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Background: Antimicrobial stewardship (AMS) programs aim to optimize antibiotic use through a panel of in-
terventions. The implementation of computerized clinical decision support systems (CDSSs) offers new oppor-
tunities for semiautomated antimicrobial review by AMS teams. This study aimed to evaluate the perceived
facilitators, barriers and benefits of end-users related to a commercial CDSS recently implemented in a hospital
and to assess its usability.

Methods: A mixed-method approach was used among AMS team members nine months after the implementation
of the CDSS in a university hospital in northeastern France. A qualitative analysis based on individual semi-
structured interviews was conducted to collect end-users’ perceptions. A quantitative analysis was performed
using the System Usability Scale (SUS).

Results: Eleven AMS team members agreed to participate. The qualitative analysis revealed technical, organi-
zational and human barriers and facilitators of CDSS implementation. Effective collaboration with information
technology teams was crucial for ensuring the installation and configuration of the software. CDSS adoption by
the AMS team required time, human resources, training, adaptation and a clinical leader. Moreover, the CDSS
had to be well designed, user-friendly and provide benefits to AMS activities. The quantitative analysis indicated
that the CDSS was a “good” system in terms of perceived ease of use (median SUS score: 77.5/100).
Conclusions: This study shows the value of the studied CDSS to support AMS activities. It reveals barriers, fa-
cilitators and benefits to the implementation and adoption of the CDSS. These barriers and facilitators could be
considered to facilitate the implementation of the software in other hospitals.

1. Introduction overuse are among the main modifiable drivers of AMR [3]. Between 20
% and 50 % of antibiotic use is estimated to be inappropriate [4]. A
coherent set of actions—named antimicrobial stewardship (AMS)—

should be implemented, i.e., promoting the use of an optimal antimi-

Responsible use of antimicrobials is crucial for the treatment of in-
fectious diseases and for reducing side effects at the individual level and

antimicrobial resistance (AMR) at the population level [1]. AMR can
complicate the treatment of infections, prolong the length of hospital
stay, and increase treatment costs and mortality rates. Without actions
to slow the increase in AMR, by 2050, the impact of drug-resistant in-
fections will likely cause 10 million people to die every year and cost up
to US$100 trillion across the world [2]. Antimicrobial misuse and

crobial drug, dose, duration and route of administration when an anti-
biotic is indicated to achieve the best desired clinical outcomes with low
toxicity and minimum AMR, to improve the use of antimicrobials [5]. In
our hospital, despite a long-standing and effective AMS policy [6,7],
room for improvement still exists. As an example, we indeed found that
in our intensive care units in 2020-2021, antibiotic treatment dosages
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were only adapted for 45 % of patients with excessive antibiotic plasma
concentrations and 14 % of patients with underconcentrations [8]. We
felt that considering new actions to be implemented was necessary to
strengthen our AMS strategy.

Over the past few decades, the rise of electronic medical records and
other electronic patient data in hospitals has permitted the emergence of
computerized clinical decision support systems (CDSSs) for AMS. CDSSs
match electronic patient data, such as clinical, microbiological, thera-
peutic and administrative patient records, with a computerized knowl-
edge base (rules based on clinical guidelines and expert opinions) to
organize and present relevant and updated information to end-users
(prescribers or AMS team members according to the type of CDSS) for
a decision [9]. Many CDSSs have been developed to optimize antimi-
crobial use in hospitals [4,10]. The impact of CDSSs on antimicrobial use
in hospitals has been studied in several systematic reviews and meta-
analyses. In these studies, CDSSs were associated with improvements in
the appropriate use of antimicrobials from 50 to 100 % and reduced
patient mortality from 10 to 18 % [10-13]. In our hospital, a commercial
CDSS named APSS® (Lumed, Sherbrooke, Québec, Canada) was recently
implemented by the AMS team to support antimicrobial management. It
was initially implemented in a Canadian hospital, where its impact was
assessed through a quasiexperimental study using an interrupted time
series between 2008 and 2013. This study revealed that the routine use
of APSS was associated with improvements in appropriate antimicrobial
prescriptions and decreased antimicrobial consumption, the average
hospital length of stay and antimicrobial spending [14].

