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ABSTRACT

Objective: (1) To describe the usage of medication data from the Health Information Exchange (HIE) at the
health care system level in the province of Quebec; (2) To assess the accuracy of the medication list obtained
from the HIE.

Methods: A descriptive study was conducted utilizing usage data obtained from the Ministry of Health at the in-
dividual provider level from January 1to December 31, 2015. Usage patterns by role, type of site, and tool used
to access the HIE were investigated. The list of medications of 111 high risk patients arriving at the emergency
department of an academic healthcare center was obtained from the HIE and compared with the list obtained
through the medication reconciliation process.

Results: There were 31022 distinct users accessing the HIE 11085 653 times in 2015. The vast majority of phar-
macists and general practitioners accessed it, compared to a minority of specialists and nurses. The top 1% of
users was responsible of 19% of access. Also, 63% of the access was made using the Viewer application, while
using a certified electronic medical record application seemed to facilitate usage. Among 111 patients, 71 (64%)
had at least one discrepancy between the medication list obtained from the HIE and the reference list.
Conclusions: Early adopters were mostly in primary care settings, and were accessing it more frequently when
using a certified electronic medical record. Further work is needed to investigate how to resolve accuracy issues
with the medication list and how certain tools provide different features.

BACKGROUND

For the past two decades, Most OECD (Organization for Economic
Cooperation and Development) countries have made significant
progress in building health information systems to allow for the elec-
tronic exchange of medication data. This process has predominantly
been driven by the need to ensure clinicians have access to accurate,
complete, and easy to use medication lists for patients at any point

in their trajectory of care in order to improve the quality of medica-
tion prescribing and utilization. European countries such as Swe-
den,! Denmark,” Ireland,® Finland, and Austria,*’ have been
leading these efforts in large part due to the implementation of
national medication lists. However, integrating electronic medica-
tion lists into routine clinical activities, such as prescribing or

reviewing medications, has revealed unexpected challenges.®® This

©The Author(s) 2018. Published by Oxford University Press on behalf of the American Medical Informatics Association.

All rights reserved. For permissions, please email: journals.permissions@oup.com

122


https://academic.oup.com/
https://academic.oup.com/

Journal of the American Medical Informatics Association, 2018, Vol. 25, No. 6 723

is especially true in North America where heterogeneous health care
organizations, payers, and electronic tools have given rise to diverse
sources of information on patient medications.”'® Indeed, electronic
records from primary care, acute care or long-term care facilities,
pharmacy records from dispensing pharmacies, electronic prescrip-
tion warehouses, or pharmacy claim data from pharmacy benefit
management systems can all provide important information for con-
structing patient medication lists.'! However, it can become a cum-
bersome process for clinicians to gather information from multiple
sources, and ensure it is complete and up-to-date. This becomes in-
creasingly challenging for patients with chronic conditions since
medication histories can be long, may come from multiple sources,
and the reconciliation between these sources typically must be con-
ducted manually.'>!?

In Canada, the development of electronic exchange of medica-
tion data started in the 1990s and has been further stimulated by
funding from Canada Health Infoway. Each province is required to
develop a system which includes a history of all medications dis-
pensed to a patient. British Columbia (PharmaNet)”>!'* and Sas-
katchewan (Pharmaceutical Information Program)'® were the first
provinces to develop such systems in the 1990s. As part of the global
health information exchange (HIE) strategy, each province is cur-
rently improving upon implementing their medication data ex-
change system, with the goal of having medication data available on
all patients irrespective of their insurance status (public or private in-
surance) or the coverage status of the medication. In the province of
Quebec, such global HIE was fully implemented in 2013, but little is
known with respect to its utilization and the accuracy of the ex-
changed data.

OBJECTIVE

The objectives of this study were to (1) describe the usage of the HIE
(medication data) at the health care system level in the province of
Quebec and (2) assess the accuracy of medication data from the HIE
in an acute care setting for medication reconciliation activities upon
admission.

