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Abstract Background Computerized physician order entry (CPOE) and clinical decision sup-
port systems (CDSS) are widespread due to increasing digitalization of hospitals. They
can be associated with reducedmedication errors and improved patient safety, but also
with well-known risks (e.g., overalerting, nonadoption).
Objectives Therefore, we aimed to evaluate a commonly used CDSS containing
Medication-Safety-Validators (e.g., drug–drug interactions), which can be locally
activated or deactivated, to identify limitations and thereby potentially optimize the
use of the CDSS in clinical routine.
Methods Within the implementation process ofMeona (commercial CPOE/CDSS) at a
German University hospital, we conducted an interprofessional evaluation of the CDSS
and its included Medication-Safety-Validators following a defined algorithm: (1)
general evaluation, (2) systematic technical and content-related validation, (3) deci-
sion of activation or deactivation, and possibly (4) choosing the activation mode
(interruptive or passive). We completed the in-depth evaluation for exemplarily chosen
Medication-Safety-Validators. Moreover, we performed a survey among 12 German
University hospitals using Meona to compare their configurations.
Results Based on the evaluation, we deactivated 3 of 10 Medication-Safety-Validators
due to technical or content-related limitations. For the seven activated Medication-
Safety-Validators, we chose the interruptive option [“PUSH-(&PULL)-modus”] four
times (4/7), and a new, on-demand option [“only-PULL-modus”] three times (3/7).
The site-specific configuration (activation or deactivation) differed across all partici-
pating hospitals in the survey and led to varying medication safety alerts for identical
patient cases.
Conclusion An interprofessional evaluation of CPOE and CDSS prior to implementa-
tion in clinical routine is crucial to detect limitations. This can contribute to a
sustainable utilization and thereby possibly increase medication safety.
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Background and Significance

Since “To Err is human—Building a Safer Health System”was
published, medication errors and patient safety are on public
agenda.1 As part of the digitalization in hospitals to improve
medication safety, the implementation and usage of com-
puterized physician order entry (CPOE) and clinical decision
support systems (CDSS) is internationally widespread.2–5

Although the use of electronic medical records (EMR) has
increased in German hospitals within the last years, they are
not utilized nationwide.6,7

CPOE systems allow physicians to prescribe medication
orders in a direct, electronical way.8 CDSS are often integrated
intoCPOE systems, but also stand-aloneCDSS are available.9,10

CDSS can be categorized regarding how warnings and recom-
mendations are presented: interruptive or passive/on-de-
mand.10 The operating mode of a CDSS can be rule-based or
without using a rule (e.g., artificial intelligence, neural net-
works,machine learning).2,9,10Hospitalsusecommercial CDSS
as well as homegrown systems.9 CDSS can address various
different topics in clinical routine (e.g., medication safety,
diagnostic support, guideline adherence).2,11

CPOE and CDSS can reduce medication errors, and thereby
optimize medication safety.12–18 However, the implementa-
tion of a CDSS is also related with risks like alert fatigue and
nonadoption of the system among the users.19–23 Tominimize
overalerting and to foster acceptance among health care pro-
fessionals, the implementation should be well-prepared by
analyzing the CPOE and CDSS in detail prior to their roll-
out.10,24,25 Many studies, which dealt with customizing a
medication CDSS so far, used quantitative outcomes from the
postimplementation phase (e.g., overridden rates).26–29 To
date, littlehas beenpublished on themethodological approach
for a preimplementation evaluation of a medication CDSS.30

Objectives

We set out to develop a general algorithm for a preimple-
mentation-evaluation process of a medication CDSS. We
present the results for one commercial, German CPOE with
an integratedmedication CDSS, for which no comprehensive
data are yet available. CDSS can often be customized accord-
ing to local circumstances. This may lead to different safety
alerts across various sites. Therefore, the results of our
evaluation were compared with the selected configurations
of the CDSS in other German University hospitals using the
same system.

