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Purpose. Failure to obtain an accurate medication history can adversely
affect patient care in the emergency department (ED) and propagate errors
into the inpatient and outpatient settings. Obtaining an accurate medica-
tion history in the ED is challenging, however, due to limited time, a subop-
timal environment for patient interaction, and inadequate information in the
electronic health record (EHR). This article describes the development and
initial evaluation of the PictureRx Medication History Application, a tablet
computer-based program that queries patients’ prescription fill data from
the Surescripts Medication History service and renders it graphically for
review and editing at the point of care.

Methods. A quasi-experimental trial of PictureRx was performed in a large
academic ED. Adult patients taking at least 1 prescription medication were
prospectively eligible for the intervention. Usual care control patients were
retrospectively matched 1:1. The main outcomes were updates to the pa-
tients’ existing pre-visit medication list in the EHR and patient perceptions
of the application.

Results. The medication list was updated for 101/244 (41.4%) of the in-
tervention group and for 43/244 (17.6%) of the control group (difference
23.8%, 95% confidence interval, 16.0-31.6%). Similar differences were
observed for medication additions, removals, and corrections in dose. Ap-
proximately 80% of intervention patients “strongly agreed” that the appli-
cation was easy to use, aided medication list accuracy, and the graphical
features assisted with recall.

Conclusion. A novel tablet computer-based medication history applica-
tion was feasible to implement in a busy academic ED. Use of the tool was
associated with more updates to patients’ EHR medication list.

Keywords: emergency department, health information technology, med-
ication reconciliation, patient-centered design
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ncomplete or inaccurate medication

histories are of particular concern in
emergency departments (EDs),! where
patients commonly have poor knowledge
of their medications, exacerbated by low
health literacy.** Underserved popula-
tions, who are more likely to seek care in
EDs,* and who more often have difficulty
providing a complete medication his-
tory,>* are disproportionately affected.
The rapid pace of providing care in EDs
is not well suited to obtaining an accurate
history,®” which can be a time-consuming
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process. Moreover, the availability of
existing medication lists in the electronic
health record (EHR) may obviate the per-
ceived need to obtain an accurate and
up-to-date medication history. The qual-
ity of the medication history obtained in
the ED is often poor, reportedly contain-
ing errors in 37-87% of cases.*'® Errors in
the initial medication list increase the risk
of harmful adverse drug events in the ED
and can be propagated downstream as
patients return home or are admitted to
the hospital."*
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There are a number of models for
obtaining a medication history in the
ED. Commonly, a nurse or other health
care professional reviews medications
previously documented in the patient’s
EHR and briefly discusses current
usage with patients. Increasingly, phar-
macy technicians or pharmacists are
involved in obtaining a more detailed
medication history.”> Health informa-
tion technology provides an opportu-
nity to facilitate either model. Data on
the prescriptions that patients fill are
available from aggregation services. The
Surescripts Medication History service
(Surescripts, Arlington, VA), for exam-
ple, covers more than 90% of U.S. phar-
macies and provides access to the
medication histories of approximately
220 million patients.”* Some hospitals
have contracted to receive a prescrip-
tion data feed, but the data are provided
in a raw format containing unstructured
text strings, abbreviations, and duplica-
tions. Few examples exist of effectively
incorporating these data at the point of
care to enhance the process of obtain-
ing a complete and accurate medication
history.'*

We developed a tablet computer-
based platform that can be used at the
point of care in EDs to query patients’
recent prescription fill data in real time,
clean and process the information, and
display it for review and editing through
a graphical user interface. Here we
describe the development and initial
assessment of whether use of the appli-
cation resulted in more frequent updat-
ing of the medication history in the EHR
than the usual process of obtaining a
medication history.

Methods

Intervention development.
The PictureRx Medication History
Application was designed in partner-
ship with Bioscape Digital (Atlanta,
GA),a technology company that devel-
ops healthcare-related applications for
tablet computers. The application was
based on the illustrated daily medica-
tion schedules, icons to illustrate drug
indication, and patient-centered medi-
cation labels previously developed
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KEY POINTS

e Use of the PictureRx
Medication History applica-
tion increased the likelihood
that a patient’s medication list
was updated in the emergency
department (ED).

¢ The majority of patients in
the intervention group (80%)
reported that the tablet appli-
cation was easy to use.

e Use of the PictureRx medication
history application may help ED
staff to obtain accurate medica-
tion histories efficiently.

for use in PictureRx cloud-based soft-
ware.'”?! Development was funded by
a Small Business Innovation Research
(SBIR) phase II award from the
National Institutes of Health/National
Institute on Minority Health and Health
Disparities (NIH/NIHMD).

