Shahani et al. BMC Health Services Research (2022) 22:1304 .
https://doi.org/10.1186/512913-022-08702-y BMC Health Services Research

RESEARCH Open Access

L : : : ®
An electronic pillbox intervention designed ==

to improve medication safety during care
transitions: challenges and lessons learned
regarding implementation and evaluation

Amrita Shahani', Harry Reyes Nieva®®, Katie Czado', Evan Shannon??3, Raquel Gaetani?, Marcus Gresham?,
Jose Cruz Garcia?, Hareesh Ganesan®, Emily Cerciello®, Janan Dave*, Rahul Jain* and Jeffrey L. Schnipper®®

Abstract

Background: Adverse drug events are common during transitions of care. As part of the Smart Pillbox study, a
cluster-randomized controlled trial of an electronic pillbox designed to reduce medication discrepancies and improve
medication adherence after hospital discharge, we explored barriers to successful implementation and evaluation of
this intervention.

Methods: Eligible patients were those admitted to a medicine service of a large teaching hospital with a plan to be
discharged home on five or more chronic medications. The intervention consisted of an electronic pillbox with pre-
filled weekly blister pack medication trays given to patients prior to discharge. Pillbox features included alarms to take
medications, detection of pill removal from each well, alerts to patients or caregivers by phone, email, or text if medi-
cations were not taken, and adherence reports accessible by providers. Greater than 20% missed doses for three days
in a row triggered outreach from a pharmacist. To identify barriers to implementation and evaluation of the interven-
tion, we reviewed patient exit surveys, including quantitative data on satisfaction and free-text responses regarding
their experiences; technical issue logs; and team meeting minutes. Themes were derived by consensus among the
study authors and organized using the Consolidated Framework for Implementation Research.

Results: Barriers to implementation included intervention characteristics such as perceived portability issues with
the pillbox and time required by pharmacists to enter medication information into the software; external policies such
as lack of insurance coverage for early refills and regulatory prohibitions on repackaging medications; implementation
climate issues such as the incompatibility between the rushed nature of hospital discharge with the time required

to deploy the intervention; and patient issues such as denial of previous problems with medication adherence. We
founds several obstacles to conducting the study, including patients declining study enrollment and limited attempts
by the hospital to streamline logistics by building the intervention into usual care. Several solutions to address many
of these challenges were implemented or planned. Despite these challenges, many patients with the pillbox were
pleased with the service and believed the intervention worked well for them.
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Conclusions: In this evaluation, several barriers to implementing and conducting a study of the effectiveness of the
intervention were identified. Our findings provide lessons learned for others wishing to implement and evaluate HIT-
related interventions designed to improve medication safety during care transitions.

Trial registration: Clinicaltrials.gov NCT03475030

Keywords: Medication safety, Care transitions, Health information technology, Implementation science

Background

The period following hospital discharge is a vulnerable
time for patients who are transitioning home from the
acute care setting [1], especially regarding medication
use. Patients often have difficulty managing their medi-
cations after hospital discharge, due in part to changes
in the regimen, challenges in reconciling new medica-
tions with what they were taking previously, inadequate
discharge instructions, and inadequate follow-up [2].
Unintentional medication discrepancies (i.e., between the
prescribed medication regimen and what patients think
they should be taking) [3—5] and medication non-adher-
ence (i.e., between what patients think they should be tak-
ing and what they actually take) [6, 7] are very common.
Such errors in medication use can lead to unnecessary
side effects and poor disease control as well as hospital
readmission and even death [8—11]. Several studies have
shown that post-discharge adverse drug events (ADEs,
injury due to a medication in the 30 days after discharge)
make up 70% of all post-discharge adverse events, at a
rate of 0.30 ADEs per patient; it is estimated that 19% of
hospitalized patients suffer an ADE within 30 days of dis-
charge, of which 2/3 are preventable or ameliorable [12—
15]. Several studies of interventions designed to reduce
post-discharge ADEs, such as pharmacist counseling and
follow-up, have had variable success, including several at
our own institution [16—18].

