Journal of the American Medical Informatics Association, 24(1), 2017, 227-240

doi: 10.1093/jamia/ocw068 /\ M | /\

Advance Access Publication Date: 14 June 2016 wrosarics proressionacs. Leaoia e way.
Review

Review

Electronic tools to support medication reconciliation: a
systematic review

Sophie Marien,” Bruno Krug,?*® and Anne Spinewine'*

"Université catholique de Louvain (UCL), Louvain Drug Research Institute (LDRI), Clinical Pharmacy Research Group, Brussels,
Belgium, 2Université catholique de Louvain (UCL), Institute of Health and Society, Brussels, Belgium, Université catholique de
Louvain (UCL), CHU UCL Namur, Department of Quality Improvement, Quality and Safety Officer, Yvoir, Belgium, and *Université
catholique de Louvain (UCL), CHU UCL Namur, Department of Pharmacy, Yvoir, Belgium

Correspondence to Sophie Marien, MD, PhD student, Clinical Pharmacy Research Group, Louvain Drug Research Institute,
Université Catholique de Louvain, Avenue Emmanuel Mounier, 72 B1.72.02, Belgium-1200 Woluwe-Saint-Lambert;
sophie.marien@uclouvain.be; Tel. +-32 2 764 72 36; Fax. +32 2 764 73 73.

Received 14 September 2015; Revised 2 February 2016; Accepted 21 March 2016

ABSTRACT

Objectives: Medication reconciliation (MedRec) is essential for reducing patient harm caused by medication dis-
crepancies across care transitions. Electronic support has been described as a promising approach to moving
MedRec forward. We systematically reviewed the evidence about electronic tools that support MedRec, by (a)
identifying tools; (b) summarizing their characteristics with regard to context, tool, implementation, and evalua-
tion; and (c) summarizing key messages for successful development and implementation.

Materials and Methods: We searched PubMed, the Cumulative Index to Nursing and Allied Health Literature,
Embase, PsycINFO, and the Cochrane Library, and identified additional reports from reference lists, reviews,
and patent databases. Reports were included if the electronic tool supported medication history taking and the
identification and resolution of medication discrepancies. Two researchers independently selected studies,
evaluated the quality of reporting, and extracted data.

Results: Eighteen reports relative to 11 tools were included. There were eight quality improvement projects,
five observational effectiveness studies, three randomized controlled trials (RCTs) or RCT protocols (ie, descrip-
tions of RCTs in progress), and two patents. All tools were developed in academic environments in North Amer-
ica. Most used electronic data from multiple sources and partially implemented functionalities considered to be
important. Relevant information on functionalities and implementation features was frequently missing. Evalua-
tions mainly focused on usability, adherence, and user satisfaction. One RCT evaluated the effect on potential
adverse drug events.

Conclusion: Successful implementation of electronic tools to support MedRec requires favorable context, prop-
erly designed tools, and attention to implementation features. Future research is needed to evaluate the effect
of these tools on the quality and safety of healthcare.

Key words: medication reconciliation, health information technology, quality improvement, continuity of care, patient safety

INTRODUCTION information-sharing among providers, patients, and families across
Medication management continuity is a worldwide patient safety different settings.® Patients are therefore at risk for medication dis-
concern and a very complex task'? requiring communication and crepancies during transitions from one care setting to another.*’
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These discrepancies — unexplained differences among documented
regimens across different sites of care® — can lead to a prolonged
hospital stay, early readmission, unplanned visits to the emergency
department,* and even death.”

Medication reconciliation (MedRec) is a formal and collabora-
tive process of obtaining and verifying a complete and accurate list
of a patient’s current medicines® to ensure that precise and compre-
hensive medication information is transmitted consistently across
care transitions.” Several leading organizations worldwide, such as
the World Health Organization, The Joint Commission, the Institute
for Healthcare Improvement, the National Institute of Clinical
Excellence, and the Canadian Patient Safety Institute, have cam-
paigned for the implementation of MedRec. Despite this, most
healthcare organizations are struggling to develop efficient tools and
effective implementation strategies.””'!" Successful MedRec is
resource-intensive: it is time-consuming, requires multidisciplinary
collaboration, and imposes a cognitive burden on clinicians that
could be relieved by the use of technology.?”'?

