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Abstract

Background: In patients with epilepsy, poor adherence to anti-epileptic drugs has been shown to be the most
important cause of poorly controlled epilepsy. Furthermore, it has been noted that the quality of life among patients
with epilepsy can be improved by counseling and treatments aimed at increasing their self-efficacy and concordance,
thus stimulating self-management skills. However, there is a need for evidence on the effectiveness of such programs,
especially within epilepsy care. Therefore, we have developed a multi-component intervention (MCI) which combines a
self-management/education program with e-Health interventions. Accordingly, the overall objective of this study is to
assess the (cost)-effectiveness and feasibility of the MCl, aiming to improve self-efficacy and concordance in patients
with epilepsy.

Methods: A RCT in two parallel groups will be conducted to compare the MCl with a control condition in epilepsy
patients. One hundred eligible epilepsy patients will be recruited and allocated to either the intervention or control
group. The intervention group will receive the MCI consisting of a self-management/education program of six
meetings, including e-Health interventions, and will be followed for 12 months. The control group will receive care

as usual and will be followed for 6 months, after which patients will be offered the possibility of participating in the
MCI. The study will consist of three parts: 1) a clinical effectiveness study, 2) a cost-effectiveness study, and 3) process
evaluation. The primary outcome will be self-efficacy. Secondary outcomes include adherence, side effects, change

in seizure severity & frequency, improved quality of life, proactive coping, and societal costs. Outcome assessments
will be done using questionnaires at baseline and after 3, 6, 9, and 12 months (last two applicable only for
intervention group).

Discussion: In times of budget constraints, MCl could be a valuable addition to the current healthcare provision
for epilepsy, as it is expected that higher concordance and self-efficacy will result in reduced use of healthcare
resources and an increased QOL. Accordingly, this study is aimed helping patients to be their own provider of
health care, shifting epilepsy management from professionals to self-care by patients equipped with appropriate
skills and tools.
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Background

Epilepsy is a chronic disorder of the brain, characterized
by recurrent seizures. Seizures are the result of sudden,
excessive electrical discharges in a group of brain cells.
Different parts of the brain can be the site of such dis-
charges, resulting in a variety of clinical manifestations [1].

Epilepsy has a considerable psychological and emo-
tional impact, which is strongly reflected in a reduced
quality of life (QOL) for patients suffering from epilepsy
[2,3]. Living with seizures is likely to affect patients’ daily
activities, as it interferes with many aspects of everyday
life. Furthermore, epilepsy has been shown to have a large
economic impact on society as a whole [4,5]. For example,
the unemployment rate among epileptic patients is at least
twice as high as in the general population [6-8].

Recent studies have shown that up to 70-80% of newly
diagnosed epilepsy patients can be treated successfully
(i.e. seizures completely controlled) with anti-epileptic
drugs (AEDs) [9-11] and it is estimated that currently
more than 80,000 patients in the Netherlands are treated
with AEDs [12]. However, to achieve and maintain suc-
cessful seizure control, adherence to treatment is of major
importance. A systematic review argued that effective
ways of helping people follow medical treatments could
have far larger effects on health than any treatment itself
[13]. In addition, it has been recommended that the
cost-effectiveness of adherence interventions should be
a research priority in the field of chronic diseases [14].
In epilepsy, poor adherence has been shown to be the
most important cause of poorly controlled epilepsy
[15]. However, this study is striving to improve ‘con-
cordance’ and not only ‘adherence’. The crucial differ-
ence is that ‘adherence’ describes only the extent to
which a patient takes antiepileptic drugs as prescribed
with respect to dosage and dosing intervals [16], while
‘concordance’ includes a consensual agreement about
taking AEDs that has been established between patient
and practitioner [17].

Concordance with medical treatment is closely linked
with the patients’ ability to self-manage their disease, and
the latter is shown to be an important factor in determin-
ing quality of life [18]. Self-management programs focus
on supporting patients in coping with their chronic condi-
tion, eventually to maximize quality of life [19], and have
been identified as useful for individuals with chronic
conditions such as asthma, heart disease, diabetes [19,20].
However, due to several reasons, results of studies re-
lating to chronic patient groups cannot be generalized
to patients with epilepsy. For example, the consequences
of poor self-management, i.e. not taking AEDs or irregular
sleeping patterns, are not always directly observable;
seizure deregulation can appear the same day or a
couple of days later. Hence, the direct link between
poor disease management and the frequency of seizures
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is not transparent for epilepsy patients. A recent study
showed that many patients with epilepsy seem to be un-
aware of missed doses, indicating the need for pill dis-
pensers and reminding/educational interventions [21].

Self-efficacy, defined as the confidence to carry out a
behavior necessary to reach a desired goal [19] an im-
portant concept in self-management. Self-efficacy and
changes in self-efficacy are associated with future health
status and it appears that enhanced self-efficacy is at
least one of the mechanisms responsible for the im-
provements in health status demonstrated by those
attending self-management programs [22-24]. Working
within the field of epilepsy, Pramuka et al. [20]. piloted
a psychosocial self-management program for epilepsy and
observed a positive correlation between self-efficacy and
quality of life. In addition, Amir et al. [18] emphasized the
possibility of increasing quality of life among patients with
epilepsy by counseling and treatment aimed at increasing
their self-efficacy. However, the Managing Epilepsy Well
network recently concluded that too few self-management
programs exist in general and that there are too few
evidence-based programs available [25].

