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Abstract

The development of health information technology available and accessible to professionals is increasing in the last few
years. However, a low number of electronic health tools included some kind of information about medication reconcilia-
tion. To identify all the electronic medication reconciliation tools aimed at healthcare professionals and summarize their
main features, availability, and clinical impact on patient safety. A systematic review of studies that included a description
of an electronic medication reconciliation tool (web-based or mobile app) aimed at healthcare professionals was conducted.
The review protocol was registered with PROSPERO: registration number CRD42022366662, and followed PRISMA
guidelines. The literature search was performed using four healthcare databases: PubMed, EMBASE, Cochrane Library,
and Scopus with no language or publication date restrictions. We identified a total of 1227 articles, of which only 12 met
the inclusion criteria. Through these articles,12 electronic tools were detected. Viewing and comparing different medication
lists and grouping medications into multiple categories were some of the more recurring features of the tools. With respect
to the clinical impact on patient safety, a reduction in adverse drug events or medication discrepancies was detected in up to
four tools, but no significant differences in emergency room visits or hospital readmissions were found. 12 e-MedRec tools
aimed at health professionals have been developed to date but none was designed as a mobile app. The main features that
healthcare professionals requested to be included in e-MedRec tools were interoperability, “user-friendly” information, and
integration with the ordering process.
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Introduction

Medication reconciliation (MedRec) is a recognized strat-
egy to improve patient safety during transitions of care.
It consists of establishing an accurate list of all the medi-
cations that a patient is actually taking to provide correct
medications to patients and prevent adverse drug events [1].
MedRec is a complex and challenging process that requires
the time and collaboration of all involved healthcare profes-
sionals to carry out the appropriate medication changes and
communicate them properly to patients [2].

International patient safety organizations agree on the
necessity of implementing MedRec during care transitions
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as an effective strategy in patient care and promoting the use
of information technologies (IT) as a support tool for this
procedure [3, 4]. Paper-based systems are known to take
more time than electronic MedRec (e-MedRec) tools [5].
The benefits of using IT for MedRec are not only workflow
optimization but also the greater ability to integrate phar-
macotherapeutic information and achieve better results in
detecting medication discrepancies [5, 6].

Previous studies showed that IT in healthcare systems was
mainly focused on collecting medication information, and
very few institutions had already incorporated an e-MedRec
tool in their routine clinical practice [7]. In this way, a recent
study showed that, despite the increase in the number of
mobile health applications (apps), widely available and
accessible for professionals, there is still a lack of apps that
include information about MedRec [8]. In contrast, com-
puterized tools have a greater presence and usability in this
field, including promising results in health outcomes [9, 10].
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In fact, previous publications have shown a reduction of 45%
in drug omissions using an e-tool and reductions of unin-
tended discrepancies with the use of IT [5, 11]. A previous
review, published in 2017, summarized websites or software
up to October 2014. However, although the tools scored well
in terms of user adherence, satisfaction, and usability, only
English-language tools were examined and additional details
were lacking [9]. In this sense, more extensive research on
this topic could provide an update on available e-MedRec
tools and collect more data on their design, development,
and effectiveness.

In the last few years, we have all witnessed an exponen-
tial increase in the use of technology in different healthcare
settings probably foster by the emergence and subsequent
pandemic of the coronavirus disease 2019 (COVID-19) [12].
Patients and their caregivers have been the focus of IT, so
there have been few studies on the use of telehealth and digi-
tal technology by healthcare professionals. Thus, the objec-
tive of the study was to identify the existing e-MedRec tools
(web-based or mobile apps) aimed at healthcare profession-
als and to summarize their main characteristics, availability,
and clinical impact on patient safety.

Methods
Information sources and search strategy

An electronic literature search was performed using four
Healthcare Databases: PubMed, EMBASE, Cochrane
Library, and SCOPUS, with no language or publication
date restrictions up to 15 December 2022. Search terms
included a mixture of MeSH terms and free text (keywords,
synonyms, and word variations) combined with Boolean
operators. The search strategy is detailed in Table S1 from
Supplementary File 1. Authors were contacted for further
information in the absence of sufficient data. The reference
lists of selected studies were also hand-searched to identify
any other relevant studies that evaluated and provided more
information about the e-tools detected.

