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Abstract

Background: Epilepsy is a chronic neurological disorder marked by recurrent and apparently unpredictable seizures and
associated with premature death, injury, and diminished quality of life. The unpredictability of seizures is a major concern for
people with epilepsy. Thus, developing tools for seizure prediction is aresearch priority. The Artificial Intelligence to Optimise
Seizure Prediction to Empower People With Epilepsy (ATMOSPHERE) project focuses on the development and evaluation of
seizure forecasting technology involving mobile technology and machine learning to provide personalized seizure forecasting
(risk of seizure in the near future). The project is informed by complex intervention frameworks, which recommend phases of
development, feasibility study, clinical evaluation, and implementation.

Objective: Objective 1 aimsto conduct afeasibility study to test and refine the trial methods for afuture clinical trial. Objective
2 aims to test and refine the data collection technology, considering usability and technical performance. Objective 3 aims to
collect longitudinal data on seizures and their precipitants to refine seizure forecasting.

Methods: This study is a single-arm, mixed methods feasibility study, testing a prototype of the data collection technology,
with phase 2 testing a minimum viable product. In total, 60 participants will be recruited via speciaist National Health Service
epilepsy clinics. Inclusion criteria are adults with epilepsy, experiencing seizures twice per month, able to consent, and engage
with technology. Clinicians will screen and gain consent to contact, with researchers obtaining full consent. Participants will be
invited to complete the following study procedures: (1) onboarding, (2) use the data collection technology (phase 1 or 2) in their
lived context for up to 6 months, (3) complete patient-reported outcome measures and capture clinical-reported outcome measures
at baseline and 3 months, and (4) complete aqualitative interview exploring their views of the data coll ection technology. A study
flow diagram will report recruitment rates (outcome 1), diversity of the recruited sample (outcome 2), barriers and facilitators to
recruitment (outcome 3), retention rates (outcome 4), and barriers and facilitators to retention (outcome 5). To assess the data
collection technol ogy, quantitative technol ogy use dataand qualitative interview datawill be analyzed to assess usability (outcome
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6) and technical performance (outcome 7) of the data collection technology. These outcomes will inform iterative minimum
viable product development and testing cycles with stakeholders.

Results: Recruitment is planned to begin in quarter 1 of 2026, with data collection expected to be completed by quarter 2 of
2027. Data analysis will take place during quarter 3, and the results will be published in quarter 4.

Conclusions: This project aimsto improve clinical outcomes for people with epilepsy through seizure forecasting technol ogy.
To evaluate clinical outcomes, robust trial methodology is critical. This feasibility study will optimize methods for a future

full-scale clinical trial aswell as refine the seizure forecasting intervention.

International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2026;15:e€85993) doi: 10.2196/85993
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Introduction

Background

Epilepsy is a chronic neurological disorder, which is
characterized by recurrent and unpredictable seizures [1].
Although there have been significant advancementsin treatment,
up to one-third of peoplewith epilepsy still experience recurrent
seizures[2]. Epilepsy hasasignificant impact on thewell-being
and quality of life of people with epilepsy, in which fear and
the unpredictability of seizures are considered greatly
debilitating characteristics of the condition [3,4], with the
unpredictability of seizures being identified as having the
greatest impact on the lives of people with epilepsy [5]. To
address the problem of unpredictability, technology to enable
the prediction of seizures has been identified as a research
priority by the UK Epilepsy Priority Setting Partnership [6]. To
tackle this issue, there is a growing body of research
investigating the potential for technology to provide seizure
forecasts[7]. Thistechnology holds promisefor helping people
with epilepsy take proactive steps to reduce the risk of injury
and lessen the psychologica burden caused by the
unpredictability of seizures[8].

Current technologies for epilepsy have primarily focused on
detection (identifying aseizurethat is already happening) rather
than  predicting or forecasting future  seizures.
Electroencephal ography (EEG) remainsthe leading method for
monitoring brain signals to detect seizure activity. However, it
isnot well-suited for seizure forecasting, as EEG isimpractical
for long-term use outside clinical settings[9]. Ultra-ong-term
EEG monitoring isan alternative, which allows continuous EEG
data capture outside clinical settings and in individuas
real-world context. However, ultra- ong-term EEG monitoring
requires surgical implantation, and the associated risksand costs
may limit its accessibility for many users [10]. Less invasive
alternatives such as scap EEG are available; however, their
adoptionisalso limited dueto low acceptance among users[4].

With the increasing prevalence of wearable technologies such
as smartwatches [11], there is significant potentia for their
application in epilepsy management and seizure forecasting.
These devices, which are already embedded in many individuals
daily routines, offer a convenient, noninvasive means of
continuously capturing real-time physiological and behavioral
data [12]. The Empatica E4 wristband has shown to be
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acceptable to users for epilepsy management and exhibits
promisefor seizure detection [9,13]. Advancementsin machine
learning and artificia intelligence have enabled the use of
physiological datacollected from wrist-worn devicesto inform
artificial intelligence algorithms for seizure forecasting, which
have shown promising results [14,15]. However, despite the
value provided by prior work, there remain limitations such as
a narrow scope focusing only on circadian cycles and phases
[16] or challenges with accuracy and generalizability [17].

The ATMOSPHERE (Artificia Intelligenceto Optimise Seizure
Prediction to Empower People With Epilepsy) project [18] aims
to develop a seizure forecasting system using accessible data
collection technology and machinelearning. The datacollection
technology collects real-time data on evidence-based seizure
precipitants (or triggers), for example, sleep quality, stress, and
medication adherence [19,20]. These data are collected using
sensorson asmartwatch and self-report surveysviaacompanion
app using ecological momentary assessment (EMA) [21]. The
system then uses machine learning for predictive analytics,
creating an individualized risk score for the likelihood of
seizuresin the near future, which is presented to users through
the companion app. The data collection technology was
co-designed with clinicians and people with epilepsy (21
consultations). Their input informed the iterative design of the
data collection technology used to collect the real-time data
underpinning the seizure forecasting system. The resultant
prototype was then usability tested and refined through amixed
methods, in-the-wild[15], longitudinal deployment study (n=14)
[18]. In parallel, the seizure forecasting technology based on
machine learning agorithms is in development. The
development of the seizure forecasting system has been
informed by state-of-the-art work in human-computer interaction
and data science. The ultimate aim of the technology is to
improve clinical outcomes for people with epilepsy. To
determinethis, the complex digital health intervention will need
to be evaluated as part of a fully powered clinica tria
investigating the clinica and cost-effectiveness of the
technology.

A complex health intervention is defined by the UK Medical
Research Council (MRC) as an intervention that has severa
interacting components or is dependent on the behaviors of
those delivering and receiving the intervention, has a range of
possible outcomes, or requires tailoring to different contexts
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and settings[22]. The MRC and the National Institutefor Health
and Care Research have developed a framework to provide
guidance on complex hedth intervention development,
recommending an approach of moving through 4 distinct phases:
from development or identification of the intervention, to
feasibility, then evaluation, and finally to the implementation
phase [23]. The feasibility phase is a critical component, used
to test trial methods on asmall scale to assess whether afuture,
fully powered clinical trial can be undertaken [24]. Recruitment
and retention of participants are typically the major challenges
inthedelivery of clinical trials[25,26], and mixed methods data
during feasibility studies can be used to identify issues and
optimize procedures to maximize these elements. In relation to
recruitment, clinical trials need to recruit both a sufficient
sample size and al so sufficient diversity, for example, in relation
to socioeconomic status, ethnicity, and age since a lack of
diversity can exacerbate health inequalities [27]. Therefore, it
is important to identify and reduce any modifiable barriers to
participation, with particular attention to inclusive procedures
for those groups typically underrepresented in health research
[28]. With respect to retention and completion of outcome
measures, itiscrucial to avoid issuesthat lead to underpowered
studies, as these can introduce bias in the interpretation of
treatment effects. Thisdependson the extent of, and underlying
reasons for, missing data, and how it is distributed across trial
arms [29]. Therefore, it is essential to monitor attrition and
completeness of the outcome measures (referring to the
availability of datafor specific measures or items) across arms
of the trial. This alows for the assessment of retention and
completion rates, aswell astheidentification of reasonsfor any
missing data, which can inform potential strategies to address
barriers.

In addition to optimizing trial procedures, the MRC-National
Ingtitute for Health and Care Research complex intervention
framework recognizes that the feasibility phase can be used to
optimize the intervention. Mixed methods data, such as
guantitative use data and qualitative data on user experience,
can inform intervention refinement to enhance usability and the
clinical utility of the system. Further to usability refinement,
the Clinical Trials Transformation Initiative recommends that
feasibility studies should be used to assess, and if needed, correct
technical performance, assessing elements such asissue-related
data quality, unanticipated challenges, and weaknesses of the
selected system [30].

