found the informa-
tion presented by the ADE scorecards useful to learn and
to improve work: ‘to have feedback on the practice’ and ‘to
avoid the recurrence of an ADE’ (pharmacist),‘to get informa-
tion’ (Department B nurse), ‘to change bad habits’ (Depart-
ment A physician), like a ‘refresher course’ (Department A
nurse). For example, before the ADE scorecards, some
nurses seemed not to be aware that antibiotics increased
the effect of VKAs on the International Normalized Ratio
(INR). Some participants mentioned that such a tool could
also train students: ‘very interesting for medical students’
(Department A physician).

Second category: Almost all physicians (except one)
and all pharmacists stated that ADE scorecards presented
new and valuable information: ‘There are things [in the ADE
scorecards] we see every day, [but that] we don’t even notice’
(Department A physician);‘There are very interesting things:
some medications are given easily and are not always moni-
tored’ (Department C nurse).

Third category: ADE scorecards were also seen as an
inter-professional dialogue-supporting tool. On several
occasions, pharmacists and physicians discussed the
opportunity of using alternative medications. For instance,
a pharmacist and physicians (Department A) discussed
the justification of medications detected as causing
hyperkalaemia. Also, discussions between nurses and phy-
sicians were reported that were triggered by information
from the ADE scorecards. ADE scorecards were perceived

as supporting decision-making: ‘to change practices’ by
‘support[ing] the physicians’ decisions’ (Department B
nurse), ‘[to] support the therapeutic decision’ (Department A
physician).

The following two clinical situations show how ADE
scorecards helped to teach and to optimize drug manage-
ment, contributing to prevent iatrogenic risks that may
lead to extended hospitalizations:

1 One pharmacist became more aware of the risk of INR
increase when giving paracetamol (acetaminophen) to
patients already being treated with VKAs. In France, ace-
tylsalicylic acid is contraindicated for patients receiving
VKAs and paracetamol is often chosen as an alternative.
Paracetamol, however, may also increase the activity of
VKAs due to a specific hepatic enzyme inhibition. Using
information from the ADE scorecards, the pharmacist
became more vigilant and now recommends, after a
delay depending on the type of VKA used, checking INR
values in cases where physicians prescribe paracetamol
in high dosages to patients being treated with VKAs.The
pharmacist felt that this reduced the risk of haemorrhage
for these patients.

2 A physician from Geriatrics reported on situations where
an antibacterial therapy is associated with proton pump
inhibitors (PPI) for patients with renal insufficiency. In
these cases, ADE scorecard information made the physi-
cians aware that the association of antibacterial therapy
with a PPI may have an impact on renal function. There-
fore, renal function is now more closely monitored.

Future intention to use All 11 interviewees expressed their
intention to use the ADE scorecards if they were integrated
into an ADE prevention approach. Ten out of 11 partici-
pants were convinced that ADE scorecards could help
them to prevent the appearance of ADEs. One participant
(Department B physician) thought that ‘retrospective data
are not useful’ to prevent ADEs.This physician would prefer

Table 2
Number of times the ADE scorecards were accessed from the start of the intervention in July 2010 to 31 March 2011.The ADE classes marked in red are those
considered ‘of special interest’ (c.f. Table 1)

Department A Department B Department C Pharmacy
Nurses Physicians Nurses Physicians Nurses Physicians Pharmacists Sum

Hyperkalaemia 16 16 11 0 8 14 21 86
VKA overdose (INR > 4.9) 10 8 4 0 2 5 27 56

Renal failure 2 5 5 1 3 11 25 52
Anaemia 6 5 7 0 6 7 12 43

Hyponatraemia 0 0 0 0 2 3 29 34
Bacterial infection 2 1 2 0 0 4 16 25

Other ADE classes 12 21 16 0 9 26 61 145
Total 48 56 45 1 30 70 191 441

Accessed details of patient stays 15 26 12 9 40 133 170 405

W. O. Hackl et al.
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getting information through a decision support system
integrated into the CPOE.