Efforts to reduce medication discrepancies using health infor-
mation technology (IT) have recently emerged'? and different orga-
nizations have clearly indicated that technology to support the
MedRec process will be essential for its successful implementation
across the healthcare system. Electronic medication reconciliation
(eMedRec) tools are computerized tools used to help support
MedRec processes. These tools allow healthcare providers to com-
pare the best possible medication history to orders and to identify
discrepancies by displaying medication lists and to resolve discrep-
ancies by providing the following options: continue, change, or dis-
continue a medication.'*

Whereas previous systematic reviews summarized the available evi-
dence on MedRec,** and a few narrative or scoping reviews have ad-
dressed the use of IT in MedRec,>'5' to our knowledge, there has
been no systematic review of electronic tools (e-tools) to support
MedRec. Bassi et al.® performed a scoping review of primary studies
published up to March 2009 that looked at the use of IT in the MedRec
process. They found that IT was mainly used to obtain medication in-
formation, but very few systems at that time used a fully enabled eMe-
dRec tool. However, the authors reported that promising applications
were being developed to support the entire MedRec process. Original
studies have since described the development and evaluation of such
tools.>>1%1718 We therefore aimed to systematically review the evi-
dence about e-tools that fully support MedRec, by (1) identifying tools;
(2) summarizing their characteristics with regard to context, tool, im-
plementation, and evaluation; and (3) summarizing key messages for
successful development and implementation of eMedRec tools.

MATERIALS AND MIETHODS

Data Sources and Searches

We performed a systematic search of articles published from data-
base inception up to October 2014 using PubMed, the Cumulative
Index to Nursing and Allied Health Literature, Embase, PsycINFO,
and the Cochrane Library. We developed the search strategy in con-
sultation with a medical librarian who is experienced in systematic
review. We used an iterative process of building a search strategy,
running the search, searching the relevant articles for additional
terms, and then rebuilding the search strategy. Our search strategy
consisted of a combination of subject heading terms and free-text
words combining two groups of themes: (1) continuity of care —
medication reconciliation, and (2) IT. The final search strategy for

PubMed (see Supplementary Appendix I) was then adapted for each
database. The other queries can be provided on request.

To identify additional eMedRec tools (both those about which
reports have been published and those that have not), we (1)
scanned the reference list of included studies and relevant reviews;
(2) searched patent databases, ie, the FamPat database (Questel
Orbit) and the Espacenet database with the help of Picarre Intellec-
tual Property; (3) searched recent grey literature reports referring to
eMedRec;'*'? and (4) scanned the list of articles that subsequently
referenced the papers included using Scopus (last search November
2015). More information is available on request.

Study Selection

Eligible reports included original full-text articles, proceedings, and
patents describing e-tools that supported all three steps of the
MedRec process, namely, (1) gathering the best possible medication
history, (2) comparing the different lists in order to identify discrepan-
cies, and (3) resolving those discrepancies. Reports had to contain
both a description of the tool and some kind of evaluation, whether
regarding a health outcome, provider satisfaction, adherence, utiliza-
tion, or efficiency. Proceedings and patents were also included - in ad-
dition to original full-text articles — because these are frequent forms
of publication for health IT tools. If several patents had been written
for the same tool, we used the most recent. Because the information
available in proceedings is limited, for potentially eligible proceed-
ings, we contacted authors by e-mail to request additional informa-
tion and/or clarification, using a standardized form and screenshots
of the tool. This additional information was then used for study selec-
tion and data extraction. If three e-mails to the proceedings authors
went unanswered, the proceedings were then excluded.