While CDSSs may improve antimicrobial use and patient outcomes
and reduce health care costs, the challenges associated with their
implementation, optimization, and adoption cannot be ignored [15]. As
an approach to overcome these challenges, methodological pluralism is
needed to evaluate CDSSs and to develop a rich and deep understanding
of their implementation and use [16]. Both qualitative and quantitative
mixed-method approaches are recommended for providing in-depth
insights into end-users’ perceptions and identifying benefits, facilita-
tors and barriers related to CDSS implementation and use [16-18].
These approaches should address not only technical issues but also
organizational and human factors [15]. Indeed, evaluating the impact of
CDSSs requires not only an investigation of computerized systems but
also an investigation of the social and behavioral processes that affect
and are affected by the introduction of CDSSs into daily practice [19]. If
end-users have negative perceptions of a CDSS, they may be reluctant to
incorporate it into their routine practice [20,21]. Therefore, investi-
gating end-users’ perceptions to provide useful insights into the de-
terminants of successful implementation and use of CDSSs is interesting
[22,23]. Facilitators and barriers that affect the implementation and use
of CDSSs should be identified to anticipate difficulties and to improve
their adoption by end-users.

This study aimed to evaluate the perceived facilitators, barriers and
benefits of end-users of the AMS team regarding a commercial CDSS
recently implemented in our hospital to support antimicrobial man-
agement and to assess the usability of this CDSS named APSS®.

2. Methods

This study was part of a larger quasiexperimental study that evalu-
ated the impact of a CDSS for antimicrobial usage and electronic soft-
ware to support inpatient infection surveillance at the University
Hospital of Nancy, France (ClinicalTrials.gov Identifier: NCT04976829)
[24]. This study used the same methodology already described in our
study on end-users’ perceptions and usability of the electronic surveil-
lance software [25].

2.1. Study design

A mixed-method approach was adopted (i) to qualitatively explore
the perceptions of facilitators, barriers and potential benefits of the
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CDSS using individual semistructured interviews and (ii) to quantita-
tively evaluate the potential benefits and usability of the CDSS using a
structured questionnaire. This study followed the consolidated criteria
for reporting qualitative research (COREQ) guidelines (Supplementary
Table S1) [26].

2.2. Setting and participants

The study was conducted at Nancy University Hospital in north-
eastern France, a 1500-bed hospital where an AMS policy was initiated
in the mid-1990 s and reinforced in 2006. The AMS team started to use
the CDSS in May 2023, and the study started in January 2024 after 9
months of routine use to give the staff time to adapt to the software.

All CDSS end-users within the AMS team were invited to participate
in the study by email. The target population consisted of hospital
practitioners and residents of the AMS team (clinical pharmacists and
infectious disease specialists) who used the CDSS for at least one month
and who agreed to participate in the study.

2.3. CDSS implementation and use

The CDSS, named APSS® (Lumed, Sherbrooke, Quebec, Canada) for
the Antimicrobial Prescription Surveillance System, was developed in
2007 in Quebec and was first deployed at the Sherbrooke University
Hospital in 2010. In a previous study, Beaudoin et al. reported the
development and implementation of APSS®, as well as its use in this
university hospital [27].

APSS® was first installed in France in 2021 at our university hospital.
Between 2021 and 2023, the AMS team members of our hospital
collaborated with the society Lumed to adapt the initial knowledge base
of APSS® (“Lumed Canada”) according to French rules (“Lumed
France”) and then to the local rules and guidelines of our hospital
(“Lumed Nancy”). APSS® was progressively connected to the data flow
from other software already in use at the hospital, such as: the electronic
medical records DxCare® (Dedalus France, Le Plessis-Robinson, France),
the electronic medical records dedicated to intensive care units ICCA®
(Philips, Amsterdam, Netherlands) and the laboratory information sys-
tem Glims® (Clinisys, Vincennes, France). APSS® was actively tested at
the beginning of 2023 by AMS team members to validate the reliability
of operations and to correct the last main problems before its practical
use.

In May 2023, AMS surveillance with APSS® began in our hospital,
and the AMS team members used it in their daily activities. This software
monitors the relevant clinical information of inpatients to facilitate the
evaluation of the appropriateness of antimicrobial prescriptions (anti-
biotics and antifungals) by AMS team members and to assist them in the
postprescription review process. As new information becomes available,
the system automatically checks in real time whether the ongoing
antimicrobial treatment seems appropriate according to predefined
rules in its knowledge base. APSS® generates automatic graduated alerts
sent to the AMS team when a prescription seems inappropriate (a
molecule not appropriate for treating the microorganism identified,
redundant molecules, inappropriate dose or duration of therapy,
possible switch of the route of administration, etc.) and when no anti-
microbial agent is prescribed to treat an identified microorganism. A
pharmacist resident on the AMS team screens these alerts daily (08:30 to
18:30)-except during the weekends-using different filters. He or she
accepts or refuses the alerts based on clinical relevance after a review of
the electronic medical records, if needed. Once a day, the pharmacist
resident reviews the complex medical files with an infectious disease
specialist of the AMS team to accept or refuse the alerts. If the alert is
found to be relevant, the AMS team contacts the prescribers to discuss
their prescriptions and advise them on potential improvements.
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2.4. Data Collection