Users’ opinions on ADE scorecards after
1 year of use
Twelve respondents (four physicians, two pharmacists,
three nurses and three head nurses) answered the stand-
ardized survey (Figure 4). All respondents believed that
ADE scorecards were a useful tool to learn about ADEs that
occurred in their department and that ADE scorecards had
the capacity to improve patient safety. All responding
users would recommend using the ADE scorecards to their
colleagues and all physicians believed that the use of the
ADE scorecards influenced their prescriptions.

Impact on rates of possible ADEs
ADE rates in all departments Overall, ADE scorecards
detected 3586 ADE cases in 20 983 patient stays in all
observed departments (study and control) between
January 2007 and the end of March 2012. From the 27

classes of ADEs detectable by PSIP [37], 24 were detected
in the involved departments.

The simple comparison of ADE numbers and rates 15
months before and 15 months after implementation of the
ADE scorecards showed that the ratio of possible ADEs
detected by the ADE scorecards ranged from 78 to 305 per
1000 inpatient stays (Table 3).

ADE rates of selected ADE classes Results of segmented
regression analysis comparing the pre- and post-period in
each department and comparing study departments vs.
control departments up to September 2011 for the top
four accessed ADE classes and for all ADE classes
together, taking into account baseline ADE trends in all
departments, showed no significant changes in ADE rates
after the introduction of the ADE scorecards. No serial
autocorrelation was found (Durbin–Watson test). As
examples, the developments in possible ADE rates are
presented for hyperkalaemia (Figure 5) and for renal
failure (Figure 6).

1: I would recommend using ADE scorecards to my colleagues.

2. I believe that ADE scorecards influence my prescribing
decisions.

3. I think that I would like to use the ADE scorecards frequently.

4. ADE scorecards are essentially meaningless, a waste of time.

5. I believe that ADE scorecards have the capacity to improve
patient safety.

6. I would imagine that most people would learn to use the
ADE scorecards very quickly.

7. Using ADE scorecards costs me too much time.

8. I believe that ADE scorecards may reduce ADEs.

9. I find ADE scorecards a useful tool to learn about ADEs which
occurred in our department.

10. I believe that ADE scorecards only provide me with
information that I already know.

11. I believe that ADE scorecards help me to better understand
which causes lead to ADEs.

12. ADE scorecards have supported the collabration between
the different professional groups involed in patient care
(physicians, nurses and pharmacists).

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

41.7% 33.3% 8.3% 16.7%

8.3%41.7%50.0%

83.3% 16.7%

25.0%75.0%

66.7% 33.3%

16.7%

16.7%

50.0%

50.0%

50.0%

50.0%

41.7%41.7%

25.0% 58.3%

25.0%41.7%33.3%

75.0%16.7%8.3%

41.7% 58.3%

Figure 4
Results of user survey after 1 year of usage (n = 12). , agree; , partly agree; , partly disagree; , disagree; , no statement
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Discussion

Answers to study questions
The participating physicians, nurses and pharmacists used
the ADE scorecards repeatedly. Whereas the pharmacists
consulted the scorecards for almost all ADE classes, the
physicians and the nurses focused on certain ADE classes.
In study department B, the participating physician used
the scorecards only once. He expressed that he would
prefer active clinical decision support functionality during
the prescription.

All interviewed participants considered the ADE score-
cards to be useful to support decision-making and they
expressed their intention to use the ADE scorecards as part
of an ADE prevention approach. In the survey conducted
after 1 year of use, all respondents stated that they would

recommend using the ADE scorecards to their colleagues.
With the exception of one physician, the involved health
care professionals were convinced that ADE scorecards
could contribute to increased medication safety.

The controlled time series analysis of the top
four accessed ADE classes from January 2009 to
September 2011 did not show significant changes in
rates of possible ADEs. Thus, neither a reductive nor a
magnifying effect of the ADE scorecard implementation
could be found.

Strengths and weaknesses
To our knowledge, this is the first time in the literature that
the impact of the presentation of department-specific ADE
statistics, including access to related clinical data of
affected patients, has been evaluated and reported.