Research has found that some health information tech-
nology (HIT)-related interventions can enhance adher-
ence and reduce discrepancies [19, 20]. Recent advances
include the development of smart medical devices that
can track patient outcomes and communicate this infor-
mation with providers. These devices include “smart
pillboxes” that can remind patients to take their medi-
cations, track adherence, and send adherence reports
to providers [21, 22]. Evaluations of smart pillboxes are
emerging in the ambulatory setting but have yet to be
deployed or evaluated in the transitions setting, where
there are unique logistical challenges, e.g., due to time
pressures at discharge, but also tremendous opportu-
nities to engage patients, caregivers, and providers in
medication safety and to improve care during a high-risk
period in their lives.

The goals of this study were to implement and evalu-
ate a novel “smart pillbox” using HIT, compared to a

standard pillbox or no intervention, designed to mini-
mize discrepancies in prescribed regimens and improve
adherence after hospital discharge. The purpose of this
report is to describe the intervention and our experi-
ence with conducting the study, including barriers to
implementing and evaluating the intervention and les-
sons learned for others wishing to deploy complex HIT
interventions to improve medication safety during care
transitions. Results of the trial on primary outcomes and
a qualitative analysis of the impressions of patients, car-
egivers, and providers using the pillbox will be published
in separate manuscripts.

Methods

Setting and participants

The Smart Pillbox Transition Study was a cluster-rand-
omized controlled trial, with randomization of patients
at the level of the primary care practice. The study was
conducted at Brigham and Women’s Hospital (BWH), a
793-bed teaching hospital in Boston, MA, from January
2017 to December 2018. Eligible patients included adults
admitted to any inpatient medical service (including gen-
eral medicine, cardiology, and oncology services) with a
BWH primary care provider (PCP), on 5 or more chronic
medications, spoke English or Spanish, and had a plan
for discharge home. PCPs were typically adult internal
medicine trained physicians; the remainder were nurse
practitioners. The study was approved by the Partners
Healthcare Institutional Review Board and by the BWH
Primary Care Practice-Based Research Network.

Intervention

The smart pillbox (TowerView, Philadelphia, PA) is a
system that accommodates pre-filled weekly medication
trays that work in tandem with a connected device that
measures real-time medication adherence (Fig. 1). Com-
partments of the medication trays are heat-sealed with a
label that can be peeled back to reveal individual medica-
tion compartments for each day of the week (in a Sunday
to Saturday format) and time of day. Each compartment
is labeled with the name and dosage of the medications
it contains. In addition, there is a tear-off card with each
tray that contains a detailed description of each medica-
tion and directions for use. Non-oral medications (e.g.,
inhalers, nasal sprays, injectables), frequently changing
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Fig. 1 Smart pillbox. Top figure illustrates the closed pill box. Middle
figure illustrates insertion of the blister pack into the pill box. Bottom
figure illustrates a patient removing pills from one of the wells

medications (e.g., diuretics, warfarin), as-needed (PRN)
medications, and opioids and other controlled substances
were not included in the medication trays.

Once the medication regimen and times of day for
medication usage are entered into the pillbox’s secure
online application, and the medication labels are
printed and applied to the filled medication tray, the
pillbox is ready for use. When it is time for a patient
to take their medications, an alarm chimes and the
appropriate compartment of the tray lights up. The

Page 3 of 13

pillbox optically senses if all the medications have
been removed from the compartment. If not, the alarm
chimes again and a text message, phone, or email
reminder can be sent to the patient and/or a desig-
nated caregiver. Information regarding whether medi-
cations were removed from each compartment and
the time of removal are stored and then transmitted
on a cellular network (Verizon) to a central server. The
data are aggregated into an adherence report by week
and by month. The list of patients for each PCP is pri-
oritized by those patients with low adherence (>20%
missed doses in the prior 3 days) at the top. Clicking
on a patient’s name displays adherence rates (propor-
tion of doses taken) over time. A second view, known
as the “heatmap,” shows which doses have been missed
and how many minutes late each dose was taken com-
pared to the prescribed time. These data can be viewed
for any week or aggregated monthly to produce sum-
maries by date and time (e.g., 2 of 4 doses taken on Fri-
day afternoons, average of 14 min late; Fig. 2).