All interviews were conducted by a researcher (AB) trained for
qualitative research and who had previously met the AMS team mem-
bers to see how they worked. The interviews were conducted face-to-
face at the hospital or by videoconference using Microsoft® Teams
(Microsoft Corporation, Redmond, WA, USA), ensuring confidentiality
(no one else was listening to the interviews). The semistructured in-
terviews were conducted using an interview guide (Supplementary
Table S2). The interview guide was adapted from the study by Jung et al.
[28] and was already used in the previously mentioned study [25]. It
consisted of open-ended questions to explore the perceptions of AMS
team members about the use of the implemented CDSS and to under-
stand barriers and facilitators related to its use.

All the AMS team members who used the CDSS were interviewed,
and data saturation was reached (i.e., no new information that could
inform the domains of discussion emerged from the last interview). All
of them completed a short questionnaire including sociodemographic
questions, six questions investigating the potential benefits of CDSS use
with Likert scales, and the French version of the System Usability Scale
(F-SUS), a translated and validated version of the System Usability Scale
[29]. It is a ten-item scale developed by Brooke to quickly and easily
provide a global view of the end-user’s subjective assessments of us-
ability [30].

2.5. Data analysis

All interviews were recorded using an audio recorder, transcribed
verbatim and deidentified. NVivo 12 (QSR International, Burlington,
MA) was used to analyze the interviews and to guide the thematic
analysis. The analysis of transcripts was subject to a grounded and
inductive thematic analysis [31,32]. A preliminary coding scheme was
subsequently developed using the interview guide questions after data
familiarization with the first few transcripts. Then, line-by-line coding
was performed by adding emerging codes. Finally, the coding scheme
was refined, and the last cycle of coding was performed. The coding
scheme was performed by a researcher (AB) and reviewed by another
researcher who is an expert in qualitative research (MJB). Two authors
(AC and FM), who are AMS team members, checked the accuracy of the
results and analysis.

The F-SUS score was calculated as described previously [25] and
interpreted as indicated by Bangor et al. according to the seven-item
adjective rating scale [33,34].

The quantitative data were analyzed using RStudio® (RStudio Inc.,
Boston, MA, USA). The data are described as numbers and percentages
for categorical variables and as medians with ranges (min-max) for
continuous variables.

2.6. Ethical Considerations

This study was approved by the Ethics Committee of the University
Hospital of Nancy in August 2021 (approval no. 322). The participants
were informed about the purpose of the study, and all participants
signed an informed consent form. Participation was voluntary and not
compensated.

3. Results

The semistructured individual interviews lasted 28 + 12 min (min:
21 min, max: 56 min). Data saturation was reached at the 11th and last
interviews.

3.1. Participant characteristics

Table 1 presents the demographic and professional characteristics of
the included AMS team members. All the AMS team members were
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Table 1
Characteristics of the antimicrobial stewardship (AMS) team participants (N =
11).

Characteristics n %
Sex

Female 8 73

Male 3 27
Age (years)

25-30 8 73

30-45 3 27
Position

Resident in pharmacy 7 64

Hospital practitioner in pharmacy 2 18

Hospital practitioner in infectious diseases 2 18
AMS activity

Antibiotics 5 46

Antifungals 3 27

Antibiotics and antifungals 3 27
Hospital experience (years)

<3 4 36

3-5 4 36

c>5 3 27
Experience on the AMS team (years)

<1 7 64

1-5 1 9

>5 3 27
Experience with the CDSS (months)

2-6 5 46

6-12 4 36

>12 2 18
Use of the CDSS during working days

Every day 10 91

Every week 1 9

<1/week 0 0
Use of electronic tools at home

Every day 10 91

Every week 1 9

<1/week 0 0

included (11/11, participation rate: 100 %) and participated in the
qualitative and quantitative study. Seven were pharmacy residents (R1
to R7), and four were hospital practitioners: two clinical pharmacists
(HP1 and HP2) and two infectious disease specialists (HP3 and HP4).
The participants had a median age of 28 years (range: 25-45 years), and
they had worked on the AMS team for a median of 6 months (range: 2
months-14 years). They used the CDSS for a median of 6 months (range:
2-24 months), five participated in its installation in the hospital, and 10
used the CDSS every working day.