Aims and Objectives

Building on formative complex intervention development work,
this study focuses on the second phase defined as feasibility
testing. Initialy, this single-arm, single-site feasibility study
aimsto test and refinethetrial methods that will be used within
a future fully powered clinical trial of clinical effectiveness.
Second, it aimsto test and refine the data coll ection technol ogy.
This is the component of the intervention designed to capture
the real-time data underpinning the ATMOSPHERE seizure
forecasting system.

Thefirst objectiveisto assessand optimizetria processes. First,
recruitment rates will be assessed (outcome 1) to understand
the feasibility of recruiting people with epilepsy into the study.
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Specifically, wewill record the number of people with epilepsy
attending the clinic, screened by aclinician, eligible, providing
consent to contact, and providing full informed consent. Second,
we will assess the diversity of the recruited sample (outcome
2) by reporting the clinical and demographic characteristics of
those consenting to participate. Third, the barriers and
facilitators to recruitment will be explored with a focus on
inclusive trial design for those underrepresented in health
research (outcome 3). The number of participants leaving the
study at each point of the recruitment phase as well as
demographic characteristics and reason for withdrawal (where
known) will be represented in the study flow diagram. If needed,
Patient and Public Involvement (PPI) sessionswith peoplewith
epilepsy and clinicianswill be conducted to identify modifiable
barriers and inform future recruitment strategies. Fourth,
retention and outcome measure completion rates will be
evaluated (outcome 4) by monitoring attrition and withdrawal
rates throughout the study and reporting competition rates for
each study procedure. Finaly, barriers and facilitators to
retention and outcome measure completion will be examined,
with afocus oninclusive trial design (outcome 5). The number
of participants who discontinue participation at each study
procedure, together with their demographic characteristics and
reasons for withdrawal (where known), will be summarized in
the study flow diagram. Additional PPl sessions with people
with epilepsy and clinicians will be undertaken to address
modifiable barriers and inform future retention strategies.

The second objective is to assess and optimize the data
collection technology of the seizure forecast system. Usability
(outcome 6) will be assessed using both quantitative and
qualitative methods. Quantitative technology use data, including
onboarding rates and engagement metrics, will be analyzed to
understand how participants interact with the system. In
addition, qualitative interviews will be conducted to explore
user experiences, perceptions of the technol ogy, and suggestions
for improvement. The technical performance (outcome 7) of
theminimum viable product (MV P) and safety of thetechnology
system (outcome 8) will be evaluated through abuilt-in function
that allows users to report technical performance and safety
issueswithintheappinreal time. In addition, users’ perceptions
of the app’stechnical performance and safety i ssues encountered
with the technology will be explored through qualitative
interviews.

The third objective is to add the longitudinal data on seizures
and seizure precipitants (data coll ected from the data collection
technology) to the existing ATMOSPHERE dataset and share
with the team developing the forecasting technology to refine
and improve algorithmic performance.

Methods

Study Design

This study is a single-arm mixed methods feasibility study to
assessand refinetrial design (objective 1) and the data collection
technology component (objective 2) to inform the futureclinical
evaluation of the seizure forecasting system. Recruitment is
expected to begin in quarter 1 of 2026. The feasibility study
will initially test a prototype of the data collection technology
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used to collect the data (phase 1), transitioning to testing an
MVP of the data collection technology (phase 2). The data
collected will be added to the existing dataset and used to refine
the seizure forecasting algorithm (objective 3). This study
protocol is reported in accordance with
the CONSORT (Consolidated Standards of Reporting Trials)
guidelines (see checklistsin Multimedia Appendices 1 and 2).

Participants and Recruitment

Overview

Potential participants will be identified during routine clinical
appointments by clinicians from specialist National Health
Service epilepsy clinics operated by the Royal Wolverhampton
NHS Trust (RWT). RWT provides neurology servicesto almost
1 million people. Its core services are based in a large,
multicultural inner city with significant levels of socioeconomic
deprivation. However, RWT is also contracted to provide
neurology services to people living in Shropshire and parts of
Powysin Wales. These are largely rural localities. The diverse
populations will enable assessment of the intervention acrossa
range of geographical areas, aswell as ethnic and socioeconomic
groups. Clinicians will screen each patient at the clinic against
theinclusion or exclusion criteria, maintaining a screening log.
For those who are dligible, the clinician will provide a brief
introduction about the study, including a participant information
sheet, and obtain oral consent (1) to share their contact details
with the research team and (2) for a member of the research
team to contact them to discuss their participation in the study
(consent to contact). Oral consent to contact will be documented
in clinical records and screening log.

Eligible participants will be contacted by a member of the
research team who will sharefurther information about the study
and invite participants to ask any questions they may have. For
those choosing to take part, they will be asked to complete an
online consent form via Microsoft Forms.

Inclusion or Exclusion Criteria

Adults (aged 18 years and older) will be eligible for inclusion
if they have adiagnosis of epilepsy; arelikely to have aseizure
at least twice per month (seizure data required for modeling);
are fluent in English (to be able to engage with the technology
and qualitative interview); can provide informed consent; have
access to an email address; can wear a wrist wearable device
(smartwatch), supplied as part of the study; can input datainto
a smartphone app; own a smartphone that can download apps
from either the Apple Store or the Google Play Store (for phase
1); and own an iPhone that can download apps from the Apple
Store (for phase 2).

Adultswill be excluded if they have amajor cardiac condition,
have a diagnosis of a major psychiatric condition (defined as
needing secondary care mental health services support), and
have a diagnosis of functional dissociative seizures or reflex

epilepsy.
The aim isto screen all participants attending the clinics, with
all participantswho are eligible being given initial information

and invited to consent to be contacted. All participants who
consent to contact will be offered a meeting with a researcher
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and an opportunity to consent to the study. This is to reduce
bias in the study. Where possible, reasons for nonscreening,
nonconsent to contact, and nonconsent will be recorded, so that
recruitment processes can be monitored.

Sample Size

Several potential positive outcomes are anticipated from the
use of the seizure forecasting system. It is hypothesized that
theseincludeimproved clinical outcomes, better sei zure control,
reduced seizure-related injuries, enhanced locus of contral,
improved quality of life, and better mental health. Additionally,
a reduction in health care resource use, such as fewer acute
injury-related admissions, is also expected.

We will engage with stakeholders (people with epilepsy and
clinicians) to identify which of these outcomes should be
designated asthe primary outcomefor evaluation. Thisdecision
will be made once the complete seizure forecasting system has
been finalized and is ready for clinical evaluation. Following
this, the sample size required for the full-scale evaluation will
be calculated based on the minima clinically important
difference for the selected primary outcome, ensuring that the
trial is adequately powered to detect a clinically meaningful
effect.

For this feasibility study, the sample size was determined by
the 3 objectives:

«  Objective 1 includes exploring the rate of recruitment and
the diversity of the sample recruited. This will be used to
inform a fully powered tria, for example, guiding the
selection of additional sites and the length of thetrial. This
feasibility study will be used to determine the time frame
needed to recruit 60 participants and the diversity of this
sample. A sample size of 60 was selected to meet the
requirements of objectives 2 and 3 (see below) and aligned
with the typical sample size and recommendations for
feasibility studies[31,32].

+ Objective 2 focuses on refining the data collection
technology of the seizure forecasting system. To do this,
purposeful sampling will be used to identify 9-12
participants to invite them to take part in qualitative
interviews to explore their experiences of using the MVP
of the technology and identify any usability issues.
Sampling for diversity will take place, with a focus on
including individuals with lower digital literacy and from
lower socioeconomic status groups. Thisis to ensure that
the data collection technology is designed to include the
needs of these groupsto reducetherisks of digital exclusion
and exacerbations of health inequalities. A sample size of
9-12 isconsidered sufficient to identify most usability issues
in qualitative usability testing [33], ensuring a rich
understanding of user experience and potential areas for
improvement.

«  Objective 3 seeks to add the data collected to the existing
dataset to support the optimization of the seizureforecasting
system. As the forecasting will be personalized and the
system will betailored to individual participants, the focus
will be on obtaining accurate and continuous longitudinal
data from each participant.
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The Data Collection Technology

Overview

The technology for collecting real-time data underpinning the
seizure forecasting system consists of a smartwatch and a
companion smartphone app referred to as the data collection
technol ogy. Previousiterations of the smartphone app prototype
have undergone co-design and usability testing [18]. In this
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study, participantswill be given either version 1 (the prototype)
or version 2 (the MVP) of the technology, depending on their
point of entry into the study. The primary difference between
the prototype and MV P is that the prototype uses a third-party
app (Labfront) integrated with the smartwatch, whereas the
MVPwill beanovel smartphone app developed by the research
team. Both versionswill collect the same data points, asoutlined
in Table 1.
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Table 1. Data collection protocol.