METHODS

Design of the System and Available Features

HIE in Quebec is managed by the Ministry of Health at the provin-
cial level. It was built as a pull model, with central data warehouses
managed by the Ministry of Health, where every authorized pro-
vider is allowed to access and retrieve data depending on local certif-
ications (see Figure 1). Each resident of the province is identified
using their health insurance number (patients cannot opt out of
sending their data). A secure connection between each retail phar-
macy allows for information on each dispensation of a prescribed
medication to be recorded, and as of December 2015, every retail
pharmacy in Quebec was required to send their data to the central
repository by law. However, hospital pharmacies are not yet con-
nected. To access data within the system, a number of options are
available to clinicians depending on the tools available on site. Clini-
cians can use either their pharmacy management system (PMS) ap-
plication or electronic medical record (EMR) application if it was
certified by the Ministry for interoperability (list available here'®),
or a web-based Viewer application that was developed by the Minis-
try of Health (see Figure 2). Users who accessed data through their
EMR are able to both view the patient’s medication list and import
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Figure 1. Schematic illustration of the data flow and access options to the
HIE. Retail pharmacies (~1900) send data on every dispensation of a pre-
scribed medication for a given patient to the central data warehouse through
their PMS (1). Access to data is possible for clinicians and their staff using a
web-based Viewer application (2), to view data and print the ‘current” medica-
tion list), a certified EMR application (3), to view and/or import data) or a certi-
fied PMS application and (4), to view and/or import data). Because the
Canadian provinces offer a universal national health system, every patient in
the province has a national health insurance number from which a medica-
tion list is automatically created in this central data warehouse. EMR: Elec-
tronic medical record; PMS: Pharmacy management system.

Figure 2. Screen shot of the viewer application. Demo patients, image
obtained from the online training accessible here http://www.ti.msss.gouv.qc.
ca/DSQ-Documents-de-soutien.aspx (accessed October 10, 2016).

it into their EMR where they may have the option to reconcile this
medication list with their local EMR medication list. However, users
accessing data through the web-based Viewer only have the ability
to view and print the patient’s current medication list (current as de-
fined by the system). For clinicians, this system was designed to be
used for medication review activities, including medication reconcil-
iation, and prescribing. To access data on an individual patient,
users need a certificate of security that was provided by the Ministry
of Health on a flash drive, combined with a password. As of Decem-
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ber 2015, approximately 45000 devices were distributed in the
province.

Data Sources

Two sources of data were utilized for this study: (1) For the first ob-
jective (utilization), usage data was obtained from the Ministry of
Health for all access to the HIE from January 1 until December 31,
2015. Information available for each access to the HIE included the
date, user role (e.g., physician, nurse, pharmacist, pharmacy techni-
cian), the type of clinical site the user was accessing from (e.g., phar-
macy, acute care, primary care, long term care, etc.) and which tool
was utilized to access the HIE (Viewer, EMR, or PMS). (2) To assess
the accuracy of the HIE—our second objective—information was
collected on patients arriving at the emergency department (ED) of a
teaching hospital in Montreal, Quebec from June 2014 to January
2015 (1012 beds). This tertiary care hospital was selected as it repre-
sents a typical acute care hospital which receives large numbers of
patients treated with multiple medications (i.e., at high risk of medi-
cation errors). Eligible patients were residents of Quebec who were
over the age of 65 years and taking at least 3 medications since these
patients are prioritized to receive a medication reconciliation proce-
dure.'” Additionally, patients had to have a dispensing pharmacy
that was connected to the HIE for at least 3 months to align with the
standard medication reconciliation procedure in Quebec, requiring
the information from the past 3 months (information publicly avail-
able online for each individual pharmacy). For each eligible patient,
demographic data (age, gender, number of dispensing pharmacies,
number of medications) was obtained as was the patient’s commu-
nity pharmacy drug list at admission (requested as part of the usual
medication reconciliation process, via fax).

Study Measures

For objective 1 (utilization), a user was defined as an individual who
accessed medication data of the HIE at least once during the study
period. Medical users included physicians, medical residents, stu-
dents, and assistants while pharmacy users included pharmacists
and pharmacy technicians. Nurses included nurse practitioners, clin-
ical nurses, and auxiliary nurses. The remaining users were dentists,
midwives, technicians (laboratory, microbiology, biochemistry,
archives), and categorized as “other.” The number of potentially au-
thorized users was calculated based on public information available
for the number of health care professionals within each role in the
province using administrative authorities billing reports.