3.2. Perceived barriers

The AMS team members perceived several barriers to the adoption of
the CDSS; they mainly reported technical barriers but also organiza-
tional and human barriers (Supplementary Table S3). At the time of
installation, hospital practitioners involved in CDSS implementation
highlighted technical barriers due to information technology (IT) teams,
data flow interfacing and the CDSS configuration. First, the lack of
involvement or the reluctance of IT teams could slow the implementa-
tion of the CDSS as follows:

The hospital IT department.

“It was due to our IT department; it didn’t seem to be a priority, so the
responses were often long and/or unsuitable, so it took a long time.”
(HP3)

The CDSS developer.
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“We don’t have complete control of the software. To change a parameter,
we always need to ask and justify the modification to the Lumed® team;
they always have a stranglehold.” (HP1)

“Our vision was not identical to that of the Lumed® team, so they were a
little reluctant.” (HP2)

The companies that supply other hospital software providing data
flows to the CDSS.

“We had to get feedback from (...) the company that manages DxCare®
(...) to unblock the problem because (...) the interfacing was stuck.”
(HP3)

“We asked for some things in February, and a year later, it was still the
same (...) it was a configuration with DxCare®.” (HP3)

The interfacing of data flow between the CDSS and other hospital
software was crucial for allowing the CDSS to operate by linking clinical,
microbiological, drug and administrative data. In our hospital, the main
difficulty was the interfacing of the antibiotic prescriptions’ data flow
from the prescription software.

“The interfacing between software, with Glims®, DxCare® and ICCA®
(...), it was when it comes to antibiotic prescriptions that things get
stuck.” (HP3)

“The data flow (...) was a huge obstacle, given that not all the medical
prescriptions (...) were coming through. We had inconsistent pre-
scriptions with a major lack of data.” (HP1)

Finally, the CDSS configuration was particularly complex because,
for the first time, this CDSS was implemented in a European country.
Therefore, it had to be set according to national and local guidelines.
Moreover, the CDSS configuration also encountered organizational
barriers because it required time and human resources, and the initial
communication between the CDSS developer and the AMS team via
email was not efficient.

“We had to adapt their Quebec database to our French way of doing
things. That was a lot of work.” (HP3)

“In the preimplementation and implementation phases, before use, it takes
time.” (HP3)

“For us, the other barrier to implementing this software was human re-
sources, because there weren't really any dedicated people (...). So that,
too, was a limitation that meant it could take some time.” (HP1)
“Rather than just sending an email every X amount of time with a huge list
of problems. Looking back, that’s not the way to manage something over
the long term.” (HP2)

The CDSS configuration also required adaptations during the first
months of use because of technical, organizational and human diffi-
culties. Indeed, AMS team members identified missing and irrelevant
alerts, which contributed to wasting time, increasing the already high
number of alerts and leading to alert fatigue.

“We still have a significant number [of alerts] that are notrelevant (...). I
find it wastes time” (HP4)

“It generates a huge number of alerts for us, and we’d like to do a bit less
of that.” (R1)

“There are a lot of alerts (...), but it’s probably also because of the size of
the hospital that it can scare off those who use it.” (HP1)

“It’s a bit frustrating when you update, you have a lot of alerts that come
back, and you feel like you can’t get your head above water (...). You get
the impression that you're being swamped a bit too quickly.” (HP2)

Furthermore, the CDSS configuration needed to be adapted to solve
any detected problems and to facilitate the work of AMS team members.
Moreover, the AMS team had to reorganize its workflow to include CDSS
use and to harmonize the practices of all the AMS team members.
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“It’s not artificial intelligence, so it doesn’t learn from its mistakes, so
(...) it takes time for the errors that are noted and reported to Canadians
to be finally modified in the software.” (HP4)

“For us, what took the longest was managing to combine practical use [of
the software] with our pharmaceutical validation, knowing which alerts
would be processed and being able to work successfully with infectious
disease specialists. For us, what took the longest was knowing how we
could change our basic way of work and adapt it to the use of the soft-
ware.” (HP1)

“There are several people involved in the antibiotic workstation (...);
getting everyone to do the same thing was also a question of harmonizing
practices.” (HP3)

Finally, another barrier to CDSS adoption was the skepticism of some
end-users about the impact on patients’ health and reliability.