The PictureRx application allows a
user to query the national prescription
fill data available through Surescripts in
order to generate a list of the prescrip-
tions filled by a patient. The application
then processes the raw data using auto-
mated rules to remove duplicate entries,
parse drug information (e.g., time of
administration) into discrete fields, and
convert common abbreviations (e.g.,
BID, g6hrs) into plain English language.
It presents the information in a graphi-
cal format on a tablet computer for
review and editing (Figure 1). The user
(either a patient or health care profes-
sional) can make corrections, fill in gaps
(e.g., medication name and strength are
present but SIG is missing), delete med-
ications, and add new medications. If
no valid data are returned by the query,
the application allows the user to enter
data to construct a medication list. The
application accommodates generic or
brand name. Throughout the process,
the application shows pictures of the
medications from a comprehensive
image library, as well as icons depicting
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common uses for each medication.
Once the user has completed the medi-
cation history process, the final data are
summarized for review (Figure 2). All
data are fully encrypted, and the appli-
cation is equipped with authorization
capabilities that prevent unauthorized
users from engaging with protected
health data and limits final verification
of the medication history to an appro-
priate health care professional. The
application was reviewed and certified
by the prescription aggregation ser-
vice’s quality control personnel.

The development team used an iter-
ative process to create the application.
There were 5 cycles of iterative develop-
ment incorporating feedback from team
members with expertise in medication
reconciliation and software development.
Formal user testing was also performed
with 26 people, including nurses, phar-
macists, and patients. Users were able to
initiate a medication query in about 35 to
45 seconds, and the time for medication
review ranged from 5 to 7 minutes. Testers
gave very favorable ratings to the applica-
tion’s usability and several changes were
incorporated into the application design
as a result of user testing. Specifically, 2
views were developed, for patients and
health care professionals, respectively,
and capabilities were added to allow the
user to indicate that a medication was not
being taken as directed or was prescribed
but not being taken at all. In such situa-
tions, the medication was retained in the
summary list rather than removing it so
that the health care professional could
inquire further with the patient. The
development, user testing, and modifica-
tions were completed prior to beginning
the present study.

Study design. The study was
designed as a quasi-experimental trial
with pragmatic features that facilitated
patient participation and minimized
burden on patients and the ED. We pro-
spectively enrolled a cohort of patients
for intervention with the application
and then used the EHR to retrospec-
tively match a cohort of similar control
patients for comparison. We also used
the EHR to extract data for outcome
assessment. In addition, a subset of the
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Figure 1. Examples of graphical interface for medication review in the
PictureRx Medication History Application.
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Figure 2. Review of medication regimen in PictureRx Medication History
Application.
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intervention group was surveyed for
their opinions about the application.
The study was approved by the local
institutional review board. A waiver of

informed consent was granted for the
control group.

Subjects and setting. The study
was performed in the ED of a 665-bed
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urban, tertiary care, academic hospi-
tal that serves as the region’s only level
1 trauma center and safety net. The ED
sees more than 70 000 adult patients
annually. During the period of this
study, which spanned May 5, 2015,
through November 30, 2015, about 20%
of patients were commercially insured,
15% uninsured, and 65% on Medicare
or Medicaid. About 51% were female
and about 54% were African American.
Pediatric patients were rarely seen at
the facility as a dedicated pediatric ED is
located nearby, and 16% of patients were
age 60 years or older. The Medical Center
uses the Epic EHR system (Epic, Verona,
WI) which links data across ED, outpa-
tient, and inpatient visits. Each patient’s
medication list is stored in structured
form in the EHR system. For patients in
the ED, usual care is for nurses to review
and update this medication list in the
EHR as part of the intake process.
Patients were eligible for recruitment
into the intervention group if they were
located in one of the intervention rooms
with a tablet device, able to communicate
in English, at least 18 years of age, and
reported taking at least one prescription
medication. Patients who were too ill or
otherwise unable to complete informed
consent were excluded. Control group
patients were identified retrospectively
from the EHR from the pool of patients
who received care in the ED during the
enrollment period but were not exposed
to the intervention; they were matched
1:1 to the intervention group. Patient
encounters were eligible as controls if
they had an Emergency Severity Index
(ESI)? score of 2 to 5 and completed the
intake process. Matching was based on
where in the ED the patient was seen, the
intake nurse, and ESI. Optimal matching
was achieved by requiring exact match-
ing on location and nurse, and by allow-
ing ESI score to vary by 1. Three cases
were unable to be matched.
Intervention. We tethered tablet
devices with the PictureRx application
installed in certainregular exam roomsin
the ED, which were designated as inter-
vention rooms. Other rooms did not have
tablet devices. Patients were assigned to
rooms through the usual process of bed
295
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allocation in the ED. This effectively
assigned a random group of patients to
intervention rooms where they could
be recruited into the study during the
period of enrollment. Research staff
also had the ability to enroll patients
using a mobile tablet device, which was
done on a limited basis after having
approached all patients in intervention
rooms. This tablet device functioned in
the same manner as those tethered in
intervention rooms.

