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Objective: There is a pressing need for reliable automated seizure detection in epilepsy care. Performance evidence on
ambulatory non-electroencephalography-based seizure detection devices is low, and evidence on their effect on care-
giver’s stress, sleep, and quality of life (Qol) is still lacking. We aimed to determine the performance of NightWatch, a
wearable nocturnal seizure detection device, in children with epilepsy in the family home setting and to assess its impact
on caregiver burden. Methods: We conducted a phase 4, multicenter, prospective, video-controlled, in-home NightWatch
implementation study (NCT03909984). We included children aged 4-16years, with >1 weekly nocturnal major motor
seizure, living at home. We compared a 2-month baseline period with a 2-month NightWatch intervention. The primary
outcome was the detection performance of NightWatch for major motor seizures (focal to bilateral or generalized tonic-
clonic [TC] seizures, focal to bilateral or generalized tonic seizures lasting >30s, hyperkinetic seizures, and a remainder
category of focal to bilateral or generalized clonic seizures and “TC-like” seizures). Secondary outcomes included care-
givers’ stress (Caregiver Strain Index [CSI]), sleep (Pittsburgh Quality of Sleep Index), and QoL (EuroQol five-dimension
five-level scale). Results: We included 53 children (55% male, mean age =9.7 + 3.6 years, 68% learning disability) and analyzed
2310 nights (28 173 h), including 552 major motor seizures. Nineteen participants did not experience any episode of interest
during the trial. The median detection sensitivity per participant was 100% (range = 46%-100%), and the median individual false
alarm rate was .04 per hour (range =0-.53). Caregiver’s stress decreased significantly (mean total CSI| score=28.0 vs. 7.1,
p =.032), whereas caregiver’s sleep and QoL did not change significantly during the trial. Significance: The NightWatch system
demonstrated high sensitivity for detecting nocturnal major motor seizures in children in a family home setting and reduced

caregiver stress.

Commentary

I have been recommending seizure detection device/s (SDD) in
my pediatric epilepsy practice for many years with mixed feed-
back. Undetected seizures and false alarm rates are main rea-
sons to give up its use.

How Do You Choose the Best SDD for Your
Patient?

While treating epilepsy with anti-seizure medication (ASM),
I can rate and compare performance of said ASM based on
published rates of efficacy, adverse effects, cost, and so on.
The option of choosing from different SDDs while being
able to compare and contrast them on level grounds does
not yet exist.

How Should We Thus Counsel Parents/Caregivers When
Prescribing an SDD in 2023? Will the SDD Detect All
Seizures? Will It Prevent SUDEP? Will It Help in Reducing
Caregiver Stress, Improve Caregiver Sleep? Will It Be
Cost Effective?

After the first International Congress on “Mobile Heath
Devices and Seizure Detection in Epilepsy” was held in Copen-
hagen in 2017; a paper detailing standards of testing and clin-
ical validation of SDDs was published.! These standards are
noted in Table 1. Similar to drug trials; a phase 3 SDD trial is
designed to detect efficacy and safety while a phase 4 trial
qualitatively evaluates SDD implementation in the patient’s
home. Based on a systematic literature search up to 2019;
clinical practice guidelines in the use of SDD were published
in 2021.% This paper highlighted areas of further SDD research
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Table |. Table for Epilepsy Currents Adapted From Reference |
With Permission.”

Phase of study

Study design 0 I 2 3 4
Subject characteristics
Simulation/healthy + +- - - -
Patients with sz (n) — > >I10 >20 >50
Seizures (n) — > >I15 >30 >75

Recording characteristics

Conventional I
Dedicated device +— +- +  + +
Continuous +—= += - +  +
Multicenter +/— +/— +/— + Na
Offline/retrospective + + + - —
Analysis and alarms
Trained and tested using dataset + + 4+ - -
Predefined algorithm and cut off valuess - - - + +
Real time — — -+ x
Blinded — — — + o+
Reference standard
Video/Video EEG +- + 4+ 4+ -
Patient/Caregiver input - - - = -

Abbreviations: +, means compulsory; +/— means optional; Na, means not
applicable; —, means excluded.

?Standardization of Clinical Testing and Validation of Seizure Detection
Devices: Study Phases.

