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ABSTRACT

Objective: Medication reconciliation (MedRec) can improve patient safety by resolving medication discrepan-
cies. Because information technology (IT) and patient engagement are promising approaches to optimizing
MedRec, the SEAMPAT project aims to develop a MedRec IT platform based on two applications: the “patient
app” and the "MedRec app.” This study evaluates three dimensions of the usability {efficiency, satisfaction, and
effectiveness) and usefulness of the patient app.

Methods: We performed a four-month user-centered observational study. Quantitative and qualitative data
were collected. Participants completed the system usability scale (SUS) questionnaire and a second question-
naire on usefulness. Effectiveness was assessed by measuring the completeness of the medication list gener-
ated by the patient application and its correctness (ie medication discrepancies between the patient list and the
best possible medication history). Qualitative data were collected from semi-structured interviews, observa-
tions and comments, and questions raised by patients.

Results: Forty-two patients completed the study. Sixty-nine percent of patients considered the patient app to be
acceptable (SUS Score > 70) and usefulness was high. The medication list was complete for a quarter of the
patients (7/28) and there was a discrepancy for 21.7% of medications (21/97). The qualitative data enabled the
identification of several barriers (related to functional and non-functional aspects) to the optimization of usabil-
ity and usefulness.

Conclusions: Our findings highlight the importance and value of user-centered usability testing of a patient ap-
plication implemented in “real-world” conditions. To achieve adoption and sustained use by patients, the app
should meet patients’ needs while also efficiently improving the quality of MedRec.
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INTRODUCTION

Continuity of medication is a worldwide patient safety concern re-
quiring information-sharing among providers, patients, and families
across settings.' ™ Medication discrepancies are unexplained differ-
ences between medication lists at different transition points of care.’
These discrepancies threaten patient safety.**7

Medication reconciliation (MedRec) is the formal, collaborative
process of obtaining and verifying a complete, accurate list of a
patient’s current medication to ensure that precise, comprehensive
medication information is transmitted consistently across transition
points of care.” MedRec makes it possible to resolve discrepancies.
Although several leading organizations worldwide™ " have cam-
paigned for the implementation of MedRec, improving MedRec
remains challenging.'*

The use of information technology (IT) seems a promising ap-
proach.™* ™ However, rigorous studies to evaluate the impact of
electronic MedRec (eMedRec) are lacking.'™!”

Patient engagement is increasingly recognized as a key compo-
nent in the current redesign of health care processes. Accordingly,
different research teams have developed electronic applications thar
allow parients to document medication lists.”*¢ These applications
are generally standalone® or linked to a single source of informa-

202225 Moreover, all applications have been developed in the

tion.
United States, where health systems, environments, and culture dif-
fer from Europe.

This study took place in Wallonia (a region in Belgium of about
3 600 000 inhabitants), where more than 1 million inhabitants are
connected to the Regional eHealth Network (ReHN).2” The ReHN
allows the exchange of eHealth documents between healthcare pro-
fessionals (HCPs) caring for a particular patient. For example, a car-
diologist in hospital A can access the Summarized Electronic Health
Record produced by the general practitioner (GP) and the discharge
letter from hospital B.

The SEAMPAT project is a multidisciplinary research project
aimed at developing an eMedRec process. The project chose to ac-
tively engage patients and to support HCPs—both in primary and
secondary care—through two specific eMedRec applications'®!?
interconnected with the ReHN: one for patients (“patient app™) and
one for HCPs (MedRec App). Both were developed according to rec-
ommendations by health IT experts.”**? Requirements for the low-
fidelity prototypes were defined on the basis of needs analysis and
literature review.'”** These then evolved to medium- and high-
fidelity prototypes using an iterative user-centered design with three
main iterations. Details of the development and the first two phases
of evaluation are reported elsewhere.?*

In the present study, we report the results of the third iteration
phase with the high-fidelity prototype (ie a working prototype con-
nected to real eHealth data) of the patient app. Our objective was to
assess the usability and usefulness from the perspective of different
categories of patients, with the aim of making recommendations
that could lead to increased adoption and sustained use of the pa-
tient app and inform further research in the field,

METHODS

System Details

The patient app (using HTMLS5/JavaScript technologies), usable on
a desktop or laptop at home or in a hospirtal, lets patients document
their medication lists. This I'T system is protected by high-security
mechanisms.*® Parient authentication is by the Belgian federal

electronic identity (eID) card and its PIN code. Only patients regis-
tered with the ReHN can use the app. The app (Figure 1) presents
patients with a list of medications compiled from different sources
available on the ReHN, using a specific algorithm to prevent con-
flicting information: the GP's medication list, the hospital’s medica-
tion list, and the patient’s medication list (excepr for the first
connection to the patient app). For each medication, patients indi-
cate if and how they are taking it by choosing the appropriate option
{taking as indicated, taking differently, not taking, unknown).
Patients can also add medications and may also add an indication
and name of prescriber (Figure 1). The patient medication list
(Figure 2) is then updated on the ReHN.

