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A B S T R A C T

There is higher prevalence of epilepsy and SUDEP in people with intellectual disability (PwID) compared to gen-
eral population. Accurate seizure recording particularly at night can be challenging in PwID. Neuro Event Labs
seizure monitoring (Nelli) uses high-quality video based artificial intelligence to detect and record possible noc-
turnal seizures. This study looks to evaluate the clinical utility and acceptability of Nelli in PwID and epilepsy.
Family/carers of PwID and drug resistant epilepsy with suspicions of nocturnal seizures who had not tolerated
routine or ambulatory EEGs were invited to evaluate Nelli. Relevant demographics and clinical characteristics
were collected. Nelli’s impact, it’s facilitators, barriers and feedback quality was captured from patient and pro-
fessional stakeholders. Quantitative and thematic analysis was undertaken. Fifteen PwID and epilepsy and four
health professionals were involved. Nelli recorded 707 possible seizure events across the study cohort of which
247 were not heard or recognised by carers. Carers recorded 165 episodes of ‘restless’ or “seizure behaviour”
which the Nelli did not deem to be seizures. There was 93% acceptability. Thematic analysis revealed three
broad themes of device acceptability, result implementation and possible seizure recognition ability. Nelli al-
lowed for improved communication and care planning in a hitherto difficult to investigate population.

© 20XX

1. Introduction

Epilepsy is co-morbid in a quarter of people with intellectual disabil-
ity (PwID) [1]. PwID with epilepsy are recognised to have worse health,
social and quality of life outcomes including premature mortality com-
pared to their peers without ID. Epilepsy in PwID is associated with a
significant cognitive deficit, multimorbidity and polypharmacy [2]. Up
to 70% of this population are considered treatment resistant and have
seizures all their life [2].

Nocturnal seizures are an independent risk factor in sudden unex-
pected death in epilepsy (SUDEP), accounting for up to 70% of all
SUDEPs [2,3]. PwID and epilepsy are considered three times higher risk
of SUDEP [3]. Night surveillance could contribute to preventing
SUDEP, [4 5].

Many PwID, due to their cognitive and communication deficits
struggle to outline any nocturnal events. Clinicians are heavily reliant
on family or carers to furnish information, which can be of differing
quality [6]. Waking night care staff and family members may give some
description of nocturnal activity but are often unable to accurately de-
scribe them [7]. Seizure diaries too are unreliable [7].

Automated technology in identifying seizures, by recognising visual
cues from subtle behaviors such as facial, limb movements, repetitive
movements, and sound, is developing [8 9]. It has proved useful in in
identifying events with differing semiology [10].

Gold standard diagnosis of epilepsy includes a suitable EEG and
video telemetry [11]. However, for many PwID especially those with
moderate to profound ID accessing EEGs particularly as a longitudinal
investigation is practically impossible due to resource and distress is-
sues. There is a need to explore other methods to monitor potential
seizure activity, specifically at night, to validate diagnoses, understand
frequency and intensity, mitigate risk, and improve quality of life [6].

The personal recording unit (Nelli) which comprises of a computer,
a camera and a microphone produced by Neuro Events laboratory,
(Tampere, Finland), is currently a prescription-only device indicated as
an adjunct to seizure monitoring in a home or healthcare facility when
the person with epilepsy sleeps [12]. The portable audio and video
recording unit sends data either in real time or can be stored onto a data
stick to transfer to a remote server. The system automatically analyzes
the data to indicate motor events and categorise them as likely to be
“epileptic” or “non-epileptic” in origin. The video recording is then
sampled (8–9% of the recording) by a clinician with expertise in
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epilepsy, who by reviewing the semiology confirms the sensitivity and
specificity of the event labelling. The system has been validated in a
blinded setting against video-EEG monitoring at an epilepsy centre in
Europe. It provided accurate identification of tonic-clonic, tonic and fo-
cal motor seizures, and is approved in Finland for clinical use by the
government body [13,14]. In a recent validation study, the Nelli® hy-
brid system was used in a blinded setting without any prior information
of the patients or their seizure types, against video-EEG monitoring at
another epilepsy centre in Europe. It provided accurate classification of
major motor seizures including tonic–clonic, clonic, and focal motor
seizures [15].