Methods

Software
Meona (Mesalvo Freiburg GmbH, Germany) is a commercial
EMR and is registered as amedical device. It is a CPOE system
with an integrated medication CDSS (rule-based with inter-
ruptive as well as passive alerts/recommendations).31 The
single elements of the medication CDSS are called “Medica-
tion-Safety-Validators.” There are 19 different Medication-
Safety-Validators available, each addressing a different topic

(e.g., “drug–drug interactions”). A list of all Medication-
Safety-Validators is provided in ►Supplementary Appendix

A1 (available in the online version). For the present evalua-
tion of the CDSS, a daily updated test system of Meona was
used to simulate clinical scenarios.32

Setting
As a large academic medical center, the Erlangen University
Hospital consists of 51 medical departments and 57 inter-
disciplinary centers.33 Since June 2020,Meonawas rolled out
step-by-step to all standard care units. The wards utilize
Meona for the documentation of clinical processes and
values (e.g., medication prescription, care documentations).
Besides different clinical departments and the Medical
Center for Information and Communication Technology
(MIK), the Pharmacy Department was a key pillar of the
EMR implementation project team in Erlangen.

Interprofessional Evaluation of an Integrated
Medication CDSS
For the evaluation process, we followed the algorithm pre-
sented in ►Fig. 1. This algorithm was developed and deter-
mined in an interprofessional team by considering available
literature10,25,34–37 and contained four consecutive steps:

Step 1—General CDSS evaluation: this consists of analyzing
the general functionalities and structure of the CDSS. If
the first section of the process is not successfully passed,
further improvements of the CDSS (not yet focusing on
single elements of the CDSS, see step 2) will be required
and initiated with the development department of the
CDSS supplier before implementation will be continued.
Step 2—Technical and content-related validation: the single
elements of the CDSS (e.g., Medication-Safety-Validators)
are checked for their technical operating mode and tech-
nical limitations (a.). Furthermore, a systematic content-
related validation of the Medication-Safety-Validators is
performed (b.). This approach strongly differs throughout
the Medication-Safety-Validators due to varying operat-
ing modes and context parameters of every Medication-
Safety-Validator (see ►Supplementary Appendix A2

[available in the online version]).
Step 3—Decision of activation: this comprises presenting
and discussing the results interprofessionally to decide
upon the activation or deactivation of the Medication-
Safety-Validators. The decisions were made by majority
vote, for details of the process and organization, see
►Supplementary Appendix A3 (available in the online
version). Further enhancements have to be initiated for
all deactivated Medication-Safety-Validators.
Step 4—Decision of activation mode: the decision of acti-
vation is finally followed by another discussion determin-
ing the activation mode (interruptive or passive/on-
demand).

In Erlangen an interprofessional working group of the
Medicines Management Board was established to evaluate
the integrated CDSS and its included Medication-Safety-
Validators as displayed in the developed algorithm
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(►Fig. 1). The expert panel included 15 physicians, 6 clinical
pharmacists, 2 nurses, and 2 IT-experts. The functionalities,
possibilities, limitations, advantages, and disadvantages of
the CDSS (i.e., each Medication-Safety-Validator) were dis-
cussed in regular meetings. For performing the second, third,
and fourth step of our algorithm, we exemplarily selected
Medication-Safety-Validators in a consensus-basedwayafter
interprofessional discussion. Thereby, we included different
aspects in the selection process: (1) clinical relevance, (2)
possible impact in clinical practice, and (3) local factors and
processes. If in any step throughout the algorithm, the result
was that further improvements had to be implemented before
the CDSS or the individual validators could be utilized, the
working group formulated optimizations. These were for-
warded to theMeonadevelopmentdepartment for realization.

Survey among German University Hospitals Using
Meona
Throughout the implementation process of the EMR in our
institution, we performed an online survey among all 12
German University sites utilizing Meona (including Erlangen)
from a total of 38 University hospitals in Germany. The
questionnaire was generated interprofessionally by clinical
pharmacists and IT-experts. The survey consisted out
of self-compiled questions and covered three main topics:
(1) implementation and usage status of Meona, (2) aspects of
the collaboration of the Pharmacy Department within the
implementation, and (3) site-specific configuration of the
CDSS (Medication-Safety-Validators).

The questionnaire was sent via email and contained a
personal link for each site for single use (survey period:

Fig. 1 Algorithm for the interprofessional evaluation of an integrated CDSS. CDSS, clinical decision support system.
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6 weeks, reminder after 4 weeks). The online survey was
performed with SoSci Survey38 and the descriptive data
analyses were performed in Microsoft Excel. All results are
presented in a pseudonymized form—except the dataset of
Erlangen.