This study will therefore evaluate the feasibility and
(cost-)effectiveness of a multi-component intervention
(MCI), which combines a self-management/education
program with e-Health interventions, aiming to improve
self-efficacy and concordance in people with epilepsy, in
comparison with care as usual (CAU). Hence the MCI
focuses on increasing patients’ understanding of their
medical regimens, and on providing skills and tools to
strengthen self-management and communication be-
tween patient and healthcare professional and increase
adherence (as a proxy for concordance).

Methods
This study will consist of three parts, each with its own
research questions:

1. Clinical effectiveness

1) Is MCI, in comparison with CAU, more effective in
terms of self-efficacy and other patient-reported
outcomes (self-efficacy, adherence, decrease in
seizure frequency & severity, side effects of AED,
controlling depression/anxiety, proactive coping,
improved quality of life, and societal costs)?

2) Does the MCI have a clinical superiority over
CAU in terms of a better adherence to AEDs?

II. Economic evaluation
3) What is the cost-effectiveness and the cost-utility

of the MCI in comparison with CAU from a
societal perspective?
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III.Process evaluation

4) Has the MCI been delivered according to
protocol? And if not, what are the reasons for
protocol deviation?

5) What are the experiences and opinions of
patients, caregivers and professionals regarding
the MCI?

6) To what extent has the MCI impacted concordance
among patients (i.e. do patients understand why
it is relevant to take the AEDs, and has the MCI
impacted shared decision making by means of
consensual agreement between patient and doctor
regarding the medical regimen?)

Design

A randomized controlled trial (RCT) with two parallel
groups will be conducted to compare the MCI with a
control situation in epilepsy patients. Patients assigned
to the intervention group will attend the MCI consisting
of five weekly sessions and one booster session. The
control group will receive CAU as naturally as possible.
The follow-up of patients in the intervention group will
be 12 months and the follow-up of patients assigned to
the control group will be 6 months, after which patients
in the control group have the opportunity to receive the
MCI outside the study (see Figure 1). The study has
been approved by the Ethics Committee of University
Hospital Maastricht, the Netherlands.

Study population

One hundred eligible epilepsy patients will be included
in the study. Eligible patients are adults aged 18 or over,
living at home, diagnosed with epilepsy and using AEDs,
who understand the Dutch language, and are willing and
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able to use e-Health devices belonging to the MCL
Patients will be excluded if they are not able or willing
to function in group activities or when it is expected, on
the basis of clinical judgment, that patients are not able to
comprehend topics discussed within the MCI (i.e. patients
with cognitive deficits).

Setting and recruitment

This study is a collaboration between Maastricht Univer-
sity and the epilepsy center Kempenhaeghe (KH). The
study will be conducted at the outpatient clinics of KH.
The first MCI will be offered at the outpatient clinic at
the main location of KH (Heeze), after which the MCI
will be offered at other outpatient clinics (i.e. Nijmegen
and Maastricht). From April 2014 onwards, neurologists
and nurse practitioners (NP) will recruit possible candi-
dates for participation during consultations at the out-
patient clinics of KH. Furthermore, a press release will be
published in national epilepsy magazines and on social
media, and patient information leaflets will be distributed
to patients in the outpatient clinics of KH. In the press re-
lease patients are invited to send their contact information
to the researchers.

When patients show interest in participating, an
information meeting will be scheduled with one of the
researchers (LAML or BFMW), either by phone or
face-to-face, in which patients will have the opportunity to
ask questions and in which inclusion and exclusion
criteria will be checked either by the researchers during
the meeting or afterwards in consultation with clini-
cians. During the meeting, patients are informed about
the study and that they will be randomly assigned either
to the intervention or control group. After one week
researchers will contact patients who have received
information and want to take part in the study to plan a
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Figure 1 Schematic representation of study design.
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visit. During this visit an informed consent form will be
signed by the patient and the researcher, and patients
will be allocated randomly to either the intervention or
control group.

Sample size

The primary outcome variable of this study will be self-
efficacy as measured on the Epilepsy Self-Efficacy Scale 33
(ESES) [26]. In a previous pilot study exploring the effects
of a psychosocial self-management program for epilepsy
patients, with self-efficacy as the primary outcome, the
difference between groups was approximately 10 points,
with a standard deviation of 7 points on the ESES [20].
Assuming that alpha = 0.05 and power p =0.90, a min-
imally detectable difference of 5 points between the
intervention and control groups, we will need to include
42 patients per group. Based on a dropout rate of 20%
we intend to include 50 patients in each group.

Randomization

Patients will be randomized to the MCI (intervention
group) or to the control group, in which patients will be
given the opportunity to attend the MCI outside of the
study after six months of follow-up. For parallel provision
of both groups (intervention & control), two blocks of five
patients are needed at the moment of randomization.
Patients will be assigned to the intervention group or
the control group by means of block randomization, using
blocks of 10 patients. An assistant who is not involved in
the treatment nor in the trial will execute the procedure
with a randomization program (www.randomization.com).

Multi-component intervention (MCl)

Self-management is a process in which patients take re-
sponsibility for changing their health behavior by acquir-
ing knowledge about their disease and treatment, and by
managing symptoms as well as the physical and psycho-
social consequences of the disease [27].