We excluded reports that did not include a description of the
tool, reports referring to an e-tool that only partially supports the
MedRec process, reports on the reconciliation of specific drugs and
classes, review papers and commentaries, and non-English-language
reports. There were no restrictions regarding study type, setting, or
type of care transition.

Two reviewers (B.K. and S.M.) independently evaluated the eligi-
bility of reports by first examining their titles and abstracts, and then
the full text of reports identified as potentially eligible for this study.
Disagreements were resolved by discussion, and, when consensus
could not be reached, a third author (A.S.) was consulted and a deci-
sion was made. Eligibility was delayed for proceedings and for studies
reporting data incompletely, pending author contact (see above).

Data Extraction and Quality Assessment
A standardized data extraction form (Supplementary Appendix II)

was created based on (1) the Effective Practice and Organization of

Care data collection form,’

3,4,21

(2) forms used in previous systematic
reviews, and (3) reports from the gray literature on eMe-
dRec.'*'? The form was piloted on four reports by 3 reviewers (A.S.
, BK.,, and S.M.) to ensure completeness, clarity, and reliability.
Data extraction included study design (using a recently published
categorization of improvement interventions**) and description of
context, tool, implementation and evaluation, and lessons learned as
reported by the authors. Two reviewers (S.M. and B.K.) indepen-
dently extracted data. Disagreements were resolved by consensus.
For each report, we evaluated quality in two complementary
ways. First, the quality of reporting of the context, tool, and imple-
mentation/evaluation was evaluated with the criteria used in a re-
cent systematic review of patient portals.”’ These criteria had been
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searching (n = 2276)

Reports? identified through database

Y

(n=2143)

Reports after duplicates removed

A 4

Reports screened on title and
abstract (n=2134)

Additional reports identified

Y

through other sources (n = 5)

v

> Reports excluded (n = 1991)

Reports assessed for
eligibility (n = 157)

Full-text articles excluded, with reasons

(n=139)®

v

65 MedRec process not fully electronic

39 no description of the tool
30 review/commentary
24 insufficient data to extract®

Reports included in qualitative synthesis

(n=18)

+ 2 patents

14 full publications + 2 proceedings®

Figure 1. Search strategy and study selection. *Reports include full-text articles, proceedings and patents. *Reports could be excluded for more than one reason.
°Insufficient data means: full text not available or unanswered request by authors of proceedings. dProceedings were included if authors could send us relevant
additional information so that publication met inclusion criteria and that data could be extracted.

modified from criteria developed to assess patient safety strategies,
which included health IT applications.?® Second, based on the Cana-
dian Paper to Electronic MedRec Implementation Toolkit™ and on
the American Multi-Center Medication Reconciliation Quality
Improvement Study (MARQUIS) toolkit to disseminate best prac-
tices in inpatient MedRec,'” we listed the main ideal features needed
to for a user-friendly and efficient eMedRec tool, and, for each re-
port, we evaluated whether each feature was present.

Data Synthesis and Analysis

Due to the large variation in study types and measurements, a meta-
analysis of the studies considered was not possible. Instead, we con-
structed evidence tables showing the characteristics and results for
all included reports and critically analyzed the data. Reports that re-
ferred to a single eMedRec tool were grouped together. Finally, we
compiled a summary of recommendations made by the authors of
the included studies for the successful development and implementa-

tion of eMedRec tools. We categorized these factors as being relative
to the tool, context, or implementation and used them to draw con-
clusions.