In order to measure the accuracy of the medication list for objec-
tive 2, the community pharmacy drug list obtained through the med-
ication reconciliation process was considered the “gold standard,”
or reference list. This list is obtained by contacting all community
pharmacies for a patient arriving at the ED, and is considered the
reference for the medication reconciliation process in Quebec.
Moreover, by law, all community pharmacies have to send their
data to this unique and national HIE when dispensing medication to
an outpatient. Each medication was defined as current or not at the
time of a patient’s admission to hospital based on the date of dispen-
sation and remaining refills at the community pharmacy. This list
was then compared to the medication list printed from the HIE us-
ing the Viewer application and discrepancies were noted. If a medi-
cation was flagged as “current” in the reference list but was not
found on the list from the HIE, this discrepancy was considered a
“false negative” while if a medication was not flagged as “current”
in the reference list but was on the list from the HIE, it was consid-

ered a “false positive.” The generic drug name for each discrepancy
was recorded, and categorized by drug class using the Anatomical
Therapeutic Chemical classification system. Non-medication pre-
scriptions (e.g., lancets, dressings) were excluded from this analysis.
All other prescribed medications were included in the analysis (in-
cluding drops, creams, vitamins) even if the clinical harm associated
with their omission might be low given our objective of assessing the
accuracy of the list to support the decision-making process of clini-
cians when prescribing on admission.

Statistical Analysis

For the utilization analysis, descriptive statistics on the proportion
of authorized users who actually accessed the medication data of the
HIE as well as the total number of accesses per user for the year-
long study period were calculated overall and according to the users’
role. Similar descriptive statistics were also calculated for the “high
users” of the HIE as were analyses determining the proportion of to-
tal access corresponding to each percentile of user (e.g., the propor-
tion of all access that high users [top 1%] were responsible for).
Additionally, we calculated the proportion of HIE access attributed
to each possible tool.

For the accuracy analysis, overall patient demographics were cal-
culated as well as the mean number of medication discrepancies per
patient. The proportion of discrepancies according to their cause
and therapeutic class were also determined. Next, patient character-
istics associated with having at least one medication discrepancy
were determined using logistic regression analysis where all poten-
tial characteristics (patient age, sex, number of admission medica-
tions) were included within the same model. All analyses were
performed using STATA/SE version 13.0 (Stata Corp., College Sta-
tion, TX, USA). The Institutional Review Boards of the McGill Uni-
versity Health Center and the Faculty of Medicine of McGill
University approved this study.

RESULTS

Utilization of the HIE

Overall, a total of 31022 distinct users accessed medication data of
the HIE 11 085 653 times during the year-long study period. Table 1
presents the number of potentially authorized users by role com-
pared to the number of active users in 2015. The majority of phar-
macists (83%) and general practitioners (GP) (74%) were active
HIE users, while a minority of specialists (25%) and nurses (12%)
used it at least once. Table 2 presents a detailed description of access
to the HIE overall, by role, and for high users. The top 1% (n=311)
of users, described as high users, were responsible for 19% of all the
access to the HIE, while the bottom 50% of users (n=15511) were
only responsible for approximately 4% of all access (Figure 3).
Overall, users accessed the HIE a median of 87 times (Inter Quartile
range [IQR]: 18-315) during the year, while the top 1% of users
accessed the HIE a median of 5584 times (IQR: 4553-7526). Phar-
macy users had the highest number of access in both groups.

Figure 4 presents the proportion of access according to health-
care setting (A), and tool used to access the HIE (B, C, and D).
Forty-four percent of access was by users in an acute care setting,
32% from a primary care setting, and 22% from a community
pharmacy, with the remaining users accessing it from long term care
settings, rehabilitation centers and youth centers (Figure 4A). By
tool, 63% of the access occurred using the Viewer application, 19%
using an EMR application, and 18% with a PMS (Figure 4B). When
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evaluating physician users alone, 55% of access was made using the
Viewer application and 45% using an EMR (51% and 49%, respec-
tively, for GP only) (Figure 4C and D). These results are likely re-
lated to the fact that at the time of the study, only one hospital had
an EMR with the HIE interoperability feature, while the majority of
EMR in primary care practices had the interoperability feature.