This definition is a compilation of a broad range of
definitions about self-management, combining physical
functioning and outcomes with knowledge and the psy-
chosocial consequences of disease. Our MCI is based on
this idea. In order to manage symptoms or the physical
and psychosocial consequences, we will try to provide
patients with knowledge about self-monitoring (by use
of e-health tools) and risk management. In addition, in
order to change behavior, emphasis will be put on pro-
active coping, concordance and goal-setting.

Patients will have the opportunity to bring one of their
relatives/friends for social support, based on the fact that
self-management is not only supported by healthcare
providers, but also by the people surrounding persons
with chronic diseases [27]. The intervention is based on the
self-management intervention offered in the Restore4Stroke
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study [28] but was adjusted to make it suitable for epilepsy
patients. The final version of the intervention was
developed in agreement with experts in the field of
self-management, coordinators of the Restore4Stroke
study, clinicians, and representatives of the Epilepsy
Association of the Netherlands (EVN, Epilepsie Vereniging
Nederland).

The intervention will be explained in a detailed proto-
col for the NP offering the intervention in the outpatient
clinic and in a workbook for patients and one of their
relatives/friends. In addition, NPs will receive training
beforehand on motivational interviewing (MI), as a tech-
nique to empower patients to set their own sustainable
goals and look into conflicting beliefs. MI is defined as
“a collaborative, person-centered form of guiding to
elicit and strengthen motivation for change” [29]. MI
focuses on exploring and resolving ambivalence and
centers on motivational processes within the individual
that facilitate change [30].

Group sessions

The MCI is offered as a group treatment to groups of 5
patients and additional family members and/or friends.
The MCI will last 9 weeks. During the first 5 weeks,
group sessions will take place once a week, followed by a
booster session 3 weeks later. The group sessions last
2-2.5 hours and are led by an NP with experience in
working with epilepsy patient groups. The first session is
aimed at providing information about the MCI, includ-
ing materials, and getting to know the other participants
and therapists. During the next sessions, participants will
practice with the five stages of proactive coping defined by
Aspinwall & Taylor [31]. These five stages are (1) resource
accumulation, (2) recognition of potential stressors, (3)
initial appraisal, (4) preliminary coping efforts, and (5)
elicitation and use of feedback concerning initial efforts.

The model will be applied by the patients to three
fixed epilepsy-related themes. The first theme will be
self-monitoring and self-monitoring (e-Health) tools. The
other two themes will be risk-management and shared
decision-making/concordance.

Each group session will have the same basic structure.
The sessions will begin by looking back at goals set in
the previous meeting and how things have worked in the
last week. Next, the theme of the session will be intro-
duced. Patients and caregivers will be invited to share
their beliefs, emotions and experiences with regard to
the theme. Subsequently, patients and caregivers will
formulate their own action plan in order to attain a goal
relevant to the theme. Patients will be instructed to keep
their goals feasible, and group members will give feed-
back on the quality of the goals in terms of concreteness
and attainability. They will help each other to recognize
additional conditions and barriers which need to be
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addressed. After the feedback discussion, patients and
caregivers will formulate their final plan.

e-Health

The e-Health tools used in the intervention consist of 3
elements: 1) the Medication Event Monitoring System
(MEMS; Aardex Ltd., Switzerland), 2) a smartphone
application, and 3) an internet accessible patient data-
base. The MEMS caps are electronic caps that fit on
standard pill bottles. They register the date and time
every time the pill bottle is opened. In addition, the
MEMS of the intervention group will include an LCD-
screen which provides feedback on the number of times
the bottle is opened on a particular day. These data can
be downloaded from the MEMS cap by the researchers
with a communication device and a computer. A com-
puter program will then present the data in simple plots
which can be used to provide feedback about behavior,
and to identify sub-optimal adherence patterns [32].
Feedback will be provided during the MCI and during
each follow-up visit. The smartphone application (“Eppy”;
Epilepsy Foundation, the Netherlands) is designed to
register seizure frequency and other facts for persons with
epilepsy, in order to provide data which can influence the
management of epilepsy. “Eppy” can be downloaded at no
charge from the App store (Apple Inc., USA) or from the
Google Play store (Google Inc., USA). The application
provides patients with the opportunity, among others, to
keep a seizure diary, to set reminders for the intake of
medicines and an alarm mode in which a text will be
shown for bystanders in case of a seizure. Data gathered
with “Eppy” can be synchronized to an internet accessible
database, which gives an overview of all clinical events
registered by the patient. This internet website is owned
by the patient, who can allow healthcare professionals to
access it for clinical and research purposes.

Booster session

During the booster session the NP will rehearse goal set-
ting themes and other themes discussed in the group
sessions. Patients and caregivers will have the opportun-
ity to discuss their experiences related to their goals and
other aspects of the intervention.

Control group

The control condition will be a control condition with
unrestricted access to CAU. Care will not be intensified
after enrollment. As this will be a pragmatic trial, CAU
will not follow a standardized protocol. However, medical
support will be documented in the electronic patient file
of each patient. Medical support provided in the control
group might be variable, but is expected to be in agree-
ment with the standard epilepsy guidelines (i.e. preference
for mono-drug therapy, a monitoring visit every 4 months
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by neurologist or epilepsy nurse and change or addition
of medication if the first AED is ineffective) [33]. The
control group will receive MEMS but without feedback
about their behavior. The MEMS will be read only at
the end of the follow-up as a way to measure adherence
and will not include an LCD-screen.