RESULTS

Study Selection

Overall, the search strategy yielded 2143 reports following duplicate
removal, of which 1991 were discarded after examining the title and
abstract (Figure 1). Of the 152 reports that were selected for full-
text screening (or screening of additional information sent by au-
thors, in the case of proceedings) and § additional reports identified
through reference list searching, 18 met our inclusion criteria (14
published articles, 2 proceedings, and 2 patents). The main reasons
for exclusion were (1) the tools described did not support all three
steps of the MedRec process, and (2) the report lacked a description
of the tool.
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Description of Studies

The 18 reports included in this study were published over the last 10
years and describe 11 different eMedRec tools. Five reports were
about the Automated Patient History Intake Device (APHID),'*!1-2%=

26 three were about the PreAdmission Medication List Builder,
9,12

1,27,28

two were about the Twinlist, >~ and there was one report about each
of the other tools. According to Portela’s classification, eight reports
were quality improvement projects, >*122%2731 five were effective-

1125273233 and three were randomized

ness observational studies,
controlled trials (RCT)*® or RCT protocols.”'® Because the two re-
maining reports were patents, we could not classify them in one of
these categories. Table 1 summarizes the characteristics and main re-
sults of the reports included in this study. The quality of the reports’
description of the context, the tool, and the implementation are re-

ported in Table 2.

Context of Development

Ten of the tools reported on were developed in the United States and
one was developed in Canada.” Except for the Interactive Patient
Medication List,** all the tools were developed in academic environ-
ments (ie, academic hospitals or universities). Tools were almost

equally implemented at admission and discharge'*”~*"*3 or in outpa-

tient clinics 21011242532 o of these toolsl>1011:24:25:27,28,30,31,33
were reported as having been developed in hospitals promoting pa-
tient safety culture, four reports>”***? did not include information
about this culture, and, for the two last tools, this criterion was not
applicable.”'>** When patient safety culture was mentioned, the
quality improvement team insisted on the need for interdisciplinarity
or teamwork for developing and implementing eMedRec. One study
highlighted the importance of the context of development.”® In that
case, the intervention took place in two hospitals, and a statistically
significant decrease in potential adverse drug events was reported in
one of the two hospitals. The authors hypothesized that differences
in context and implementation (level of publicity and nurses’ in-
volvement) probably contributed to the differences observed.

Characteristics of the Tools

Seven!7>10:11,24,25,27,28,30-33

of the tools reported on were integrated
into the organization’s/clinicians’ workflow. All the tools, except
the Twinlist,”'?

pharmacy claims data, electronic medical records, and computerized

used electronic data from different sources, such as

physician order entry (CPOE) to collect the medication history and
identify discrepancies. Despite the fact that these characteristics are
considered by the United States and Canadian toolkits as ideal fea-
tures for eMedRec tools,'*! only half>7>%12:26:31=3% of the 18 re-
ports included in this study highlighted medication discrepancies,

only 5 of the 18 reports”>1-33:34

offered various possibilities for or-
ganizing medication lists differently, and only 37-**** documented
reasons for stopping medication (Table 2). Other functionalities
were implemented in order to reduce the time needed to complete
tasks and cognitive burden: displaying medication lists side-by-

9,3 : : : 9,3 3 i
2:7:9,12,29,33 qnd using different filters>*>31:33:3% for sorting unrec-

side
onciled medications. Additional functionalities to make the eMe-
dRec process more efficient included gathering information from
1.2,10,11,25,26,28-30,34 oiving access to detailed infor-
mation on prescribing, dispensing, etc.;”>* communicating the rec-
onciled medication list easily and quickly to other providers;-**3*

linking decision support systems (eg, systems supporting decision to
)34

multiple sources;

admit patients, supporting drug-drug interaction detection);”” and

creating a link with an automatic input to the CPOE.*30-3*

Plaisant’s team’>'?

also developed animations to help novices master
the tool they reported on.

With regard to the availability of the tools on the market, Twin-
list is available as an open-source program,” the Discharge Instruc-
tion element is commercially available,>® and the APHID!%!11:24-26
team is working on a prototype for a national enterprise deployment
within the Veterans Health Administration. In addition, a few tools
can be embedded in electronic health record (EHR) products such as
CERNER,** Eclipsy Sunrise EHR,*’ and Siemens EHR.?' Finally,
two additional tools will probably be commercially available in the
next few years.”>*

Lesselroth’s team involved patients, considered as a group of spe-
cific users, in the MedRec process.'®'1** Patients reviewed their
composite list of medications with the eMedRec tool, using a kiosk
situated in the lobby, and the program automatically charted patient
response in the EHR. Cadwallader also planned to involve patients

in this process.”