Figure 5 presents the median number of the access by user per
month (all users, all tools), as well as the median number of access
per physician when using the Viewer application vs when using an
EMR application. For all users, using all types of tools, the level of
use of the HIE varied between a median for access of 10 and 17 per
user, with a trend towards an increase in access by the end of the
year. For physician users who accessed the HIE using an EMR, the
median number for access per month varied between 66 and 136,
while it was lower with the Viewer and ranged between 14 and 20.
Interestingly, a decreasing trend was observed for the level of use by
physicians using an EMR, starting in April and during the summer.
This might be a seasonality effect, with a decrease in the workload
of physician EMR users during the summer, but the data available
does not allow for a confirmation of this hypothesis.

Table 1. Utilization of HIE (Medication Data) by Type of Health Care
Professional: Potentially Authorized Users Compared to Active
Users

Healthcare Number of ~ Number of Proportion of active

professional potentially active users  users compared to
authorized potentially authorized
users® users (%)

Pharmacists 8319 6914 83

MD-General 8906 6571 74

practitioners
MD-Specialists 9748 2395 25
Nurses 74579 9238 12

*Total number of professionals per type in the province (Source Régie de
I’assurance maladie du Québec, last data available 2014).

Accuracy of the Current Medication List from the HIE

Of the 1231 medications taken on admission, a total of 463 (38%)
medication discrepancies between the reference list and the list
obtained from the HIE occurred in 71 patients. This translates to
64% (71/111) of included patients with at least one discrepancy.
Overall, 46% of discrepancies were false positives (medication was
not current on the reference list but was current on the list from the
HIE) while 43% were false negatives (medication current on the ref-
erence list but was not found on the list from the HIE) (Table 3).
There were also 51 medication duplicates (i.e., the same medication
appeared more than once on the list obtained from the HIE). Nota-
bly, 32% of discrepancies were for essential systemic medications,
including hypotensives (11.4%), anticoagulants and antiplatelets

100%
90%
80%
70%
60%
50%
40%
30%
20%

10%

0%

Percentile of user Percent of accesses

mBottom 50% ®25%-50% ®™10%-25% ®5%-10% 1%-5% Top 1%

Figure 3. Distribution of users and access numbers for 2015. Top 1% accessed
HIE > 4038 times, 1%-5% accessed >1580 and less 4038 times, 5%-10%
accessed < 867 and less than 1580 times, 10%-25% accessed >315 and less
than 867 times, 25%-50% accessed >87 and less than 315 times and bottom

50% accessed less than 87 times.

Table 2. HIE Access (Medication Data) According to Role (n=31022 users)

Number of users (%) Overall Medical users Pharmacy users Nurse Other®
10822 8003
(34.9) (25.8)
Physician® Medical Medical Medical Pharmacist PT¢
resident  student  assistant
31022 9006 736 476 604 6914 1089 9238 2959
(29.0) (2.4) (1.5) (2.0) (22.3) (3.5) (29.8) (9.5)
Median accesses per 87 113 60 53 21 139 21 56 111
user (IQR) (18-315) (20-429) (19-163) (14-161) (6-82)  (41-409) (5-138) (12-201) (25-379)
Minimum accesses per user 1 1 1 2 1 1 1 1 1
Maximum accesses per user 35 949 4537 3057 2314 3006 29642 16622 35949 12995
Number of high users® (%) 311 129 (41.5) 0 (-) 0(-) 0(-) 78 (25.1)  27(8.7) 27 (8.7) 50 (16.1)
Median accesses per high 5584 5086 N/A N/A N/A 6284 9273 6457 5764

user® (IQR) (4553-7526) (4449-6126)

(4867-9283) (5041-9709) (4577-8748) (4603-6985)

“Includes dentists, midwives, other technicians (laboratory, microbiology, biochemistry, archives).

“Includes general practitioners and specialists.

“Pharmacy technician.

dHigh users are the top 1% of users in the year (more than 4038 accesses in a year).