Table 3
Comparison of possible ADEs 15 months pre-intervention (April 2009–June 2010) and 15 months post-intervention (July 2010–September 2011) in
each department

Number of inpatient stays (n)
Detected cases of
possible ADE (n)

Detected ADE cases
per 1000 inpatient stays

Pre/Post Pre/Post Pre/Post

Study Department A (Cardiology and Gastroenterology) Pre 1675 Pre 365 Pre 218
Post 1707 Post 294 Post 172

Study Department B (Internal Medicine and Infectious Diseases) Pre 1282 Pre 370 Pre 289
Post 1277 Post 366 Post 287

Study Department C (Acute Geriatric Care) Pre 452 Pre 138 Pre:305
Post 490 Post 121 Post:247

Control Department D (Surgery) Pre 1478 Pre 115 Pre:78
Post 2258 Post 192 Post:85

Control Department E (Pulmonology) Pre 1122 Pre 231 Pre: 21
Post 1052 Post 249 Post 24
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Figure 5
Percentage of patients for whom ADE scorecards detected hyperkalaemia. Time series January 2007–March 2012: control vs. study departments. Start and
end of PSIP project are also indicated. , control wards; , study wards
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This study was designed as a field study and involved
different professional groups. All participants volunteered
to take part. This possible selection bias may have led to a
more positive attitude in the interviews and surveys. Not
all physicians and nurses from the study wards partici-
pated, which may have led to an underestimation of the
possible effects of the ADE scorecards.

Another source of bias was the role of the pharmacists.
As the pharmacists were responsible for checking the pre-
scriptions and for giving feedback to prescribers in the
entire hospital (including the control wards), it seems pos-
sible that a ‘wash-over effect’ diluted the potential effect of
the ADE scorecards on preventing ADEs.

Rates of possible ADEs were analyzed over a period of 4
years, which is quite a long period of time. The ADEs were
detected using validated rules derived from data mining of
patient chart information. These rules were validated
beforehand and showed a positive predictive value of
around 50% in a sub-study. This means that around half of
the cases presented to the users may not be real ADE cases
(for example, anaemia caused by the underlying disease
and not by drug management). This may explain the rela-
tively low uptake of the ADE scorecards.For future usage of
ADE scorecards, the positive predictive value of the rules
needs to be further increased.

As a randomized controlled trial was not possible due to
organizational reasons, we chose the strongest quasi-
experimental approach for evaluating longitudinal effects
of interventions, the interrupted time series design [36].We
further strengthened this by involving a control group. We
took into account the heterogeneity of the involved depart-
ments by first comparing pre- and post-intervention
periods for each department and then by comparing study
departments with control departments.For these compari-

sons,the baseline levels of ADE rates in the different depart-
ments were also included as parameters in the regression
models.Moreover,we conducted interviews and surveys to
gather additional information about the effect of the ADE
scorecards.

Due to the nature of the chosen study design and the
limited number of available wards,study wards and control
wards were not fully comparable. The rates of detected
possible ADEs in the study departments were significantly
higher than in the control departments (Figures 5 and 6). In
addition, the population of treated patients in the involved
wards, especially in surgery, differs. However, alternatives
for selecting wards that were more comparable were not
available. The time series analysis showed that, despite
these heterogeneities, the general trends in possible ADE
rates were comparable in all departments.

The data show that the possible ADE rates for some
ADE classes declined in both study and control wards
long before the introduction of the ADE scorecards (c.f.
Figures 5 and 6). Several explanations are possible here,
such as changes in clinical work flow. Another explanation
is the PSIP project that started in November 2008. Several
clinicians and pharmacists in the hospital of Denain par-
ticipated in developing the ADE scorecards in 2009 and
2010, and meetings and surveys with clinicians and man-
agers were conducted on ADE-related issues. Even if they
did not see information on ADE rates and causes in their
own medical units during this time, their awareness of the
ADE issue may have been increased before the actual
beginning of the study.This could also have contributed to
the continuous reduction of the ADE rate. This shows that
ADE reduction is a complex process, where many factors
can contribute. ADE scorecards need to be integrated in
such an overall ADE reduction initiative.
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Figure 6
Percentage of patients for whom ADE scorecards detected renal failure.Time series January /2007–March 2012: control vs. study departments. Start and end
of PSIP project are also indicated. , control wards; , study wards
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Results in relation to other studies
Different approaches to detect ADEs and adverse drug
reactions in hospitals exist, including spontaneous report-
ing of ADE cases by clinicians, detection of ADEs by
trained observers (usually based on chart review), or
automatic detection of ADEs by computer-assisted analy-
sis of clinical data [38]. ADE scorecards are an example for
the computerized detection of ADEs. Comparable with
other approaches such as automatic laboratory signalling
[39, 40], ADE scorecards use structured clinical informa-
tion and pre-defined rules to detect possible cases of
ADEs.