Research staff interacted directly
with patients eligible for the intervention
to recruit them into the study and obtain
informed consent and Health Insurance
Portability and Accountability Act
(HIPAA) authorization. Subsequently,
research staff initiated the medication
query through the application to find
the medications that a patient had filled
at participating pharmacies. The data
were processed and presented to the
patient using the PictureRx application.
Medications were reviewed one at a time
through a series of screens where partici-
pants were asked to confirm whether or
not they were taking the medication, the
dose, the indication, and dosing instruc-
tions (e.g., time of day). They were also
prompted to enter any additional medi-
cations not on the list generated from
the medication history service query.
Patients used the application directly;
they were allowed to receive assis-
tance from family or research staff if
needed (just as patients would be able
to receive help from nurses or pharmacy
staff if such a tool were used in clinical
practice). Research staff estimated the
amount of assistance required to use
the tablet platform and also collected
data on patients’ educational attainment
and health literacy using a short 3-item
screening instrument.”® Upon comple-
tion, the research staff provided the
resulting medication list to the treating
nurse. For this trial, the PictureRx med-
ication list was not directly integrated
with the EHR.

Patients enrolled in the interven-
tion group were invited to partici-
pate in a telephone survey to gauge
their perceptions of the application.
Approximately 75 consecutive patients
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were invited until 50 surveys were com-
pleted. Questions included satisfaction
with care, the medication history proc-
ess, and the tablet application, as well
as their understanding of their medica-
tion regimen (Table 3). Study data were
collected and managed using REDCap
(Research Electronic Data Capture).?
Outcomes. In both the control
and intervention groups, the patient’s
nurse was responsible for reviewing the
patient’s active medications and updat-
ing this information in the EHR. The
nurse had access to usual sources of
medication information, including what
may have been documented previously
in the EHR, as well as what the nurse
obtained directly from patients, fami-
lies, or emergency medical technicians.
Prescription fill data were not availa-
ble, unless the nurse called the patient’s
pharmacy to obtain this information,
which was not the general practice. In
the intervention group, the nurse also
had access to the medication list gen-
erated using the PictureRx Medication
History Application. The utility of the
PictureRx application in this context can
be determined by the extent to which it
provided information beyond what the
nurse would normally obtain and doc-
ument.”® The primary outcome was thus
defined as whether or not changes were
made to the patient’s medication list
in the EHR, by comparing the pre-visit
medication list available in the EHR to
the medication list after completion of
the nurse intake process. Secondary out-
comes included the type and number of
changes made to the medication list (i.e.,
addition or removal of a medication, or
change in dosing instructions). Research
staff also recorded the approximate level
of assistance needed to use the device:
none (0%), some (25%), moderate (50%),
substantial (75%), or full (100%).
Statistical analysis. Patient char-
acteristics were summarized for the
intervention and control groups using
descriptive statistics. The percentage
of patients who had changes made to
their medication list was calculated and
the difference between intervention
and control groups computed with 95%
confidence intervals (CI,,). The number
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and type of medication list updates were
computed and the difference between
groups calculated. The level of assis-
tance required to use the tablet platform
was summarized overall and by level of
age, education, and health literacy. Data
management and statistical analyses
were performed solely by one researcher
(KH), who had complete access to and
control of the data and has no financial
interest in PictureRx, Bioscape Digital,
LLC, or SAI Interactive, Inc. All statisti-
cal analyses were conducted using SPSS
23.0 (IBM Corporation, Armonk, NY).

Results

A total of 250 unique patients were
enrolled in the intervention group. Of
these, 6 patients were excluded for either
lack of complete intake data (n = 3) or
difficulty matching to suitable controls
(n = 3). Table 1 provides the character-
istics of the intervention and control
patients included in the analysis. Overall,
participants had a mean + S.D. age of
41 + 15 years, 51% were female, and 61%
were black.