Thompson et a

Data point

Labfront data collection schedule

MV P2 data collection schedule

Passive data collection via Gar min device

User-initiated® data via smartphone app (EMAY)

Sleep score? Daily summary Daily summary
Sleep stageb Continuous Continuous
Sleep respiration Continuous, 1-minute sampling rate Continuous
Stress® Continuous, 10-second sampling rate Continuous
Intensity minutes Continuous, 15-minute sampling Continuous
Motion intensity Continuous, 15-minute sampling Continuous
Body batteryb Continuous, 3-minute sampling rate Continuous
Active calories burned Continuous, 15-minute sampling Continuous
Step count Continuous, 1-minute sampling rate Continuous
Actigraphy Continuous, 1-minute sampling rate Continuous
Heart rate Continuous, 10-second sampling rate Continuous
Heart rate interval Continuous, each beat Continuous
Respiration rate Continuous, 3-minute sampling rate Continuous
Pulse oximetry blood oxygen saturation Continuous, 3-minute sampling rate Continuous
Accelerometer Continuous, 15-minute sampling rate Continuous

Seizure event (type, timing, duration, severity)

Prodromal symptoms

Postictal symptoms

Epilepsy medication use: routine medication

Epilepsy medication use: emergency medication

Emotional states and emotional intensity

Sleep duration and quality

Acuteillness or infection

Twice daily notification®
Twice daily (notification)
Up to twice daily (notification; optional if

Seizure event reported)

Once daily (notification)

Once daily (notification)

Twice daily (notification)

Once daily (notification)

Twice daily (notification)

A twice daily notification and ad hoc user-
initiated

Twice daily notification and ad hoc user-ini-
tiated

Asrequired (if seizure event reported)

Customized notification and ad hoc user-ini-
tiated

Asrequired, ad hoc user-initiated

Twice daily (notification) and ad hoc user-
initiated
Once daily (notification)

Twice daily notification and ad hoc user-ini-
tiated

Menstrual cycle One off series of questions (optional) One off series of questions (optional), which
can be updated

Alcohol N/AF Ad hoc user-initiated

Personalized trigger N/A Ad hoc user-initiated

3V P: minimum viable product.
bCompound measures through the Garmin application programming interface.
CUser-initiated: users can complete the EMA item any time within the app.

9EMA.: ecol ogical momentary assessment.
ENotification: smartphone notification to prompt the user to complete the EMA item.
fN/A: not available.

and connected via Bluetooth to a Garmin VivoActive 5 worn
by participants (as outlined in Figure 1). Quantitative data
captured passively through the Garmin wearable as well as
compound measures, such as stresslevel and sleep score (Table

Phase 1: Prototype
In phase 1, data collection will take place through a customized
L abfront smartphone app installed on participants’ smartphones
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1), will be securely transmitted to the encrypted Labfront cloud
by Garmin's Health application programming interface. The
use of Garmin’s application programming interface enables
accessto theraw datafrom the smartwatch. All participant data
are anonymized before entering the Labfront system.

The EMA surveysthat participants will receive in the Labfront
app have been developed for participants to record data on

Thompson et a

seizures (timing, duration, type, and severity), seizure
precipitants (triggers), prodromal symptoms, and postictal
symptoms. EMA survey completion will be prompted twice
daily by notification to the participant at a set morning and
evening time. An optional menstrual cycle set-up survey may
be completed at the start of participation. Completed surveys
will be uploaded to the secure Labfront cloud, where they can
be accessed by permissioned members of the core research team.

Figurel. Anoverview of the phase 1 interactive prototype. API: application programming interface.

Garmin data from Health API

&8

Garmin Connect

Garmin
sensor data

Passnue data
collection

Garmin Vivoactive 5

Labfront backend

Survey
responses

Survey assessmenti [r—

triggered for
participant

completion in

Labfront app

Labfront app and
Garmin Connect app
installed on participant’s
phone

Phase 2: MVP

The design and development of the MVP were informed by
earlier co-design and usability studies [18]. The anticipated
development plan includes the creation of a custom-built
smartphone app for phase 2, which will be developed using
Swift, Appl€e's native programming language for iOS. An agile
software devel opment methodol ogy will be used, encompassing
several iterative development and feedback cycles with
stakeholders. Operating under a licensing agreement, the app
will use the Garmin Health Standard Software Development
Kit, which enables health and fitness data, such as heart rate
and dleep, to be transferred from Garmin wearable devices to
the app. Data being collected viathe MV P are defined in Table
1. Quantitative data from the connected Garmin Vivoactive 5/6
device will be passively sent to the MVP app installed on an
Apple iPhone. This will be relayed to an encrypted cloud
database hosted in asecure digital environment in Amazon Web
Services (AWS), independent of Garmin's own services or
databases. User self-reported datarelating to EMA datadefined
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RenderX

in Table 1 will be similarly relayed to the same encrypted cloud
database. Authentication to upload and download datafrom this
database will be managed through AWS Cognito, which adopts
theindustry standard OAuth 2.0 protocol.

Algorithm Devel opment

As part of this project, we are developing a seizure forecasting
algorithm that uses physiological time series data collected from
a smartwatch. The algorithm calculates time- and
frequency-domain feature statistics, which are combined with
seizure timings, obtained from the companion app to train and
test acombination of machinelearning modelsto extract seizure
propensity scores in different time scales. The data collected
viathe data collection technology will be added to the existing
ATMOSPHERE dataset and used to refine and advance the
seizure forecasting algorithm.

Study Procedures

Study procedures are illustrated in the template study flow
diagramin Figure 2.
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Figure 2. Study flow diagram showing participant flow through the study. Recruitment phases in pink and yellow, retention phasesin blue and green,
and a qualitative interview for a subgroup of participants in purple. CROM: clinician-reported outcome measure; PROM: patient-reported outcome

measure.

Number attending
clinic

Assessed for
eligibility

Verbal consent to
contact

Full consent

Baseline PROMSs and
CROMs

Onboarding

Longitudinal
technology use

Month 1,2,3

- Attrition

- Data incompleteness
- Withdrawal

- Other

- Attrition

- Data incompleteness
- Withdrawal

- Other

3-month PROMs and
CROMs

Qualitative interview @
(subsample) ]

Procedure 1: Deployment of Prototypes

A pack containing a smartwatch and instructions for using the
smartwatch and companion app will be sent to participants. An
onboarding session will be held online with each participant to
support the setup of the prototype. Participants will be invited
to use the technology for up to 6 months. Each participant’s
datawill be reviewed monthly, and continuation of technology
use for the following month will be contingent upon the
participant wearing the smartwatch for some time and
responding to the app questions on at least 21 days during the
current month.

During the prototype deployment, incoming data will be
monitored by the research team through dashboards generated
within the Labfront software. Each week, participants will be
sent an email summarizing their engagement with the prototype,
including device wear time and survey completion. If missing
data are noted, such as a survey completion rate falling below
80%, an in-app notification will be sent to participants reminding
them to respond. If issues persist, follow-up via email will be
conducted by the research team to offer troubleshooting support.

During the MVP deployment phase, incoming data will be
monitored, and, if issues with use are identified, the MV P will
be refined accordingly.

https://www.researchprotocol s.org/2026/1/e85993
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- Attrition
- Data incompleteness
- Withdrawal

- Other

Procedure 2: Patient-Reported Outcome Measures and
Clinician-Reported Outcome Measures

The following demographic and clinical information will be
collected about participants at baseline by the clinical team
based at the recruiting site. Thiswill be taken from the clinical
notes where possible, with additional data collected from the
participant if it is not available in the notes: ethnicity, age,
highest level of education completed, total annual household
income, seizuretype, and epilepsy medications and treatments.

Currently, there are no internationally accepted core outcomes
for epilepsy, although one is under development [34]. The
International Consortium for Health Outcomes Measurement
(ICHOM) formed aglobal working group, including clinicians,
people with epilepsy, and advocates, to define a standardized
minimum set of outcomes for clinical practice [35]. The
clinician-reported  outcome measures (CROMs) and
patient-reported outcome measures (PROMS) in this study
capture these essential outcomes, including seizure- and
non-sei zure-related outcomes.