IQR: Inter Quartile Range
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Figure 4. Access for HIE according to healthcare setting (A) and tool used (B,
C, and D). Acute care settings include hospitals; Primary care settings include
medical clinics, family health groups, and local community health centers.
EMR: Electronic medical record; PMS: Pharmacy management system.
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Figure 5. Median number of access for HIE by user per month

(6.9%), psychotropics (5.6%, excluding benzodiazepines and z-
drugs), anti-infectives (4.5%), antilipemic (4.1%), and antidiabetic
agents (3.7%) (Figure 6). Discrepancies between the 2 lists were pre-
dominantly the result of inconsistencies between rules for defining
the “current” status of the medication in the HIE and the dispensing
processes occurring at the pharmacy. For example, 170 prescriptions
were put on hold at the pharmacy because the patient received a re-
fill for the same medication, but using an “old” prescription that
was then deactivated on the same day at the pharmacy. For the du-
ration of this prescription, the HIE flagged this medication as inac-
tive and removed it from the current list.

Table 3. Description of Medication Discrepancies Between the
Community Pharmacy Drug List and the Current Medication List
from the HIE (n= 463 discrepancies)

Discrepancy type as a proportion of
all discrepancies, 7 (%)
False negative (medication not in the current 211 (45.6)
list but should have been)
Current medication but in the history 41 (8.9)

section of the HIE

Prescription “on hold” not appearing in the HIE 170 (36.7)
False positive (medication in the current 201 (43.4)
list but should not have been)
Prescription stopped in the pharmacy system 142 (30.7)
Treatment completed 59 (12.7)
Duplicates 51(11.0)
14 4
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Figure 6. Discrepancies between the community pharmacy drug list and cur-
rent medication list from the HIE (n=463) according to medication type. Vita-
mins and supplements category includes sodium and potassium
supplements, calcium supplements, Vitamin D, Vitamin B, Multivitamins
(only when prescribed and dispensed by the pharmacy); Other category
(15.8%, data not shown) includes all products with <3% of discrepancies:
antigout agents, bone resorption inhibitors, 5 a-reductase inhibitors, PDE5
inhibitors, oral antineoplasic agents, antihistamines, muscle relaxants, anti-
vertigo agents, benzodiazepines and z-drugs, oral corticosteroids, androgens
and thyroid agents, haematopoietic agents.

Patient Characteristics Associated with Discrepancies

Table 4 presents characteristics of the 111 patients included in the
accuracy analysis. Mean (SD) age was 76 (12), 46% were female,
and patients were using an average of 11 medications upon arrival
to hospital. There were 17.1% of patients receiving their medica-
tions from more than one pharmacy (16 patients (14.4%) from 2
pharmacies, and 3 patients (2.7%) from 3 pharmacies). Moreover,
71 (64%) patients experienced at least one discrepancy, with an av-
erage of 4.2 discrepancies per patient. Moreover, 40% of patients
had 4 or more discrepancies. Overall, patient gender and number of
preadmission medications was associated with an increased risk of a
patient having at least one medication discrepancy, while age was
not. Women were 59% less likely to experience at least one medica-
tion discrepancy compared to men (39.4% vs 60.6%, adjusted odds
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Table 4. Characteristics of Patients Overall and Those Associated with Experiencing At Least One Discrepancy

Patient characteristics Overall (n=111)

With discrepancy (n=71)

Without discrepancy (7 =40) Adjusted OR (95% CI)

Age, mean (SD) 76.4 (11.9) 73.4 (16.9)
<80 years, 1 (%) 57(51.4) 41 (57.8)
>80 years, 7 (%) 54 (48.7) 30 (42.3)

Gender
Male, 1 (%) 60 (54.1) 43 (60.6)
Female, 7 (%) 51 (46.0) 28 (39.4)

Number of preadmission 11.1 (6.3) 12.1 (6.2)
medications, mean (SD)

0-5,n (%) 24 (21.6) 11 (15.6)
6-10,1n (%) 32 (28.8) 19 (26.8)
11-15, n (%) 30 (27.0) 21(29.6)
16+, 1 (%) 25 (22.5) 20 (28.2)

77.3 (12.4) 0.98 (0.95-1.01)
16 (40) Reference

24 (60) 0.55(0.23-1.28)
17 (42.5) Reference

23 (57.5) 0.41 (0.17-0.98)
9.4 (6.4) 1.10 (1.01-1.18)
13 (32.5) Reference

13 (32.5) 2.2 (0.66-6.70)

9 (22.5) 3.42 (1.01-11.61)
5 (12.5) 6.66 (1.70-26.0)

ratio [aOR]: 0.41, 95% CI, 0.17-0.98) while each additional medi-
cation a patient was using when admitted to hospital was associated
with a 10% increased risk of a discrepancy (aOR: 1.10, 95% CI,
1.01-1.18). Indeed, patients admitted to hospital with between 11
and 15 different medications were 3.4 times more likely to experi-
ence at least one discrepancy compared to those admitted with 0-5
medications (29.6% vs 15.6%, aOR: 3.42,95% CI, 1.01-11.61).