Clinical effectiveness

To assess the (cost)-effectiveness of the MCI, outcome
assessments will be done at baseline and after 3, 6, 9,
and 12 months (9 and 12 months applicable only for
intervention group). A detailed overview regarding the
outcome assessments can be found in Table 1. The fol-
lowing outcomes are defined:

I. Primary outcomes

1) Epilepsy Self-Efficacy Scale-33 items (ESES). The
ESES is a 33-item scale that measures different
aspects of efficacy within the self-management of
epilepsy. The items represent three dimensions of
self-management: medication management, seizure
management, and general management including
safety and health [26]. Items are rated on an 11-point
Likert rating scale, ranging from 0, “not at all certain
I can do”, to 10, “very certain I can do” [34]. The
total possible scores for the ESES range from 0 to
330. Higher scores correspond to higher levels of
confidence in the ability to manage epilepsy.

II. Secondary outcomes

2) Adherence, used as a proxy for concordance,
which will be determined using: 1) MEMS.
Electronic monitoring, such as MEMS has been
proposed as a possible “gold standard” for
medication adherence measurement [15,35], and
2) the Medication Adherence Rating Scale
(MARS-5), which measures self-reported adherence.
The MARS-5 contains 10 items, each of which has
to be answered with yes or no. Hence, the final
score on the MARS-5 ranges from 0 to 10, in which
a higher score represents better adherence.

3) General self-efficacy, which will be determined
using the Dutch adaptation of the general
Self-Efficacy Scale (GSES). The GSES consists of
10 items assessed on a 4-point scale, ranging
from ‘totally wrong’ to ‘totally true’. The scale
was designed to assess self-efficacy, i.e., the belief
that one’s actions are responsible for successful
outcomes. The scale scores for each question
ranges from 1 to 4 resulting in an overall score
between 10 and 40. Higher scores indicate patient’s
stronger belief in self-efficacy [36,37].
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Table 1 Overview of measurements per time point
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Outcomes patients Instrument Short term TO T1 T2 T3* T4*
Demographic and clinical characteristics - - X - - - -
Self-efficacy Epilepsy Self-efficacy Scale — 33 items ESES X X X X X
General self-efficacy Generic Self-efficacy Scale — 10 items GSES X X X X X
Adherence MEMS Medication Adherence Scale MARS 5 X X X X X
Seizure frequency Questionnaire seizure frequency - X X X X X
Seizure severity National Hospital Seizure Severity Scale NHS3 X X X X X
Emotional functioning Hospital Anxiety and Depression Scale HADS X X X X X
Quality of life Quiality Of Life in Epilepsy QOLIE31P X X X X X
Generic quality of life EQ-5D-5L X X X X X
Proactive coping Utrecht Proactive Coping Competence UPCC/PC X X X X X
Side effect Side effects of Anti-epileptic Drugs SIDAED X X X X X
Healthcare resource use Medical Cost Questionnaire MCQ X X X X X
Productivity Cost Questionnaire PCQ

TO = baseline outcome assessments; T1 = Outcome assessments after 3 months; T2 = Outcome assessments after 6 months; T3 = Outcome assessments after 9

months; T4 = Outcome assessments after 12 months.
*Outcome assessment applicable only for intervention group.

4) Seizure frequency will be determined using a
short questionnaire regarding seizure frequency
covering the past 4 weeks. The questions focus
mainly on the number of seizures, whether the
person documents his/her seizures and in what

symptom frequencies. Scores for each subscale
(anxiety and depression) can range from 0-21 and
scores for the entire scale (emotional distress)
range from 0-42, with higher scores indicating
more distress [40].

way the person documents his/her seizures. 8) Self-rated proactive coping, which will be

5) Seizure severity, which will be determined using
the National Hospital Seizure Severity Scale
(NHS3). The NHS3 lists seven seizure-related
factors and generates a score from 1 to 27, in which
a higher score represents a more severe seizure [38].

6) Adverse events of AED, which will be determined
using the SIDe-effect of the AntiEpileptic Drugs
questionnaire (SIDAED). The SIDAED consists

determined using the Utrecht Proactive Coping
Competence Scale (UPPC). A total of 21 items
are assessed on a 4-point scale ranging from ‘not
competent at all’ to ‘very competent’. Total scores
are calculated by averaging the 99 individual item
scores. Higher scores on the UPCC indicate
higher levels of perceived proactive coping
competencies [41].

of 46 items regarding possible AED-related 9) Disease-specific quality of life will be measured with

complaints. These items form 10 categories:
general CNS, behavior (increased irritability),
depressive symptoms, cognitive function, motor
problems and co-ordination, visual complaints,
headache, cosmetic and dermatological complaints,
gastrointestinal complaints, and sexuality and
menses [39]. For each item the patient rates the
severity of the complaint on a four- point Likert
scale (no problem, mild, moderate, or serious
problem). In addition, the duration of the
complaints is scored (a few weeks, months or
half a year or longer). The SIDAED ranges from
0 to 138, in which a higher score indicates more
severe/frequent side-effects [39].