The initial medication tray was created by the BWH
ambulatory pharmacy (see below for enrollment pro-
cess), while subsequent medication trays were filled
either by the BWH ambulatory pharmacy or by a dedi-
cated third-party pharmacy (Curant Health, Smyrna,
GA), depending on the patient’s insurance. These trays
were mailed to the patient every 2—4 weeks. Prior to fill-
ing these trays, the pharmacy would review the medica-
tion regimen according to the patient’s electronic medical
record (Epic, Verona, WI) to identify any discrepancies
with their list of prescriptions. A pharmacist would also
contact the patient to confirm the regimen. Any discrep-
ancies were then resolved by contacting the patient’s PCP
or other prescribers as needed.

A pharmacist at the filling pharmacy also reviewed
each patient’s medication adherence report on a weekly
basis. In the event of>20% missed doses for 3 days in a
row, the pharmacist would call the patient to discuss pos-
sible barriers to medication adherence and create a plan
to overcome these barriers. Documentation of these
actions were added to each patient’s electronic medical
record. We also created a link to the adherence report
within the EHR’s environment and provided access to
each patient’s PCP. PCPs (or their practice managers)
were encouraged to periodically review these reports and
to take action as they saw fit.

Patient enrollment

Prior to the start of the study, researchers met with each
BWH primary care practice to explain the intervention,
the study, and their role in it, and were given the option
to participate or not. We also addressed any questions
(e.g., what to do if they change the medication regimen
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Summary

Medication List

COLESTID 1 4perdose

STROMECTOL 3 3perdose
HYDREA 500 1per dose
PRAVACHOL 80 3perdose
HALCION 025 4perdose
CELLCEPT 500 2perdose

MICRONASE 5 4perdose

27 total pills
11 total pills
16 total pills
28 total pills
4total pills
3total pills

27 total pills. o

o

e e e e e
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Fig. 2 Medication Adherence Reports. Top figure illustrates a sample adherence report (trend graph) by week. Bottom graph illustrates a “heat map”
with number of doses removed and mean timing of removal for each administration day and time over the course of one month

after discharge). Practices that chose to participate were
then randomized to the smart pillbox, simple pillbox, or
usual care.

Patients who met study criteria were identified shortly
after admission by a research assistant using a report
generated by our EHR. Once eligibility criteria were con-
firmed by targeted medical record review and discussion
with the inpatient medical team, patients were asked to
provide informed written consent and to complete a brief
intake questionnaire. Once enrolled, patients’ PCPs and
inpatient providers were contacted informing them of
study enrollment and were given an opportunity to opt
the patient out of the study prior to discharge if they felt
the patient was a poor candidate for the intervention.
Allocation was concealed from patients until after the
consent process was complete. The study duration was
6 months from the time of discharge.

Usual care and simple pillbox arms

Patients in the usual care arm had their medication pre-
scriptions electronically transmitted to the community
pharmacy of their choice or to the BWH ambulatory
pharmacy if they preferred. Medical teams could still
opt for medication bedside delivery by the BWH ambu-
latory pharmacy if desired, although this was not com-
mon. All patients in the study, regardless of arm, received
counseling on their discharge medication regimen from
their nurse or a unit-based pharmacist. In addition,
most patients admitted to medicine through the Emer-
gency Department had a “best possible medication his-
tory” taken by a trained pharmacy technician or resident,
who documented that history in Epic so that it could be

used for discharge medication reconciliation. Lastly, the
medication reconciliation screens in Epic were previously
optimized to maximize the clarity of the medication
orders at hospital discharge.

Patients assigned to the simple pillbox were given a
weekly pillbox on the day of discharge and provided
instructions on how to fill it, including a manually cre-
ated table of their medications, the quantity to take at
each time of day, and other directions for how to use the
pillbox on a daily and weekly basis.