Results

Interprofessional Evaluation of an Integrated
Medication CDSS
Applying the developed algorithm (►Fig. 1) to Meona
resulted in the following findings:

Step 1—General CDSS evaluation: we assessed that operat-
ing modes for each Medication-Safety-Validator were lim-
ited to two configurations: activation or deactivation. The
activation of aMedication-Safety-Validator always resulted
in interrupting popupalerts (“PUSH-modus”),which canbe
invoked later by every health care professional via a check
button (“PULL-modus”). Due to the high potential of over-
alerting, further improvements before using the CDSS in
clinical routinewere inquired. All advancements are shown
in►Fig. 2 as a comparison before and after evaluation. As a
major improvement, the new configuration option “only-
PULL,” requested by our working group, was available since
April 2021 for the Medication-Safety-Validators which are
displayed via the so-called “check button” (for details see
►Supplementary Appendix A1 [available in the online
version]). Another substantial improvement was the dis-
closure of the activatedMedication-Safety-Validators in the
display of the check button: As a result, every health care
professional is now informed about the examined medica-
tion safety aspects to avoid a false sense of security by
relying on the CDSS performing an all-embracing medica-
tion review. Additionally, the possibility to filter the severi-
ty level of the shown alerts was added in the display of the

check button to further reduce overalerting. An example of
a PUSH alert and the composition of the revised display of
the check button are included in ►Supplementary Fig. S1

(available in the online version). The initiated improve-
ments were made available for all Meona customers, in-
cluding other sites.
Step 2—Technical and content-related validation: for the
second to fourth step, the interprofessional working group
chose 10 Medication-Safety-Validators (►Table 1) in a con-
sensus-based way. For example, we chose “drug–drug inter-
actions,” “allergy,” “maximum daily dose under
consideration of the kidney function,” and “duplicate pre-
scription” due to their high clinical relevance and expected
positive impact indailyclinical routine. The interprofessional
working group decided not upon the Medication-Safety-
Validator “indications and contraindications,” because diag-
noses in Erlangen are currently not recordedwithin the EMR
by using the ICD coding (International Statistical Classifica-
tionofDiseases andRelatedHealthProblems)during routine
inpatient care.►Table 1 presents the results of the technical
and content-related validation considering the operating
mode of the Medication-Safety-Validators, the references
used to create the alert, the included context parameters,
and our identified limitations. As an illustration, the techni-
cal limitation of theMedication-Safety-Validator “maximum
daily dose under consideration of the kidney function” was
that there was no possibility to sum up the dose for more
than one prescription line. In conclusion, no alert would be
displayed if ibuprofen 600mg 1–1–1–1 and ibuprofen
400mg 1–1–1–0 were prescribed although the maximum
daily dose was exceeded.
Step 3—Decision of activation: following the results of step 2
within the interprofessional working group, we decided to
activate seven and to deactivate three Medication-Safety-
Validators (►Fig. 3). There were different reasons for the
decision of deactivation: (1) technical limitations (e.g.,

Fig. 2 Configuration options of the CDSS before and after the evaluation by initiating some improvements. After evaluation means after
performing the first step of the algorithm presented in ►Fig. 1. “PUSH” means that a popup alert is automatically displayed during the
prescription. “PULL”means that alerts can be invoked via the “check button” at any time (passive/on-demand alerts). The “check button” can be
found in the medication chart. The configuration option “only-PULL” can only be selected for Medication-Safety-Validators, which are presented
in the “check button”. For detailed information, see ►Supplementary Appendix A1 (available in the online version).
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Table 1 Operating modes, references, context parameters, and limitations of the 10 exemplarily evaluated Medication-Safety-
Validators

Name
Medication-Safety-
Validator

Operating mode/display of
an alert

References Limitations/reasons for actual
configurationContext parameters

1 “Divisibility
information”

& By prescription of a
nondivisible medication

Meona-database based on
SmPCs or manufacturing
information

Ø None

2 “Duplicate
prescription”

& By prescription of two
medications with the
same ATC code (5
characters) at the same
daytime

ATC code Ø Medication on demand is not
included

Ø Display of the alert only by
prescription for the same
daytime (e. g., both 8 AM)

Ø No consideration of relevant
duplicate prescription with
different ATC code (5 characters,
e.g., apixaban and enoxaparin)

3 “Allergy” & By prescription of the
same or a similar drug
with a statement to
allergy or possible cross-
reactivity