7) Depression/Anxiety, which will be determined

the Quality Of Life in Epilepsy-patient-weighted
(QOLIE-31-P). The QOLIE-31-P consists of 38
items assessing 7 domains of epilepsy: Seizure
Worry, Overall QOL, Emotional well-being,
Energy-Fatigue, Cognitive Functioning, Medication
Effects, Social Functioning and an Overall Score. In
addition, for each domain, questions regarding how
much distress a person feels about problems and
worries related to epilepsy are included [42]. Each
domain is scored on a scale ranging from 0 to 100.
Afterwards a final score can be calculated using
weights derived from the amount of distress related
to each domain. The final score ranges between 0
to 100, in which higher values indicate a better
Quality Of Life [43].

using the Hospital Anxiety and Depression Scale 10) Generic Quality Of Life will be assessed with

(HADS). The HADS has a total of 14 items, each
scored on a scale of 0-3, with 3 indicating higher

the EuroQoL 5 dimensions 5 levels (EQ-5D-5L).
The EQ-5D-5L consists of five dimensions:
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mobility, self-care, usual activities, pain/discomfort,
anxiety/depression, each of which can have one of
five responses [44,45]. Each health state will be
valued using the Dutch tariffs, which will result
in utilities on a scale from 0 to 1. Utilities derived
from the EQ-5D-5L will be used in calculating
the quality adjusted life years (QALY) by
multiplying the time spent in a health state by
the utility assigned to that health state.

11) Societal costs will be measured retrospectively
with the a Medical Cost Questionnaire (MCQ),
an adapted version of the Trimbos/IMTA
questionnaire for costs associated with
psychiatric illness [46] and the Productivity Cost
Questionnaire (PCQ), each covering 3 months.

Economic evaluation

The trial-based economic evaluation will be performed
from a societal perspective and will consist of a cost-
effectiveness analysis (CEA) and a cost-utility analysis
(CUA). Outcomes of interest for the CEA and the CUA
will be self-efficacy as assessed by the ESES, and generic
quality of life as assessed by EQ-5D-5L. We distinguish
four cost categories: intervention costs, healthcare sector
costs, costs for the patient and family, and productivity
costs. Intervention costs will be defined as all costs
related to the MCI including travel costs, personal costs,
material costs, costs of e-Health tools (i.e. MEMS) and
housing costs. Healthcare and patient costs will be
estimated using a questionnaire regarding healthcare
resource utilization and productivity losses.

Resource use and outcomes are measured at the same
time points mentioned in the effectiveness study: at
baseline, 3 months, 6 months, 9 months, and 12 months
in the intervention group and at 3 months and 6 months
in the control group. A comparison between MCI and
CAU will be made in terms of incremental costs and
incremental effects. The time horizon will be 12 months
(trial-based economic evaluation). To measure the use
of health care resources, including all activities related
to epilepsy, we gather data for each patient at baseline
and at a follow-up of one year. Cost calculations will be
based on the Dutch guidelines for cost calculations in
healthcare [47].

Process evaluation

Process evaluation will be performed to assess whether
the MCI was delivered according to protocol, to examine
the experiences and opinions of patients, caregivers and
professionals regarding the MCI, and to determine to
what extent the MCI has impacted concordance among
patients. The process evaluation will be performed
according to the framework provided by Saunders et al.
[48]. This framework consists of a stepwise approach in
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which important characteristics for the process-evaluation
plan are identified along seven basic components, namely:
fidelity (quality), dose delivered (completeness), dose
received (exposure), dose received (satisfaction), reach
(participation rate), recruitment and context.

We will use a mixed methods design in which both
qualitative and quantitative data will be collected. The
qualitative part will consist of observations during
several group sessions over time. After each observa-
tion, a short interview will be held with the group
leader(s) in which the group leader can reflect on his/
her opinion regarding the session. During the last
(sixth) group session of every MCI-group, a short evalu-
ation form will be handed out to patients in which they
will be asked to rate different aspects and themes of the
MCI on a 7-point Likert scale. Furthermore, at the end
of the study, focus groups will be held consisting of
patients included in the study. The selection of partici-
pants will be based on maximal variation to get as many
perspectives as possible. Participants will be selected
based on age, sex and severity of seizures and effective-
ness of the intervention (to compare patients for which
the intervention was successful versus unsuccessful).
Focus groups will be conducted using a semi-structured
questionnaire covering the topics identified in the
framework provided by Saunders et al. [48].

Analysis

Clinical effectiveness

Baseline characteristics will be described, and differences
between groups at baseline will be studied using t-tests or
chi-square tests where appropriate. All statistical proce-
dures will be conducted based on both the intention-to-
treat principle and on actual participation in treatment (i.e.
effectiveness analyses) and will be performed using SPSS
statistics 22.0 (SPSS, IBM, Corporation, Chicago, USA).
Missing data will be handled using SPSS missing value ana-
lysis on item level. Completely missing measurements will
be handled using multiple imputation. To evaluate out-
comes, change scores will be calculated and compared be-
tween the groups after treatment. Multi-level analyses will
be performed with measurements (T0, T1, T2, T3 and T4)
within the subjects’ factor and group and between subjects’
factors to account for the nested structure of the data. Data
from the control group will be extrapolated to 12 months.
Post hoc analyses will be performed in case of significant
effects. Baseline differences will be corrected by inclusion
of covariates in the analyses. A 2-sided significance level of
0.05 will be used as a threshold to determine whether dif-
ferences are statistically significant.

Economic evaluation
Costs calculation will be performed according to the
bottom-up approach, based on a detailed inventory of
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all cost items. Standardized cost prices from the Dutch
manual for costing will be used in the calculations or
(if not available) calculated mean cost prices, according
to providers, will be used [47]. To determine the costs of
drugs, the Dutch consumer reimbursement price for
medication will be used. Productivity costs of the pa-
tients will be estimated with the friction cost method.
Costs will be indexed for the year 2015.