Smart pillbox deployment

For patients assigned to the intervention, the research
assistant (RA) contacted their responding clinician (usu-
ally an intern or physician assistant) by email and then
page, notifying them of the patient’s participation and
providing instructions about their role in the study: 1) to
perform discharge medication reconciliation and send
prescriptions to the BWH ambulatory pharmacy as early
in the discharge process as possible to allow sufficient
time for the pharmacy to create the medication trays; 2)
complete an online bedside medication delivery form,
including the estimated date and time of discharge, a note
of any anticipated last-minute changes to the discharge
medication regimen, and a note of any medications that
should be withheld from the pillbox due to unexpected
future changes to the regimen (e.g., furosemide in a
patient with unstable congestive heart failure).

RAs contacted the inpatient units caring for partici-
pants each weekday to identify those being discharged
that day. Based on the patient’s discharge regimen and
their insurance, the patient’s total medication copayments
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were determined and then conveyed to the patient.
Because copayments could in theory increase, e.g., if
90-day mail-order prescriptions of $20 were changed
to three 30-day prescriptions of $10 each, patients were
given the option to withdraw from the study at that time
(contractually in the US, patients are expected to pay
their copayments, and the pharmacy cannot routinely
waive copayments). Because medications cannot be
repackaged (i.e., in a medication tray) by a pharmacist
by federal and state regulations, any medication recently
filled prior to admission and to be prescribed at discharge
could be declined by insurance as an early refill. We
therefore set up a fund as part of the grant to reimburse
the pharmacy for any uncovered medications.

On the day of discharge, a trained BWH pharmacist
contacted each patient, verified the times of day the
patient planned to take each medication, and elicited
information about any caregivers to be contacted in the
event of missed/late medication doses. The pharmacist
entered this information in the pillbox software and cre-
ated two full weeks of medication trays plus a short week
to account for the day of discharge (e.g., if the patient was
discharged on a Thursday, the first tray would contain
Thursday through Saturday medications, with two more
trays for medications Sunday through Saturday). Since
the Epic EHR and the pillbox software were not compat-
ible with each other, we programmed the EHR to create a
CSV file of the discharge medication regimen that could
be imported into the pillbox software to facilitate this
process. However, the study pharmacist still needed to
manually verify the accuracy of all imported information,
and manual entry of certain fields, such as pill identifica-
tion number, was still necessary.

Immediately prior to discharge, the pharmacist deliv-
ered the pillbox and the medication trays to the patient’s
bedside, demonstrated how to use the intervention, and
answered any questions. Patients were also provided with
a Frequently Asked Questions brochure and Let’s Get
Started booklet. Patients were provided with a number to
call for any technical or medication-related issues (staffed
by Curant or BWH ambulatory pharmacists working on
the study). Finally, the patient’s pharmacy was updated in
the EHR.

For patients discharged on weekends, when the ambu-
latory pharmacy was closed, plans were made for patients
to be given a 3—4-day supply of medications in pill bot-
tles (from the BWH ambulatory pharmacy on the Friday
prior to discharge) and for them to return to the BWH
ambulatory pharmacy to pick up their pillbox and receive
instructions on its use on Monday.

Patients continued to use the pillbox for up to 6 months
after discharge. At that point, participation in the study
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ended, and patients were given the option to go back to
their former way of managing medications with their
prior pharmacy, to continue using the medication trays
without the pillbox, or with permission from TowerView,
to continue to use the intervention.