Meona-database with
substance-specific allergy
codes

Ø Risk of overalerting by
registering of clinical nonvalid
allergy

4 “Frequency of
administration”

& By underrunning the
recommended dosage
interval for the actual
prescription

Meona-database based on
SmPCs or manufacturing
information

Ø Solely checking of the current
prescription (e.g., Methotrexate
10mg po OD versus every 7 days),
no check for already prescribed or
administrated dosages

5 “Drug–drug
interactions”

& By onset of a drug–drug
interaction (binary
combination)

& Grading in 3 or 4 severity
levels (severe or
contraindicated,
moderately severe, and
weak)

& PUSH alerts only for
severe interactions

Meona-database
considering inter alia
Stockleys Interaction, the
ABDA-Database,
crediblemeds, and SmPCs

Ø Risk of overalerting by:
Ø Strong weighting of QT–time

interactions, because the
interaction is always severe (not
depending on the classification
of the drug as “known risk,”
“possible risk,” or “risk under
certain condition”)

Ø Display of clinically nonrelevant
interactions as severe alerts
(e.g., electrolyte solution and
candesartan)

6 “Information about
renal impairment”

& By underrunning as per
drug defined limit of the
eGFR (“consider the hints
about renal
insufficiency,” no
concrete dosage
suggestion)

Meona-database
considering inter alia BNF,
SmPCs, Renal Drug
Handbook, and dosing.
com

Ø Display of the alert “consider the
hints about renal insufficiency” is
only based on the actual GFR, not
on the actual prescribed dosage

Ø No hint about administering
unreduced loading doses for
anti-infective drugs at the
beginning of the therapy

Creatinine level (eGFR
according to MDRD)

7 “Priscus-/Forta-list of
potentially
inadequate
medication for the
elderly”a

& By PIM prescription for
patients >65 years,
stating alternative drugs
or measures if the
prescription is necessary
(e.g., monitoring)

Priscus Report 1.0 or. Forta
list

Ø Content-related revision is
necessary (Priscus 2.0)

Patient age

8 “Drug
incompatibilities”

& By prescription of two
incompatible drugs
simultaneously

Meona-database
considering inter alia
ASHP: Handbook on
injectable Drugs, and
SmPCs

Ø Display of an alert for short
infusions only if prescribed for
simultaneous daytime (with
accuracy of 1minute) leads to a
lack of relation for clinical
practice

Ø No possibility of checking the
incompatibilities for nursing
staff easily

(Continued)
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“incompatibilities,” “maximum daily dose under consider-
ationof thekidney function”), (2) content-related limitations
(e.g., “maximum daily dose under consideration of the
kidney function”), and (3) prevention of overalerting and
increased convenience (e.g., “feeding tube information”).
Step 4—Decision of activation mode: the seven activated
Medication-Safety-Validators were further divided into
four using the “PUSH-(&PULL)-modus” and three using
the “only-PULL-modus” (►Fig. 3). There are some Medi-
cation-Safety-Validators for which the “PUSH-(&PULL)-
modus” is the only useful configuration, as the alert is
urgent with high clinical relevance (e.g., “allergy”). For
instance, the alert that ampicillin might be contraindi-
cated for a patient with a documented allergy to amoxi-
cillinmust be assessed immediately to prevent a potential
serious adverse event (e.g., anaphylaxis). Even though we
decided to use the “PUSH-(&PULL)-modus” for a Medica-
tion-Safety-Validator, there are still limitations to be
considered. For example, a duplicate prescription alert
is only created if themedication is prescribed for the same
daytime. A prescription of ramipril in the morning and
enalapril in the evening would not create an alert.
Theworking group decided to use the “only-PULL-modus”
for Medication-Safety-Validators with a high risk of creat-
ing overalerting (e.g., “drug–drug interactions”). Further-
more, the “only-PULL-modus” is suitable for Medication-
Safety-Validators for which realization of the recommen-
dation is not always urgent, but essential for comprehen-
sive medication reviews (e.g., “information about renal
impairment”). For example, dose adjustments in renal
impairment for several medications (e.g., anti-infective
drugs) are only relevant after administering a full loading
dose.

Survey amongGermanUniversity Hospitals UsingMeona
In total, 12 University hospitals in Germany using Meona
responded to the survey (response rate: 100%). However, the
dataset of one site had to be excluded in this analysis because
Meona was not yet used as an EMR.