At the time of our study, the MedRec app was still under devel-
opment. The working protorype was not available yet; therefore
sHCPs could not use the MedRec app to look at the medication
documented by the patient and to perform MedRec.

Study Design

This was a four-month user-centered descriptive study of usability
and usefulness. In the context of our study, usability was defined
according to 1SO 9241-11 as “the extent to which a product can be
used by specified users to achieve specified goals with effectiveness,
efficiency and satisfaction in a specified context of use.”**;

* Satisfaction: How sarisfied is the patient with the tool?

*  Effectiveness: How complete and correct is the patient medica-
tion lise?

* Efficiency: What is the level of patient effort required?

Usefulness was defined as the degree to which a product enables
users to meet specific needs and as an assessment of users’ willing-
ness to use the product.” A table summarizing the different con-
cepts evaluated, their definitions, and the measurement method is
available in Appendix 1.

This paper follows the recommendations of the Statement on
Reporting of Evaluation Studies in Health Informarics.*® The study
protocol was approved by the Ethical Committee of CHU UCL
Namur.

Sampling/participants

We used a purposive sample of patients at high risk of medication
discrepancies, who varied in terms of age, gender, education, illness,
health literacy, computer literacy, setting, and medical encounters.
Three groups of patients were defined: pulmonary transplant outpa-
tients (who regularly have consultations with specialist physicians),
outpatients visiting their GP at least once a month, and inpatients
hospitalized for scheduled surgery. Eligibility criteria were: age older
than 18 years; ability to speak and read French; use of > § daily
medications; and willingness to participate. Patients with cognitive
or visual impairment were excluded unless they could be accompa-
nied by a caregiver. Sociodemographic and computer knowledge
data were provided by patients using questionnaires.

We aimed to recruir 15 participants per group. Pulmonary trans-
plant outpatients and surgical inpatients were recruited in a rural
teaching hospital (CHU UCL Namur, Belgium). Outparients fol-
lowed in primary care were cared for by GPs working in the same
area as the teaching hospital and were recruited with their help.
Patients were informed of the purpose and content of the study. A
letter describing the study was sent to them and their principal
physician. Every patient gave histher informed consent. They were
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Figure 1. Patient app screenshots. Upper row: Left: Patient medication list = list compiled from different sources available on the ReHN. For each medication,
patients can choose the right option: No, Yes, etc. Right: Patients can also add medications to the list by clicking on one of the icons. Finally they can add informa-
tion concerning recent antibiotic intake and allergies. Middle row: If patients click on the magnifying glass, they can see details of date of prescription, indication,
dose and frequency, larger pillbox picture, etc. Lower row: Left: After clicking on one of the icans {upper right), patients can start typing a medication’s name and
the system shows existing medications and box pictures. Right: After selecting the right medications, patients can indicate for what purpose (indication) they are
taking the medication and who prescribed it.

not compensated for their time, nor did they receive any incentive “kick-off” session, for their first use of the app. We grouped 4 to 6
for participation. patients per session, in the presence of 3 to § researchers (at least 1

physician and 1 IT scientist). Afrer an introduction, patients were in-

vited to log into the patient app and document their medication list.
Study Flow Field notes were taken by researchers to record issues and challenges
Study flow proceeded in 4 steps (Figure 3). First, patients were regarding the tool’s use. Critical usability issues were identified and
contacted by phone for recruitment. Second, patients atrended a immediately resolved. Third, patients could use the app at home
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JANUVIA COMPR. PEL. 23X 25MG () 15/09/2016 31/12/9999 Non 1 comprimAg le matin

ZESTRIL COMPR. 28X 5MG () 15/09/2016 15/09/2016 Non 1 comprim&® le matin , 1 le
soir

DICLOFENAC EG COMPR. GASTRO-RESIST. 30X 50MG () 15/09/2016 31/12/99%9 Non 1 comprim&®@ le matin , 1 &
midi , 1 le soir Pendant les
repas

PANADOL (PIP) COMPR. 30X 1G () 15/09/2016 31/12/9999 Non

SOFRASOLONE 7800/0,5/2,5 SUSP. SPRAYT NAS, 10ML () 15/09/2016 15/09/2016 Non

DAFALGAN COMPR, EFFERY. 40X S00MG () 15/09/2016 27/09/2016 Non 1 comprmA£s le matin 7 1 i
midi, 1 le soir

DAFLON 500 MG COMP () 01/11/2015  10/09/2016 Non 1 comp. 2 x par jour (Matin -
Soir)

D-CURE SOL. 12X 25000U1/1ML (time 1x/mois) 03/10/2016 Qu, mais différemment tous les 15 jours: 0
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CATAFLAM 50 MG DRAG () 08/02/2017 Nen 50 mg 2 x par jour (Matin -
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DAFALGAN 1G COMP () Non 1 comp.(s) - max: 3
comp.(s)/24h. - interval: 8h.