Eligibility criteria

This systematic review was carried out in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [13]. The completed
PRISMA checklists are included as Supplementary File
2. The review protocol was registered in the International
Prospective Register of Systematic Reviews (PROSPERO)
Database (registration number:CRD42022366662). The
selected studies were those that met the following inclusion
criteria:

@ Springer

e The study included a description of the e-MedRec tool
(web-based or mobile app) aimed at healthcare profes-
sionals.

e The e-MedRec tool could be used for MedRec of pediat-
ric or adult patients.

e The e-MedRec tool could be used at any point of care
transition (admission, discharge, or in outpatient clinics).

¢ No language restrictions.

We excluded:

e Studies describing electronic tools for purposes other
than MedRec.

e Studies referring to a description of a non-electronic
MedRec tool.

e The e-MedRec tool was designed to be used by patients
exclusively.

e Studies that were not available in full text or abstract.

Study selection

The titles and abstracts of all eligible articles were screened
for inclusion by two independent reviewers (PCG and PVM).
Any disagreements were settled by consensus or with a third
reviewer (ABGGQG). Finally, we evaluated the considered full-
length publications before a final decision on inclusion was
reached by all reviewers.

Data collection and quality assessment

The data extraction guide was created according to the rec-
ommendations of some authors on the minimum content
required to adequately describe e-MedRec tools and user
perceptions [9, 11]. Two reviewers (PCG and PVM) inde-
pendently extracted data from the papers and grouped the
records as those that specifically focused on the descrip-
tion of each study or the selected e-tools. ABGG checked
all extraction sheets for accuracy and resolved any discrep-
ancies by independent review of the full-length publica-
tions. We explicitly stated if there were any missing data
from studies. For each publication, the following variables
were registered:

Author, country, and year of publication.

Name of e-MedRec tool detected.

The objective of the study.

Study design: randomized clinical trial (RCT), quality
improvement project (QIP), or observational study.
Eligible patients for the study.

e Transition points of care involved:admission,
discharge,and outpatient setting.
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Moreover, these variables were recorded for each tool:

¢ Entry of patient data and medication information into the
tool: automated or manual.

e Auvailability of the tool: mobile app, website, or software.

e Clinical impact on patient safety: reduction of medication
errors, discrepancies, adverse drug events, emergency
visits, or hospital readmissions.

e Users (healthcare professionals): pharmacists, nurses,
and/or physicians.

e Features related to the ease of use and comprehension of
e-tools: displaying different medication lists, transferring
information between healthcare professionals, grouping
medications, generating a reconciliation report, color
coding, or triggering MedRec alerts.

¢ Opinions of the users about usability, adherence, satisfac-
tion, and their recommendations to improve the e-tools.

A quality assessmentof each report was carried out in
accordance with the study design. QIPs were evaluated by
the Standards for Quality Improvement Reporting Excel-
lence (SQUIRE) guidelines [14], RCTs by the Consolidated
Standards of Reporting Trials (CONSORT) criteria [15] and
the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement was used for reporting
observational studies [16].

In addition, a multidimensional framework was used to
assess the quality of each e-tool [17]. This framework aggre-
gated social, technical, and organizational evaluation criteria
that were considered essential for the design and develop-
ment of a sophisticated e-health tool. According to these
criteria, variables related to the context, user perception or
implementation of the tool were recorded. However, those
functionalities of the reported tools that were poorly evalu-
ated by the authors or were irrelevant to the optimization of
future e-MedRec tools were not included in this work.

Results

1227 articles were identified through database searching.
After the elimination of duplicates, 1120 were collected by
title and abstract. 87 records were assessed for eligibility,
but only 12 met the inclusion criteria (Fig. 1) [18-29].From
the reference lists, six relevant studies that evaluated and
provided more information about four of the e-MedRec tools
were identified [30-35].

A quality assessment of the 12 selected studies was car-
ried out. For QIPs, there was wide heterogeneity in the
reporting criteria between studies, with some aspects of the
available evidence or the purpose of the project being well
documented, although ethical considerations were lacking
in the majority of the studies. For RCTs, the items with the

highest reporting rate (>90%) were: title and abstract, back-
ground and eligibility criteria for participants, while the least
covered standards (< 10%) were: changes to trial outcomes
after the start of the trial or performing subgroup analyses.
Finally, the observational study met most of the criteria, but
potential sources of bias were not addressed.

The main characteristics of the studies which were
included in the systematic review are summarized in Table 1.
Six of the 12 studies were published over the last 10 years
and two after 2020. Most studies were carried out in the
USA (8), two were in Canada and only one in Belgium and
Spain. With respect to study design, 8 were QIPs, 3 RCTs
and only one was an observational study. Most transition
points of care investigated were admission and discharge
(2), discharge (4), outpatients (4) one in admission, transfer,
and discharge (1), and the remaining one in admission (1).
Four studies had no restrictions on eligible patients and no
data were found in three. Test patients were included in one
study [28].