Data collection

To better understand challenges to implementing and
evaluating the intervention, we collected data from
a variety of sources: 1) relevant minutes from weekly
research team meetings, which included research per-
sonnel from BWH and operational personnel from Tow-
erView; 2) logs of technical issues with the pillbox sent to
TowerView by patients and caregivers; and 3) patient sat-
isfaction surveys administered by phone to intervention
patients at the end of the 6-month follow-up period. The
surveys included both quantitative satisfaction questions
and free response questions regarding their general reac-
tions and experiences. Together, these sources provided a
view of implementation challenges from all stakeholders:
patients and caregivers interacting with the intervention;
study pharmacists involved in deploying the interven-
tion; TowerView and Curant staff involved in interven-
tion design, deployment, and technical support; and
research personnel involved in subject enrollment, pro-
ject management, and data collection. Themes were gen-
erated from this information and reviewed with all study
authors until consensus was reached, using an inductive
approach, i.e., based on findings evident in the raw data.
We divided themes into those related to the implemen-
tation of the pillbox and those related to conducting
the research study. Post-hoc, we used the Consolidated
Framework for Implementation Research (CFIR) [23] to
categorize barriers to implementation. CFIR provides a
menu of 26 constructs, grouped into 5 domains, that have
been associated with effective implementation based on
prior studies of implementation science. Depending on
the situation, each construct (e.g., an individual’s state of
change) could be a barrier or facilitator of implementa-
tion. In the Results, we present domains in boldface and
underline (and define) constructs.

Results

The flow diagram of patients assigned to the interven-
tion arm is shown in Fig. 3. Of 256 eligible patients, 169
were not enrolled, mainly because patients declined to
participate. Of the 87 patients who were enrolled, 63 did
not complete the intervention. This was for a variety of
reasons, but the most common was that the patient was
discharged before the pillbox could be provided and they
chose not to return to pick it up after discharge. In sev-
eral cases, patients no longer met eligibility criteria (e.g.,
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discharged to hospice or rehabilitation, on fewer than
five medications). In other cases, patients withdrew from
the study, or their PCP (or study staff) opted them out of
the study after enrollment. The cost of copayments was
the specified reason for patient withdrawal in 5 cases.
Regarding use of the intervention by primary care, PCPs
and practice managers rarely accessed the adherence
reports during the study period. Because of low enroll-
ment, we decided, in conjunction with the Agency for
Healthcare Research and Quality (AHRQ, the study’s
funder), to eliminate the simple pillbox arm of the study
and to focus efforts on the main comparison between the
full intervention and usual care.

Barriers to intervention implementation

Barriers to implementation of the intervention could be
divided into several categories, corresponding to CFIR
constructs (Table 1). These barriers were derived pre-
dominantly from weekly meeting minutes (nearly every
meeting raised at least one of these barriers), comple-
mented with approximately two dozen logs of technical
issues and free-response answers to the patient satisfac-
tion surveys (17 of the 24 patients who completed the
intervention completed these surveys).

Some barriers were attributable to the intervention
itself, especially its complexity (perceived difficulty of the
intervention, reflected by scope, disruptiveness, number
of steps, etc.) and adaptability (the degree to which an
intervention can be adapted, tailored, refined, or rein-
vented to meet local needs), e.g., the time required to
enter medications into the pillbox application due to lack
of compatibility with the hospital’s EHR. Technical issues
included poor signal in some locations, leading to failure
to record adherence data, and the occasional inability for
the optical reader to detect the removal of medications,
e.g., if only one small pill was in the compartment.

Other barriers were due to the outer setting, includ-
ing external policies and incentives (external factors that
affect spread, including governmental regulations, guide-
lines, pay-for-performance, public reporting, etc.), such
as issues with insurance coverage of early refills and regu-
latory prohibitions on pharmacist repackaging of medi-
cations, as noted earlier. Another common type of barrier
was the inner setting, implementation climate (local
capacity for change, shared receptivity to an intervention,
extent to which use of an intervention is rewarded, sup-
ported, and expected within an organization), including
the sub-construct of compatibility (degree of tangible fit
between meaning and values attached to the intervention
by involved individuals vs. perceived risks and needs, and
how well the intervention fits with existing workflows
and systems), such as the lack of compatibility between
the rushed and unpredictable nature of hospital discharge

Page 6 of 13

with the time required to prepare the pillbox. In some
cases, patients had too many medications dispensed out-
side the pillbox (e.g., non-oral medications, controlled
substances, as needed medications, medications at risk
for frequent changes) which made them a poor fit for the
intervention. Also, the BWH ambulatory pharmacy was
closed on weekends, thus creating a separate workflow
for patients discharged over the weekend, a process that
did not always work. Finally, there were patient barriers,
including their individual state of change (phase the indi-
vidual is in (e.g., precontemplation, contemplation) as
they progress toward skilled, enthusiastic, and sustained
use of the intervention), such as their denial of problems
with adherence and therefore their reluctance to accept
help. Other patients were simply overwhelmed by their
hospitalization and did not want any additional changes
to their routine. We also encountered difficulty reach-
ing patients after discharge to confirm regimens prior to
mailing new medication trays.