“At the University Hospital, there has been a workstation dedicated to
validating antibiotics for a very long time now (...). [The CDSS] has
changed practice, but has it improved it?” (R1)

“For drug interactions, I looked at APSS®, what it told me, what it sug-
gested. But I always checked with another drug interaction analysis
software.” (R4)

3.3. Perceived facilitators

AMS team members perceived many technical and organizational
facilitators and some human facilitators of the adoption of the CDSS
(Supplementary Table S4). The adoption of the CDSS required two
technical prerequisites: responsive technical support from the developer
team and an adapted workstation. For example, the AMS team high-
lighted the importance of a dual screen.

“The company Lumed® did everything to keep things moving (...), they
were reactive (...), they responded quickly.” (HP3)

“When I had a problem (...), the IT guy [from Lumed®] would always get
back to me.” (R3)

“For me, it’s great because I have two screens: on the left I have DxCare®
where I do my validations and consult the patient file I'm working on, and
on the right I have APSS®. Frankly, it’s really fluid, it’s great. When you
only have one screen, it’s a bit of a pain.” (R1)

In addition, technical facilitators included the well-thought design of
the CDSS and useful tools such as notes and reminders. Moreover, the
CDSS should be pleasant and user-friendly to facilitate its use; it should
be intuitive, easy to learn, easy to use, smooth to navigate, visually nice

Table 2
Technical characteristics that facilitated CDSS use.

Facilitators Verbatim statements

Intuitive and easy to “The software is easy to use, clearly (...). It’s easy to learn.”
learn (HP4) “It’s very simple. It’s cool. It’s intuitive.” (R2)

Easy to use “It’s a pretty good software: practical, ergonomic, fairly easy to

use and to learn.” (HP3)

“It’s very easy to use (...). You quickly understand how it

works.” (R1)

“The navigation of the software is fluid, it’s fast, there are no

problems.” (HP1)

““The time it takes to load data (...), refresh windows, etc., goes

really fast.” (HP1)

“We’ve got a great visual, so we can see things very quickly and

easily.” (HP4)

“Visually, it’s very good. On APSS®, we have a good visual

record of prescriptions, duration of prescriptions (...), all

dosages, we have renal function, in other words all the clinical

and biological data is well displayed.” (R2)

“That’s what’s really interesting, customizing my screen to suit

what I want and what I'm looking for in terms of information.”

(R6)

“You can change your window.” (R3)

Smooth to navigate

Good visual
appearance

Customizable
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and clear, and customizable (Table 2).

“It’s interesting to use, easy to navigate, very clear, well designed and
quite intuitive.” (R3)

“What I also like about the software is that it allows us to make notes.”
(R3)

“The reminder system allows us to set our reassessment dates.” (R6)

The organizational facilitators reported by the AMS team included
effective communication with the CDSS developer and organizational
factors that contributed to the adoption of the CDSS by the AMS team.
Regarding communication between AMS and developer teams, two
effective strategies were highlighted: using a collaborative online plat-
form to report and manage difficulties and planning regular meetings via
videoconference to discuss and solve problems.

“Going through the Azur® platform (...), you make a work item, you
send them a problem with a screenshot (...) and then they treat the
problem, they assign it to themselves, etc. And then (...), you see if it’s
being processed or if it’s still pending, you see if they 've solved the problem
and then they tell you how they’ve solved it.” (HP3)

“With the weekly meetings, I think we've made a lot of progress (...), we
could have exchanged information more easily.” (HP2)

Regarding the adoption of the CDSS by the AMS team, several
organizational facilitators were reported as follows: dedicated time to
use the CDSS, a clinical leader to train the end-users and to coordinate
the CDSS adoption, and progressive implementation to facilitate the new
distribution and prioritization of tasks among the AMS team.

“To deploy and improve, you still need to have human time.” (HP1)
“[The clinical leader] gave us a short one-hour training course.” (R6)
“Little by little, we lightened the load (...), gradually making adjust-
ments.” (HP3)

“[Pharmacy residents] have alerts, they sort alerts, so they remove the
alerts that they consider irrelevant, they only present us [infectious dis-
ease specialists] things that they think are relevant and for which we can
take action or have an impact.” (HP4)

“We have chosen a list of alert categories that we prioritize for review
during the day.” (HP2)

Finally, some human facilitators helped to adopt new software, such
as the experience of end-users with other software and their proficiency
in using a computer.

