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Purpose: The effectiveness of Electronic Medication Packaging devices for monitoring
drug adherence has been widely reported. However, conventional devices are expensive for
routine use and cannot confirm whether the medication was administered. We aimed to
determine, in a pilot and feasibility study, the impact of introducing a new medication
support device, the Pletaal Assist System®, to monitor and improve cilostazol adherence
for stroke prevention at an outpatient clinic.

Patients and Methods: We assessed consecutive patients treated with cilostazol for >3
months at our stroke outpatient clinic from January 2018 to March 2020. The adherence rate
was assessed as follows: (the number of pills prescribed minus the number of remaining
pills)/the number of pills prescribed. We compared the adherence rates before, during, and
after Pletaal Assist System®™ usage, respectively.

Results: Overall, 25 patients (median age, 68.5 years; range, 51-86 years; male, 64%) were
enrolled. All participants were prescribed cilostazol (100 mg) twice a day. There was no
significant difference in the adherence rate among the three periods. However, in 10 patients
with adherence rate below 100%, the adherence rate during Pletaal Assist System®™ usage
was higher than before usage (99.5% vs 95%, p=0.04), and the rate after using the Pletaal
Assist System® tended to be lower compared to the rate during usage (99.5% vs 96%,
p=0.05).

Conclusion: Our preliminary evidence suggest that the Pletaal Assist System®™ could further
improve cilostazol adherence in outpatients with poor drug adherence and may reduce the
risk of recurrent strokes by improving adherence of patients with a history of stroke.
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Introduction

Poor medication adherence leads to significant worsening of illnesses, increased
deaths, and increased health care costs.' Approximately 33-69% of medication-
related hospitalizations in the United States are because of poor adherence, resulting
in an annual cost of approximately $100 billion.'

Antiplatelet therapy has been proven to be useful for preventing the recurrence
of ischaemic stroke.® However, discontinuing aspirin therapy could increase the risk
of ischaemic stroke recurrence.’” The retention of antiplatelet use reportedly
decreased to 79.3% one year after the first stroke and to 63.7% two years later in
Swedish patients.® Moreover, the retention rate for stroke prevention using drugs

such as antithrombotic, antihypertensive, antihyperlipidemic, and antidiabetic drugs
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decreased to 75.5% three months after discharge in
patients with ischaemic stroke or transient ischaemic
attack.” A meta-analysis of 44 studies examining the rela-
tionship between medication adherence for cardiovascular
disease (CVD), including antiplatelets, and CVD or all-
cause deaths showed that the risks of CVD and death were
low in the group with good adherence.'’

Although it is important to maintain a high rate of
adherence with antiplatelet medication to prevent recurrent
strokes, it may often be difficult for physicians to precisely
quantify drug adherence for outpatients. The simplest
method for monitoring drug adherence is self-reporting
by patients.'""'* While self-reporting is easy, it can be
misstated and cause health care providers to overestimate
a patient’s adherence.'> Recently, the usefulness of
Electronic Medication Packaging (EMP) devices, which
were included in a prescription drug package for adher-
ence monitoring, has been reported. This system has five
main components: i) it records dosing events and stores
records of adherence; ii) it provides audio-visual remin-
ders of the time of the next dose; iii) it consists of digital
displays; iv) it has real-time monitoring; and v) it provides
feedback on adherence performance.'* Although the con-
ventional EMP device can confirm that the medicine con-
tainer was opened, it is impossible to confirm whether the
medicine was taken or how many tablets were taken.

Cilostazol, an antiplatelet drug that inhibits phospho-
diesterase 3 for platelet aggregation, has been proven to
reduce the recurrence of stroke in Japanese patients with
non-cardioembolic stroke.'>”!” The Pletaal Assist System®
(PAS) (Otsuka Pharmaceutical, Tokyo, Japan) is a new
medication support device that has been developed to
record medication information and improve cilostazol
adherence. The impact of introducing the PAS to monitor
and improve drug adherence in patients with ischaemic
stroke at an outpatient clinic has not yet been evaluated.
We hypothesized that the use of the PAS could improve
the adherence to cilostazol in patients with chronic stroke.
Hence, this pilot study aimed to determine the impact of
introducing the PAS on monitoring and improving cilosta-
zol adherence for secondary prevention of stroke at an
outpatient clinic.