DAFALGAN CODEINE COMP () 10/09/2016 Non 5 comp. 4 x par jour (Matin -

Midi - Apres-midi - Soir)

Figure 2. Screenshots: a patient logged onto his/her Regional eHealth Network (ReHN) page. Upper row: Patient's welcome page with his name in the upper right
part of the page. Patient’s list of documents with patient’s medication lists (ie “schema de medication”) published on the ReHN by the patient app. Lower row: Pa-
tient medication list published by the patient. The column status shows the option chosen by the patient in answer to the question: “Are you currently taking this

medication?”

over 3-4 months. They received a printed user guide and were
instructed to use the app, if possible, before each new visit to any
HCP. As their only reminder, patients received a phone call from the

main researcher (SM) approximately 8 weeks after the kick-off. At
any time, patients could ask for help by email or phone. For prob-
lems not solved remotely, a team member visited patients’ homes.
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Patient flow Data collected®
Patient recruitment: June — &M—W
. - 104 patients contacted September 2016 By phone, patients could give more
Patients unwilling to than one reason.
participate (n=56)": -
No reason or no clear
reason (n=19)
Fear of IT (n=18) - * Baseline questionnaire (n=48)
Lack of time (n=8) Kick-off session: e P * SUSand perceived usefulness
Did not show up at kick-off First use of the patient chaber Bo1e questionnaire {n=48)
(n=8) app, 48 patients + Observations’ notes®
Register for ReHN (n=6) included * Patients’ comments and questions
Medical Reason (n=6) )
4 During phone call, at home visit, or by
’ emails®:
Eatients encc{uraged September 2016 ‘—Tservations' notes®
to use the patient app GCLIETSDIG VAN - Patients’ comments and questions
Loss of follow-up: 6 at home )
patients
3 for medical reasons
2 had trouble with their
elD
1 though; l;afr?:rmo gredt End of the study: December 2016 — *  Semi-structured interview (n=42)
Individual interviews February 2017 *  SUS and perceived usefulness
: """"""""""" 1 42 patients questionnaire (n=29, because only
i 10 patients did not use the ! _ 29 patients answered to each
i patient app at home. ! statement of the questionnaires)
| 4 patients did not use the e ;
| patient app between 3to ! R Fosnt wins '
; 70 days before the ’ , 28 patients used the ! G S S L e
‘ interview. ; ; Ppatientapp athome | * Completeness evaluated(n=28) 3
D i T T PRI, - ' during the right time o )
eSS e e e e : frame :
: 15 patients had | S ot - !
1 medications without g . :
: status in their . '________; ________ '
!. medications’ list. j 13 patients who e .

medication status of

]

]

i document the

:

i each medication

*  Correctness evaluated (i.e.
discrepancies (n=13)

Figure 3. Patient flow and related measurements. Abbreviations: BPMH = Best Possible Medication History; elD = Electronic identity card; IT = information tech-

nology; ReHN = Regional eHealth Network; SUS = System Usability Scale.

Finally, every patient met the main researcher, at home or at the hos-
pital, for a one-hour semi-structured interview.

Evaluation Criteria

As recommended by the Agency for Healthcare Research and Qual-
ity®* and by 2 usability textbooks,?**°
data were collected at different times in order to gain an in-depth
understanding of the app’s usability and usefulness (Appendix 1).

quantitative and qualitative

Quantitative measures
Usability and usefulness were assessed after the first app use and at
the end of the study, using 2 questionnaires. To evaluate usability,

the SUS (ten statements rated on a S-point Likert scale) were selected
because it has been successfully used in the medical domain, has
been validated for a wide range of interface technologies, is quick ro
complete and casy to interpret, and can be applied to small sample

3 - ; <
74! To evaluate usefulness, we developed a questionnaire

sizes.
based on previous publications.**™** The 7 statements were rated on
a S-point Likerr scale.

Effectiveness was evaluated at the end of the study, by assessing
the completeness and correctness of medicarion lists published on
the ReHN using the patient app.*® Firstly, completeness was ana-
lyzed in patients who used the app between 3 to 70 days before the
final interview. This interval was selected in order to have a recent

medication list updated by the patient. A shorter interval was not
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chosen, as some patients may nort have frequent medication changes.
Completeness was defined as the presence of name, dose, frequency,
and medication status. All 4 pieces of information needed to be pre-
sent for all medications on the list for it to be considered complete
for each patient. Medication status corresponds to the option chosen
by the patient for the question: “Are you currently taking this medi-
cation?” When no option was selected, the medication was consid-
ered as “without status” and the list, thus, incomplete. Status was
considered to be essential information, as the information presented
by the patient app on name, dosage, and frequency could possibly
come from a HCP and nort always from the patient. Secondly, cor-
rectness was evaluated by analyzing medication discrepancies for
parients who documented the medication status of each medication.
Discrepancies were defined as differences between the list docu-
mented by the patient and the best possible medication history
{BPMH, gold standard), performed by a trained clinician during the
final interview. Types and causes (Appendix 2) of discrepancies
were analyzed, using a tool previously validated by our team.*® Sta-
tistical analysis was performed using SPSS version 24 (eg continuous
variables were compared between the start and the end of the study
using a paired samples T-test, and between two groups using the
Mann-Whitney U test, afrer assessing data normality; categorical
variables were compared between groups using Pearson’s chi” test. )

It was technically impossible to collect guantitative data on
efficiency.