Participants will be asked to complete a series of PROMs at
baseline and at 3 months. These include Patient-Reported
Outcomes Measurement Information System (PROMIS)
Cognitive Function Short Form [36], Patient Health
Questionnaire (PHQ)-9 [37], Generalized Anxiety Disorder
(GAD)-2[38], PROMIS Sleep Disturbance—Short Form [39],
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and Quality Of Lifein Epilepsy (QOLIE)-10[40]. Participants
will also be asked to complete adigital literacy scale, the Mobile
Device Proficiency Questionnaire-16 [41], at baseline only.

A member of the clinical team will also complete a series of
CROMs at baseline and at 3 months. These include: mortality;
seizure frequency, seizure freedom, emergence of new seizure
type, and seizure severity; emergency and unplanned health
care services use; seizure control during pregnancy, pregnancy,
and delivery complications; and memory.

Participants will have up to 1 month to complete the measures.
These can be done either online or in paper format. An email
reminder will be sent within thefirst 2 weeks after the expected
completion date. If the measures remain incomplete after 2
weeks, amember of the research team will follow up by phone
to assist with completion. Participants may be contacted by
phone up to 3 times.

Procedure 3: Qualitative Interview and Usability
Questionnaire (Phase 2 Only)

At the end of the technology deployment, participantswho used
version 2 of the prototype (MVP) will be invited to participate
in a qualitative interview with a member of the research team.
These interviews will be scheduled for up to 60 minutes and
use a semistructured topic guide (Multimedia Appendix 3)
designed to explore participants' views and experiences of using
the technol ogy.

Participants will also be asked to complete the mHealth App
Usability Questionnaire (MAUQ), an 18-item questionnaire,
which consists of 3 subscalesthat focus on ease of use (5 items),
interface and satisfaction (7 items), and usefulness (6 items),
rated ona7-point Likert scale (1=strongly disagreeto 7=strongly
agree) [42].

Outcome Measures and Planned Analyses

Objective 1: Feasibility Outcomes Measures and
Analysis: Trial Procedures

Overview

Quantitative and qualitative data will be used to assess and
optimizethetrial proceduresand intervention component. Using
the screening logs, consent outcomes, and the number of
participants completing study procedures (onboarding, use of
thetechnology longitudinally, PROMsat baseline and 3 months,
and qualitative interview), we will create a study flow diagram
to present descriptive statistics on the participant flow through
the study, as per Figure 2.

Outcome 1: Recruitment Rates

The number of participants at each recruitment phase will be
represented in the study flow diagram, asillustrated in Figure
2. The feasibility of recruitment will be assessed through the
following indicators. the number of patients (1) attending the
clinic, (2) screened by aclinician, (3) eligibleto participate, (4)
providing consent to contact, and (5) providing full consent. To
determine the feasibility to progress to a larger study and full
trial, we expect to reach aminimum of 70% of the recruitment
target.

https://www.researchprotocol s.org/2026/1/e85993
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Outcome 2: Diversity of Recruited Sample

Theclinical and demographic characteristics of those consenting
to the study will be reported to evaluate the diversity of the
recruited sample. Characteristicswill include seizuretype, age,
gender, ethnicity, socioeconomic status, and digital literacy.
This will help assess whether the recruitment approach was
effective in enrolling a diverse sample and be used to inform a
purposive recruitment strategy for afull trial if necessary.

Outcome 3: Barriersand Facilitatorsto Recruitment, With
a Focuson Inclusive Trial Design for Those
Underrepresented in Health Research

Quantitative Descriptive Statistics

The number of participants leaving the study at each point of
the recruitment phase, along with their demographic
characteristics and reason for withdrawal (were known), will
be represented in the study flow diagram (Figure 2).

Stakeholder Consultations

If issues are identified during the recruitment phase, we will
engage with people with epilepsy and the key members of the
clinical and research teamsto identify and document any barriers
or problems related to recruitment. In response, practical,
context-specific solutions aimed at improving recruitment
processes will be developed and implemented collaboratively
with the clinical team. This iterative approach will ensure that
emerging challenges are addressed promptly and that recruitment
strategies remain acceptable and feasible within the clinical
setting. A full trial is unlikely to be feasible if we do not reach
70% of our recruitment target, and the qualitative data suggest
that recruitment cannot be improved any further.

Outcome 4: Retention

To assess participant retention, the number of participants
remaining in the study at each study procedurewill be reported
inthe study flow diagram (Figure 2). Specifically, thefollowing
will be reported: the number of participants who completed (1)
onboarding, (2) the technology deployment phase (either phase
1 or 2 version) in their lived context for up to 6 months, (3)
PROMs at baseline and 3 months, and (4) aqualitative interview
exploring their views of the technology (conducted with a
subsample of 9-12 participants). To determine the feasibility to
progressto alarger study and full trial, we expect to reach 80%
retention at follow-up.

Outcome 5: Barriers and Facilitatorsto Retention, With a
Focuson Inclusive Trial Design for Those Underrepresented
in Health Research

The number and demographics of participants who leave the
study, along with reasons for leaving (where known), will also
be reported. If issues are identified during the retention phase,
we will conduct PPl sessions with people with epilepsy to
identify possible solutionsto any barriers. A full tria isunlikely
to be feasible if retention is <80%, and the qualitative data
suggest that retention cannot be improved any further.
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Objective 2: Feasibility Outcomes Measures and
Analysis: Refining the I ntervention

Outcome 6: Usability

Quantitative Use Metrics

Usahility will be assessed through descriptive statistics of wear
time (assessed using the presence of heart rate data), proportion
of participants who complete the scheduled questionnaires at
each time point. These quantitative indicators will offer insight
into the feasibility and acceptability of both the data collection
technology and associated data collection procedures.

To determine feasibility to progress to a larger study and full
trial, wewill consider the study feasibleif at least 80% (=48/60)
of participants achieve an average wear time of =19 hours per
day across the study period and a total average score of 5 on
theMAUQ. Thisthreshold wasinformed by established usability
benchmarks for the System Usability Scale, which has been
shown to be strongly correlated with the MAUQ [42].

Quantitative User Experience (Phase 2 Only)

Usability will be assessed quantitatively by calculating the total
and average scores of the MAUQ items.

Qualitative User Experience (Phase 2 Only)

Usability will aso be assessed through qualitative
interviews with participants who use the MV P version of the
app. Interview datawill be analyzed using thematic analysisto
identify key themesrelated to the acceptability and feasibility of
the app initscurrent form. In addition, tables of change will be
used to systematically track suggested improvements and user
feedback, highlighting specific areas where the app may require
refinement. It is unlikely that a full trial will be feasible if the
data suggest that the technology is not acceptable to users.

Outcomes 7 and 8: Technical Assessment and Safety
Reporting (Phase 2 Only)

The number of issuesreported by participantswill be presented.
The types of issues reported will be described following a
content analysis of the issue reports. The study’s safety officer
(PT; clinical lead) will review the issues reported and will
determine whether the study should be stopped.

Objective 3: Refining the Algorithm Development

Thelongitudinal dataon seizures and seizure precipitants (data
collected from the data collection technology) will be added to
the existing ATMOSPHERE dataset, shared with the modeling
team to support the continued development of the seizure
forecasting algorithm.

The modeling team will evaluate a combination of machine
learning agorithms for seizure forecasting. Continuous
physiological time series will be windowed (with segments
ranging between 1 and 36 hours), and featureswill be calculated
for each segment. Features will include statistical measuresin
the time domain (eg, mean, median, variance, skewness, and
kurtosis) and the frequency domain (eg, mean frequency and
peak frequency).

Features will be used to inform machine learning models to
predict seizures in a period of time after each segment
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(forecasting window—ranging from 1 to 24 hours). Modelswill
include 1-class support vector machine, isolation forest, and
extreme gradient boosting. Model performancewill be evaluated
using well-established metrics such as accuracy, balanced
accuracy, sensitivity, and specificity. We will also use a
user-centered approach to evaluate performance, training the
algorithm to minimize false positive or negative rates according
to user preference. Model accuracy will be validated using a
5-fold cross-validation approach.