Methods
Study Population

Consecutive stroke patients treated with cilostazol for >3
months at an outpatient clinic at the Division of Neurology

Medical
January 2018 to March 2020 were assessed. Those who

and Gerontology, Iwate University from
were at least 20 years of age were included. Patients who
had contraindications for cilostazol (haemorrhagic dis-
eases such as haemophilia, capillary fragility, intracranial
haemorrhage, gastrointestinal bleeding, urinary bleeding,
haemoptysis, vitreous haemorrhage, congestive heart fail-
ure, history of hypersensitivity to cilostazol components,
and pregnancy) as well as those with symptoms that inter-
fered with the use of the PAS, such as severe cognitive
impairment, visual deficit, severe motor weakness, or other
problems were excluded. All patients had mRSO before
stroke onset prior to participating in the trial. All patients
provided written informed consent, and the study protocol
complied with the ethical and institutional guidelines of
the 2013 Declaration of Helsinki. The study was approved
by the Ethics Committee of Iwate Medical University on
January 24, 2018 and the approval number was H29-146.

Evaluation of Drug Adherence

The PAS was approved by the Japanese medical insurance as
a free of charge package included with cilostazol prescrip-
tions with the intention of functioning as an EMP. Figure 1
illustrates the appearance of the PAS to the patient. The PAS
could contain and supply the drugs for up to four weeks. The
light on the device would blink to prompt the patients to take
out the drug. The time to flash the light was set by the
pharmacist if the patient specified it when receiving the
device, and then given to the patient. If the patient did not
specify, the lights were set to blink at 6 am. and 6 p.m.
When the drug was taken out, the light on the device would
stop blinking. By using an application on a smartphone, the
number of times the drug was taken out and the time were
recorded. Cilostazol was prescribed for 12 weeks to each
patient with three PAS devices containing four weeks’ sup-
ply of cilostazol. The PAS was collected from the patients at
our outpatient clinic 12 weeks after drug prescription.

Adherence Assessment Methods

The adherence rate was assessed as (the number of pills
prescribed minus the number of remaining pills)/the number
of pills prescribed. The remaining pills were counted by
pharmacists who were blinded to the patient’s information.
We compared the adherence rates 12 weeks before starting
the PAS (before PAS) to 12 weeks from starting the PAS
(during PAS), and to 12 weeks after termination of the PAS
(after PAS). Pill counts were performed thus a total of three
times during outpatient visits: 12+2 weeks after obtaining
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Figure | Labeling of the Pletaal Assist System®, as it appeared to the patients.

consent to participate in the study (before PAS use), 1242
weeks after starting PAS, and 1242 weeks after stopping
PAS use (Figure 2). The 2-week gap before and after each
visit was considered acceptable. The appropriate intake rate,
which was calculated as the number of times that the drug
was taken out at the appropriate time/the number of pills
prescribed at outpatient clinic, was also evaluated during
PAS period only. Appropriate time was defined as >6
h and <18 h from the time of the previous instance of the
drug being taken out. There were no interventions from
nurses or pharmacists during the study period.

Blood and Medical Examinations

The values of casual blood pressure (taken during outpatient
visits), low-density lipoprotein (LDL) cholesterol, and hae-
moglobin Alc (HbAlc) were obtained during study inclu-
sion, the study period, and at the end of the study. Moreover,
the following patient characteristics were investigated: age,
sex, hypertension (casual blood pressure >140/90 mmHg or
medicated with regular antihypertensive drugs), diabetes

mellitus (fasting blood glucose >126 mg/dL, random blood
glucose >200 mg/dL, HbAlc >6.5%, or taking antidiabetic
medication), dyslipidaemia (serum total cholesterol
>220 mg/dL, triglycerides >150 mg/dL, or taking antihyper-
lipidemic drugs), stroke subtypes at index stroke, and current
smoking habits. We also investigated whether the members
of the patients’ families could assist with the supervision of
the patients’ regular drug intake.

Statistical Analysis

Sample size: according to a study that investigated the
post-discharge medication adherence rate of patients hos-
pitalized for stroke or TIA: the percentage of patients
who were still taking recurrence prevention medication
at 3 months after discharge dropped to 75.5%.° Based on
these results, the required number of patients in each
0.05, B = 0.2, effect
size = 20%, SD = 0.1, and the target number of patients
in this study was 30. SPSS software version 25 (IBM

Japan, Tokyo, Japan) was used for statistical analysis.

group was 5, calculated as a =

Start using Stop using
PAS PAS
Explanation 1stvisit 2" visit 3" visit
and obtaining . . . . . .
consent Pill count Pill count Pill count
12 £ 2 12 £ 2 12 £ 2
weeks weeks weeks

Figure 2 Flowchart of timing of patient pill intake along the study.