Qualitative measures

Qualitative data concerning usability and usefulness were collected
during discussion with patients and observations of patients interact-
ing with the system (Appendix 1). At the kick-off session, patients
performed specific tasks (i log-in, documenting medications status,
adding medication if relevant, log-out). They were asked to describe
their first perceptions by writing down 3 positive and 3 negarive
aspects of the app. When researchers had contact with patients during
the study, they took written notes of patients’ comments. During the
individual interview at the end of the study, the main researcher met
patients, using an interview guide. This guide was based on the litera-

42-44.47 .
" was reviewed by the research team,

ture and experts’ advice,
and was tested with 1 patient (Appendix 3). The interview aimed to
address user’s experiences and: (1) usability, (2) usefulness, and (3)
patient’s usual medication organization (eg use of a pillbox, use of
reminders) to understand how the app could fit in with the patient’s
habits. Interviews were not recorded. During interviews the main re-
searcher wrote keywords to capture patients’ comments. When very
specific ideas were mentioned, these were transcribed verbatim.

Data were coded using a conventional qualitative content analy-
sis approach. Interview notes, observation notes, and partients’
emails were triangulated to develop initial codes. Data were ana-
lyzed by 2 independent researchers (SM and DL) and organized
according to the initial codes. Codes were then sorted into categories
and subcategories to create meaningful results.**** A third re-
searcher (AS) then checked categories and coding. Discrepancies
were resolved by discussion between researchers. No specific con-
ceptual framework guided the approach.

RESULTS

Participants
A hundred eligible patients were invited by phone to participate.
Forty-four agreed to participate. Reasons for non-participation are

Table 1. Characteristics of the study population at baseline {n = 48)

Sociodemographic variables
“Subgroup” (n)

Pulmonary transplants 16 33.3%
Ambulatory patients visiting their 20 41.7%
general practitioner at least once a month
Patients hospitalized for scheduled surgery 8 16.7%
Caregiver of patient from another group 4 8.3%
Age (years; median [IQR])
65  [60-69]
Gender (n}
Female 16 33.3%
Male 32 66.7%
Educartion
Middle® 15 31.3%
High" 30 62.5%
Unknown 3 6.2%
Most frequent comorbidities
Hypertension 29 60.4%
Sleeping troubles (disorder) 18 37.5%
Cardiovascular disease 13 27.1%
Diabetes 11 22.9%
Medication variables at baseline per patient
Number of medications (median [IQR]) 8 [5-11]
Pulmonary transplants 11.5  [10-13.5]
Ambulatory patients visiting their 7 [5-8]
general practitioner at least once a month
Patients hospitalized for scheduled surgery 4.5 14-7]
Caregiver of patient from another group 6 |5-8]
Over-the-counter medication (n) 31 64.6%
Use of IT at home
Regular use of a computer (>1x/week) 39 81.3%
Internet connection at home 45 93.8%
Knowledge of their eID PIN CODE 37 77.1%
Connected to other e-fgov applications 20 41.7%

(for example: Taxonweb to complete a tax form)

Abbreviations: IQR = interquartile range; e-fgov application = electronic
application of the federal government of Belgium.

Definitions: Education in Belgium was divided into two groups: *Middle
education level: primary or secondary school education; "High education

level: professional higher education or university.

listed in Figure 3. The caregivers of 4 participating patients who
asked to take part in the study and who met the inclusion criteria
were also included. In total, 48 patients agreed to participate and 42
completed the study. Patient characteristics are presented in Table 1.

From the kick-off to the end of the study, the patient app was
used 2 to 4 times by 20 patients of the 42 (47.6%), > S times by 12
(28.6%), and once (during the kick-off meeting) by 10 (23.8%). The
32 who used the app at home (76.2%) made 147 connections (me-
dian: 3; IQR= 1.25-5). The number of connections was not signifi-
cantly different between patient groups, except that the four
caregivers tended to connect more frequently.

Usability

SUS questionnaire

The SUS questionnaire was filled in by 29 (91%) of the 32 patients
who used the app at home. The median SUS score was 72.3 at the
start and 75.0 at the end of the study. More than half of the patients
(69%) rated the app above 70 borth ar the start and at the end®**?
(Appendix 4). No correlation was found between SUS scores and
patients” age, sex, group, previous IT use, or availability of a
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medication list provided by the GP or the hospital. The SUS score at
the end of the study was slightly correlated with the number of con-
nections, as high users (patients who used the app >4 times during
the study) gave a median SUS score of 80 [70-83.8] versus 72.5
[67.5-75] for low users (p=.04).

Effectiveness: completeness and correctness

Completeness was evaluated for 28 patients (Table 2a). The medi-
cation list was complete for 7 of these 28 patients (25%). The main
reason for incompleteness was the absence of medication status.
This was mainly due to misunderstanding of the color code. For ex-
ample, a patient viewing a green button — “Yes, I'm taking this
medication as indicated” ~ did not realize the button was green
{and the status, thus, already documented) because he/she had al-
ready selected this option during a previous connection. By clicking
it again, the information on status was deselected and green
changed to gray. Having a documented status for each medication
was not influenced by patterns of use (high versus low), but it was
influenced by the number of medications (the smaller the number
of medications, the smaller the number of medications with undoc-
umented status).