Ethical Consider ations

This study was reviewed and granted ethics approval by the
South East Scotland NHS committee (REC reference:
25/SS/0116). Participants will be asked to provide informed
consent by completing an online consent form administered
through Microsoft Forms. Thereisaminor risk that participants
will find the smartwatch device uncomfortable to wear.
Participants will be made aware of this risk and that they can
stop wearing the device at any time via the participant
information sheet. If participants report finding the watch
uncomfortable, an aternative soft watch strap will be offered
asareplacement. Thereisarisk that participantswill experience
asei zurewhen in the presence of the research team, for example,
during a qualitative interview. The research team has read an
Epilepsy First Aid document written by the charity Epilepsy
Action and provided by our Consultant Nurse for the Epilepsies.
The research team will aso have the contact details of a health
care professional with sufficient expertise (such as an epilepsy
nurse) with epilepsy in the event that additional support is
needed. At the start of any meeting with participants, researchers
will make a joint plan at the beginning to identify what the
participant would like the researcher to do in the event of a
seizure. Participants will be asked to share information about
emotional states so there is a possibility that this could cause
participants to reflect on negative states. Participants will be
made fully aware of this and provided information about this
procedure, including that they will be able to stop engaging in
this procedure at any point. Participants are being asked to
contribute time and effort to the study—the time and effort of
wearing the smartwatch, using the smartphone app, engaging
in qualitative interviews, and completing outcome measures.
Participantswill be made aware of thisburdenin theinformation
sheet, and they will be free to withdraw from study procedures
at any time. Thesewill be stored on aseparate server to research
data so that they cannot be linked. Participantswill beallocated
auniqueresearch ID, and al research datawill be labeled with
theresearch ID and no identifiable data. A Microsoft Excel file
linking identifiable information (participants names) with their
research ID will be maintained to enable pseudonymization.
The Excel file will be stored securely within the University of
Bristol environment, with restricted accessto the research team
and stored separately from research data. For qualitative research
data, audio recordings of qualitative interviews will be deleted
once transcription is complete. Transcripts will be
pseudonymized with all personal or identifiable information
redacted. Baseline characteristics, outcome measure forms
(PROMs and CROMs), and MAUQ will be captured via
Microsoft Forms. PROMs and CROMs will be entered into
Microsoft Forms directly by participants and by the clinical
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team and will be accessed by members of the research team.
The data collection system has been designed to be secure.
Labfront is a data collection tool designed for academic
researchers. It isasecure solution for collecting high-resolution
physiological datafrom wearablesand survey responses. Storage
of data will be in the United States, meeting the appropriate
security and privacy regulations and certifications. To ensure
data privacy and protection, a Data Protection Impact
Assessment was conducted, which aims to evaluate and
minimize risks to the rights and freedoms of individuas
personal data (aligned with General Data Protection Regulation)
[43], which was approved by the information compliance
manager and data protection officer at the university. The
pseudonymized data will be shared with the modeling
collaborators via the secure Research Data Storage Facility to
ensure controlled and protected access. The information from
the app will be hosted in the cloud using AWS. The devel opment
of thiswill follow industry standard methods of data handling,
storage, and transfer, including data encryption on device and
in transit using HTTPS, in accordance with the UK General
Data Protection Regulation. At this stage, the Data Protection
Impact Assessment will be renewed to reflect the respective
changes to data flows and storage. Participants will be given
approximately £50 (approximately US $68) in shopping
vouchers per month that they areinvolved in the study, including
afurther £25 (approximately US $34) voucher for participating
in aqualitative interview.

Results

Overview

Recruitment is planned to begin in quarter 1 of 2026, with data
collection expected to be completed by quarter 2 of 2027. Data
analysiswill take place during quarter 3, and the resultswill be
published in quarter 4.

Dissemination of Findings

Feasibility outcomes (objectives 1 and 2) will be analyzed and
written up for publication in quarter 3 of 2027. Objective 3 is
to add thelongitudinal dataon seizures and sei zure precipitants
(data collected from the data collection technology, the
smartwatch, and smartphone app) to the existing
ATMOSPHERE dataset to optimize the machine learning
seizure forecasting algorithm. The machine learning analysis
will be reported separately. The outcomes of the feasibility
study will be reported according to the CONSORT extension
to pilot and feasibility trials [44,45].

The outcomes of this study will be disseminated through
open-access peer-reviewed publications via research journals
and conferences. Research findings will also be disseminated
to people with epilepsy and public networks via mechanisms
such as workshops, plain English summaries, and blog posts.

Discussion

Principal Findings

This feasibility study aimsto lead to optimized methods for a
full-scale clinical evaluation (objective 1) and arefined version
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of the mobile data collection component MV P (objective 2). In
parallel to this study, the data science research and devel opment
will refine the seizure forecasting algorithm, which will be
optimized through datafrom thisfeasibility study (objective 3).
As such, thisfeasibility study isacritical step in finalizing the
seizure forecasting technology and delivering a fully powered
trial to determine clinical effectiveness.

Strengths and Limitations

The study was designed to test trial procedures, including
recruitment, retention, and outcome measures (objective 1). A
key strength is the focus on optimizing the trial process to
include individualswho aretypically underrepresented in health
research, such as those from socioeconomically disadvantaged
backgrounds and ethnic minority groups [46]. At this initial
single site, the representation of these groupswill be monitored,
and findingswill directly inform the selection of additional sites
for the full-scale clinical trial in order to improve diversity and
reach. A limitation associated with objective 1 is that the
methodology used in this smaller-scale study islikely to differ
in several respects from the anticipated design of the full-scale
trial, meaning that certain elementsof thefull trial will not have
been feasibility-tested. Specificaly, this study is being
conducted at a single site using a single-arm design, whereas
the full tria is expected to adopt a randomized controlled trial
design. Additionally, outcome measures are being collected at
baselineand at 3 months, whilethefull-scaletrial isanticipated
toinvolve alonger follow-up period (eg, up to 12 months). As
a result, multisite recruitment, randomization procedures, and
long-term outcome measurement will remain untested; however,
it is typica for feasibility studies to use a simplified design.
Furthermore, outcome measuresin this study have been derived
from the ICHOM clinical outcomes framework, as no research
core outcome setsfor epilepsy currently exist [35]. The Epilepsy
Outcome Set for Effectiveness Trials (EPSET) project [34] is
developing an epilepsy outcome set for effectiveness trias,
which may become availablein timefor thefully powered trial.
If s0, the outcome measures will be amended to align with the
EPSET Core Outcome Sets. Thiswould result in adiscrepancy
between the outcome measures assessed during the feasibility
study and those used in the larger trial. However, it is likely
that ICHOM clinical outcomes and EPSET will be largely
aligned; therefore, it is expected that the measures used in this
study will likely still produce relevant feasibility insights.
Finaly, as the primary outcome will be determined upon
finalization of the intervention, a power calculation for the full
trial has not yet been conducted. However, thisfeasibility study
will provide estimates of recruitment rates, which will inform
realistic projectionsof timelines and the number of sitesrequired
to achieve the desired sample size once it is defined.

The study was a so designed to refine theintervention (objective
2). A strength of this phase is that sampling for the qualitative
usability testing has been structured to prioritize inclusivity.
This is particularly important, given that underrepresented
groups are at increased risk of digital exclusion and health
inequalities[47], aswell as experiencing amuch higher burden
of epilepsy [48]. Usahility and technical performance are being
assessed through both qualitative and quantitative data,
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providing insights into objective use across the full sample,
alongside in-depth data on user perspectives and experiences.
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challenges can occur in parallel with the ongoing devel opment
of the data science components and human-computer interaction

Finally, this study is evaluating 1 component of the seizure elements

forecasting technol ogy, the data collection component. Valuable
insights will be generated regarding various aspects of the
technology, including the onboarding process, the design and
functionality of the frontend interface, and the technical
performance of the system. However, the fina version of the
technology will incorporate algorithm integration and model
outputs within the backend. As such, further rounds of user
testing, technical performance evaluation, and safety assessment
will berequired prior to thefull-scaletrial. Nonethel ess, testing
at this early stageis considered a strength, asit enables amore
agile devel opment process. Early learning about data collection

Conclusions

Seizure forecasting technology holds significant promise for
improving clinica and cost-effectiveness outcomes for
individuals living with epilepsy. This mixed methods feasibility
study is designed to assess the feasibility of the proposed trial
procedures and to refine the forecasting technology in a
real-world setting. Insights gained from this study will becritical
for optimizing the design and implementation of a future
full-scaleclinical tria, ensuring that it is both methodologically
robust and patient-centered.

Acknowledgments

The authors are grateful to Labfront and Garmin for their continued support. The authors also thank the staff at Royal
Wolverhampton NHS Trust for their essential time and effort in supporting the setup of this study.

Funding

Thiswork has been supported by the LEAP Digital Health Hub, which has been funded by the Engineering and Physical Sciences
Research Council (grant EP/X031349/1).

Data Availability
The datasets generated or analyzed during this study are available from the corresponding author on reasonable request..