Barriers to conducting the research

We also encountered several barriers to conducting the
research itself. For example, some patients were simply
resistant to participating in research studies. In addition,
as a research study, the intervention was by definition
not built into usual care, so attempts to streamline logis-
tics at the hospital level (e.g., solving compatibility issues
between the pillbox’s software and the hospital pharma-
cy’s dispensing software) were limited.

Solutions to barriers

Several solutions were implemented during the course of
the study to mitigate the barriers that came up during the
study, while others were discussed, not adopted during
the trial, and recommended for future implementation,
both at our facility and at other facilities looking to intro-
duce similar interventions (Table 1). For example, we
revised our enrollment scripts several times to reduce the
perceived stigma of participating in the study, and when
patients were unsure about enrolling, we enlisted the
help of the patient’s inpatient and outpatient providers
and their caregivers to gently encourage participation if
appropriate. We worked with the pillbox vendor to create
a system of text reminders for medications outside the
pillbox to remove the disparity between those medica-
tions that could and could not leverage the intervention.
We made several changes to our protocol to improve
communication between study staff and the inpatient
medical team to facilitate the completion of pre-dis-
charge tasks. We also improved our procedures to iden-
tify the correct prescriber for each outpatient medication
in order to obtain prescription renewals as efficiently as
possible. Some of these efforts were more successful than



Shahani et al. BMC Health Services Research (2022) 22:1304

Page 7 of 13

I Assessed for eligibility (n=347)

y
| Eligible (n=256) |

Excluded (n=91)
-Unlikely to discharge home (n=65)
-Cognitively impaired and no HCP (n=10)
-Patient not approachable (n=12)
-Did not speak English or Spanish (n=1)
-Undomiciled (n=1)
-Discharged before approached (n=2)

Not Enrolled (n=169)
-Patient declined (145)
-Discharged prior to enrollment (n=24)

| Enrolled (n=87)

Post-Enroliment Exclusions (n=17)
-Fewer than 5 medications (n=7)

y

-Discharged to rehabilitation (n=7)
-Discharged to hospice (n=2)

-Transferred to surgical service (n=1)

I Allocated to intervention (n=70)

A

Did not receive intervention (n=43)
-Discharged before received it (n=24)
-Staffing issues (n=2)

-Cost-related concerns (n=5)
-Patient declined (n=5)
-Caregiver/PCP declined (n=4)
-Other (n=3)

I Received allocated intervention (n=27) I

Discontinued Intervention (n=3)
-Discontinued by patient (n=2)
-Discontinued by study team (n=1)

| Completed intervention (n= 24)

Fig. 3 Flow diagram of intervention patients. Abbreviations: HCP: healthcare proxy; PCP: primary care provider

others (Table 1). Planned improvements that did not
occur during the trial included pillbox software interfaces
compatible with the hospital's EHR and medication dis-
pensing software, and technical improvements regarding
signal strength and optical detection of pill removal.
Despite these obstacles, exit surveys with patients who
used the pillbox were extremely positive. They often

noted the convenience of their medications being mailed
to them, increased confidence knowing it was the cor-
rect regimen, and no longer having the burden (or their
family’s burden) to fill their own pillbox or use pill bottles
to organize their regimens. Opinions were mixed on the
reminder system, but some patients found it helpful.
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Discussion

In summary, we identified several obstacles to enrolling
patients in this study and successfully providing interven-
tion patients with the smart pillbox prior to hospital dis-
charge. The obstacles to implementation corresponded
to known CFIR domains, including the intervention
itself (e.g., lack of portability of the pillbox), outer setting
(e.g., regulations against repackaging of medications),
inner setting (e.g., lack of compatibility in workflows for
discharge and preparing the pillbox), and patients (e.g.,
denial of need for the intervention). Those who used the
intervention were pleased with it, but obviously there is
selection bias among those who chose to go through the
obstacles to use it and liked it enough to continue to use
it.