The Erlangen University Hospital provided 1,450 beds in
comparison to an average number of 1,495 beds [924–2,600]
among theother sites.All 11sitesusedMeona in their standard
careunits asEMRandevery site confirmed thecollaborationof
the Pharmacy Department within rollout and maintenance
process in thesurvey (fordetails see►Table 2). On average, the
sites selected8outof10 (80%) tasks forpharmacistsworking in
the project team like testing newMeona versions, performing
training sessions, as well as assuming medication configura-
tions (e.g., creating medication order templates). All possible
tasks are presented in ►Supplementary Appendix A4 (avail-
able in the online version).

The configuration (e.g., activated vs. deactivated) of the
Medication-Safety-Validators was very heterogeneous across
the participating sites (►Table 3). For example, site 1 and 7
activated 94.7% (18/19) of the possible Medication-Safety-Val-
idators, whereas site 6 activated only 21.1% (4/19) and site 11
(Erlangen) activated 36.8% (7/19) of all Medication-Safety-Val-
idators. Erlangenconfigured theon-demandoption “only-PULL”
for three Medication-Safety-Validators exclusively (“drug–drug
interactions,” “information about renal impairment,” and “Pris-
cus-/Forta-list of potentially inadequate medication for the
elderly”). Rarely, all sites used the same configuration (e.g.,
deactivation: “interactions with alcohol,” activation: “divisibili-
ty information”). Tosumup,67.5% (141/209)ofall configuration
options used the “PUSH-(&PULL)”-modus and 31.1% (65/209)
used “OFF-modus.” The “only-PULL-modus”wasutilized for the
minority of 1.4% (3/209) in our survey.

Table 1 (Continued)

Name
Medication-Safety-
Validator

Operating mode/display of
an alert

References Limitations/reasons for actual
configurationContext parameters

9 “Maximum daily dose
under consideration
of the kidney
function”

& By exceeding the
maximum daily dose, also
depending on the actual
eGFR (individual dose
calculation according to
Dettli under consideration
of the Q0-value)

Inter alia SmPCs Ø No possibility to sum up the
maximum daily dose over more
than one prescription line

Ø Individual dose calculation is not
practicable in clinical routine
(e.g., sitagliptin 46.8mg)

Actual prescribed dose,
creatinine level (eGFR
according to MDRD), Q0-
value

10 “Feeding tube
information”

& By prescription of a drug,
which cannot be
administered via a
feeding tube

Meona-database based on
SmPCs or manufacturing
information

Ø Checking for feeding tube
information can be done directly
at the tube prescription in
Meona for all prescribed
medications simultaneously for
nursing staff and physicians

Documentation of a
feeding tube in Meona

Abbreviations: ABDA-database, German database containing all approved medications and further information, e.g., drug–drug interaction check;
ATC code, Anatomical Therapeutic Chemical; BNF, British National Formulary; DOAC, direct oral anticoagulant; eGFR, estimated glomerular filtration
rate; FORTA, Fit for the Aged; MDRD, Modification of Diet in Renal Disease; PIM, potential inadequate medication; OD, once daily; Q0-value,
extrarenally metabolized proportion; SmPC, Summary of Product Characteristics.
aPriscus and FORTA lists are lists for potentially inadequatemedication for older patients that are frequently used in Germany/Europe. The Priscus list
is a negative list and is comparable to the BEERS criteria60 in the United States. In contrast, the FORTA list comprised drugs according to the
indication, from “highly recommended” (rated with A) to “to be avoided” (rated with D) and is rather comparable to the START/STOPP criteria.61
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Discussion

In our investigation, we outlined the process of thoroughly
evaluating and validating a CDSS prior to its implementation
into clinical practice at a large German University hospital.
We analyzed the commercially available and among German
University hospitals commonly used Meona-CDSS with a
special focus on the integratedMedication-Safety-Validators.
Based on a predefined algorithm (►Fig. 1), an interprofes-
sional team assessed the general functionalities of the CDSS
as well as the technical and content-related limitations for
each checked Medication-Safety-Validator and identified
barriers for a sustainable implementation.