Implementation and Evaluation

To develop an eMedRec tool, most of the research teams used differ-
ent prototypes with Plan-Do-Study-Act cycles to improve the tool
and adapt it to users’ needs and to workflow (Table 2). These were
classified as quality improvement projects (Table 1). Although teams
explained that they needed several years to develop the tool before it
was finally put into routine use, none mentioned the number of pro-
totypes they developed to arrive at the final tools.

Due to the variability of the objectives recorded and to missing
information, results were difficult to compare (Table 1). Neverthe-
less, the main measures of evaluation were related to usabil-
ity, 2% 11:12:24,25,27,31-33 4 dherence to the tool, ' ?*2733 and user
satisfaction,>#>-27:2%:31-33

Usability was evaluated in different ways: time saved by clini-

9,27,33 11,31 1,9,11,12,24,25,27
el > ease of use, > T

cians, workflow improvement,
and understanding of the tool.”**** In several quality improvement
projects, usability issues that were identified led to the implementa-
tion of improvements in a revised prototype of the tool.

Regarding adherence, some authors™>%3%3% |

ber of patients with a medication list created or reconciled, while
12931

ooked at the num-
others measured the proportion of clinicians using the too or
the proportion of patients connecting to the tool.'** When tools
were in routine use, several teams struggled with user adherence and
therefore implemented specific incentives (Table 2). Three authors
reported significant improvements in adherence after implementing

31,32

a reminder or even a hard stop.>”*° Other steps taken in sup-

port of tool adoption included elaborating workflow mod-

1,10,11,24,2,
§1510,11,24,28

el aimed at integrating the new e-tool in the most

efficient way possible and defining the responsibilities!>”>10:11:2428~
30 of each actor. With regard to the impact of eMedRec on health
outcomes, Schnipper reported that an eMedRec intervention signifi-
cantly decreased the risk of potential adverse drug events.”® In her
RCT protocol, Tamblyn has planned to measure adverse events,
emergency visits, and hospital readmissions.” Finally, Lesselroth will

evaluate the impact of eMedRec on medication discrepancies. '

Recommendations for the Successful Development and
Implementation of an eMedRec Tool

Because objectives varied considerably from one report to another,
the authors of the reports included in this study arrived at a variety
of conclusions. Nevertheless, each team produced a list of
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Box 1. Recommendations Made by Authors for the Successful Development and Implementation of eMedRec Tools

Recommendations concerning the context of development

Adapt the tool workflow to the habits of frontline users"”-*#25:27:28:30

Offer the possibility of invoking the application from multiple points in the workflow, regardless of the EMR medication list status>

Define the roles of each frontline user in the eMedRec process!»>+27:39

Ensure support from clinical/hospital leaders'*°

Engage patients in the MedRec process>>*

Recommendations concerning functionalities and development of the tool

Concerning the tool in general

Develop tool features and design interfaces in an iterative manner, driven by the clinical processes

and a suitable organizational climate
Persuade frontline users, especially clinicians, of the importance of MedRec™°

24,25,30

9,12,27

Use design guidelines for designing health IT; identify and use individual design components (eg, animation, groupings)
Choose a design that matches the overall design philosophy of the EHR user interface’

Use prototypes and pilots*”

Involve patients as collaborative partners in developing the tool!

Do not anticipate users’ needs’

Medication information needs to be entered in coded format®”
Gathering the best possible medication history

Use information from different sources’ and gather this information electronically by linking the eMedRec tool to medication lists of other systems

(EMR, CPOE, EHR, pharmacy claims, etc.)>>**3°

Aim for interoperability between different medication lists, with the possibility of automatically charting the reconciled list in the EHR/CPOE*5>*°

Develop easy-to-use technology (drug pictures, prescribers’ information next to each medication)

Do not overautomate the tool’
Identification of discrepancies
Develop robust detection of discrepancies'!