As cost data are normally skewed, parametric tests
are mostly not suitable. Hence non-parametric boot-
strapping (1000 times) will be used to test for statistical
differences in costs between groups and to investigate
the uncertainty around the costs. Bootstrapping will be
done using Microsoft Excel (Excel, Microsoft Corpor-
ation, Washington, USA). Bootstrap replications will
be used to calculate 95% confidence intervals around
the costs, based on the 2.5th and 97.5th percentiles.
For the cost-effectiveness analysis, the corresponding
incremental cost-effectiveness ratio (ICER) will be
expressed as incremental costs per increased adher-
ence and incremental costs per self-efficacy (ESES). In
the cost-utility analysis, the ICER will be expressed as
the incremental costs per QALY gained. QALYs will be
calculated using the area under the curve method. All
bootstrapped ICERs (5000 times) will be presented in a
cost-effectiveness plane to determine the robustness
of the ICER. To determine the probability that the
MCI is cost-effective given a certain ceiling ratio,
a cost-effectiveness acceptability curve will be con-
structed. In addition, one-way and multi-way sensitiv-
ity analysis will be performed on the most important
cost parameters.

Process evaluation

Quantitative data will be analyzed by descriptive statis-
tics (i.e. frequencies, mean and median), Chi square
tests, and ANOVA. Results from open-ended questions
included in the questionnaires, focus group interviews
and interviews will be categorized to identify relevant
themes.

Discussion

This study will determine the (cost-)effectiveness and
feasibility of the MCI to improve the management of
epilepsy in adult patients and increase self-efficacy
and concordance regarding AED. The MCI is designed
to stimulate self-management skills and the awareness
of patients with epilepsy in combination with the use
of e-Health interventions. In times of budget con-
straints, MCI could be a valuable addition to current
healthcare provisions for epilepsy, as it is expected
that higher concordance and self-efficacy will result in
reduced healthcare resource use and an increased
QOL.
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Cooperation between research and practice is the key
strength of this project, enabling the intervention to
be studied in a natural environment; the project will fa-
cilitate further implementation of the multi-component
program into the standard practice of KH and of other
institutions. Both professionals and patients played im-
portant roles in the development of this program and
will also be involved during the evaluation and imple-
mentation of the MCI program.

One of the limitations of our study design is that, in
case the MCI is shown to be effective, it will be difficult
to identify what components contribute to this effective-
ness. For example, it could be that only the increased
attention from nurses or the adherence monitoring con-
tribute to improvements in the patients’ health status.
However, we believe we have included a large variety of
outcome assessments which, altogether, form a broad
view of the (possible) effectiveness of MCI.

To the best of our knowledge, there are currently no
validated questionnaires available to examine concord-
ance. However, as this study is striving to improve ‘con-
cordance’ and not only ‘adherence; it is assumed that
any increase in adherence by the MCI is partly explained
by increased concordance (i.e. due to the educational
content in the MCI). In addition, special attention will
be paid to concordance during the process evaluation.
Accordingly, this study is aimed at making patients their
own provider of health care, thus shifting epilepsy manage-
ment from professionals to self-care by patients equipped
with appropriate skills and tools.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

LAML and BMFW have been substantially involved with the design of the
study and writing the manuscript. CVH and MHJM were closely involved in
the development of the multi-component intervention course and RJAK and
SMAAE supervised the parts regarding the economic evaluation. Furthermore
CVH, MHJM, RJAK and SMAAE have been involved in the overall design of
the study and revising the manuscript critically for important intellectual
content. All authors read and approved the final manuscript.

Authors’ information
Loes A M Leenen and Ben F M Wijnen joint first authorship.

Acknowledgements

We would like to thank the Friends of Kempenhaeghe (Vrienden van
Kempenhaeghe) foundation and AARDEX Ltd. (Switzerland) for their
contribution to the study. Furthermore, we would like to thank Dr. A. Pieron
(UCB Pharma), Dr. L. Hageman (UCB Pharma), Drs. C. Caron (The Netherlands
Epilepsy Foundation; Epilepsie Vereniging Nederland; EVN), M.KH. van
Kan-Sieswerda (EVN), Dr. RH.C. Lazeron (Kempenhaeghe), Drs. K. Scheele

(CZ Health Insurance; Centraal Ziekenfonds; C2), Drs. LY. Tan (Kempenhaeghe),
Drs. C.I. Vader (Kempenhaeghe), Dr. B. Vrijens (AARDEX Ltd.) for their role on
our advisory board during the study.

This study was funded by the Netherlands Organization for Health Research
and Development (ZonMw), grant application number 836011018. This study
is registered with the Dutch Trial Register, part of the Dutch Cochrane
Centre (NTR4484).



Leenen et al. BMC Neurology (2014) 14:255

Author details

'CAPHRI School for Public Health and Primary Care, Maastricht University,
P.0. Box 616, 6200 MD Maastricht, the Netherlands. “Department of Health
Services Research, Maastricht University, Duboisdomein 30, 6229 GT
Maastricht, the Netherlands. *Department of Research & Development,
Epilepsy Centre Kempenhaeghe, Heeze, the Netherlands. “Department of
Neurology, Academic Centre for Epileptology, Epilepsy Centre
Kempenhaeghe & Maastricht University Medical Centre, Maastricht, The
Netherlands. "MHENS, School for Mental Health and Neuroscience,
department of Psychiatry and Neuropsychology, Maastricht University
Medical Centre, Maastricht, the Netherlands. ®Department of
Neuropsychology and Psychopharmacology, Maastricht University,
Maastricht, the Netherlands. “Trimbos Institute, Netherlands Institute of
Mental Health and Addiction, Utrecht, the Netherlands.