Authors Contributions

LT drafted the initial manuscript and contributed on study design and National Health Service ethics applications. EN, EEVQ,
and AS supported the draft of the initial paper and led the formative usability study. M Wac, M Wragg, and SD led on software
development and contributed to the software development sections of the manuscript. PT contributed to study design and ethics
applications and is the clinical advisor for ATMOSPHERE (Avrtificial Intelligence to Optimise Seizure Prediction to Empower
People With Epilepsy). LJ contributed to the study design and is the data science lead for ATMOSPHERE. LS, RC, PT, and YQ
areall part of the ATMOSPHERE project team of the data science and/or human-computer interaction research. AB conceptualized
the study and contributed on study design and had input on the iterative version of the manuscript. All authors reviewed and
contributed to the paper.

Conflictsof I nterest

RC is a data scientist at Neuronostics. Neuronostics develops technologies for the diagnosis, treatment, and monitoring of
neurological conditions, including epilepsy. PT is part of the Epilepsy Outcome Set for Effectiveness Trials steering group.

Multimedia Appendix 1

CONSORT checklist.
[PDE File (Adobe PDF File), 144 KB-Multimedia Appendix 1]

Multimedia Appendix 2

CONSORT abstract checklist.
[PDE File (Adobe PDF File), 164 KB-Multimedia Appendix 2]

Multimedia Appendix 3

Interview topic guide.
[DOCX File, 22 KB-Multimedia Appendix 3]

References

https://www.researchprotocols.org/2026/1/e85993 JMIR Res Protoc 2026 | vol. 15 | 85993 | p. 12

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=resprot_v15i1e85993_app1.pdf&filename=d35d1c872587a840cbaf4ead8ff922ae.pdf
https://jmir.org/api/download?alt_name=resprot_v15i1e85993_app1.pdf&filename=d35d1c872587a840cbaf4ead8ff922ae.pdf
https://jmir.org/api/download?alt_name=resprot_v15i1e85993_app2.pdf&filename=6d6fe16c369156d7d3dce5adb7ac9427.pdf
https://jmir.org/api/download?alt_name=resprot_v15i1e85993_app2.pdf&filename=6d6fe16c369156d7d3dce5adb7ac9427.pdf
https://jmir.org/api/download?alt_name=resprot_v15i1e85993_app3.docx&filename=fac62c7c2b9d68d632cad61d7e3d25eb.docx
https://jmir.org/api/download?alt_name=resprot_v15i1e85993_app3.docx&filename=fac62c7c2b9d68d632cad61d7e3d25eb.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Thompson et al

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Epilepsiesin children, young people and adults. NICE Guideline. 2022. URL : https://www.nice.org.uk/quidance/ng217
[accessed 2025-01-30]

Chen Z, BrodieMJ, Liew D, Kwan P. Treatment outcomesin patients with newly diagnosed epilepsy treated with established
and new antiepileptic drugs: a 30-year longitudinal cohort study. JAMA Neurol. Mar 01, 2018;75(3):279-286. [ FREE Full
text] [doi: 10.1001/jamaneurol.2017.3949] [Medline: 29279892]

Arthurs S, Zaveri HP, Frei MG, Osorio |. Patient and caregiver perspectives on seizure prediction. Epilepsy Behav. Nov
2010;19(3):474-477. [doi: 10.1016/j.yebeh.2010.08.010] [Medline: 20851054]

Stirling RE, Cook MJ, Grayden DB, Karoly PJ. Seizure forecasting and cyclic control of seizures. Epilepsia. Feb
2021;62(Suppl 1):S2-S14. [doi: 10.1111/epi.16541] [Medline: 32712968]

Community survey. Epilepsy Foundation Ei2. 2016. URL: https://www.epilepsy.com/sites/defaul t/files/atoms/files/
community-survey-report-2016%20V 2.pdf [accessed 2026-01-31]

Epilepsy PSPtop 10. JamesLind Alliance. URL : https.//wwwv.jla.nihr.ac.uk/priority-setting-partnerships/epil epsy#tab-27091
[accessed 2026-01-31]

Carmo AS, Abreu M, Baptista MF, de Oliveira Carvalho M, Peralta AR, Fred A, et al. Automated algorithms for seizure
forecast: asystematic review and meta-analysis. JNeurol. Oct 2024;271(10):6573-6587. [doi: 10.1007/s00415-024-12655-7]
[Medline: 39240346]

Ghosh S, Sinha JK, Ghosh S, SharmaH, Bhaskar R, Narayanan KB. A comprehensive review of emerging trends and
innovative therapies in epilepsy management. Brain Sci. Sep 11, 2023;13(9):1305. [FREE Full text] [doi:
10.3390/brainsci13091305] [Medline: 37759906]

Regalia G, Onorati F, Lai M, Caborni C, Picard RW. Multimodal wrist-worn devices for seizure detection and advancing
research: focus on the Empatica wristbands. Epilepsy Res. Jul 2019;153:79-82. [doi: 10.1016/j.eplepsyres.2019.02.007]
[Medline: 30846346]

Viana PF, Pal Attia T, Nasseri M, Duun-Henriksen J, Biondi A, Winston JS, et a. Seizure forecasting using minimally
invasive, ultra-long-term subcutaneous el ectroencephal ography: individualized intrapatient models. Epilepsia. Dec
2023;64(Suppl 4):5124-S133. [doi: 10.1111/epi.17252] [Medline: 35395101]

Masoumian Hosseini M, Masoumian Hosseini ST, Qayumi K, Hosseinzadeh S, Sgjadi Tabar SS. Smartwatchesin healthcare
medicine: assistance and monitoring; a scoping review. BMC Med Inform Decis Mak. Nov 03, 2023;23(1):248. [FREE
Full text] [doi: 10.1186/s12911-023-02350-w] [Medline: 37924029]

Kamisali¢ A, Fister I, Turkanovi¢ M, Karakati¢ S. Sensors and functionalities of non-invasive wrist-wearable devices: a
review. Sensors (Basel). May 25, 2018;18(6):1714. [FREE Full text] [doi: 10.3390/s18061714] [Medline: 29799504]
Nasseri M, Nurse E, Glasstetter M, Béttcher S, Gregg NM, Laks Nandakumar A, et al. Signal quality and patient experience
with wearable devices for epilepsy management. Epilepsia. Nov 2020;61(Suppl 1):S25-S35. [doi: 10.1111/epi.16527]
[Medline: 32497269]

Nasseri M, Pal AttiaT, Joseph B, Gregg NM, Nurse ES, Viana PF, et al. Ambulatory seizure forecasting with awrist-worn
device using long-short term memory deep learning. Sci Rep. Nov 09, 2021;11(1):21935. [FREE Full text] [doi:
10.1038/s41598-021-01449-2] [Medline: 34754043]

Meisel C, El Atrache R, Jackson M, Schubach S, Ufongene C, L oddenkemper T. Machine learning from wristband sensor
data for wearable, noninvasive seizure forecasting. Epilepsia. Dec 2020;61(12):2653-2666. [doi: 10.1111/epi.16719]
[Medline: 33040327]

Karoly PJ, Cook MJ, Maturana M, Nurse ES, Payne D, Brinkmann BH, et al. Forecasting cycles of seizure likelihood.
Epilepsia. Apr 2020;61(4):776-786. [doi: 10.1111/epi.16485] [Medline: 32219856]

Cheng JC, Goldenholz DM. Seizure prediction and forecasting: a scoping review. Curr Opin Neurol. Apr 01,
2025;38(2):135-139. [doi: 10.1097/WCO.0000000000001344] [Medline: 39831588]

Quilter EEV, Downes S, Deighan MT, Stuart L, Charles R, Tittensor P, et a. A digital intervention for capturing the
real-time health data needed for epilepsy seizure forecasting: protocol for aformative co-design and usability study (the
ATMOSPHERE study). IMIR Res Protoc. Sep 19, 2024;13:e60129. [FREE Full text] [doi: 10.2196/60129] [Medline:
39298757]

Samsonsen C, Mestvedthagen G, Uglem M, Brodtkorb E. Disentangling the cascade of seizure precipitants. a prospective
observational study. Epilepsy Behav. Aug 2023;145:109339. [doi: 10.1016/j.yebeh.2023.109339] [Medline: 37413785]
Haut SR, Hall CB, Masur J, Lipton RB. Seizure occurrence: precipitants and prediction. Neurology. Nov 13,
2007;69(20):1905-1910. [doi: 10.1212/01.wnl.0000278112.48285.84] [Medline: 17998482]

Shiffman S, Stone AA, Hufford MR. Ecological momentary assessment. Annu Rev Clin Psychol. 2008;4:1-32. [doi:
10.1146/annurev.clinpsy.3.022806.091415] [Medline: 18509902]