11,25,29

Develop technology that is easy to use and reduces cognitive burden: use animations and offer different filters for classification; help providers to

recognize, contextualize, and manage medication discrepancies
Resolving discrepancies

Explore and develop decision support algorithms to help providers identify clinically meaningful discrepancies

2,9,12,25,29

2,11

Develop easy-to-use technology: allow manual verification of all medication,** allow partial reconciliation,** document reasons for all reconcilia-

tion actions taken,>? enable inter-facility provider communication of discrepancies,'! foresee tight integration with the CPOE system

Recommendations concerning the implementation of the tool

Provide education and support: regularly train users and local leaders, provide on-site support

To improve compliance: introduce reminders or hard stop,>” %32
: L 1,2527.3
to enable ongoing feedback,”®3? collect users’ suggestions'*%*7-3

Compare electronic lists to a gold standard structured medication history

Conduct usability testing® !>’

. . i A 12
Focus on efficiency in addition to clinical improvements

and test the software (reliability + interoperability) in selected and disparate settings

27,29,30

1,7,25,27,32

reduce the time needed to reconcile medication,>” have measurable compliance rates

10,24

Establish a process for referring recurrent errors and discrepancies for failure analysis and potential system-based intervention'
Assess the generalizability of your findings using comparable data from other hospitals using eMedRec tools>’

CPOE, computerized physician order entry; EHR, electronic health record; EMR, electronic medical record; eMedRec, electronic medication reconciliation;

IT, information technology; MedRec, medication reconciliation.

recommendations for the successful development and implementa-
tion of an eMedRec tool. These are summarized in Box 1.

DISCUSSION
Main Findings

To our knowledge, this is the first systematic review of e-tools to
support MedRec. We have identified 11 tools that support the entire
MedRec process, 7 of which are in routine, daily use.’»1%11:2425:27-
33 This adds valuable information to recent literature reviews that
identified a limited number of studies of IT support for MedRec.
Most studies referred to e-tools that supported some, but not all,
steps of the MedRec process.>* We mainly found quality improve-
ment studies and observational effectiveness studies that showed
positive results overall in terms of usability,1>%11:12:24.25.27.31-33

. . 5,27,29,31— 1 -33 .
satisfaction,>**>272%31733 4nd adherence."' "***7=33 However, evi-
dence remains insufficient about the impact of eMedRec tools on

the quality and safety of healthcare.

Implications for Practice
Recent reports summarized the ideal features and functions an eMe-
dRec tool should include.'*'” None of the tools identified seem to
include (or to have described whether or how it included) all of these
features and functions, but these manuals were published after all of
the reports we identified.

Our data confirm that the success of developing and integrating
technical solutions to support MedRec is strongly dependent on at-
tention to implementation processes and extensive usability testing.

Implementation Processes

Successful eMedRec requires a concerted quality improvement ef-
fort, of which IT is but one component. To be embraced by most
users, eMedRec tools need appropriate national and institutional en-
vironments. At the national level, all the tools identified were devel-
oped in the United States and Canada, where national campaigns
and incentives have encouraged MedRec progress since 2005.%53

Accordingly, the applicability of our results to other healthcare
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systems with different environments, cultures, and use of health IT,
including those in Europe, cannot be guaranteed. Three studies car-
ried out in Spain with one eMedRec tool have been published re-
cently,'®373% but additional studies will need to be conducted in
environments outside the United States and Canada.

At the institutional level, we found that endorsement by quality
improvement leaders,***° highly integrated care, past experience
of technology, and a culture of fostering patient safety enhanced the
adoption of eMedRec into routine use. Persuading frontline users
and improving awareness among clinicians of the importance of
eMedRec (eg, by specific clinical vignettes) is essential to successful
implementation.>® Staff education (eg, providing training on its use,
educational handouts, or online materials) and on-site support were
repeatedly recommended by researchers.