Received: 27 October 2014 Accepted: 17 December 2014
Published online: 24 December 2014

References
1. Fact sheet epilepsy. [http://www.who.int/mediacentre/factsheets/fs999/en/
index.html]

2. Jacoby A, Baker GA: Quality-of-life trajectories in epilepsy: a review of the
literature. Epilepsy Behav 2008, 12(4):557-571.

3. Taylor RS, Sander JW, Taylor RJ, Baker GA: Predictors of health-related
quality of life and costs in adults with epilepsy: a systematic review.
Epilepsia 2011, 52(12):2168-2180.

4. Kotsopoulos IA, Evers SM, Ament AJ, de Krom MC: Estimating the costs of
epilepsy: an international comparison of epilepsy cost studies. Epilepsia
2001, 42(5):634-640.

5. Kotsopoulos IA, Evers SM, Ament AJ, Kessels FG, de Krom MC, Twellaar M,
Metsemakers JF, Knottnerus AJ: The costs of epilepsy in three different
populations of patients with epilepsy. Epilepsy Res 2003, 54(2-3):131-140.

6. Elwes R, Marshall J, Beattie A, Newman P: Epilepsy and employment.

A community based survey in an area of high unemployment. J Neurol
Neurosurg Psychiatry 1991, 54(3):200-203.

7. Hart YM, Shorvon SD: The nature of epilepsy in the general population. I.
Characteristics of patients receiving medication for epilepsy. Epilepsy Res
1995, 21(1):43-49.

8. Pato Pato A, Cebrian Perez E, Cimas Hernando |, Lorenzo Gonzalez JR,
Rodriguez Constenla |, Gude Sampedro F: Analysis of direct, indirect, and
intangible costs of epilepsy. Neurologia 2011, 26(1):32-38.

9. Strzelczyk A, Reese J, Dodel R, Hamer H: Cost of epilepsy.
Pharmacoeconomics 2008, 26(6):463-476.

10.  Loiseau J, Picot M-C, Loiseau P: Prognosis of Epilepsies Montrouge. John Libbey;

2003, 29-38.

11. Kwan P, Brodie MJ: Early identification of refractory epilepsy. N £ngl J Med
2000, 342(5):314-319.

12. Wallace H, Shorvon S, Tallis R: Age-specific incidence and prevalence rates
of treated epilepsy in an unselected population of 2 052 922 and
age-specific fertility rates of women with epilepsy. Lancet 1998,
352(9145):1970-1973.

13. Haynes RB, Ackloo E, Sahota N, McDonald HP, Yao X: Interventions for
enhancing medication adherence. Cochrane Database Syst Rev 2008 (2):
CD000011. doi: 10.1002/14651858.

14.  Oberjé EJ, de Kinderen RJ, Evers SM, van Woerkum CM, de Bruin M:

Cost effectiveness of medication adherence-enhancing interventions: a
systematic review of trial-based economic evaluations.
Pharmacoeconomics 2013, 31(12):1155-1168.

15. Jones RM, Butler JA, Thomas VA, Peveler RC, Prevett M: Adherence to
treatment in patients with epilepsy: associations with seizure control
and illness beliefs. Seizure 2006, 15(7):504-508.

16. Cramer JA, Roy A, Burrell A, Fairchild CJ, Fuldeore MJ, Ollendorf DA, Wong
PK: Medication compliance and persistence: terminology and definitions.
Value Health 2008, 11(1):44-47.

17. Haynes RB, Ackloo E, Sahota N, McDonald HP, Yao X: Interventions
for enhancing medication adherence. Cochrane database syst Rev 2008,
2(2).

18. Amir M, Roziner |, Knoll A, Neufeld MY: Self-efficacy and social support as
mediators in the relation between disease severity and quality of life in
patients with epilepsy. Epilepsia 1999, 40(2):216-224.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

39.

40.

41.

42.

43.

45.

Page 9 of 10

Bodenheimer T, Lorig K, Holman H, Grumbach K: PAtient self-management
of chronic disease in primary care. JAMA 2002, 288(19):2469-2475.
Pramuka M, Hendrickson R, Zinski A, Van Cott AC: A psychosocial
self-management program for epilepsy: a randomized pilot study in
adults. Epilepsy Behav 2007, 11(4):533-545.

Samsonsen C, Reimers A, Brathen G, Helde G, Brodtkorb E: Nonadherence
to treatment causing acute hospitalizations in people with epilepsy: an
observational, prospective study. Epilepsia 2014, 55(11):125-128.

Lorig K, Chastain RL, Ung E, Shoor S, Holman HR: Development and
evaluation of a scale to measure perceived self-efficacy in people with
arthritis. Arthritis Rheum 1989, 32(1):37-44.

Lorig K, Gonzalez VM, Ritter P: Community-based Spanish language
arthritis education program: a randomized trial. Med Care 1999,
37(9):957-963.

Lorig KR, Holman HR: Self-management education: history, definition,
outcomes, and mechanisms. Ann Behav Med 2003, 26(1):1-7.