Craig P, Dieppe P, Macintyre S, Michie S, Nazareth |, Petticrew M, et al. Medical Research Council Guidance. Developing
and eval uating complex interventions: the new Medical Research Council guidance. BMJ. Sep 29, 2008;337:a1655. [FREE
Full text] [doi: 10.1136/bmj.a1655] [Medline: 18824488]

Skivington K, MatthewsL, Simpson SA, Craig P, Baird J, Blazeby JM, et al. A new framework for developing and evaluating
complex interventions: update of Medical Research Council guidance. BMJ. Sep 30, 2021;374:n2061. [FREE Full text]
[doi: 10.1136/bmj.n2061] [Medline: 34593508]

https://www.researchprotocol s.org/2026/1/e85993 JMIR Res Protoc 2026 | vol. 15 | e85993 | p. 13

(page number not for citation purposes)


https://www.nice.org.uk/guidance/ng217
https://europepmc.org/abstract/MED/29279892
https://europepmc.org/abstract/MED/29279892
http://dx.doi.org/10.1001/jamaneurol.2017.3949
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29279892&dopt=Abstract
http://dx.doi.org/10.1016/j.yebeh.2010.08.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20851054&dopt=Abstract
http://dx.doi.org/10.1111/epi.16541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32712968&dopt=Abstract
https://www.epilepsy.com/sites/default/files/atoms/files/community-survey-report-2016%20V2.pdf
https://www.epilepsy.com/sites/default/files/atoms/files/community-survey-report-2016%20V2.pdf
https://www.jla.nihr.ac.uk/priority-setting-partnerships/epilepsy#tab-27091
http://dx.doi.org/10.1007/s00415-024-12655-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39240346&dopt=Abstract
https://www.mdpi.com/resolver?pii=brainsci13091305
http://dx.doi.org/10.3390/brainsci13091305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37759906&dopt=Abstract
http://dx.doi.org/10.1016/j.eplepsyres.2019.02.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30846346&dopt=Abstract
http://dx.doi.org/10.1111/epi.17252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35395101&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-023-02350-w
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-023-02350-w
http://dx.doi.org/10.1186/s12911-023-02350-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37924029&dopt=Abstract
https://www.mdpi.com/resolver?pii=s18061714
http://dx.doi.org/10.3390/s18061714
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29799504&dopt=Abstract
http://dx.doi.org/10.1111/epi.16527
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32497269&dopt=Abstract
https://doi.org/10.1038/s41598-021-01449-2
http://dx.doi.org/10.1038/s41598-021-01449-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34754043&dopt=Abstract
http://dx.doi.org/10.1111/epi.16719
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33040327&dopt=Abstract
http://dx.doi.org/10.1111/epi.16485
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32219856&dopt=Abstract
http://dx.doi.org/10.1097/WCO.0000000000001344
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39831588&dopt=Abstract
https://www.researchprotocols.org/2024//e60129/
http://dx.doi.org/10.2196/60129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39298757&dopt=Abstract
http://dx.doi.org/10.1016/j.yebeh.2023.109339
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37413785&dopt=Abstract
http://dx.doi.org/10.1212/01.wnl.0000278112.48285.84
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17998482&dopt=Abstract
http://dx.doi.org/10.1146/annurev.clinpsy.3.022806.091415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18509902&dopt=Abstract
https://europepmc.org/abstract/MED/18824488
https://europepmc.org/abstract/MED/18824488
http://dx.doi.org/10.1136/bmj.a1655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18824488&dopt=Abstract
https://www.bmj.com/lookup/pmidlookup?view=long&pmid=34593508
http://dx.doi.org/10.1136/bmj.n2061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34593508&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Thompson et al

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Bell ML, Whitehead AL, Julious SA. Guidance for using pilot studiesto inform the design of intervention trials with
continuous outcomes. Clin Epidemiol. 2018;10:153-157. [FREE Full text] [doi: 10.2147/CLEP.S146397] [Medline:
29403314]

Tudur Smith C, Hickey H, Clarke M, Blazeby J, Williamson P. The trials methodological research agenda: results from a
priority setting exercise. Trials. Jan 23, 2014;15(1):32. [EREE Full text] [doi: 10.1186/1745-6215-15-32] [Medline:
24456928]

Bower P, Brueton V, Gamble C, Treweek S, Smith CT, Young B, et a. Interventions to improve recruitment and retention
inclinical trials: asurvey and workshop to assess current practice and future priorities. Trials. Oct 16, 2014;15:399. [FREE
Full text] [doi: 10.1186/1745-6215-15-399] [Medline: 25322807]

Pomeranz H, Horvath T. Promoting diversity to eliminate health disparities. J Phys Assist Educ. Oct 2017;28(Suppl
1):$43-48. [doi: 10.1097/JPA.0000000000000155] [Medline: 28961622]

Improving inclusion of under-served groupsin clinical research: guidance from INCLUDE project. National Ingtitute for
Health and Care Research. 2020. URL: https://www.nihr.ac.uk/support-and-services/'support-for-delivering-research/
improving-inclusi on-under-served-groups-clini cal -research-guidance-include-proj ect [accessed 2026-01-31]

Akl EA, Briel M, You JJ, Sun X, Johnston BC, Busse JW, et a. Potential impact on estimated treatment effects of information
lost to follow-up in randomised controlled trials (LOST-IT): systematic review. BMJ. May 18, 2012;344:€28009. [doi:
10.1136/bmj.e2809] [Medline: 22611167]

Bakker JP, Goldsack JC, Clarke M, Coravos A, Geoghegan C, Godfrey A, et al. A systematic review of feasibility studies
promoting the use of mobile technologiesin clinical research. NPJ Digit Med. 2019;2:47. [FREE Full text] [doi:
10.1038/s41746-019-0125-x] [Medline: 31304393]

TeareMD, Dimairo M, Shephard N, Hayman A, Whitehead A, Walters SJ. Sample size requirementsto estimate key design
parameters from external pilot randomised controlled trials; a simulation study. Trials. Jul 03, 2014;15:264. [FREE Full
text] [doi: 10.1186/1745-6215-15-264] [Medline: 24993581]

Totton N, Lin J, Julious S, Chowdhury M, Brand A. A review of sample sizesfor UK pilot and feasibility studies on the
ISRCTN registry from 2013 to 2020. Pilot Feasibility Stud. Nov 21, 2023;9(1):188. [EREE Full text] [doi:
10.1186/s40814-023-01416-w] [Medline: 37990337]

Nielsen J, Landauer TK. A mathematical model of thefinding of usability problems. 1993. Presented at: CHI '93: Proceedings
of the INTERACT '93 and CHI '93 Conference on Human Factorsin Computing Systems; April 24-29, 1993:206-213;
Amsterdam, The Netherlands. [doi: 10.1145/169059.169166]

Mitchell W, Nable A, Baker G, Batchelor R, Brigo F, Christensen J, et a. Protocol for the devel opment of an international
Core Outcome Set for treatment trials in adults with epilepsy: the EPilepsy outcome Set for Effectiveness Trials Project
(EPSET). Triads. Nov 17, 2022;23(1):943. [FREE Full text] [doi: 10.1186/s13063-022-06729-4] [Medline: 36397081]
Mitchell JW, Sossi F, Miller I, Jaber PB, Das-Gupta Z, Fialho LS, et al. Development of an international standard set of
outcomes and measurement methods for routine practice for adults with epilepsy: the International Consortium for Health
Outcomes M easurement consensus recommendations. Epilepsia. Jul 2024;65(7):1916-1937. [doi: 10.1111/epi.17971]
[Medline: 38738754]

Iverson G, Marsh JM, Connors EJ, Terry DP. Normative reference values, reliability, and item-level symptom endorsement
for the PROMIS® v2.0 Cognitive Function-Short Forms 4a, 6a and 8a. Arch Clin Neuropsychol. Oct 13,
2021;36(7):1341-1349. [doi: 10.1093/arclin/acaal?8] [Medline: 33454756]

Kroenke K, Spitzer RL. The PHQ-9: a new depression diagnostic and severity measure. Psychiatr Ann. Sep
2002;32(9):509-515. [doi: 10.3928/0048-5713-20020901-06]

Kroenke K, Spitzer RL, Williams JB, Monahan PO, Léwe B. Anxiety disordersin primary care: prevalence, impairment,
comorbidity, and detection. Ann Intern Med. Mar 06, 2007;146(5):317-325. [doi:
10.7326/0003-4819-146-5-200703060-00004] [Medline: 17339617]