Correctness was evaluated for 13 patients (Table 2b). Ten
patients had at least one medication with a discrepancy. For these
13 patients, 21 medications (21/97 =21.7%) with a discrepancy
were found (ie 1.6 per patient). Table 2 shows the prevalence, types,
and causes of discrepancies. The main causes were technology-
related. No significant correlation was found between the number
of discrepancies and age, sex, group, SUS score, previous [T use,
number of medications, or patterns of use. The median number of
discrepancies was higher for patients with a medication list provided
by the GP or the hospital than for patients who had to enter all med-
ications by themselves (median of 2 and 1 respectively) but the trend
was not significant (p = 0.06).

Qualitative data

Table 3 describes the barriers and strategies to optimizing the app,
based on patient interviews. Table 3a describes usability items re-
lated ro different aspects of the app such as connection, on-screen
display, information on past medication, and completion checks.

Usefulness

Questionnaire

Most patients thought the app could help them or their caregivers to
save time and gain accuracy in keeping medicartion lists up to date.
A large majority said the app could improve communication be-
tween HCPs (Table 4). No correlation was found between useful-
ness and patients’ age, sex, group, or frequency of use.

Qualitative data (Table 3b)

The overall perception of the app’s usefulness varied between
patients. Some found it useful because it helped them to know their
medication list better or to think about the reasons for their medica-
tions and because it gave them an opportunity to regain control of
their treatment. In contrast, 16 patients (38%) perceived no added
value, for various reasons. Firstly, some considered their medication
management was good and therefore did not log onto the app. These
patients had developed personalized approaches to managing medi-
carion, such as pillboxes near a printed list and smartphone
reminders. They felt the tool would more likely benefit less-
organized patients with frequent medication changes or with

Table 2. Completeness and correctness

2a. Completeness of the medication list for the 28 patients who had used
the patient app between 3 and 70 days before the final interview
(=295 medicarions)
Medication name documented
Dosage and frequency documented
Status documented®

N= 279 (94.6%)
N=255 (86.4%)
N-=195 (66.1%)

2b. Correctness of the medication list: discrepancies between the list
documented by the patient and the best possible medication history
for the 13 patients who documented the status of each medication
(#=97 medications)®

Prevalence per patient (n=13 patients), n (%)

Number of patients without discrepancies 3(23.1%)
Number of patients having 1 medication with a 4 (30.6%)
discrepancy
Number of patients having 2 medications with a 4(30.6%)
discrepancy
Number of patients having >3 medications with a 2(15.4%)
discrepancy
Prevalence per medication (n=97 medications), n (%)
Number of medications with a discrepancy 21(21.7%)
Types (n=21 discrepancies in rotal)
Dosage and frequency 13 (61.9%)
Omission 5(23.8%)
Other difference 1(4.8%)
Therapeutic substitution 1(4.8%)
Addition 1(4.8%)
Generic-brand substitution 0%
Causes (n=21 discrepancies)
Technology-level 13 (61.9%)
Technical bug with information documented by 9
the patient not recorded by the patient app®
Mis-clicking, mis-documentartion by the patient 4

in the free text box, or medication mis-chosen
by the patient due to lack of clarity in the app*
Duplicates 0

Patient-level 8(38.1%)
Self-medication 3
Intentional non-adherence 4
Other 1

System-level 0%

"Medication status corresponds to the option chosen by the patient for the
question: “Are you currently taking this medication?”

"Medications with no status (taking as indicated, taking differently, not
taking, unknown) documented by the patient could not be evaluated for cor-
rectness.

“Example: Operating the patient app, concerning “Medrol 4 mg 2 tablets a
day”, a patient had chosen “I'm taking the medication differently” and added in
the free text box: “once a day in the morning”. Because information indicated in
the free text box did not appear in the patient medication scheme published on
the ReHN, what appeared was “Medrol 4 mg ~ taking differently - 2 tablets a
day” instead of “Medrol 4 mg - taking differently — once a day in the morning.”

YExample 1: Operating the patient app, concerning “Spidifen 400 mg”
without any frequency indicated by a clinician, a patient had chosen “I'm tak-
ing the medication as indicated.” For the patient, it was not clear he had to
specify the frequency.

Example 2: Operating the patient app, concerning “Cellcept 500 mg tab-
lets,” a medication added by the patient himself. The picture associated with
Celleept was not clear enough. Therefore, the patient inadvertently selected,
“Cellcept ampoules for injection of 500 mg.”

problems recalling medication. Secondly, some patients reported
that their physicians already had in their computer all information
concerning their medications. Finally, some were unwilling to use
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Table 3. Barriers and strategies to optimizing usability and usefulness, based on patient feedback

3a. Categories, subropics

, and quotes related to usabiliry

Category Subtopic Sample quotes
Challenges for Patients lack skills to connect to the “The patient app requires better computer skills than I have.” (Patient 1)
patients patient app. “Thave never been able to connect to the patient app. ... 'm not completely against

On-screen display

Past medication
history data

Data exchange and
connectivity
Miscellaneous

3b. Categories, subtopics

Additional
functionalities, to
enhance usefulness/
added value for
patients

Patients would like help of a
carcgiver or family member.