Table 1 also shows the description of e-MedRec tools
including the data entry, availability, and clinical impact on
patient safety. Four e-tools [23, 26, 27, 29] could retrieve
automatically information related to patients and their
medication from community-drug lists, electronic medi-
cal records (EMR), or computerized provider order entry
systems. One e-tool [18] allowed users to manually intro-
duce the patient medication list or retrieve the last updated
prescription from multiple electronic sources. Concerning
the availability of the e-MedRec tools, all of them were
computerized (software [18-24, 26, 28, 29] or website [25,
27]. “MedRec view” [19] was a commercially available
software. Some of the software were embedded throughout
EMR products such as Eclipsys Corporation [19], Siemens
[22], Leapfrog [28], and EpicCare [29].Two tools were
developed and provided by “Partners HealthCare System”
[18, 20]. Two tools [20, 27] were created as a software pro-
totype to incorporate into the EMR.“Twinlist” [19] was the
only open-source website. The “MedRec web-app” [27]
was a web application link available for all clinicians who
have access to the Regional eHealth network with a manda-
tory log-in and secure password. No e-MedRec tool was
implemented as a mobile app, but, clinicians who used the
“MedRec web-app” [27] were interested in the adoption of
the e-tool to be usable on smartphones and tablets. For the
clinical impact of e-tools, some of them showed a reduc-
tion of medication errors, discrepancies, and adverse drug
events among intervention patients compared to the usual
care. However, no significant differences in emergency room
visits or hospital readmissions were found with the use of
“The RightRx Project” [26, 35].

Different functionalities were implemented in the e-tools
to make the MedRec process more productive. Some exam-
ples are: displaying and comparing different medication lists
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Records identified through database searching

PubMed (n=680); Embase (n=52); Cochrane Library
(n=104); Scopus (n=391)

(n=1227)

Records after duplicates removed

(n=1120)

2 Page 4 of 13
Fig. 1 Study selection flow- —
chart. MedRec, medication
reconciliation g
£
=
2]
=]
N
=
D
=
[
~
'
of
g
=
D
D
T
9
»n
-/

Records excluded by title
and abstract (n=1033)

Records screened
(n=1120)

Eligibility

Full-text articles assessed

for eligibility
(n=87)

Full-text articles excluded
(n=75)

Tools designed to other
purposes (n=63)

Included

Non-electronic MedRec
tools (n=6)
MedRec tools aimed at

Studies included in
qualitative synthesis
(n=12)

ordered in columns to easily identify medication errors [19,
24-27, 29], transferring information between healthcare
professionals [20, 26, 27], or grouping medicationsin dif-
ferent categories (therapeutic class, diagnosis, dosage, or
ordered by clinical importance) [18, 25, 27]. Additional fea-
tures were giving information to users about drug allergies
or drug interactions [23] or clicking a button to continue,
change or stop a medication [24, 26, 27]. Only the RightRx
Project” [26] was able to generate a conciliation report that
can be printed and given to patients once the medication list
was updated. This tool was also the first to incorporate a data
warehouse with a register of patient medication, prescribers,
and dispensing pharmacies into the app. Additionally, a sum-
mary of the reconciled medication list in a “patient-friendly”
language that could be printed and given to the patients
might be included in the next prototypes of the “MedRec
web-app”. Moreover, the authors of this application tested
the opinion of users at various stages to obtain a sophisti-
cated tool as a final product [27]. Color codes were imple-
mented in the “Twinlist” [25] and “MedRec web-app” [27]
to facilitate the MedRec process by healthcare professionals.

@ Springer

patients exclusively (n=6)

Moreover, four tools were capable of triggering alerts or
reminders to the providers related to medication discrepan-
cies in order to enhance patient safety [19, 21, 24, 28].