Patient Preference and Adherence 2021:15

837

http:
Dove


http://www.dovepress.com
http://www.dovepress.com

Oura et al

Dove

Non-normally distributed data were analysed by the
Wilcoxon signed-rank test. The Friedman test was used
to assess differences in medication compliance rates
before, during and after the PAS use, and the differences
were considered statistically significant when the two-
tailed p<0.05. Multiple comparisons of significant differ-
ences were corrected using the Bonferroni correction.

Results
Study Population

Screening was performed on 588 stroke patients who
visited our outpatient clinic. Thirty-four patients met the
eligibility criteria, and four patients were not enrolled
because their consent was not obtained. Three patients
enrolled but dropped out because they did not understand
how to use the PAS; one patient dropped out because he
developed heart failure, which is a contraindication for
cilostazol, during the study period. One patient who vio-
lated the protocol was excluded. Finally, 25 patients were
analyzed (median age, 68.5 years, ranged 51 to 86; male
64%). All the participants were prescribed cilostazol
(100 mg) twice a day. Among them, 20 patients (80%)
had hypertension, 12 (48%) had diabetes mellitus, and 13
(52%) had dyslipidaemia. In total, 12 patients had
a history of smoking, and only five patients were assisted
by their family in taking the drugs.

Monitoring and Recording Adherence
with PAS

The median adherence rate before implementing the PAS
in all the patients was 100% (range 55—100). There was no
association between the adherence rate before implement-
ing the PAS and the patients’ background characteristics
(Table 1). The index stroke subtypes were as follows: two
large artery atherosclerosis, ten small vessel occlusions,
and thirteen strokes of other actiologies. Among these
subtypes, the adherence rates before implementing the
PAS were not statistically different as follows: 74.5%
(median, range 55-94) of patients with large artery ather-
osclerosis, 100% (83—100) with small vessel occlusions,
and 100% (77-100) with strokes of other aetiologies
(p=0.05).

The median appropriate on-time drug intake rate while
using the PAS for all patients was 98% (range 79-100). The
appropriate on-time drug intake rate while using the PAS was
lower for patients with current smoking habits than for those
with no smoking habits (96% vs 99%, p=0.03) (Table 2).

Table | Patient Characteristics and Adherence Rate Before
Using the Pletaal Assist System®

Characteristics (n) Median P value
Adherence Rate
% (Range)
Male (16) Yes 99.5 (55-100) 0.21
No 100 (90-100)
Smoking (12) Yes 98.5 (55-100) 0.19
No 100 (83-100)
Support by family (5) Yes 100 (97-100) 0.65
No 100 (55-100)
Hypertension (20) Yes 100 (55-100) 0.43
No 100 (97-100)
Diabetes mellitus (12) Yes 100 (55-100) 0.60
No 100 (77-100)
Dyslipidemia (13) Yes 100 (55-100) 0.69
No 100 (77-100)

Table 2 Patient Characteristics and Appropriate On-Time Drug
Intake During Implementation of the Pletaal Assist System®

Characteristics (n) Median P value
Appropriate On-
Time Drug Intake
Rate % (Range)
Male (8) Yes 97 (79-100) 0.07
No 99.5 (94-100)
Smoking (6) Yes 96 (79-100) 0.03
No 99 (96-100)
Support by family (2) Yes 99.5 (98-100) 0.06
No 97 (79-100)
Hypertension (8) Yes 98 (79-100) 0.64
No 98.5 (92-100)
Diabetes mellitus (4) Yes 98 (84-100) 0.80
No 97 (79-100)
Dyslipidemia (6) Yes 98.5 (79-100) 0.29
No 97 (84-100)

Adherence-Improving Effect of PAS
The changes in the adherence rates before, during, and
after implementing PAS are shown in Figure 3. For all
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Figure 3 The compliance rates before, during, and after the implementation of the
Pletaal Assist System® (n=25 per group). There were no significant differences
before, during, and after using the Pletaal Assist System®.

patients, there was no significant difference in the adher-
ence rate before (median; 100, range; 55-100), during
(median; 100, range; 82—100), and after using the PAS
(median; 100, range; 50—100). Vascular risk factors includ-
ing casual blood pressure, LDL cholesterol, and HbAlc
were comparable among these periods (Table 3). However,
after excluding 15 patients with 100% adherence rate
before implementing the PAS, the adherence rate changed
during the study period. For patients whose adherence rate
was less than 100%, the adherence rate during PAS usage
was higher than that before PAS usage (99.5% vs 95%,
p=0.04, Bonferroni correction), and the rate after using the
PAS was lower compared to the rate during PAS usage
(99.5% vs 96%, p=0.05, Bonferroni correction) (Figure 4).