1.1. Aims

1. To evaluate the acceptability of Nelli being placed in the rooms
of PwID, from the participant and carer perspective &
understand the barriers and enablers to implementation from the
healthcare professional perspective

2. To clarify the consistency of Nelli to identify episodes to help
increase clinical suspicion of possible seizures

2. Methods

The evaluation took place in Cornwall (pop: 565,000,) a rural
county of the United Kingdom, with an Epilepsy service having approxi-
mately 200 PwID with pharmacoresistant epilepsy. PwID who had high
levels of suspicious seizure type events at night over the autumn / win-
ter of 2020–2021 but not had their clinical epilepsy diagnoses sup-
ported by EEG, due to not tolerating routine or ambulatory EEGs were
identified. Their family members or carers were approached for consent
and to offer Nelli as a service evaluation.

For each participant, relevant demographics and clinical character-
istics were collected. Supplementary information one shows what Nelli
looks like. The researcher or nurse specialist conducted the setting up in
each case. Neuro Event Labs team were available to check for position-
ing and recording. Training was given to the participants, care team or
family member in the use of the equipment. The Neuro Event Labs team
had no active role in patient selection and were blinded to the patient
details and had no part in the analysis of the collected data.

The findings for each participant were compiled in a secure report
(containing both video and semiological descriptions of events) and
sent to the relevant health care professionals following completion of
the study (See supplementary information two for an example).

A questionnaire was developed by the clinical team in discussion
with experts by experience identifying preemptively what the key areas
of inquiry need to be on the impact of Nelli. This was divided into two
parts. Part A asked about the set-up and practicalities of the Nelli in the
home environment specifically “set up and placement of Nelli”, “experi-
ence of Nelli”, and “satisfaction of results produced”. This was in the
form of three questions in Likert style with a range of 7 options from
“worst to best” (worst, very bad, bad, neither bad or good, good, very
good, best). A further “yes or No” question i.e., “did the results give
peace of mind” was also asked. Part B asked about how they feel about
the Nelli feedback after they had had a consultation with the epilepsy
specialist team using it’s results. The questionnaire administration was
expected to take approximately 30 min per participant to complete.

2.1. Governance and Ethics

The project used anonymised pooled data from a single centre col-
lected as part of a service evaluation/improvement and registered as
such with the host NHS organisation. The NHS Health research author-
ity tool confirmed no formal NHS Ethics approval was required [16]. In-
formed consent from participants was sought and where they lacked
mental capacity to provide informed decision, assent was collected

from a family member (parents/siblings). In addition, best interest as-
sessments for the use of Nelli as outlined by the Mental Capacity Act
2005 were completed by the nurse specialists [17]. Information sheets
were provided and for each considered participant the process was dis-
cussed in detail. All authors are clinically contracted to the service and
were the only people privy to individual medical records.

2.2. Analysis

While no analysis of the event counts was done, the average mean of
the quantitative feedback is reported. For each interview, detailed notes
were captured and written up by the interviewer. The notes from each
interview were reviewed broadly based on the reflexive and iterative
process of verbatim transcription and analysis to ensure that all key
messages were captured. A coding framework for analysis was devel-
oped collaboratively following an initial review of the data. This was
then refined throughout the coding and analytical process. Once coded,
data was analysed thematically to draw out key themes and findings.
Descriptive thematic analysis is often used in healthcare research that
has a strong link to clinical practice. The identified thematic results
consist of a descriptive summary of the data to present it in an accessi-
ble way for readers under the main headings.

3. Results

One participant was able to consent and fourteen required the best
interest/assent process from their families. Those involved in the direct
care of the study cohort i.e., carers (15), family members (4), and
health care professionals (4) completed the questionnaire. Setting up
Nelli took approximately 30 min. Table 1 shows each participant’s di-
agnoses, medications, and nocturnal care availability. Table 2 identifies
the quantitative feedback received from family /carers for part A of the
survey.

Nelli was well accepted by 14 of 15 PwID and remained in place for
all except one for a minimum of 14 nights. The decision was made to re-
move Nelli for one person to prevent injury and equipment damage.