The uniqueness of the ADE scorecard lies in several
aspects: Firstly, the rules used are derived from a data
mining process using retrospective clinical data of the
participating department. They are thus specifically tai-
lored to each department. In addition, this statistical
contextualization enables automated alert filtering based
on statistics, which in turn enables decreased overalerting.
Secondly, the rules consist of a set of conditions that may
lead to an ADE, with those conditions not only including
drug administrations, but also demographic characteris-
tics, laboratory values, specific procedures considered
equivalent to drug administrations and diagnoses. In addi-
tion, the rules take into account the effects of drug discon-
tinuation. They do not, however, take into account drug
dose or route. Thirdly, and maybe most importantly, ADE
scorecards support a team awareness approach to drug
safety. They do not address the individual physician at the
time of prescription, but instead address the entire team
(physicians, nurses, pharmacists) by making available
detected possible ADE cases, possible causes and charac-
teristics of affected patients. ADE scorecards are intended
to be used for a retrospective analysis of recent ADE
cases. For a more detailed discussion on the difference
between the chosen approach and other ADE detection
approaches, see [19].

The potential positive effects of ADE scorecards that
were stated by the participants has also been supported in
an international Delphi study with 69 CPOE experts [41]. In
a survey, more than 70% of these experts stated that the
concept of ADE scorecards has the potential to prevent
ADEs. The experts also estimated that ADE scorecards
could prevent around 10% of all ADE cases in a hospital
where electronic prescription is in use. Our study was not
yet able to show a reduction of ADE rates.

In the meantime, the ADE scorecards have also been
successfully introduced in a specialized endocrinology
hospital in Sofia, Bulgaria and a comparable survey was
conducted. The 33 Bulgarian physicians responded very
positively, all of them stating that they would recommend
using the ADE scorecards to their colleagues (94.7%
agreed, 5.3% partly agreed) and all of them believing that
ADE scorecards may reduce ADEs (57.9% agreed, 42.1%
partly agreed) [42]. The initial ADE scorecard implementa-
tion effort was around 8 person-months. Later regular

updates of the ADE data took around 2 person-months for
each update of the ADE scorecard data.

To our knowledge, this study is the first to evaluate the
impact of the presentation of automatically-generated
department-specific ADE statistics, and our experiences
may be worthwhile for comparable projects. We assume
that ADE scorecards will be used more often when their
positive predictive value is improved, when usability issues
are addressed, and when the ADE scorecards are better
integrated into ongoing quality initiatives to improve
medication safety in a hospital.

Significance and generalizability of the study
In general, while computer-based tools are considered
useful for patient safety, controlled studies were often not
able to show a significant reduction of ADEs [16, 17, 43, 44].
This may be due to limited study power, but also to the
complexity of the medication process. In our opinion, ADE
scorecards are a promising tool to raise ‘team ADE aware-
ness’, although not in isolation, but as part of a ‘multifac-
eted approach’ [11], including other team interventions as
well as technical interventions. ADE scorecards could also,
for example, support the introduction of a clinical decision
support tool by familiarizing professionals with a set of
rules used.

In general, the ADE scorecards appear to be transfer-
able to other hospitals when the same set of rules to detect
ADEs is used. Types, numbers and causes of ADEs could
then be compared between different hospitals, establish-
ing a benchmark for ADE rates.

In conclusion, the clinical study indicated that ADE
scorecards may be useful to raise awareness of ADE-related
issues among professionals in their own department.
Although the evaluation did not show significant reduc-
tions for the top four accessed ADE classes, the clinical
users in the study departments and in the hospital phar-
macy believed that the ADE scorecards might contribute
to increased patient safety and to a reduction of ADEs.
Strategies need to be designed to integrate ADE score-
cards more successfully into the clinical routine and to
increase precision of ADE detection.The hospital in Denain
is preparing to re-launch an updated version of the ADE
scorecards in additional departments in 2013.
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