“I was quite familiar with classifying interventions because I've already
worked with artificial intelligence software.” (R4)

“I like anything that involves computers so, for me, it was pretty quick.”
(R3)

3.4. Perceived benefits

CDSS adoption was facilitated by all the perceived benefits high-
lighted by AMS team end-users (Supplementary Table S5). First, all
members reported that the CDSS improved the clinical practices of the
AMS team, and hospital practitioners thought they called prescribers
more to discuss antimicrobial prescriptions. Some concrete examples of
improved practices are presented in Supplementary Table S6.

“It really is an improvement in patient care. It probably won’t reduce
antibiotic consumption, but it will have an impact on patient care and the
quality of patient care.” (HP3)

“The impact it has on improving the quality of antibiotic stewardship.”
(HP3)

“I think we (...) call [the wards] more because we have additional data
(oo ), and what’s really good about the software is that it keeps us
constantly on our toes.” (HP1)

Moreover, the end-users appreciated using the CDSS because it
centralized the information needed for their work in a digital format and
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saved time checking antimicrobial prescriptions and tracking patients.

“It has provided a single system for antibiotics and antifungals (...) with
something centralized in the same place.” (R6)

“You have everything on the same screen: you have the prescriptions, you
have all the microbiological samples, and you can open them, you just
have to move your cursor over.” (HP2)

“It allows us to be fast and efficient (...). In terms of prescription analysis
(...), it saves a lot of time.” (R7)

Finally, the CDSS was perceived as a helpful and reassuring tool for
performing AMS, especially by residents who had less experience in AMS
activities than did senior practitioners.

“For new residents who begin (...), I think [APSS®] is a great help.”
(HP2)

“I think it makes for greater safety (...), I think it’s clearly an additional
back-up in terms of alert (...). It adds another safety barrier.” (HP1)
“It helps to secure my validation. Yes, it’s very reassuring.” (R4)

Regarding the six possible benefits investigated with the Likert scale
(Fig. 1), the two main benefits reported by the AMS team (majority of
“strongly agree”) were the ability of the CDSS to improve the appro-
priate use of antimicrobials and the quality of care.

3.5. Usability of the CDSS

The overall median score was 77.5/100 (min: 65-max: 92.5), indi-
cating a ‘good’ system in terms of perceived ease of use (Fig. 2). The
details of each usability item are presented in Table 3. The three items
obtained an optimal median score were the items 1, 3 and 4.

4. Discussion

This study used a mixed-method approach to identify the perceived
facilitators, barriers and benefits related to the implementation and use
of a CDSS by a hospital AMS team. Technical, organizational and human
factors were identified. On the one hand, barriers were mainly technical
difficulties due to IT teams’ involvement and availability, data flow
interfacing and the CDSS configuration. The reorganization of teamwork
was also an important barrier, with difficulties in terms of human re-
sources, dedicated time and the harmonization of practices associated
with alert fatigue at the personal level. On the other hand, the end-users
highlighted several facilitators. Having responsive technical support
from the developer team, an adapted workstation and a clinical leader
who assisted and trained his or her colleagues appeared crucial. CDSS
adoption was also strongly associated with CDSS usability and perceived
benefits. Both qualitative and quantitative analyses confirmed this last
finding.

Two types of CDSSs exist: in-house CDSSs built by hospital teams for
their own hospital practices or commercial CDSSs created by a devel-
oper team and sold to several hospitals. Commercial CDSSs have the
advantage of proposing practical solutions, including medication-
related knowledge bases and rules for pharmacy and prescribing appli-
cations, which do not require expertise or important resources from
hospital teams to create such knowledge bases [35]. Other advantages of
commercial rule bases include comprehensiveness, regular updates
including new drugs and a larger pool of experts to draw on in authoring
rules [36]. In our hospital, we chose a commercial CDSS, but this soft-
ware was implemented for the first time in Europe and thus in France. A
partnership between the CDSS developer and our hospital was estab-
lished to allow the development of new knowledge bases adapted to our
national rules. Thus, the configuration and implementation of the CDSS
required substantial hospital human resources and time in our hospital.
CDSS development indeed requires mixed clinical and IT teams to
ensure user-friendliness, ergonomics, workflow integration and trans-
parency of the decision-making process [37].