Patients in the intervention group
had changes made to their medication
list in the EHR in 41.4% of cases, com-
pared with 17.6% in the control group
(difference in proportions 23.8%, CI
16.0-31.6%) (Table 2). All types of med-
ication list updates were more common
in the intervention group, including
medications being added to the list,
doses or instructions being corrected, or
discontinuations being noted.

Half of the patients in the interven-
tion group required little to no assistance
to review their medication regimen; the
remainder required at least moder-
ate assistance. Patients who had more
medications in their medication history
required a greater level of assistance
to review their regimen, as did older
patients. Patients’ level of education and
health literacy did not appear to be asso-
ciated with a need for assistance with the
device.

The characteristics of the 50 patients
included in the survey were similar to
those of the overall group (Table 1). The
majority of patients (58%) were “very
satisfied” with the care overall, and 76%
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Table 1. Patient Characteristics
Intervention Control Group Overall Surveyed Group
Variable Group (n = 244) (n = 244) (n = 488) (n =50)
Age, mean (S.D.), years 41 (13) 41 (16) 41 (15) 43 (14)
Race/ethnicity, no. (%)
Black 44 (59.0) 151 (61.9) 295 (60.5) 36 (72.0)
White 95 (38.9) 71 (29.1) 166 (34.0) 14 (28.0)
Hispanic 1(0.4) 13 (5.3) 14 (2.9) 0 (0.0
Asian 0 (0.0) 1(0.4) 1(0.2) 0 (0.0)
American Indian or Alaskan Native 1(0.4) 0 (0.0 1(0.2) 0 (0.0
Other 3(1.2) 8 (3.3) 11 (2.3) 0 (0.0
Sex, female, no. (%) 136 (55.7) 113 (46.3) 249 (51.0) 28 (56.0)
Education, less than high school 56 (23.0) - 12 (24.0)
graduation, no. (%)
Low health literacy, no. (%) 47 (19.3) 7 (14.0)
Medication list already in EHR, no. (%) 201 (82.4) 37 (74.0)
Emergency Severity Index, no. (%)
2 32 (13.1) 32 (13.1) 64 (13.1) 8 (16.0)
3 102 (41.8) 102 (41.8) 204 (41.8) 21 (42.0)
4 96 (39.3) 97 (39.8) 193 (39.5) 18 (36.0)
5 14 (5.7) 13 (5.3) 27 (5.5) 3(6.0)
aData not available.

reported being “very satisfied” with the
process used to review their medica-
tions (Table 3). The majority of patients
“strongly agreed” that the medication
history application was easy to use
(84%), that the features assisted with
recall and creation of an accurate medi-
cation list (78%), and that they would like
to see such programs used in the future
(80%). Post intervention, the majority
also “strongly agreed” that they under-
stood what medications they were sup-
posed to take (92%), how much to take
at a time (94%), what time of day to take
each medication (92%), and the purpose
of each medication (90%).

Discussion

A point-of-care tablet computer-
based medication history application
appeared to be an effective tool for
updating patients’ medication lists in the
ED. The application successfully queried
patients’ prescription fill data through a

national database and displayed the pro-
cessed information through a graphical
user interface for review and verifica-
tion. Medication lists were updated more
than twice as frequently among patients
participating in the intervention, com-
pared to matched controls. To the best
of our knowledge, this study is the first
evaluation of patient-facing technology
to improve medication reconciliation in
the ED.

For thisinitial assessment of the appli-
cation’s utility, we chose a pragmatic pri-
mary outcome, namely whether changes
were made to the medication list in the
EHR. This outcome assumes that such
changes reflect corrections and updates
to the medication list and therefore indi-
cate improved medication reconciliation.
The approach of using the EHR to extract
and calculate the number of medication
list changes proved feasible and could be
considered for future medication safety
studies, which have traditionally relied on
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taking a gold-standard medication history
and manually comparing the medication
list to it."® We did not classify the clinical
relevance of changes to the medication
list. Previous research has demonstrated
that approximately 20% of such changes
are clinically relevant.®

The quality of electronic medication
lists is of critical importance given the
widespread reliance on EHRs. Clinicians
and patients often assume that EHR
medication lists are fairly accurate,
but research shows this is not the case.
Errors have been identified in up to 78%
of cases.” Stockton and colleagues stud-
ied electronically pre-populated med-
ication reconciliation forms and found
that 47% of ED patients had errors in
their medication list; 21% of which were
deemed clinically significant.”” Leaving
inaccurate data in the EHR propagates
errors downstream and increases the
risk of an adverse drug event.” This risk
makes it all the more important to have
297
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an efficient process in place to review
and verify medication lists, particularly
in the ED where obtaining a medication
history is fraught with challenges.
Engaging patients in the process of
medication review has the potential to
improve medication list accuracy,® while
also reinforcing patient understanding

of the regimen and enhancing satisfac-
tion. Few examples of patient-facing
technologies are available in the lit-
erature.””?® Lesselroth and colleagues®
described an ambulatory check-in
kiosk where patients could review their
medication list prior to the appoint-
ment. Use of the kiosk detected 4-5