Patients have difficulties using elD,
but find it a reassuring security
check.

Better overview of the medication
list documented

Need for “patient-
friendly” medication names

Indications or reasons for stopping
medication must be more clearly
visible.

Viewing or editing mode: need for
distinct modes

Berter highlighting of answers
selected

Hide past medication history by
defaulr (risk of misunderstanding
when presented by default)

Need for exhaustive data

Add delivery data from the
community pharmacy

More possibilities to edit medication
list posology (removing/
suspending medication, undoing
an action, etc.)

Completion check

Improve software functioning
(performance, dependability, etc.)

, and quotes related to usefulness

Possibility of printing a medication
list or schedule

Reminders to take medications

the idea of using such a rool, but I would need much more support and more
encouragement to use it.” (Patient 2)

“Ididn’t dare to conneet to the patient app because I was afraid of doing stupid
things” (Patient 3)

“The patient app is clearly needed, but maybe you should think about allowing
somconc other than the patient to document the medication list. For example, the
caregiver, whether professional or not.” (Patient 19)

“I'would only use the patient app if my wife filled it in for me.” (Patient 22)

“The ID card is a good level of security; I am reassured to have such a level of
security.” (Patient 2)

“It should be possible to have an overview of your medication list before you log off.
So you could check exactly what you noted.” (Patient 12)

“Improve the display of medication names. The patient doesn’t know details about
boxes or types of generic. It is confusing to see too many details. It gives a feeling of
insecurity.” (Patient 14)

“l can’t always find the right box when adding medications [because the names are
too long and confusing].” (Patient 25)

“It would be better to highlight the indication for which a medication has been
prescribed, both for the patient and for other prescribers.” (Patient 15)

“The start date and the end date, as well as the indication and the reason for stopping
medication should be easier ro see.” (Patient 42)

“Having an editing and a viewing mode would make it easier to see a medication’s
‘status’ and whether you have already modified something or not.” (Patient 15)

“It would be nice if the patient were welcomed with a personal opening page. This is
his home and it would put him at ease and establish trust. He should be asked what
he wants to do: consult his medications list, make changes, or delete a medication.”
(Patient 14)

“After selecting an answer, the other options should become gray, so we know we
have already given an answer.”™ (Patient 12)

“Itis disturbing to see medications which aren’t taken. Archiving should be allowed,
but optionally, by a specific button.” (Patient 14)

“Itis important to be able to access the entire history of taking medication, with a
system of archiving to avoid confusion when using the patient app but being able
to know which medication has already been tested, which one works or not.”
(Patient 10)

“Have a history of 6 to 12 months with access possible but not permanent, with the
possibility of removing medications which aren’t taken.” (Patient 8)

“To be exhaustive, you should have all delivery data from the community
pharmacy.” (Patient 8)

“I'would like it to be easy to cancel an action.” (Patient 29)

“I wish there was an option to definitively delete a medication from the list.”
{Patient 4)

“The system should warn us when an answer is missing.” (Patient 24)
“The waiting time to connect is too long. The cursor doesn’t click on the button |
want to click on.” (Patient 21)

“Print the medication list and have the opportunity to make attractive medication
schedules.” (Patient 38)

“Iwould like to print my list by clicking on an icon or using a right mouse click.”
{Patient 29)

“Reminders, I think that’s attractive, particularly for the day when I will have
memory problems.” (Patient 30)

“I think a reminder system, after having synchronized the medication list with your
smartphone, would be necessary.” (Patient 33)

(continued)
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Table 3. continued

3a. Categories, subtopics, and quotes related to usability

Category Subtopic

Sample quotes

Possibility of customizing the app to
match patients’ necds

Reminder to log onto the app
regularly

Add educational information on
medication, to improve health
literacy

Transforming the patient app into a
connected tool

Data exchange and
connectivity

Offering suitable alternative
electronic devices

Allowing patients to communicate
about their health

Giving feedback based on graphs
and staistics to patients so they
can adjust their behavior to
prevent adverse events

“Reminders could be helpful for some patients. But I think it is necessary to be able to
cancel those options if we don’t need them. Recurrent alerts will annoy us and
make us ignore them!” (Patient 5)

“Make the patient app more fun. The patient app has to be more user-friendly and
maybe customizable for younger people!” (Patient 17)

“Maybe also alerts to encourage people to log onto the patient app after several
weeks of inactivity.” (Parient 33)

“I'suggest a small description of each medication. . .. This description should contain:
(1) why the drug is usually prescribed, (2) the most serious side effects with an
order of ‘frequency’, (3) possibly contraindications and major interactions.”
(Patient 5)