DISCUSSION

This is the first study to measure the utilization of the HIE at a pro-
vincial level in Canada. The medication data from HIE was used by a
diversity of health care professionals (GP, specialists, pharmacists,
nurses) along the care continuum, with users from different health
care settings, including acute care, long term care, primary care, and
community pharmacies. While utilization was very high for pharma-
cists (83% accessed the HIE) it was more variable for physician users:
74% of all GP have used the HIE, while only 25% of specialists have
accessed it. The level of use increased per month during the year, with
a median of access for 17 per user in December, indicating that most
users did not access the HIE on a regular basis (i.e., less than once per
day). However, the distribution of the access per user was relatively
skewed, with the top 1% of users being responsible for almost one-
fifth (19%) of all access. Hence, a small number of users were very ac-
tive (indicating routine utilization), while the vast majority of users
could be defined as “prospecting customers,” accessing the data only
sporadically. While this may be related to the diversity of patients
across providers, this observation suggests 2 things about the HIE:
First, the system is usable and useful for some users, in some settings,
comprising a group that could be defined as early adopters. Second,
the diffusion process is likely still ongoing in most clinical sites, with
only 2 years since the province-wide implementation.

On the Routine Utilization of HIE

In recent years, a number of studies have been conducted on the us-
age patterns of HIE, mainly in the United States.'®*® Most studies
demonstrated that access to HIE is not made on a routine basis, but
only for 2%-20% of patient encounters.”">*” Many factors are
related to the actual utilization of this type of clinical information
sharing system, such as organization characteristics (e.g., type of
health system),?® and the characteristics of the patient (e.g., patients

with many comorbidities or with frequent encounters).?%-*!-7->

However, the actual drivers of the behavior are not well understood,
and even seems contradictory in different settings.>! Our results sug-
gest that the features available to clinicians might play an important
role in the utilization of the system. It has already been suggested
that the HIE characteristics (push or pull system) had an influence
on the physician satisfaction with the system.? Our study highlights
the fact that the interoperability capabilities of the tool available in
different settings might play an important role in a clinician deciding
whether or not to access the HIE. Using certain certified EMR
applications—with enhanced interoperability capabilities—was as-
sociated with an increased routine utilization of the HIE. However,
a certified EMR was still not available in most acute care setting,
and 63% of the access was made using the Viewer application.
Hence, the selection of the tool used to access the HIE by health care
organizations or providers (certified EMR with interoperability fea-
ture vs Viewer) might be an important factor for accelerating the dif-
fusion of this type of innovation. In Quebec, this process might be
different than in the United States: the payer is unique and public,
and the decision about which EMR to select varies according to the
organizational type. In primary care, most medical clinics are pri-
vately owned by physicians who are mainly paid on a fee-for-service
basis by the public payer. Primary care providers have free choice in
the EMR they select, usually by clinic. However, to be able to use
the provincial HIE, they are required to buy a certified EMR with
the interoperability feature. These commercial systems are certified
by the Ministry of Health (9 commercial systems had been certified
as of 2018). The Ministry offers financial support to medical clinics
for buying those EMR in particular. The provincial association of
GP is also openly promoting the use of a certified EMR among its
members. To our knowledge, only certified EMRs have been bought
by medical clinics in the province. In acute care, the situation is dif-
ferent. Almost all acute care settings are owned by the government.
Hospitals are currently waiting for the government to provide them
with an EMR with this interoperability feature, but clinicians and
organizations are not involved in the selection process. This is a cen-
tral, governmental decision made by the Ministry of Health. Finally,
in all settings, both in the public and the private sectors, the Viewer
application is provided freely by the Ministry of Health, no matter if
a certified EMR is implemented or not. Overall, our results highlight
the need for investigating the actual experience of users more closely
in relation to the commercial tool they are using in a given setting;
their experience might be very different according to the perfor-
mance and features of the actual tool used to access the system.
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On the Accuracy of Medication Lists