Data on the usefulness of Meona as a medication CDSS in
clinical routine are scarce.39–41 For instance, Amkreutz et al40

only performed an evaluation of the drug–drug interaction
check but none of the investigations performed a detailed
evaluation of the entire medication CDSS integrated in
Meona.

Several investigations of other CDSS (e.g., AiDKlinik42) in
Germany focused on quantitative outcomes solely or assessed
only partial aspects ofmedication safety (e.g., overdose, drug–

drug interactions).43,44 Various German studies evaluated
different drug–drug interaction checks.40,45 To the best of
our knowledge, we performed the first comprehensive evalu-
ation of the Meona-medication-CDSS and of an entire medi-
cation CDSS (integrated in a CPOE) in Germany.

In contrast to other publications and recommendations
focusing on quantitative outcomes in clinical routine,25,46we
described a qualitative evaluation of a medication CDSS.
McCoy et al established and evaluated a framework to rate
the content and responder appropriateness of displayed
alerts.46 Few studies focus on the qualitative evaluation of
timing and presentation of the medication alerts.37,47

We identified considerable limitations during the inter-
professional evaluation and validation of all analyzed Medi-
cation-Safety-Validators in Meona (►Table 1). Our results
emphasize that uncritical activation of all validators is not
without risks. Thus, an evaluation prior to the implementa-
tion is indispensable.

Some of our detected limitations have been described in
other investigations as well (e.g., risk of alert fatigue).19,20,48

Considering overalerting as a risk for nonacceptance, sever-
al concepts have been developed and published to prevent

Fig. 3 Results of the interprofessional evaluation of the integrated CDSS (Meona) at Erlangen University Hospital. Overview of the results
of the evaluation from the second to fourth step presented in ►Fig. 1. The exemplary Medication-Safety-Validators were selected in a
consensus-based way. PUSH means that a popup alert is displayed during the prescription. PULL means that alerts can be invoked via the check
button at any time (passive/on-demand alerts). CDSS, clinical decision support system.
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alert fatigue and optimize overridden rates of reported
alerts (e.g., tailoring the displayed alerts for selected wards
or specific end-users).43,49–51 Since customizing specific
alerts in Meona (e.g., switch off a defined drug–drug
interaction) is not possible for an individual site, we devel-
oped the configuration option “only-PULL” to prevent alert
fatigue. Further, we added the possibility to filter severe
alerts in the display of the check button (see ►Fig. 2), as this
has proven to be an additional effective strategy to reduce
overalerting.28,52

In our approach, technical limitations (e.g., no possibility to
sumup themaximumdaily dose overmore than one prescrip-
tion line) often resulted in the deactivation of Medication-
Safety-Validators,whereas content-related limitations and the
risk of overalerting led to activation of theMedication-Safety-
Validators in the “only-PULL-modus.” Other studies showed
that overridden rates are higher among alerts affecting drug–
drug interactions, renal dose adjustments, and geriatric rec-
ommendations as opposed to alerts affecting duplicate pre-
scription, allergy alerts, and overdose alerts.22,48 These
findings are in line with our selected configuration after
performing the evaluation (see ►Fig. 3).

Nevertheless, interruptive alerts are generally considered
more effective in terms of clinical outcomes (e.g., higher accep-
tance rates).10,49 Therefore, the risk of overalerting by interrup-
tive alerts on the one hand and potentially less effective clinical
outcomes by passive alerts on the other handmust be weighed
out.51,53 Irrespective of the final decision of activation or
deactivation of a Medication-Safety-Validator, every health
care professional needs to be regularly informed and educated
about the selected configuration and developed improve-
ments.34 In addition, it is even more important that health
care professionals understand the technical and content-related
limitations for the purpose of preventing errors, misunder-
standings, and a false sense of security.34 Therefore, we imple-
mentedadisclosureofall activeMedication-Safety-Validators in
the display of the check button as a key improvement (►Fig. 2).

The “Office of the National Coordinator for Health Informa-
tion Technology” recommends to perform the evaluation of
CPOE and CDSS within an interprofessional team.25 Other
investigations emphasize the involvement of key players as
hybrid experts, who understand the clinical workflow as well
as the technical backgrounds (e.g., clinical pharmacists).54,55 If
technical requirements are considered from the outset, this
may lead to more effective and rapid transformation and
implementation of improvements into clinical practice. We
integrated both recommendations aswell as the integration of
IT support for a more effective and rapid realization in our
evaluation approach. Conducting a detailed and interprofes-
sional CDSS evaluation is time-consuming and challenging for
health care systems. Nevertheless, our study showed that
technical and content-related validation is crucial to identify
limitations ofmedication CDSS. Additionally, a postimplemen-
tation evaluation should be performed and repeated evalua-
tions should be performed as needed, e.g., for CDSS updates.