The development of a well-designed CDSS is important because poor
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Improve antimicrobial stewardship —

Improve antimicrobial prescriptions — o

Decrease antimicrobial prescriptions — F - -

Decrease antimicrobial resistance —
Improve quality of care —
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Fig. 1. Quantitative results for the six possible benefits of CDSS use.
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Fig. 2. System usability scale (SUS) scores in relation to the adjective ratings.

Table 3
Usability test results.
Items rated on a 5-point Likert scale ranging from “1 = Median  Min-Max
strongly disagree” to “5 = strongly agree”.
1 would like to continue using this system frequently. 5 3-5
I found this system unnecessarily complex. 2 1-3
1 thought this system was easy to use. 5 4-5
Ineed the support of a technical person to be able to use this 1 1-4
system.
I found the various functions in this system were well 4 3-5
integrated.
1 thought there was too much inconsistency in this system. 2 1-4
I would imagine that most people would learn to use this 4 3-5
system very quickly.
1 found the system very cumbersome to use. 2 1-3
I felt very confident using the system. 4 2-5
I needed to learn a lot of things before I could get going with 2 1-4

this system.

system design has been identified in the literature as a barrier to CDSS
adoption, while good and user-friendly designs have been reported as
facilitators [38]. Therefore, well-designed software is an important
determinant of its adoption, and a developer team must be attentive,
reactive and engaged in the development and improvement of its soft-
ware [25]. While several studies reported the poor user interface design
of the studied CDSSs [28,38], the design of the CDSS implemented in our
hospital was appreciated by end-users. Being a well-designed CDSS was
identified as a facilitator during our interviews, and, in the quantitative
analysis using SUS, the majority of end-users indicated that they would
“strongly agree” to continue using this system that they found easy to
use. Moreover, another positive point regarding the CDSS implemented
in our hospital was its customizability, which allowed end-users to
reorganize the software windows with the information they considered
most relevant. Other studies have shown that a lack of customizability,
flexibility and adaptability are barriers to CDSS adoption [28,39].

CDSS adoption is also dependent on the computer literacy of end-
users. Poor computer skills are identified as barriers [38]. The
learning period that follows the implementation of a new system de-
pends on the end-user’s technological competence and on training ses-
sions [40]. A lack of technical knowledge and training is an important
barrier to CDSS adoption [39]. However, CDSSs considered “easy to
use”, such as the CDSS implemented in our hospital, provide a system
that requires minimal training and computer skills [18]. For example, in
our previous study on electronic surveillance software, end-users indi-
cated poor computer skills, but they easily adopted the newly installed
software because they reported good usability and adequate training
sessions with a clinical leader [25]. On the one hand, ease of use is a
strong facilitator of CDSS adoption [20,39]. On the other hand, a clinical
leader among the hospital team is an adequate strategy for providing
training sessions that are easily accessible for end-users [40]. Training
sessions with clinical leaders could also contribute to the standardiza-
tion of clinical practice.

The end-users frequently reported an excessive number of alerts
when using the CDSS. This difficulty is particularly reported with closed
commercial knowledge bases that generate alerts that are clinically
unhelpful due to insufficient end-user configuration tools that allow
local customization and the ability to turn on and off certain decision
support features to be more suited to the local clinical environment [35].
In our study, end-users explained that the high number of alerts was due
to the size of the hospital, with many patients receiving antibiotics, and
to irrelevant alerts, especially in the first months of use. Prioritizing and
selecting alerts that are critically important and that will have the
greatest impact on patients are recommended to facilitate the manage-
ment of a large number of alerts [40]. Concerning irrelevant alerts, they
should be progressively corrected because they are frustrating for end-
users and are a source of alert fatigue, which occurs when clinicians
feel that there are too many alerts [39,41,42]. Regarding CDSSs, irrel-
evant alerts were described for drug-allergy interactions [43], drug—
drug interactions [44], drug dosage limits [36], and intravenous/oral
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switches in our study. Irrelevant alerts are not helpful and are prob-
lematic in other ways: they may reduce clinician confidence in the CDSS,
and they can lead clinicians to ignore clinically relevant alerts [35]. The
relevance of the information and alerts provided by the CDSS are
impacted by the interfacing of the data flow and the quality of the data
feeding the CDSS [45]. The use of open standards for structural and
semantic interoperability and exchange, such as Health Level 7 Inter-
national (HL7), is crucial for ensuring optimal connectivity between
systems [40].