Medication errors occurring upon admission to hospital have been
identified as a major safety issue, occurring in up to 67% of admit-
ted patients.*'* A study by Cornish and colleagues®® in Canada
found that 53.6% of patients taking at least 4 medications chroni-
cally will suffer from a prescribing error on admission to hospital,
with 38.6% of these errors having a potential for harm or clinical
deterioration. HIE has been suggested as a way to improve the qual-
ity and safety of medication use, especially at care transitions, by
providing complete and accurate medication lists.>® However, our
study revealed that the accuracy of the medication list obtained us-
ing this type of technology is still a concern, especially for high risk
patients. Overall, 71 patients (64%) had at least one discrepancy be-
tween the medication list obtained through the HIE and the gold
standard comparator, with 32% of discrepancies involving essential
medications, such as hypotensive, anticoagulants and antiplatelets,
psychotropic and antidiabetic agents. This is lower than what was
reported by Price and colleagues® in British Columbia (Canada),
where 84.3% of patients had a discrepancy between the medication
history, obtained through patient interview, and the medication list
retrieved from a similar HIE. Similarly, in the United States, Monte
and colleagues®® observed that 78.1% of patients visiting the ED
had an inaccurate medication list when the primary source of infor-
mation was the electronic medical record, when compared with a
complete medication history including nonprescription products,
herbals products and supplements. It is important to highlight the
fact that we did not include the details that are obtained through the
patient interview in this study (such as adherence and over-the-
counter medications) since this information is not captured in the
HIE. However, even with our conservative definition for the refer-
ence medication list, 64% of patients still had at least one discrep-
ancy in their medication list obtained from the HIE. Hence, the
majority of discrepancies in our study were due to rules in the sys-
tem for assigning a status to the medication, and displaying it in the
“active” list versus the history section. The Viewer application was
rigid and would not allow a user to select a medication from the his-
tory section and print it for prescription—only the active medica-
tions would be printed on the admission prescription. These rules
were not necessarily applied by EMR vendors, and options for filter-
ing the list of medications based on the date of dispensation or other
variables might have been implemented. Little is known with respect
to the actual features available in the different EMR systems to man-
age the information viewed or imported through the HIE. Therefore,
significant challenges still exist related to the design and usability of
the different systems and interfaces available to clinicians for im-
proving the efficiency and safety of medication use using HIE.

Limitations

This project was conducted during an early phase after the full im-
plantation of the system. Design of the different systems (Viewer,
EMR, PMS), as well as utilization practices might have evolved dur-
ing the study period, and since the end of our study in December
2015. However, our results reveal the challenges associated with
early phases of deployment, when users and information system
managers are required to learn about a new system and its
particularities. Our results highlighted the challenges of utilizing
HIE in the acute care setting, where using the Viewer application of-
fered low interoperability. The sample size for the accuracy analysis
was small, potentially limiting the generalizability of findings. How-
ever, our study patients do represent the typical hyperpolypharmacy

(more than 10 medications) for elderly patients at high risk of medi-
cation errors upon admission to hospital.*3”~*® Otherwise, it would
have been interesting to go further in mapping usage data with de-
scriptive characteristics of organizations, such as the volume of
patients in a given practice or setting. However, it was not possible
to measure the access to the HIE in terms of proportion of visits
with the dataset that was provided to us. We were able to measure
utilization at the individual provider level, and analyze accuracy of
data from clinical sites.

CONCLUSIONS

To our knowledge, this is the first study to describe utilization of
HIE in the Canadian setting with individual/provider data. More-
over, analysis of the accuracy of the medication data brings to light
the challenges associated with usability of different tools available
to clinicians within different settings. While EMRs have been
adopted widely across many countries, further research is needed to
describe the facilitating conditions and factors to increase utilization
and potential for benefit realization. This study highlights the fact
that the potential benefits of HIE for medication-related activities
will unravel when better analytic capabilities are integrated in a con-
sistent way in all tools available to clinicians along the care contin-
uum. Before additional resources are invested to further develop
HIE for medication-related activities, we need to better understand
which care settings, for which care team members and for which
patients medication lists in HIE are valuable.
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