As a constraint of our investigation, the detected limitations
cannotbetransferredtootherCDSS, butcanraiseawareness for
possible limitations and important factors during the evalua-
tion of CDSS for otherhospitals.56 To thebest ofour knowledge,
no studies have already addressed the generalizability and
translation of frameworks to evaluate medication CDSS in
clinical practice. In our opinion, our algorithm (►Fig. 1) can
be adopted for a detailed evaluation of other CDSS (eventually
omitting the fourth evaluation step, if not applicable). Our
approach is especially suitable for commercial systems, since
part of the required evaluation in the algorithm is usually
performed during the development of homegrown CDSS.10

Our technical and content-related evaluation approach
has further limitations: the decisions of activation or deacti-
vation of the Medication-Safety-Validators were broad-con-
sensus-based, but did not undergo a Delphi process due to
limited time and personnel resources. In addition, we per-
formed the in-depth validation presented in ►Fig. 1 for 10
out of 19 Medication-Safety-Validators and focused on the

Table 2 Structural characteristics as a comparison between Erlangen and all other University hospitals using Meona

“Meona in intensive care units” means for example that it is implemented in at least one ward within the respective sites.
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Table 3 Overview of the configuration of all Medication-Safety-Validators among the different sites

Configuration options: Participating University hospitals Absolute distribution
per Medication-Safety-

Validator
for A) PUSH (&PULL) & for
B) ACTIVE

1 2 3 4 5 6 7 8 9 10 11

for A) only-PULL

for A) & B) OFF

A)

“Allergy” # 10 1

“Information about gender
and age restrictions”

8 3

“Information about hepatic
impairment”

2 9

“Information about renal
impairment” #

4 1 6

“Indications and
contraindications”

6 5

“Drug-drug interactions” # 9 1 1

“Permanent administration of
potassium”

3 8

“Duplicate prescription” # 10 1

“Maximum daily dose under
consideration of the kidney
function” #

9 2

“Priscus-/Forta-list of
potentially inadequate
medication for the elderly” #

9 1 1

“Drug incompatibilities” # 9 2

“Interactions with alcohol” 11

“Pregnancy and lactation” 9 2

“Feeding tube information” # 8 3

“Information about central
and peripheral administration
routes”

10 1

B)

“Frequencyof administration” #

(via Global-Validator)
11

“Flow rate information” 9 2

“Laboratory results and
medication”

6 5

“Divisibility information” # 11

Absolute distribution per site 18 15 14 15 13 4 18 14 15 13 4 S 209 configuration
options: absolute
distribution (total)

3

1 4 5 4 6 15 1 5 4 6 12 141 3 65

A) Medication-Safety-Validators with the configuration options “PUSH-(&PULL),” “only-PULL,” and “OFF,.”
B) Medication-Safety-Validators with the configuration options “ACTIVE” or “OFF.”
The different University hospitals are sorted according to their ascending full-time equivalents for the collaboration of the Pharmacy Department
within the rollout and maintenance process of Meona. Number 11 represents Erlangen University Hospital.
#Medication-Safety-Validators which were exemplary validated in Erlangen (see section: Results - Interprofessional Evaluation of an Integrated
Medication Clinical Decision Support System).
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preimplementation process in this investigation. The pend-
ing Medication-Safety-Validators should be reviewed in the
future. Even though we performed an interprofessional
evaluation and strongly included health care professionals
(e.g., nursing staff, physicians) in this process, the acceptance
of our configuration of the Medication-Safety-Validators
among the end-users in clinical routine has not been evalu-
ated yet. As multiple studies and recommendations empha-
sized that user satisfaction is one of the main barriers for
successful implementation of a CPOE and CDSS, further
investigations and surveys should be performed to deter-
mine their adoption and acceptance.2,23,25,34

Although we performed a content-related validation for
different Medication-Safety-Validators by testing defined
scenarios (see ►Table 1; ►Supplementary Appendix A2

[available in the online version]) to decide on the activation
or deactivation of the Medication-Safety-Validators in Erlan-
gen, the evaluation has not yet been performed with any
clinical routine data. Thus, further prospective studies
should be conducted to evaluate the usability and relevance
of the displayed alerts in Meona in clinical routine and in the
context of an established clinical pharmacist service.