Nelli recorded 707 possible seizure events across the 14 PwID of
which 247 were either not heard or not recognised by carers. One par-
ticipant had 50% of the possible seizure events missed by night care
staff. Carers recorded 165 episodes of ‘restless’ or “seizure behaviour”
which the Nelli did not deem to be seizures.

Thematic analysis of the interviews revealed three broad themes
and the finding are presented in Table 3. Example comments are pro-
vided in supplementary information three. Key thematic analysis find-
ings included both patient representatives and professionals giving pos-
itive feedback on the ease of Nelli installation, flexibility in its place-
ment and added value in identifying improved insights to episodes
qualitatively and quantitatively. Results of Nelli were found to be useful
to improve holistic care. Carers particularly reported reduction in their
stress. There were no concerns of privacy intrusion.

4. Discussion

The implementation of nocturnal surveillance in PwID and epilepsy
depends on the choice of technology and the cognitive ability of each
individual, together with the carer views [11]. Technology use needs to
be based on individual risk and ethical considerations of personal intru-
sion [11]. However, the fact that SUDEP deaths and seizure related
harm linked to nocturnal seizures are more likely to be prevalent in
PwID is a paramount consideration [6].

Nelli benefitted those who were not able to tolerate more traditional
methods of seizure investigation and analysis. Nelli added to the overall
picture for each person with ID and epilepsy to best support them to en-
sure they are safe at night. Nelli prompted discussions about possible
need for waking night support or installation of monitor, environmental
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Table 1
Participant information showing participant diagnoses, medications, nocturnal care team availability and length of time Nelli was in place.
Participant Diagnoses Medications VNS Professional Night Care team

(Non-registered care assistants)
Family Time period Nelli in place

(nights)
Suspected
nocturnal
detections
frequency

Total number of
detection
highlighted by
Nelli

Waking Sleeping Same
Room

Same
Room

1 Autism, Intellectual Disability,
Epilepsy, Sleep Apnoea

levetiracetam
(LEV) topiramate

Y N N/A 14 Weekly 18

2 Lennox-Gastaut Syndrome,
Intellectual Disability, Cortical
Migration Disorder,

lamotrigine
(LTG)
clobazam
Lacosamide

Y N N N N 14 Unknown,
suspected
nightly

61

3 Intellectual Disability, Epilepsy,
Congenital agenesis of corpus
callosum, Cardiac pacemaker
visual impairment

As required
midazolam (MDZ
PRN)

N N/A N/A N/A Y 14 Nightly 7

4 Intellectual Disability, Neuronal
Migration Disorder, Epilepsy

Tiagabine
Clobazam PRN
MDZ PRN

N Y N (parents
sometimes

N N 14 Nightly 45

5 Intellectual Disability,
Challenging behaviour, Birth
trauma with anoxic
encephalopathy in and assisted
delivery, Right hemiparesis,
Hemianopia, Epilepsy

clonazepam
LTG
carbamazepine
MDZ PRN

N Y Y N N/A 4 days then removed,
following discussion with
care team. Participant
became distressed by
camera and posed a
safety risk.

Weekly 1

6 Intellectual Disability, Ring 20
Chromosome syndrome mosaic,
Epilepsy

Clobazam
rufinamide
phenytoin
capsules MDZ
PRN

Y Y Y 14 Nightly 418

7 Intellectual Disability and
epilepsy

VPA
LTG

N Y N 14 Unknown 4

8 Intellectual Disability, Epilepsy
and Autism

LTG
VPA.

N Y N 14 Unknown 0

9 tuberous sclerosis, Intellectual
Disability and epilepsy

Everolimus LTG
Topiramate
rufinamide
MDZ PRN

Y Y N 20 Nightly 112

10 Intellectual Disability and
epilepsy

Pregabalin
clonazepam
MDZ PRN
PRN – Diazepam

Y N 14 Weekly 22

11 Intellectual Disability, Tuberous
Sclerosis complex, Epilepsy

CBZ, VPA,
clonazepam
0.2 mg (0.5 ml)
at night
MDZ PRN

N Y N N 14 Nightly 12

12 Treatment-resistant epilepsy,
Intellectual Disability, Autism,
Sleep disorder

Zonisamide, VPA
N Y N 14 Unknown,

suspected
weekly

1

13 MECP2 Duplication Syndrome,
Intellectual Disability, Epilepsy

VPA, LEV N Y N 14 Nightly 6

14 Down’s Syndrome, Intellectual
Disability, Dementia – Alzheimer’
s, Epilepsy

VPA N Y N 14 Weekly 0

15 Intellectual Disability, Epilepsy VPA N N 14 Nightly 0

Table 2
Results from the quantitative feedback for survey Part A: Nelli – Participant,
family, and carer feedback (n = 14).
Q 1 to 3 Score (1 to 7 – 1 being worst and 7 being

best)