There are several likely explanations for our findings.
Discharge planning can be a complicated process involv-
ing much logistical planning, such that adding a process
such as a smart pillbox in a short amount of time can cre-
ate many unforeseen barriers (i.e., lack of compatibility of
workflows). The intervention required approximately 2 h
from the time prescriptions were received to when the
pillbox was filled and delivered. Tasks included obtaining
pharmacy benefits information, processing prescriptions,
troubleshooting insurance issues, entering medica-
tion information into the TowerView software platform,
printing patient specific labels, filling the pillbox, and
coordinating delivery and education to the patient.
Often, prescriptions were sent to the pharmacy less than
2 h prior to the expected time of discharge, resulting in
a rush to provide the intervention and sometimes in an
inability to provide it at all. Competing priorities, such
as reducing length of stay or discharging patients before
noon, also complicated these logistics.

One of the major barriers faced by the pharmacy was
using the software for inputting the information into the
TowerView platform (intervention complexity). There
was no interface between the Towerview platform and
either the hospital’s EHR or the pharmacy’s medication
dispensing software. While a CSV file of the discharge
medication regimen could be created by the EHR and
then uploaded to the TowerView system, it still required
double-checking to make sure all the information was
accurate. And as noted above, medication information
such as pill identification number had to be manually
entered, unlike usual care. These were extremely time-
consuming steps and the biggest barrier from the phar-
macy for a timely turnaround and providing this as a
long-term service.

This study complements and adds to what is already
known about the barriers to implementing HIT inter-
ventions. For example, two recent reviews used CFIR
to better understand barriers and facilitators of HIT
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implementation, one regarding learning health systems
[24] and the other regarding chronic disease manage-
ment [25]. The most commonly cited factors included
Intervention constructs such as Relative Advantage over
other interventions, Inner Setting constructs such as Cul-
ture, Implementation Climate (including compatibility
with workflow), Readiness for Implementation (includ-
ing leadership engagement and available resources), and
Individual Characteristics such as health literacy and
digital literacy. Our study corroborates the importance
of compatibility with workflow while emphasizing other
constructs such as Adaptability and Complexity of the
intervention and External Policies and Incentives. This
study also adds to what is known, mostly from the field
of pragmatic clinical trials, on the challenges of doing
research in complex, dynamic, real-world, clinical set-
tings, and the need for early and ongoing engagement
with health system leaders and front-line clinicians [26],
as well as with patients (e.g., through patient-family advi-
sory councils) [27].

There are several implications of our findings. Given
the known problems with medication safety after hos-
pital discharge and the potential of interventions like
this to address these problems, the larger questions are
whether this intervention should become part of usual
care, and if so, what it would take for this kind of inter-
vention to become part of usual care. The answer to the
first question requires the results of the cluster RCT,
which is pending. Regarding the second question: if no
longer part of a research study, several obstacles (such as
the need for consent or patient resistance to participating
in research) would be resolved. However, issues of patient
denial of prior medication problems (i.e., individual char-
acteristics: state of change) may persist: we frequently
noted feelings of shame and guilt around prior medica-
tion-taking behavior, and offering this intervention as an
optional part of usual care may not solve this problem,
even if offered by an established provider (or care coor-
dinator) as opposed to research staff. This is not that dif-
ferent from offering other services to help patients, such
as health coaches, where it is paramount to minimize the
stigma associated with accepting help.