The accuracy of the content was identified as an important deter-
minant for end-users to trust the CDSS, while doubts or skepticism
concerning the relevance and reliability of the content reduce their
overall trust in the system and negatively impact their perceptions of the
CDSS [39]. In our study, despite the skepticism of some end-users,
numerous perceived benefits of the implemented CDSS were reported
by end-users. Perceived benefits are crucial for reinforcing the use of
newly installed medical software, and perceived usefulness is a key
characteristic in CDSS adoption [20]. Performance expectancy is an
important facilitator of CDSS adoption and includes not only how end-
users perceive the system to be useful but also how they perceive it to
improve an individual’s performance and how the system will improve
outcomes and job fit [38]. For example, Albahar et al. highlighted that
their system for AMS management was perceived as a system that may
notably improve the ability to deliver AMS, improve work efficiency and
improve the safety of antibiotic use [22]. In our study, similar perceived
benefits were highlighted, such as the ability to improve antimicrobial
prescriptions and the use of antimicrobials and to decrease AMR.
Finally, several end-users reported that the CDSS was helpful and reas-
suring because it was perceived as a “safety net” that provides additional
support for the validation of antimicrobial prescriptions. Chow et al.
reported similar results with junior physicians, who trusted the credi-
bility of the CDSS’s recommendations and used them to “cross-refer-
ence” their antibiotic choices [46]. In a study by Justinia et al.,
physicians reported that the CDSS is a valuable medication dispensing
safety tool that can reduce medication errors [47]. CDSSs were effec-
tively shown to reduce medication errors [48] and improve the quality
and efficiency of medication use [49].

Regarding potential limitations, our study investigated the percep-
tions of the benefits, facilitators and barriers of one CDSS named APSS®
by only one AMS team in a university hospital. This single-center design
may lead to low external validity and a possible lack of generalizability
of the results to other hospitals. Our study focusing on one team of users
without any other diversification, it is more a descriptive study than a
generalizable study [50]. Nevertheless, many of our results are consis-
tent with those of previous studies, and thus we believe that our results
have validity for applications in other hospitals that consider imple-
menting a CDSS for AMS. The inclusion of all eligible AMS team mem-
bers allowed us to reach data saturation in the qualitative analysis with
11 individual interviews. Moreover, the inclusion of these 11 end-users
also seems sufficient for quantitative analysis because Tullis and Stetson
showed that the accuracy of the SUS is 80 to 100 % with a sample size of
10 to 12 people [51]. No prescriber was included in our study because
the CDSS was only used by AMS team members and not by prescribers in
our hospital. Other studies had shown that prescribers using CDSS could
be reluctant to its use because they judged that CDSS recommendations
conflicting with their professional autonomy [52].

This mixed-methods approach is the first step in the evaluation of the
CDSS implemented in our hospital. In line with our protocol study [24],
further studies using interrupted time-series analysis will be conducted
to evaluate the impact of the CDSS on the antibiotic use in adult in-
patients, and to assess the safety of the intervention, and its impact on
the appropriateness of antibiotic prescriptions and on antimicrobial
resistances.
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5. Conclusions

This study provides evidence showing how technical, organizational
and human factors influence end-users’ perceptions about the imple-
mentation and adoption of a CDSS for AMS. The main technical barriers
were the IT teams’ involvement and availability, data flow interfacing
and the CDSS configuration during the implementation phase, and the
organizational barriers were related to human resources, dedicated
time, reorganization of the teamwork and harmonization of practices.
The responsiveness of the technical support of the CDSS developer and
the presence of a clinical leader within the hospital AMS team were
crucial for assisting the end-users and improving the software.
Functionality-related characteristics such as the speed and ease of use of
the CDSS, as well as the relevance of its alerts, were important facili-
tators that contributed to the decrease in alert fatigue. Finally, perceived
benefits and usefulness seemed to be decisive for CDSS use.

6. Summary table

What was already known on the topic:

Commercial computerized clinical decision support systems (CDSSs)

propose more practical solutions for antimicrobial stewardship team

than in-house CDSSs built by hospital teams.

e Adoption of new health information systems in hospital depends on
technical, organizational and human factors.

e CDSS development requires involvement of mixed clinical and in-

formation technology teams.

What this study added to our knowledge:

CDSSs are valuable systems to support antimicrobial stewardship
activities.

The antimicrobial stewardship team highlighted benefits about the
CDSS use which improved their clinical practices and the quality of
care of patients.

The adoption of a CDSS requires time, involvement, availability,
training and adaptability of the user team.
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