Set up and placement of Nelli 6.5/7 average
Experience of Nelli 6.3/7 average
Satisfaction of results produced 6.4/7 average
Q4 Did the results give peace of mind?

(Y/N)
13/14 positive responses

conditions, and other seizure related matter. Clinicians adjusted treat-
ment plans post two weeks of Nelli recording. This was influenced by
recognition by care teams of possible seizures being missed. Only one
participant had no change post Nelli administration in their seizure
management strategy.

The system appears to pick up the pre-ictal and early stages of a
seizure such as breathing pattern change which was often missed by
carers. This better-informed clinician of nocturnal events not only to
treat but also to train carers in the possible seizure patterns of everyone
thus improving their care plans. Nelli also identified possible non-
seizure related issues, such as movements and behaviours misinter-
preted as seizures, and other potentially relevant medical problems
such as sleep apnoea. There was improved clocking of event frequen-
cies.
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Table 3
Thematic analysis.
Theme Family/Carer/Patient Professional

Acceptability of
placement and
results

User could place the
equipment with remote
instruction
gave peace of mind to
family and carers
helpful in informing
others (i.e., sharing
information with respite
care etc.)
as to what happens at
night,
The intrusion of privacy
was accepted by family
and carers once they saw
the equipment, the ability
to view test videos, and
the ability to easily pause
the recordings for
personal care.
One family member
wrote a story to introduce
the camera to the
participant prior to
installation, the camera
was referred to the
participant as the name
given in the story to
promote acceptance
(supplementary
information four).

The reporting of the results within
the scatter graph showed the
clinicians possible trends in seizure
activity as well as length of activity
(supplementary information two)
Nelli could be integrated into
clinical practice well, with the
ability to review types of possible
seizures and frequency at night.
gave clarity of possible seizures
which previously had often relied
upon care staff reporting, which
can be misleading as to whether the
person had a possible seizure or
not.
The epilepsy nurse specialists were
able to update seizure descriptions
for those who took part with
additional knowledge gained from
the videos.
The Neuro Event labs team
reported of some challenges to
match the characterisation of
seizure types by Nelli with the
information given by the carers
finding that symptoms list did not
match what was found during the
recordings

Implementation of
results

allowed for a comparison
with reported daytime
seizures looking at
similarities and
differences
able to understand the
need for further
medication after the
review of night-time
events.
Identified need to
increase night waking
staff, changing beds due
to its texture and the It
helped support review of
night-time protocols for
the carers – with
reviewing safety, first aid
for seizures, position of
monitors and rationale
for having an audio/
visual monitor.

Identified more possible seizure
activity than expected or reported
by carers
Was helpful to show team members
an individual’s possible seizure
pattern were highlighted as a
learning curve.
Helped identify gaps in
surveillance, safety issues (banging
of head on metal side bar of bed)
, need for seizure first aid training
and recognise correct
administration of midazolam.
Promoted alternate considerations
such as sleep apnea

Table 3 (continued)
Theme Family/Carer/Patient Professional

clarify the
consistency of
Nelli to identify
episodes to help
increase clinical
suspicion of
possible seizures

There were mixed results and it was
generally felt that it could be
placed higher than current standard
care of using carer driven
descriptors but lower than video
telemetry and ambulatory EEG.
However, it is recognised that video
telemetry and ambulatory EEGs are
specific diagnostic time limited
resource, which might or might not
pick up an event in the time it has
been used for i.e., 24–72 h, while
Nelli can give much broader picture
given its longer time span and in a
home environment.
Feedback given by the clinical team
prompted the categorisation of the
‘unspecific’ seizure type to be
subdivided in to two different types
i.e., Unspecific (possibly epileptic)
and Other/Noteworthy.