Note that as the robustness of the studies goes up from phase 0 to phase 4:
I. numbers of patients go up.

2. the recordings move from conventional methods to using a dedicated
SDD in continuous, multicenter, blinded fashion.

3. Analysis is done using a predefined algorithm with cut off values initially in
an unblinded and asynchronous (after the recording) to real-time and
blinded fashion.

4. The reference standard for corroborating events moves up from
caregiver or patient to video or video plus EEG recordings.

(continued)

needed to evaluate meaningful clinical outcomes like overall
morbidity, seizure quantification, and quality of life. Addition-
ally, a call was made to conduct more phase 4 studies to
critically assess performance of the SDD with respect to false
alarm rates, costs, and assessment of patient perspectives.

Most non-EEG SDDs have algorithms based on multimodal
signals from accelerometry, photoplethysmography, electro-
dermal activity, or heart rate in some combination. It is also
suggested that there should be some way to compare data qual-
ity from all these signals using a multimodal signal quality
index to facilitate comparison among different SDD studies.

Recently, a first of its kind, phase 4 SDD study in pediatric
patients was published in Epilepsia by Anouk Westrhenen et al
on behalf of the Dutch Epilepsy Consortium.* This study called
the PROMISE trial (Promoting Implementation of Seizure
Detection Devices in Epilepsy) satisfies all the above recom-
mendations in SDD research.

The Dutch group first conducted a phase 4 study of an SDD
called NightWatch in adults. NightWatch combines 3 dimen-
sional accelerometry and photoplethysmography to detect
seizures, while concomitant video recording and seizure diaries

AN I

provide confirmation. This pivotal out of hospital study was
conducted in adults living in a supervised residential facility.’
After detecting an acceptable sensitivity (86%) and false alarm
rate (0.2/night), a validation study of NightWatch in children
was conducted using the same adult algorithm; but found
unacceptable false alarm rates (0.2/h) due to excessive motion.®
The adult algorithm was therefore adapted for pediatric use.
NightWatch was programmed to alarm if excessive motion was
detected in the horizontal plane (eg, motion while sleeping but
not when sitting up in bed moving arms).

The PROMISE trial was conducted to validate this adapta-
tion while also researching outcomes of caregiver strain, cost,
and caregiver sleep. Patients (ages 4-16 years) with at least 1
major motor seizure per week were recruited from 4 tertiary
epilepsy centers. Patients were monitored in their home for
4 months (2 months baseline and 2 months of wearing Night-
Watch to sleep). Parents kept seizure diaries of events
throughout. The primary outcomes included sensitivity, F1
performance, positive predictive value, and false alarm rates.
Secondary outcomes included quality of the data signal as well
as impact of NightWatch on caregivers’ sleep, stress, and
quality of life using validated questionnaires.

Data from 51 patients, 552 seizures, and 2310 nights were
assessed: assuring robustness of results. Data from 2 of the 53
total recruited patients was excluded in the performance anal-
ysis due to loss of video or recordings of insufficient quality.
Although overall sensitivity of NightWatch was 89% (492 out
of 552 seizures correctly identified); median sensitivity per
participant for major motor seizure identification was 100%
for tonic—clonic seizures (range 71%-100%). NightWatch
detected other major motor seizures with high sensitivity per
participant: tonic seizures > 30 seconds:100% (range
0%-100%), hyperkinetic seizures:75% (range 0%-100%), and
other motor seizures:100% (range 0%-100%). Median false
negative alarm rate per participant per hour was 0 (NightWatch
missed a total of 60 seizures). A total of 1642 false positive
alarms were identified but median false (positive) alarm rate
per subject per hour was 0.04. In the post hoc analysis; chil-
dren with developmental delay were found to have greater
false alarm rates. As far as quality of data was concerned;
approximately 10% (241/2551) of the recorded nights were
excluded from analysis due to a combination of insufficient
video data (n = 159); computer storage issues (n = 51), inad-
equate heart rate signal (n = 27); lost connection with the base
station (n = 2) or children being out of bed (n = 2). Adverse
effects were mild skin irritation (n = 8).