“Ithink it could be useful to have links to popular websites containing information
validated by health professionals about the expected effect, indications, and major
side effects of medications.” (Patient 40)

“Iwould like to synchronize information with my smartphone. Not only to have
reminders, but also to have my entire medication list on my smartphone.” (Patient
35)

“I'would agrece to use the partient app on a smartphone without the elD and eID card-
reader, but not on a kiosk at the entrance o the hospital. I would rather opt for the
employee at reception.” (Patient 9)

“I'would have liked to indicate my entire medical history or to be able to imporr or
integrate the one provided by my GP. I think it’s a pity to separate the two (my
work on the patient app and the documents from the GP).” (Patient 19)

“I think a discussion forum (with other patients or healthcare professionals) could be
nice.” (Patient 39)

“Sharing information about allergy and medication intolerance with all physicians is
essential.” (Patient 15)

“Ialso imagine a system of graphs of consumption/intake of medications that can be
compared to our symproms. It would be interesting to produce statistics, but
especially to understand and to anticipare. For example, within ten days of chemo
it is usual to have a decrease in the number of white blood cells, followed by weight
loss .. .s0 you could prepare yourself by a specific diet.” (Patient 33)

Table 4. Patients’ agreement on seven perception statements about the patient app after first use (kick-off sessions) and last use {interviews)

(N =29)

At kick-off At the end of

the study

% (1) of patients % (n) of patients
who agreed or who agreed or
totally agreed totally agreed

1. I'think by using the patient app I could save some time when updating my medication list, 89.7% (26) 79.3% (23)
2. Ithink by using the patient app I could help my HCPs save some time when updating my medication list. 93.1% (27) 96.6% (28)
3. Ithink the patient app could help improve my understanding of my medication list. 86.2% (25) 79.3% (23)
4. Ithink the patient app could help my HCPs to have an accurate medication list. 96.6% (28) 100% (29)
5. Tthink the patient app could improve communication about my medications between my HCPs and myself. 100% (29) 89.7% (26)
6. Ithink the patient app could improve communication abour my medications between HCDs. 100% (29) 93.1% (27)
7. I'would advise a friend to use the patient app. 89.7% (26) 82.8% (24)

Percentage of patients who agreed or totally agreed with all seven statements 62.1% (18) 62.1% (18)

Notes: Percentage (and absolute number) of patients who agreed (score 4) or totally agreed (score §) with the statement. Statement scoring: 1 = totally disagree,
2 = disagree, 3 = no opinion, 4 = agree, § = totally agree. The percentage of patients who (totally) agreed at the start and at the end of the study was compared for

cach item. P-values were all >0.05.

Abbreviations: n = absolute number of patients; SD = standard deviation.

the app because of a lack of interest in IT use or because they were

uncertain about security and privacy.

Half of the patients (23/42 = 54.8%) were convinced the app
could be useful under certain conditions. First, patients asked for

various additional functionalities (eg possibility of printing the med-
ication list, reminders to take medications). Second, patients insisted
on the need for integration and connectivity. The app would be
much more valuable if all stakeholders participated actively, The
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list, moreover, should be part of a more global and shared overview
of essential information concerning the patient’s health status. Fi-
nally, some patients thought the app should become a connected
tool with possibilities for synchronization on smartphones, generat-
ing customizable and adjusted alerts {eg reminders).

DISCUSSION

Our main results showed that a majority of the patients were satis-
fied with the app and would be willing to use it under certain condi-
tions. Our study design made it possible to identify these conditions
(eg additional functionalities, improved on-screen display, customi-
zation, and connectivity). However, our results also suggest that
there may be inherent limits to how much a patient can clean up
their own medication list. While improvements to the application
may decrease the number of discrepancies, they will never be elimi-
nated. Patients should be encouraged to do the best they can and to
review their list with their GP or community pharmacist. Prompts
could be sent to patients (eg text reminders on their mobile phones)
to increase use of the app. It would then be easier to keep the list up-
to-date, share it, and annotate the list whenever needed.

The quantitative and qualitative data on usability and usefulness
were somewhat contrasting but highly complementary. The scores
derived from the 2 questionnaires showed that mest patients were
satisfied and that most believed the app could improve the accuracy
of medication lists and communication and reduce the time spent on
reconciling medications. Nonetheless, several scores slightly de-
creased between the beginning and end of the study. It is possible
that some patients were disappointed because of technical errors
that occurred and because HCPs did not use the list generated by
patients. Moreover, more than a third said during interviews that
they would not use the app but usefulness is crucial for the adoption
1253550 \ich regard to effectiveness, the
medication list was complete for only a quarter of the patients and

and sustained use of a too

discrepancies were detected for approximately two-thirds. The types
and causes of medication discrepancies differed from those reported

17,51-55 ; ; :
175 Comparison must be made with caution, be-

in the literature.
cause the number of patients included in our study was low and be-
cause patients were updating their medication lists without any care
transition triggering the process. The majority of discrepancies in
the present study were technology-related. This confirms that IT
approaches can introduce new types of errors and that analyzing the
typology of errors is important when addressing usability.