Care providers generally responded favourably to Nelli with high
levels of satisfaction and belief of it giving them “peace of mind”. The
fact that caregivers reported “satisfaction” and “peace of mind” with
the system is likely based on their assumption that the technology accu-
rately identified seizures. Without confirmation of that accuracy, to
some extent this satisfaction might be misplaced. However, it could be
argued that the satisfaction perceived is a response to multi-faceted is-
sues. It could be that the knowledge that finding out hitherto unknown
episodes of concern is a relief. Similarly, where the individual was in
care responsibility, the knowledge that carers were undertaking the
needed duties to their best of their abilities would have been comfort-
ing. Most importantly Nelli provided insights on what and where to fur-
ther investigate.

Study limitations
Although this study identifies a real need for accurate seizure detec-

tion technology that does not rely on scalp EEG electrodes for PwID, it
does not provide evidence that the Nelli system fills that need. It how-
ever is a step further in aiding a clinical diagnosis and management
strategy in an otherwise difficult to assess and treat population.

Nelli “married up” with previously observed descriptions of possible
nocturnal seizures. It seemed to either agree or disagree with these de-
scriptions. In some instances, Nelli could not help health professionals
establish if the witnessed motor activity was seizures or non-seizure re-
lated (for example autistic automatisms/stereotypies). It would have
been useful to have ongoing EEG to validate the Nelli findings. How-
ever, the population selected was those who had not tolerated an EEG.
It needs to be highlighted that this study was not designed to validate
the accuracy of the Nelli system, as this has already been established
elsewhere but in a non-ID population.

There is a need to do a well powered control study that compares
this technology in this patient population with standard video-
telemetry to provide further confidence in the diagnostic abilities of
Nelli but the intolerance of external EEG monitoring in this population
may never allow such an analysis to take place. We may thus have no
option but to extrapolate the diagnostic utility from the existing patient
database. It may however be possible to explore the technology in PwID
who may be able to tolerate concomitant EEG and provide a much-
needed community solution to the problem of differentiating possible
seizures from other non-seizure events thus enhancing long term care in
such complex clinical populations. Similarly, a cost analysis study could
highlight if Nelli could reduce care costs by enhancing long term care.

It is also worth considering Nelli in perspective with current emerg-
ing thought lines of value of stand-alone video reviews being more
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helpful than EEGs for seizure detection [18]. A recent study has shown
that stand alone smart phone recorded videos was a helpful adjunct in
aiding seizure diagnosis conclusively [19]. A systematic review of 17
studies inquiring into the benefits of home video recording outlined the
multiple benefits of it [18]. Not only did it consistently aid better clini-
cal decision making it reduced stress levels in families and cost benefits
[20]. Further, novel AI techniques are emerging to evaluate videos with
suspect seizure episodes [21]. This suggests that similar technologies to
Nelli can emerge with the added inclusion of AI to the video capture fa-
cilities which are now reasonably universal. Such developments can
hopefully revolutionize and bring solutions to the current predicament
and challenge of diagnosis and management of seizures in a difficult to
engage population such as some PwID and epilepsy.

5. Conclusion

PwID and epilepsy have significantly worse health outcomes, in-
creased, premature mortality and susceptible to irrational polyphar-
macy compared to their peers without epilepsy or those from general
population with epilepsy [22,23,24,25,26]. It is imperative that new
technologies be evaluated in a safe and ethical manner for the benefit of
this group to improve their holistic outcomes.

There was high acceptability of Nelli in a complex and vulnerable
patient cohort who could not tolerate traditional forms of investigations
including EEGs. While the difficulty to diagnose seizures in PwID is
clear, unfortunately for the aim of diagnosis, there is no gold standard/
index standard with which to confirm accuracy. It would have been
useful to have ambulatory EEG in the studied cohort to use as a compar-
ison but understandably this is a very challenging group to maintain
electrode contact. Also, semiologies in PwID are wildly heterogeneous.
This makes feature extraction and classification limited by other AI
databases in PWE without ID. In this regard, Nelli could offer potential
for assisting diagnosis and possibly better management for improved
safety and better resource utilisation in a difficult to support popula-
tion.
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