Authors also published secondary outcomes through
validated questionnaires. However less than 50% of parents/
caregivers completed the online questionnaires regarding care-
giver stress, sleep, and quality of life. During the intervention
period there was a statistically significant reduction of care
giver stress, but sleep and quality of life scores did not change.
When offered the chance to buy the NightWatch at the end of
the trial at half the price; only 32% agreed.

To further assess perceived value, authors conducted a sep-
arate in-depth interview of 23 parents of 19 children from the
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PROMISE trial to gauge their experience using this SDD.’
Authors concluded that perceived value of an SDD is deter-
mined by a very complex interplay of factors. The amount of
assurance from an SDD is balanced against the ability of par-
ents to tolerate the extra burden of care. This extra burden
comes from the added cost of the device along with the intru-
sion of false seizure alarms or technical alarms.

In conclusion, we have come farther since the systematic
analysis by Beniczky and Jeppesen,® which stated that SDD
accuracy for detection of seizures other than generalized
tonic—clonic seizures is poor, many SDDs have high false
alarm rates and unvalidated devices perform poorly. Westrhe-
nen et al have now validated NightWatch in pediatric patients
and it performs reasonably well in detection of non-tonic-
clonic seizures too. This study shows the systematic steps
needed to truly validate an SDD, making necessary adaptations
for best outcomes.

We do not yet have a device that can predict or prevent
SUDEP. More studies will continue to bring us closer to our
goal of implementing a reimbursable SDD as standard of care
to guide medical decisions.

Charuta Joshi, MBBS, FAES, CSCN(EEG)
Department of Pediatrics,
UTSW, Childrens Health, Dallas

ORCID iD

Charuta Joshi, MBBS, FAES, CSCN(EEG)
0003-4502-7242

https://orcid.org/0000-

Declaration of Conflicting Interests

The author declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

References

1. Beniczky S, Ryvlin P. Standards for testing and clinical validation
of seizure detection devices. Epilepsia. 2018;59(Suppl 1):9-13.

2. Beniczky S, Wiebe S, Jeppesen J, et al. Automated seizure detection
using wearable devices: a clinical practice guideline of the Interna-
tional League Against Epilepsy and the International Federation of
Clinical Neurophysiology. Clin Neurophysiol. 2021;132(5):
1173-1184.

3. Béttcher S, Vieluf S, Bruno E, et al. Data quality evaluation in
wearable monitoring. Sci Rep. 2022;12(1):21412.

4. van Westrhenen A, Lazeron RHC, van Dijk JP, Leijten FSS, Thijs
RD. Multimodal nocturnal seizure detection in children with
epilepsy: a prospective, multicenter, long-term, in-home trial.
Epilepsia. 2023;64(8):2137-2152. doi:10.1111/epi.17654

5. Arends J, Thijs RD, Gutter T, et al. Multimodal nocturnal seizure
detection in a residential care setting: a long-term prospective trial.
Neurology 2018;91(21):2010-e2019.

6. Lazeron RHC, Thijs RD, Arends J, et al. Multimodal nocturnal
seizure detection: do we need to adapt algorithms for children?
Epilepsia Open. 2022;7(3):406-413.

7. van Westrhenen A, de Lange WFM, Hagebeuk EEO, Lazeron
RHC, Thijs RD, Kars MC. Parental experiences and perspectives
on the value of seizure detection while caring for a child with
epilepsy: a qualitative study. Epilepsy Behav. 2021;124:108323.

8. Beniczky S, Jeppesen J. Non-electroencephalography-based
seizure detection. Curr Opin Neurol. 2019;32(2):198-204.


https://orcid.org/0000-0003-4502-7242
https://orcid.org/0000-0003-4502-7242
https://orcid.org/0000-0003-4502-7242
https://orcid.org/0000-0003-4502-7242
https://orcid.org/0000-0003-4502-7242
https://orcid.org/0000-0003-4502-7242

	Seizure Detection Devices in Children: One Step Closer
	Commentary
	How Do You Choose the Best SDD for Your Patient?
	How Should We Thus Counsel Parents/Caregivers When Prescribing an SDD in 2023? Will the SDD Detect All Seizures? Will It Prevent SUDEP? Will It Help in Reducing Caregiver Stress, Improve Caregiver Sleep? Will It Be Cost Effective?

	ORCID iD
	Declaration of Conflicting Interests
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