Logistical issues were prominent barriers (manifested
as intervention complexity and lack of compatibility of
workflows), and some could be resolved by “productiz-
ing” this intervention. For example, ensuring software
compatibility of pillbox software and the EHR, having
multiple pharmacists trained in programming the soft-
ware and dispensing blister packs, and taking advan-
tage of economies of scale would likely help a great deal.
There would also need to be a more concerted effort to
facilitate early communication between prescribing clini-
cians and pharmacists, especially around early provision
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of discharge prescriptions. Nevertheless, it is likely that
implementing this intervention would always take longer
than not implementing it, and so the costs and benefits
would need to be more clearly defined to make the case
for using it, including the opportunity costs of hospital
pharmacists (i.e., what else they could be doing with their
time). Moreover, some logistical issues are harder to cor-
rect, such as the tension between time constraints to set
up a pillbox and the rush and unpredictability of hospi-
tal discharge, and the restricted hours of most hospital-
based ambulatory pharmacies, which make evening and
weekend discharges challenging. However, these may be
solvable through continuous engagement and co-design
with stakeholders. It may also be the case that some of
the benefits would still accrue to patients by initiating
the intervention well after discharge, eliminating the
rush to deploy the intervention prior to them leaving the
hospital.

Some issues would require more systemic change. For
example, US insurance companies could agree to a waiver
of early refills and a reduction in copayments to 90-day
levels in exchange for using the intervention. They may
find that the improvements in medication adherence and
disease control, possibly leading to reduced health care
utilization, are worth it. Another question is whether
there is a sustainable business model for pharmacies to
do the extra work, and if not, who pays for it. The busi-
ness case might be clearest for self-insured integrated
delivery systems (or in countries with single-payor health
systems), where investments in time and resources may
be practical in exchange for reduced downstream costs.
For example, a pharmacist-led medication therapy man-
agement program reduced health care costs and led to
a positive return on investment in one self-insured plan
[28].

Lastly, some issues require iterative technological
improvements, including signal strength, pillbox connec-
tivity, thresholds for detecting pill removal, and improv-
ing portability. We should also acknowledge that some
patients may not be ideal candidates for this intervention,
including those with many medications outside the pill-
box or with frequently changing regimens. Patients who
travel frequently were also resistant to using the pillbox.
Patients who were not technically savvy or with mild
cognitive impairment were resistant to using the pillbox
even though they may be the ones to benefit the most,
especially with assistance from a family caregiver. There
may also be a point at which cognitive impairment is too
severe for this intervention to work.

Several technologies to improve medication organiza-
tion and adherence are beginning to emerge, each with
its own advantages and disadvantages. The smart pillbox
used in this study, with pharmacist-provided prefilled
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medication trays, is likely effective at reducing medica-
tion discrepancies, especially if the regimen is reviewed
with the EHR prior to each new shipment. However, it
has disadvantages in terms of portability and issues with
frequently changing regimens. Other technologies, such
as the Philips automated medication dispensing device
(Philips NA, Cambridge, MA) [29] and MedaCube (Phar-
mAdva, Rochester, NY), are even less portable but more
able to accommodate frequent regimen changes. At the
other end of the spectrum are individually wrapped
medication pouches for each dose, mailed to the patient’s
home (such as PillPack, Manchester, NH), which are
more portable but less accommodating to medication
changes and do not promote or detect medication adher-
ence. In general, most of these technologies are not well-
studied, although there are a few studies evaluating other
smart pillboxes [22, 30, 31]. To our knowledge, none have
been studied in the transitional care setting.

Conclusions

In conclusion, we identified several barriers with imple-
menting and evaluating a smart pillbox designed to
decrease medication discrepancies and improve medi-
cation adherence during care transitions. The lessons
learned in this report are likely to be instructive for oth-
ers interested in implementing and studying HIT-related
interventions at the time of hospital discharge to improve
medication safety. These lessons include the need to
maximize adaptability and minimize complexity of the
intervention (e.g., by ensuring software compatibility),
manage the tension between intervention deployment
and the rushed and unpredictable nature of hospital dis-
charge, build the intervention into usual care to improve
efficiency and economies of scale, and anticipate regu-
latory and financial issues and patient resistance to
accepting help. The challenges to conducting research in
complex and dynamic environments requires continuous
engagement of stakeholders, including healthcare leader-
ship, front-line clinicians, and patients.
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