Analyzing the quantitative and qualitative dara, we identify 4
main areas for improvement for the future. The first is technology-
related; the others apply to any approach to improving MedRec.

First, both the patient app itself and, to some extent, the eHealth
network need improvement. For example, efficiency can be im-
proved by decreasing the level of effort required to connect, without
compromising security aspects. Such improvements are currently be-
ing implemented. Effectiveness could be improved through better on-
screen display and editing features. Removing default statuses from a
previous connection would probably greatly increase the number of
medication statuses documented by patients. This would rake a few
more seconds of patients’ time, but would probably be worthwhile.
Importantly, in order to improve usefulness — and therefore adoption
— the app should better meet patients’ needs by offering additional
features such as feedback, reminders, and appointment alerts. Such
features were present in other similar applications. 67

Second, raising patient awareness of the epidemiology and dan-
gers of medicarion discrepancies is essential. Many were unaware

that their HCPs might lack information®®* and unaware of the
harmful impact of medication discrepancies and of their own poten-
tial role in optimizing MedRec.'**"*! Even though there have been
previous efforts ro raise patient awareness, greater efforts are
needed, along with better communication on the roles and responsi-
bilities of all stakeholders, including patients. We have now pro-
duced a video to contribute to meeting this need.

Third, better concordance berween patients and physicians is re-
quired. Several discrepancies arose because patients documented the
medication they were supposed to take rather than what they actu-
ally took. The main reasons were that patients did not want to be la-
belled as difficult or non-compliant or had previous experience with
a prescriber not taking their perspective into account when (de)pres-
cribing. Patient participation and shared decision-making are cor-
nerstones of high-quality healthcare.®® This also applies to MedRec.

Finally, because the MedRec app for HCPs was still under devel-
opment, the patient medication lists available on the ReHN were
rarely used by physicians to reconcile medications. This was per-
ceived by patients as a lack of support from their HCPs and certainly
hampered patient app adoprion. Indeed, the literature identifies pro-
viders’ endorsement as one of the most influential factors®®#6* in
patients’ engagement with their health.

Comparison with Previous Work

There have been several previous reports on the evaluation of
applications whereby parients document their medication lists in the
context of MedRec. The majority — and we followed the same ap-
proach — asked patients to document medications from an existing
list. Our work differs in several respects. The environment is differ-
ent. Existing tools were developed in North America, in health
organizations with closed IT systems, and used either no source of
medication data or a single one (most often, medication refills). Our
tool is, to the best of our knowledge, the second reported from a Eu-
ropean country.”**%* However, the design, development, and us-
ability assessment of the Spanish MedRec tool were never reported
in the literature.

SEAMPAT has been developed to link and manage data from
different providers, using different electronic tools and patient
records and various sources of information. The patient app was
evaluated with real patients, real dara in a real workflow. This,
therefore, brings added value to the existing literature. Finally,
many existing tools provide additional functionalities {such as
reminders or information on medications). Our data suggest that
such functionalities may be critical for usefulness and therefore tool
adoption.

With regard to results from evaluations, data on usability are
available for some reports, but not all.2*#2235685-68 Noranver, we
found none for which quantitative and qualitative usability meas-
urements were collected through various methods at different time
points in different settings.

Limitations

Our study had several limitations. First, the French version of the
SUS questionnaire used in the present scudy has not been validated.
Nevertheless, the French SUS questionnaire has been widely used,
with conclusive results in many studies.**”® Second, a selection bias
in the sample cannot be ruled out. About half of those approached
refused to participate, and we probably selected a sample with a
greater interest in working with computers. However, we deliber-
ately recruited patients from different groups of potential users and
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the study sample was quite diverse in age, sex, medical history, and
IT use. In the context of a furure study,®® it would be useful to evalu-
ate how patient health, eHealth, computer literacy, and levels and
patterns of use influence research results. Third, interviews were not
transcribed verbatim and most were done by just one researcher. We
used reformulation to ensure that information was well understood
by the rescarcher. Fourth, the interview guide was fairly close-
ended, which could have influenced the kind of information we col-
lected. Fifth, it was not feasible to evaluate efficiency in a quantita-
tive way. This should be done in the future, as a tool will not be
adopted if a burdensome number of clicks or too much time is
needed to achieve the desired goal. Finally, there could be some de-
bate about the definitions we used for usability and usefulness.
Many different definitions exist. We selected definitions that are
known worldwide, that have been used in published papers, and
that made sense for the research team, given the objectives of the
study.

CONCLUSIONS

Our findings highlight the value of a user-centered usability study in
real-world conditions, collecting both quantitative and qualitative
data. Our study also underlines the necessity of tailoring a patient
application to patients’ real needs, while keeping its features in line
with its primary objective, ie optimizing MedRec. Our results show
that the patient app has valuable potential for optimizing MedRec
and that it is worth developing further into a more mature system. A
larger study could then be conducted to evaluate the effect of this
eMedRec approach, using both the patient app and the MedRec
app, on carefully selected outcomes, such as adverse events and hos-
pital admissions.
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