Discussion

Our pilot study demonstrates the feasibility and the useful-
ness of the PAS approach to monitor the adherence of
cilostazol in outpatients with a history of stroke. For
patients with current smoking habits, the rate of appropri-
ate on-time intake during PAS usage was lower than for
those with no smoking habits. Moreover, we showed that

Table 3 Casual Blood Pressure, Low-Density Lipoprotein
Cholesterol, and HbAlc of All Patients Before, During, and
After the Implementation of the Pletaal Assist System®

Before During After
SBP (mmHg) 130 (84-174) | 132 (106-187) 130 (95-157)
DBP (mmHg) 75 (48-99) 78 (58-96) 77 (58-94)
LDL-C (mg/dL) | 87 (52-116) 87.5 (52-131) 93 (44-127)
HbAIc (%) 6.1 (5.3-10.1) | 6.1 (54-9.4) | 6.05(5.3-10.1)

Note: Values are expressed as median (range).
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL-
C, low-density lipoprotein cholesterol.

Before (n = 10) During (n = 10) After (n = 10)

Figure 4 The compliance rate of patients whose compliance rate was less than
100% before using the Pletaal Assist System® (n=10 per group). The compliance
rate while using the Pletaal Assist System® was significantly higher than before and
after using the Pletaal Assist System®.

Notes: *p<0.05 during versus before, *p<0.05 during versus after.

the PAS could improve the adherence to cilostazol in
patients whose adherence was not total prior to implement-
ing the PAS.

There were several limitations. First, the pills were
counted to assess the patient’s adherence rates; however,
this method might have overestimated the adherence rates
because patients might switch drugs between bottles or
discard pills before visits to appear to be adhering to
their regimen."® Hence, a pill count might not be consid-
ered as a good indicator of adherence.'®2° Second, the
sample size was small, and the adherence rates of the
patients were extremely high. The importance of adhering
to medication during the study enrolment was explained to
the participants and it was assumed that this may have
affected the compliance rate. As such, the impact of the
PAS on drug adherence may be underestimated. Third, the
PAS could record the fact that the drug was removed from
the device; however, it could not confirm whether the drug
was indeed taken or not by the patients.

The Medication Event Monitoring System (MEMS) is
the most commonly used EMP device in medication
adherence research. This objective measurement system
was reportedly accurate in several studies and healthcare
professionals could identify whether non-adherence was
sporadic, consistent, or whether patients had other abnor-
mal medication patterns.”'** Moreover, patients were less
likely to not adhere when using a pill count because they
needed to open the container at the same time each day if
they wanted to discard the medication to ensure that the
same adherence pattern was recorded.>> However, clinical
studies on introducing a MEMS could be very costly
because of the potential loss of equipment by patients,
and the hardware and software rental required for data
retrieval. Nevertheless, the PAS was supplied as a free
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device with a cilostazol prescription as this study was
performed within the Japanese insurance coverage system,
without any funding from industries or pharmacies.

It was assumed that the impact of the PAS on improv-
ing cilostazol adherence could be attributed to the dose
frequency of the drug. Aspirin and clopidogrel are taken
once-daily, but cilostazol is taken twice a day. It is known
that decreasing the prescribed dose frequency improves
compliance.”* Eisen et al reported that drug adherence
improved from 59.0% with three doses per day to 83.6%
with a once-daily dose.** In addition, in a large systematic
review of 76 trials using electronic monitors, Claxton et al
reported that drug adherence was inversely proportional to
the frequency of taking medication, with average adher-
ence rates decreasing to approximately 50% for patients
taking the drug on a four-times-a-day schedule.””

We also showed that the PAS was useful for improving
the drug adherence and for observing whether patients
were taking their drugs at the right time. We found that
the rate of appropriate on-time intake was associated with
smoking habits. Lower adherence has been reported in
smokers.”*?® Smoking is a risk factor for stroke and
lower health literacy among smokers might be related to

lower rates of administering pills at the right time.*

Conclusion

This pilot and feasibility study evaluated the usefulness of
the PAS in monitoring cilostazol adherence in outpatients
with a history of stroke. The PAS could significantly
improve the adherence for cilostazol in outpatients whose
adherence was insufficient.

Abbreviations
CVD, cardiovascular disease; EMP, Electronic Medication
Packaging; LDL, low-density lipoprotein; MEMS,

Medication Event Monitoring System; PAS, Pletaal
Assist System™.
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