The results of our survey showed that the same CPOE and
CDSS is diversely configured and utilized across different
University hospitals inGermany (►Table 3). The phenomenon
ofheterogeneous configurationand implementationof aCPOE
and CDSS among various sites has been already described in
the literature.57–59 One reason for the widely varying config-
urations might be limited personal resources. Limited time
available for the Pharmacy Department to participate in the
project team may require prioritizing the most challenging
and important aspects ofCPOE andCDSS implementation (e.g.,
creating standard order templates) thereby lacking a detailed
assessment of themedication CDSS as provided in our present
analysis.25 Other reasons for heterogeneous configurations
should be investigated in the future.

On the one hand, the diversity of configurations among
the Medication-Safety-Validators can be perceived as an
advantage of Meona, as customizing the CPOE and especially
the CDSS for each site (i.e., activation or deactivation of
Medication-Safety-Validators) is possible according to local
workflows, circumstances, and preferences. On the other
hand, this may lead to different medication safety outcomes
and varying acceptance of the system in clinical routine. To
evaluate the performance of CPOE and CDSS, the Leapfrog
methodology has been developed in the United States.36 As a
part of that assessment, every CPOE and CDSS will be rated
for their performance in completing patient test cases.
Adopting this method for future investigations might be a
chance for hospitals in Germany to compare their CPOE and
CDSS performance andmight not only result in optimization,
but particularly in standardization.58

Conclusion

Several lessons can be learned from our preimplementation
approach of evaluating a medication CDSS: the analyzed

German, commercial medication CPOE and CDSS was hetero-
geneously implemented among different sites and revealed
remaining technical as well as content-related limitations.
Communicating capabilities and limitations to the end-users
is a major implementation challenge to achieve the best
possible performancewith the CPOE and CDSS. The activation
of the CDSS (i.e., Medication-Safety-Validators) should be
critically and interprofessionally reviewed to outweigh possi-
ble benefits and risks for medication safety. Our customized
CDSS may potentially achieve improvements in clinical prac-
tice (e.g., user acceptance,medication safety), but this needs to
be proven in further investigations. However, the interprofes-
sional evaluation led to substantial improvements of the CDSS
(e.g., possibility to filter severe alerts) and the developed
algorithm can serve as a guidance to evaluate and validate
CDSS at other sites.

Clinical Relevance Statement

Our research demonstrated that interprofessional evaluation
of CPOE/CDSS (especially commercial systems) prior to
implementation is crucial to detect remaining limitations
and optimize utilization. The presented algorithm for evalu-
ating amedication CDSS is a reliable validation approach and
can be used by other sites to evaluate their system.

Our survey revealed that the same CPOE/CDSS is locally
often configured heterogeneously resulting in varying med-
ication safety alerts.

Multiple-Choice Questions

1. What are possible reasons for the deactivation of a
Medication-Safety-Validator?
a. Overalerting and technical limitations
b. Personal opinion of physicians
c. Personal opinion of clinical pharmacists
d. Alerts with high relevance in clinical practice

Correct Answer: The correct answer is option a. Over-
alerting and technical limitations are risks for successful
implementation and user acceptance.

2. How many Medication-Safety-Validators were deacti-
vated in Erlangen due to limitations?
a. 1
b. 3
c. 7
d. 10

Correct Answer: The correct answer is the option b. We
deactivated the Medication-Safety-Validator “incompati-
bilities,” “maximumdaily dose under consideration of the
kidney function,” and “feeding tube information.”

3. Howmany sites in the survey use the configuration option
“only-PULL” for a Medication-Safety-Validator?
a. 10
b. 7
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c. 4
d. 1

Correct Answer: The correct answer is option d. Erlangen
developed and configured the option “only-PULL” exclu-
sively to reduce overalerting.

Note
This study was conducted in collaboration with members
of the working group “Medication-Safety-Validators” of
the Medicines Management Board of the Erlangen Uni-
versity Hospital.

Protection of Human and Animal Subjects
In this project no human and/or animal subjects were
included.
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