Despite favorable organizational cultures, institutions have
struggled to reach user compliance rates above 50%.'**?*%-*2 Addi-
tional measures that were reported to be helpful in increasing com-
pliance were (1) workflow redesign™>>2” and precise definitions of
roles and responsibilities,”*?”3° (2) equipping the tools with re-

minders31-32 29,30

or hard-stop systems, and (3) reducing the time
needed to reconcile medication.”” As with non-electronic processes,
successfully implementing eMedRec requires multidisciplinary team-

work,31:39:40

Extensive Usability Testing

Usability testing is the most commonly used evaluation method for
assessing user interactions with health IT. Clinical processes have to
drive IT development and design.?” Usability tests ensure that clini-
cians and other healthcare professionals have an opportunity to
evaluate and provide feedback on eMedRec systems’ functionality,
usability, and workflow.'**>*”3® Most reports evaluated some
components of usability,>%11:12:24.25.27:31=33 Eialyations of Twin-
list were unique in that they purposively evaluated cognitive support
of MedRec through interface design.” In an experimental study®!
published after we carried out our systematic search, the authors
found that Twinlist could significantly improve the performance
and safety of MedRec tasks. Their results should certainly help other
developers and researchers, including EHR vendors, improve their
own design.

Applicability to Commercially Available Tools

Three of the eleven tools that were identified in the present review
are available as an open-source program (Plaisant’) or commercially
available (Vawdrey?*® and Sherer®®). Two additional tools are aim-
ing to get into the market.”*®** Many other MedRec tools (either
stand-alone or embedded in EHRs) are commercially available.
Unfortunately, no eligible reports on these other tools were found
by our search strategy. In order to explore the applicability of our
results to these tools, we contacted 8 eMedRec software vendors re-
ferred to in the MARQUIS toolkit'® and 16 EMR vendors and asked
them to provide information on their MedRec tools. Three re-
minders were sent. Seventeen vendors did not respond, and most re-
sponders did not want to share detailed information. In addition, we
searched for information on the vendors’ websites.**®° It seems that
many tools are clearly integrated in the clinician’s workflow and
tightly linked to CPOE and other decision support systems. Many
vendors claim that users gain time and accuracy by using their
MedRec tool. Nevertheless, information concerning the tool’s char-
acteristics — such as automatically highlighting discrepancies, mak-
ing it possible to document the reason for stopping/modifying

medication, offering different options for the organization of the
medication list — was neither provided by vendors, nor found
on their websites. At least nine EHRs had developed a patient

1,30752:5457:61-63.65 byt patient input is apparently not used to

porta
inform the MedRec tool’s consolidated list (a synthesis table can be

found in Supplementary Appendix III).

Implications for Research

As most of the tools reported on had only recently been imple-
mented, the evaluations of these tools were mainly limited to mea-
sures of usability,!>%11:12:24.25.27:31=33 qer adherence, ! 1?4273
and satisfaction.?*2>27-2%31-33 We found only one RCT that evalu-
ated the impact of eMedRec on clinical outcomes, namely potential
adverse drug events.?®

Future studies should correlate the specific features of MedRec
tools to their efficacy in improving the identification and resolution
of medication discrepancies. This could help with considering which
features are the most important. Validated measures should be used
to assess usability, such as the Questionnaire for User Interaction
Satisfaction,®® and these measures should also be correlated to effi-
cacy. Moreover, future research should evaluate — using rigorous
and, if possible, multicentric designs®* — to what extent eMedRec is
able to achieve the goal of improving patient safety and quality of
care. A few such trials are currently ongoing.”'"

Outcome measures in future trials should include measures of
adverse drug events and the number of unintentional medication dis-
crepancies per patient. The latter measure has recently been en-
dorsed by the United States National Quality Forum.®” Such
outcomes, together with selected process data, are worth consider-
ing in a core dataset. In addition, risks potentially introduced by
eMedRec, such as over-reliance on electronic medication lists and
technology-induced errors, will need to be evaluated.