CedllaD, Choi SW, Condon DM, Schalet B, Hays RD, Rothrock NE, et al. PROMI S adult health profiles: efficient short-form
measures of seven health domains. Value Health. May 2019;22(5):537-544. [FREE Full text] [doi: 10.1016/j.jval.2019.02.004]
[Medline: 31104731]

Cramer JA, Perrine K, Devinsky O, Meador K. A brief questionnaireto screen for quality of lifein epilepsy: the QOLIE-10.
Epilepsia. Jun 1996;37(6):577-582. [doi: 10.1111/].1528-1157.1996.tb00612.x] [Medline: 8641236]

Rogue NA, Boot WR. A new tool for ng mobile device proficiency in older adults: the Mobile Device Proficiency
Questionnaire. J Appl Gerontol. Feb 2018;37(2):131-156. [FREE Full text] [doi: 10.1177/0733464816642582] [Medline:
27255686]

Zhou L, Bao J, Setiawan IMA, Saptono A, Parmanto B. The mHealth App Usability Questionnaire (MAUQ): development
and validation study. IMIR Mhealth Uhealth. Apr 11, 2019;7(4):€11500. [ FREE Full text] [doi: 10.2196/11500] [Medline:
30973342]

Regulation P. General data protection regulation. Intouch. 2018;25:1-5. [doi: 10.1002/9781119436775.ch18]

Eldridge SM, Chan CL, Campbell MJ, Bond CM, Hopewell S, Thabane L, et al. CONSORT 2010 statement: extension to
randomised pilot and feasibility trials. BMJ. Oct 24, 2016;355:15239. [FREE Full text] [doi: 10.1136/bmj.i5239] [Medline:
27777223]

https://www.researchprotocols.org/2026/1/e85993 JMIR Res Protoc 2026 | vol. 15 | 85993 | p. 14

(page number not for citation purposes)


https://www.tandfonline.com/doi/10.2147/CLEP.S146397?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.2147/CLEP.S146397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29403314&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/1745-6215-15-32
http://dx.doi.org/10.1186/1745-6215-15-32
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24456928&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/1745-6215-15-399
https://trialsjournal.biomedcentral.com/articles/10.1186/1745-6215-15-399
http://dx.doi.org/10.1186/1745-6215-15-399
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25322807&dopt=Abstract
http://dx.doi.org/10.1097/JPA.0000000000000155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28961622&dopt=Abstract
https://www.nihr.ac.uk/support-and-services/support-for-delivering-research/improving-inclusion-under-served-groups-clinical-research-guidance-include-project
https://www.nihr.ac.uk/support-and-services/support-for-delivering-research/improving-inclusion-under-served-groups-clinical-research-guidance-include-project
http://dx.doi.org/10.1136/bmj.e2809
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22611167&dopt=Abstract
https://doi.org/10.1038/s41746-019-0125-x
http://dx.doi.org/10.1038/s41746-019-0125-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31304393&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/1745-6215-15-264
https://trialsjournal.biomedcentral.com/articles/10.1186/1745-6215-15-264
http://dx.doi.org/10.1186/1745-6215-15-264
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24993581&dopt=Abstract
https://pilotfeasibilitystudies.biomedcentral.com/articles/10.1186/s40814-023-01416-w
http://dx.doi.org/10.1186/s40814-023-01416-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37990337&dopt=Abstract
http://dx.doi.org/10.1145/169059.169166
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-022-06729-4
http://dx.doi.org/10.1186/s13063-022-06729-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36397081&dopt=Abstract
http://dx.doi.org/10.1111/epi.17971
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38738754&dopt=Abstract
http://dx.doi.org/10.1093/arclin/acaa128
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33454756&dopt=Abstract
http://dx.doi.org/10.3928/0048-5713-20020901-06
http://dx.doi.org/10.7326/0003-4819-146-5-200703060-00004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17339617&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1098-3015(19)30118-4
http://dx.doi.org/10.1016/j.jval.2019.02.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31104731&dopt=Abstract
http://dx.doi.org/10.1111/j.1528-1157.1996.tb00612.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8641236&dopt=Abstract
https://europepmc.org/abstract/MED/27255686
http://dx.doi.org/10.1177/0733464816642582
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27255686&dopt=Abstract
https://mhealth.jmir.org/2019/4/e11500/
http://dx.doi.org/10.2196/11500
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30973342&dopt=Abstract
http://dx.doi.org/10.1002/9781119436775.ch18
https://www.bmj.com/lookup/pmidlookup?view=long&pmid=27777223
http://dx.doi.org/10.1136/bmj.i5239
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27777223&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Thompson et al

45,

46.

47.

48.

Lancaster GA, Thabane L. Guidelines for reporting non-randomised pilot and feasibility studies. Pilot Feasibility Stud.
2019;5:114. [FREE Full text] [doi: 10.1186/s40814-019-0499-1] [Medline: 31608150]

Erves JC, Mayo-Gamble TL, Malin-Fair A, Boyer A, Joosten Y, Vaughn Y C, et al. Needs, priorities, and recommendations
for engaging underrepresented populations in clinical research: a community perspective. J Community Health. Jun
2017;42(3):472-480. [FREE Full text] [doi: 10.1007/s10900-016-0279-2] [Medline: 27812847]

Gann B. Transforming lives: combating digital health inequality. IFLA J. May 07, 2019;45(3):187-198. [doi:
10.1177/0340035219845013]

Bush K, Cullen E, Mills S, Chin RFM, Thomas RH, Kingston A, et a. Assessing the extent and determinants of
socioeconomic inequalitiesin epilepsy in the UK: asystematic review and meta-analysis of evidence. Lancet Public Health.
Aug 2024;9(8):€614-e628. [FREE Full text] [doi: 10.1016/S2468-2667(24)00132-4] [Medline: 39095136]

Abbreviations

ATMOSPHERE: Artificia Intelligence to Optimise Seizure Prediction to Empower People With Epilepsy
AWS: Amazon Web Services

CONSORT: Consolidated Standards of Reporting Trials

CROM: clinician-reported outcome measure

EEG: electroencephal ography

EMA: ecological momentary assessment

EPSET: Epilepsy Outcome Set for Effectiveness Trials

ICHOM: International Consortium for Health Outcomes M easurement
MAUQ: mHealth App Usabhility Questionnaire

MRC: Medica Research Council

MVP: minimum viable product

PPI: Patient and Public Involvement

PROM: patient-reported outcome measure

RWT: Roya Wolverhampton NHS Trust

Edited by A Schwartz;, submitted 16.0ct.2025; peer-reviewed by P Bhatnagar; comments to author 14.Nov.2025; revised version
received 26.Jan.2026; accepted 27.Jan.2026; published 20.Mar.2026

Please cite as:

Thompson L, Nielsen E, Quilter EEV, Say A, Wac M, Wragg M, Downes S, Tittensor P, Junges L, Stuart L, Charles R, Kissack P,
Qureshi Y, Brigden A

ADigital Intervention for Capturing Real-Time Health Data for Epilepsy Seizure Forecasting: Protocol for the ATMOSPHERE Sudy
JMIR Res Protoc 2026;15:e85993

URL.: https://www.researchprotocols.org/2026/1/e85993

doi: 10.2196/85993

PMID:

©Lauren Thompson, Emily Nielsen, Emily E V Quilter, Amelia Slay, Marceli Wac, Matthew Wragg, Samuel Downes, Phil
Tittensor, Leandro Junges, Liz Stuart, Rosie Charles, Peter Kissack, Yasser Qureshi, Amberly Brigden. Originally published in
JMIR Research Protocols (https.//www.researchprotocol s.org), 20.Mar.2026. Thisis an open-access article distributed under the
terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the origina work, first published in IMIR Research Protocols, is
properly cited. The complete bibliographic information, alink to the origina publication on https://www.researchprotocols.org,
aswell asthis copyright and license information must be included.

https://www.researchprotocol s.org/2026/1/e85993 JMIR Res Protoc 2026 | vol. 15 | e85993 | p. 15

RenderX

(page number not for citation purposes)


https://pilotfeasibilitystudies.biomedcentral.com/articles/10.1186/s40814-019-0499-1
http://dx.doi.org/10.1186/s40814-019-0499-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31608150&dopt=Abstract
https://europepmc.org/abstract/MED/27812847
http://dx.doi.org/10.1007/s10900-016-0279-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27812847&dopt=Abstract
http://dx.doi.org/10.1177/0340035219845013
https://linkinghub.elsevier.com/retrieve/pii/S2468-2667(24)00132-4
http://dx.doi.org/10.1016/S2468-2667(24)00132-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39095136&dopt=Abstract
https://www.researchprotocols.org/2026/1/e85993
http://dx.doi.org/10.2196/85993
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