Shegog R, Bamps YA, Patel A, Kakacek J, Escoffery C, Johnson EK, llozumba UO:
Managing epilepsy well: emerging e-Tools for epilepsy self-management.
Epilepsy Behav 2013, 29(1):133-140.

Dilorio C, Yeager K: Measurement of nursing outcomes: self care and coping.
New York: Springer publishing company; 2003:40-51.

Ouwens M, van der Brug S, Faber M, van der Weijden T: Shared Decision
Making & Zelfmanagement. Nijmegen: Scientific Institute for Quality of
Healthcare; 2012.

van Eeden M, van Heugten C, Evers S: The economic impact of stroke in
The Netherlands: the E-restore4stroke study. BMC Public Health 2012,
12(1):122.

Miller WR, Rollnick S: Ten things that motivational interviewing is not.
Behav Cogn Psychother 2009, 37(2):129.

Miller WR, Rollnick S: Motivational Interviewing: Preparing People for Change.
New York: Guilford press; 2002.

Aspinwall LG, Taylor SE: A stitch in time: self-regulation and proactive
coping. Psychol Bull 1997, 121(3):417.

Data collection MWV Aardex. [http://www.mwvaardex.com/Products/
DataCollection/index.htm]

Neurologie NVv, Kwaliteitsbevordering C: Richtlijnen diagnostiek en
behandeling van Epilepsie. Herziene, tweede versie: januari 2006. 2006.

Dilorio C, Faherty B, Manteuffel B: The development and testing of an
instrument to measure self-efficacy in individuals with epilepsy.

J Neurosci Nurs 1992, 24(1):9-13.

Bertholet N, Favrat B, Fallab-Stubi CL, Brunner HR, Burnier M: Why objective
monitoring of compliance is important in the management of
hypertension. J Clin Hypertens (Greenwich) 2000, 2(4):258-262.

Sherer M, Maddux JE, Mercandante B, Prentice-Dunn S, Jacobs B, Rogers
RW: The self-efficacy scale: construction and validation. Psychol Rep 1982,
51(2):663-671.

Teeuw B, Schwarzer R, Jerusalem M: Dutch Adaptation of the General
Self-Efficacy Scale. Berlin, Germany: Freie Universitat; 1994.

O'Donoghue MF, Duncan JS, Sander JWAS: The National Hospital seizure
severity scale: a further development of the chalfont seizure severity
scale. Epilepsia 1996, 37(6):563-571.

Uijl SG, Uiterwaal CSMP, Aldenkamp AP, Carpay JA, Doelman JC, Keizer K,
Vecht CJ, de Krom MC, van Donselaar CA: A cross-sectional study

of subjective complaints in patients with epilepsy who seem

to be well-controlled with anti-epileptic drugs. Seizure 2006,
15(4):242-248.

Zigmond AS, Snaith RP: The hospital anxiety and depression scale.

Acta Psychiatr Scand 1983, 67(6):361-370.

Tielemans NS, Visser-Meily JMA, Schepers VPM, Post MWM, van Heugten
CM: Proactive coping post-stroke: psychometric properties of the Utrecht
Proactive Coping Competence scale. Arch Phys Med Rehabil 2014,
95(4):670-675.

Devinsky O, Vickrey BG, Cramer J, Perrine K, Hermann B, Meador K, Hays RD:
Development of the quality of life in epilepsy inventory. Epilepsia 1995,
36(11):1089-1104.

QOLIE-31-P©, Cramer JA, Van Hammee G, N132 Study Group: Maintenance
of improvement in health-related quality of life during long-term
treatment with levetiracetam. Epilepsy Behav 2003, 4:118-123.

Brooks R: EuroQol: the current state of play. Health Policy 1996, 37(1):53-72.
Dolan P: Modeling valuations for EuroQol health states. Med Care 1997,
35(11):1095-1108.


http://www.who.int/mediacentre/factsheets/fs999/en/index.html
http://www.who.int/mediacentre/factsheets/fs999/en/index.html
http://www.mwvaardex.com/Products/DataCollection/index.htm
http://www.mwvaardex.com/Products/DataCollection/index.htm

Leenen et al. BMC Neurology (2014) 14:255

46.

47.

48.

Hakkaart-van Roijen L, Straten Av, Tiemens B, Donker M: Handleiding
Trimbos/iIMTA questionnaire for Costs associated with Psychiatric illness (TiC-P).
Rotterdam: Institute for Medical Technology Assessment, Erasmus University;
2002.

Hakkaart-van Roijen L, Tan S, Bouwmans C: Handleiding Voor
Kostenonderzoek. Methoden en Standaard Kostprijizen Voor Economische
Evaluaties in de Gezondheidszorg Geactualiseerde versie. Institute for medical
technology assessment, Rotterdam 2010.

Saunders RP, Evans MH, Joshi P: Developing a process-evaluation plan for
assessing health promotion program implementation: a how-to guide.
Health Promot Pract 2005, 6(2):134-147.

Page 10 of 10

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central




	Abstract
	Background
	Methods
	Discussion
	Trial registration number

	Background
	Methods
	Design
	Study population
	Setting and recruitment
	Sample size
	Randomization
	Multi-component intervention (MCI)
	Group sessions
	e-Health
	Booster session
	Control group

	Clinical effectiveness
	Economic evaluation
	Process evaluation
	Analysis
	Clinical effectiveness
	Economic evaluation
	Process evaluation

	Discussion
	Competing interests
	Authors’ contributions
	Authors’ information
	Acknowledgements
	Author details
	References