The users' quality assessment of e-MedRec tools was
evaluated in Table 2. Firstly, the majority of tools were
aimed at physicians and pharmacists (6) while others could
be used by physicians, pharmacists and nurses (3), physi-
cians (2), and the remaining one was aimed at physicians,
pharmacists, nurses, and patients. With respect to adher-
ence, some authors measured the percentage of clinicians
who used the e-tools [19, 21, 22, 27, 29] but others showed
the number of medication lists updated by clinicians among
patients [28]. Usability was measured by the reduction in
time of MedRec process using the tool [18, 19, 25, 26],
improvement in clinician workflow [22, 24], or patient
safety [22, 28]. Clinician surveys were mainly used to assess
satisfaction with the tools [18, 22, 29]. Finally, most of the
users’ suggestions were aimed at the integration of the e-tool
with the ordering process [18, 19, 27], interoperability [19,
27], and easier ways to reconcile the medication list [18, 19,
21, 26, 29].
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promote the creation of “learning healthcare systems” across
provider subgroups and care settings [38]. These approaches
may provide better ways of integrating efficient MedRec into
clinical workflows and consequently, improving the quality
of new prototypes of MedRec tools.

There is a wide heterogeneity of opinions about the
ideal characteristics that e-MedRec tools should include.In
fact, some clinicians have suggested the incorporation of
some indispensable functionalities into health IT in order
to facilitate their integration into clinician workflow [39].
In this sense, transferring information to other clinicians,
integration into EMR systems, user-friendly information to
minimize clinician workload and offering training sessions
were some of the features more demanded to be included in
e-health tools [40, 41]. Some authors also noted the need
for interaction checkers among patient medication lists and
herbal medicines and reminder alerts to users about allergy-
causing medication [42]. None of the e-tools included in
this systematic review compiled all of these items, but some
users' suggestions agree on incorporating technical support
[28], interoperability [19, 27], or saving time on the MedRec
process [29]. Consequently, it would be desirable to establish
comprehensive and reliable assessment criteria in this field
[43], so it could enhance the design of more sophisticated
e-MedRec tools shortly.

According to our results, none of the e-MedRec tools
was designed as a mobile app, which contrasts with the
wide range of disciplines covered by e-Health apps [44].
Recently, a descriptive study about health professionals
managing drugs-related apps at emergency rooms revealed
that only one of the 47 identified apps provided information
related to medication reconciliation [8]. It consisted of a
Spanish-language app that is available on iOS and Android
platforms (https://en.apkbe.com/app/com.seth.conciliacion)
and included information about medications to reconcile in
less than four hours since hospital admission, a browser of
medication by therapeutic groups or the possibility to save
relevant notes by users. Nevertheless, the quality assessment
of the app was not explored yet, which reflected the lack
of a comprehensive evaluation of e-MedRec tools noted by
some authors [8, 9]. Patient security and privacy, ease of
use and usage, time-consuming to manage the e-tool, cost,
knowledge of e-health technology, communication between
healthcare providers and patients, design, and technical sup-
port are some of the barriers that could explain the low per-
centage of apps detected [8, 36, 45—47].

Medication management e-tools have been mainly
focused on self-patient care. However, healthcare profes-
sionals were rarely the target of available e-MedRec tools,
despite performing an essential role during the MedRec pro-
cess [9]. This finding could be due to the high variability of
acceptance between clinicians of using IT in clinical practice
[48]. Non-previous experience with IT, lack of training, and

workload were some of the impediments cited by healthcare
professionals to reject the use of IT [49, 50]. Additionally,
some clinicians are still not aware of the impact of using
an e-MedRec tool on clinical outcomes because of its low
implementation in healthcare organizations [7]. In this sense,
more efforts should be made to demonstrate to healthcare
professionals the importance of incorporating e-tools into
clinical practice.

The main limitation of this work is that iOS and Android
platforms were not explored to identify e-MedRec tools,
but only one app was detected in a previous study [8].
However,the search strategy was performed in four health-
care databases, which included a high number of studies
from the highest impact journals, with no language restric-
tions or limitations in date publication. We also sent some
questions by e-mail to all corresponding authors to com-
pile more data about e-tools already reported with scarce
information about their functionalities or clinical outcomes.
Only three of them responded, and one author provided
more detailed information about the future steps of the tool.
Finally, further studies are needed to increase the limited
evidence on e-MedRec tools, especially those designed as
mobile apps, and to assess their clinical impact on patient
safety.

Conclusion

In conclusion, 12 e-MedRec tools aimed at health profes-
sionals have been developed to date, 10 of them were soft-
ware and only two were websites. None of the e-MedRec
tools was designed as a mobile app. The main features
that healthcare professionals requested to be included in
e-MedRec tools were interoperability, “user-friendly” infor-
mation, and integration into the ordering process. Further
studies would be needed to standardize the quality assess-
ment of the e-tools and to evaluate rigorously their clinical
impact on patient safety in the near future.
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