Quality of reporting should be improved. The present work has
shown that many reports lack adequate information on the charac-
teristics of the tools and of their implementation. Context, the char-
acteristics of the tools, and implementation features all have an
impact on effectiveness. Future researchers should carefully describe
each component, and particular attention should be paid to describ-
ing features that have been listed as essential for the successful im-
plementation of eMedRec.'*?

Further research should investigate the quality of MedRec mod-
ules in EHRs and the incremental benefits of add-on MedRec soft-
ware integrated with these EHRs. However, it should be noted that
research on this topic might be hampered by a lack of scientifically
rigorous data in peer-reviewed journals or patent databases, by a
lack of information due to confidentiality considerations, and by dif-
ficulties in implementing direct comparisons, because no hospital is
going to adopt more than one EHR at once. However, before/after
studies by hospitals adopting different tools might be informative, as
might be multihospital comparisons of adjusted discrepancy rates in
institutions that use different EHRs.

Increasing patient engagement as another strategy for enhancing
eMedRec efficiency'® should be assessed by researchers. Patients can
get involved, most often through patient portals, by providing their
list of medications, by commenting on medication discrepancies be-
tween different lists, and by self-informing about nonadherence. For
example, Siek et al.!”® developed the Colorado Care Tablet, a Per-
sonal Health Application that older adults with limited computing
experience (ie., a population for which obtaining the best possible

17,37,40
)

medication history is especially challenging could easily use.
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Except for the APHID tool,'»** patient portal studies were excluded
from the present review, due to the fact that portals were often not
linked to an eMedRec tool or that description of the tool was lack-
ing. From our viewpoint, patient portals remain an interesting way
of involving patients and improving medication reconciliation,®’
and such data could inform developers of future eMedRec tools.

Limitations

This systematic review has several limitations. First, it is likely that
we missed some existing eMedRec tools, because we limited our se-
lection to English-language reports, because we cannot exclude pub-
lication bias, and because eMedRec tools developed in countries
other than the United States may not have been patented. In addi-
tion, the translation of our research query in the Embase database
generated difficulties. Indeed, “emtree” (Embase controlled vocabu-
lary) did not contain any specific term for “medication reconcilia-
tion” (it was translated as “medication therapy management”).
Despite this, our search strategy was comprehensive and not limited
to published full-text papers. In addition, we did not restrict our se-
lection to experimental designs. This was certainly appropriate given
the objectives of this review, and the data from ongoing quality im-
provement studies and observations studies were valuable. Second,
we had to exclude possibly interesting reports due to absent or in-
complete data on the tools they described. Efforts were made to col-
lect additional data from proceedings — some requests were
successful but others were not. We did not attempt to collect addi-
tional data from authors of full-text papers with no data on the tool.
Third, to be included, eMedRec tools had to support the entire
MedRec process; this decision was taken for reasons of homogeneity
and because we considered it to be an essential feature of eMedRec
tools. However, several reports on tools that support some, but not
all, steps of the MedRec process have generated some useful data.
For example, Agrawal et al. developed an eMedRec system for use
on admission to an acute care hospital.>>”%”! Even though resolving
discrepancies was not performed electronically, they reported a sub-
stantial reduction in medication errors, and the lessons learned from
their experience were later used by many other research teams.
More recently, Heyworth et al. found that enabling patients to con-
duct MedRec through a web portal was feasible during the transi-
tion from inpatient to outpatient care.”>

CONCLUSION

The transition is under way from paper to eMedRec,'* and the pro-
portion of healthcare organizations using a fully electronic system
for MedRec-related activities is expected to increase in the future. E-
tools that support the entire MedRec process have been developed
and evaluated. In addition to the functionalities of the tools, context
and implementation must be carefully considered in order to maxi-
mize adherence and effectiveness, and should be more thoroughly
reported. Evidence from rigorous studies is needed to evaluate the
effect of eMedRec on the quality and safety of healthcare.
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