Control Groups

Table 2. Frequency of Changes to the Medication List in Intervention and

Number (%) Changes

Intervention Control % Difference
Group Group (95% Confidence

Variable (n = 244) (n = 244) Interval)
Any change in medication list 101 (41.4) 43 (17.6) 23.8 (16.0 -31.6)
Type of medication list change?®
Medication added 96 (39.3) 43 (17.6) 21.7 (13.9-29.5)
Medication dose, route, 87 (35.7) 40 (16.4) 19.3 (11.7-26.9)

frequency, or instructions

changed
Medication removed 84 (34.4) 40 (16.4) 18.0 (10.5-25.6)

of change.

aChanges add up to greater than 100% because it was possible to have more than one type

medication discrepancies per patient,
saved nursing staff time, and was gen-
erally well-accepted by clinicians.**
Heyworth and colleagues piloted a tool
in a web-based patient portal to the EHR
to identify discrepancies after hospital
discharge, which was well-received by
patients.”” Based on our experience, it
is feasible to engage patients in the ED
in reviewing and updating their medi-
cation list. Approximately half were
able to do this fairly independently, and
half required assistance, particularly if
they were elderly or took many medica-
tions. Offering and providing assistance
would be an important aspect of deploy-
ing such technology in clinical practice.
Alternatively, the technology could be
used by pharmacists or other health care
professionals to facilitate interviewing
the patientabout current medication use.

There were several limitations to the
study. This quasi-experimental study
was designed as an initial test of a new
technology, with certain features that
enhanced its feasibility and efficiency
but which may have also affected its

Table 3. Patient Satisfaction With Care and Tablet-based Medication History Application (n = 50)
Number (%) Patients Providing Response

Survey Question Very Satisfied Satisfied Neutral Dissatisfied Very Dissatisfied

Overall, how satisfied are you with your care in the 29 (58) 10 (20) 5(10) 3(6) 3(6)
Emergency Department?

How satisfied are you with the process that 38 (76) 11 (22) 1) 0(0) 0(0)
was used to go over the medicines you were taking?

Strongly Agree Agree Neutral Disagree Strongly Disagree

The tablet computer program that was used to 42 (84) 5(10) 2(4) 1@2) 0(0)
go over my medicines was easy to use.

The graphics and other prompts helped me 39 (78) 6(12) 5(10) 0(0) 0(0)
remember my medicines.

The computer program helped me provide a 39 (78) 8 (16) 3 (6) 0(0) 0(0)
more accurate list of my medicines.

| would like to see computer programs like 40 (80) 9(18) 1) 0(0) 0(0)
this used when | come to the hospital.

| understand what medicines | am supposed to take. 46 (92) 3(6) 1) 0(0) 0(0)

| understand how much medicine | am 47 (94) 2(4) 1) 0(0) 0(0)
supposed to take at a time.

| understand what time of day to take each of my 46 (92) 4(8) 0(0) 0(0) 0(0)
medicines.

| understand what each of my medicines is for. 45 (90) 4 (8) 12 0(0) 0 (0)

298  AM J HEALTH-SYST PHARM | VOLUME76 | NUMBERS5 | MARCH 1,2019



COMPUTER-BASED MEDICATION HISTORY PRACTICE RESEARCH REPORT

rigor in comparison to a randomized
controlled trial. Matching was used to
minimize bias between groups, but it is
possible they differed in other charac-
teristics, leading to residual confound-
ing. For example, because we did not
interact directly with patients in the
control group, we could not measure
their health literacy level. We were also
unable to match by baseline number of
medications. While to be eligible, inter-
vention patients must have reported
being prescribed at least one medication
atbaseline prior to the ED visit, there was
not a way to ask whether control patients
also self-reported being prescribed at
least one medication at baseline. Finally,
in this initial evaluation, we excluded
patients who did not speak English
because the computer application was
available in English only. Additional
work is needed to examine and improve
medication safety among patients with
limited English proficiency.

Conclusion

A novel tablet computer-based med-
ication history application was feasible
to implement in a busy academic ED.
Use of the tool was associated with more
updates to patients’ EHR medication list.
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