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profits from NightWatch will result in research donations from
LivAssured.
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Ratio of multimodality

* better sensitivity
* less false positives

* less tuning
* more seizure types
- fall out of a modality



Downside

 user friendliness
» wearability
 tolerance

* Interference
 battery life

* heating

* cost

» overdetection



L
Algorithm

e 1+1+...
* physiology based
e.g. HRT followed by ACCT = seizure

* multiple classification
e.g. machine learning

partly physiology-based
 deep learning
* self-learning



Modalities in practice

examples: physiology sensor wearable
movement muscle tone autonomic types yes/no
HR+ACC+EMG X X X 3 y
HR+oxymetry X 1 y
ACC+videoframe analysis X 2 y+n
HR from pletysmography and radar X 2 y+n
videoframe analysis+audio X 2 n



Evaluation stages

trials:

— in video-EEG monitoring unit
— gold standard: video-EEG

— In institutionalized care

* neurology ward
 long-stay facility
— gold standard: video, nurse satisfaction

—at home
— gold standard: Qol, caregiver satisfaction

s



L
Published evidence multimodal systems

e Conradsen 2010/2012 ACC + EMG

* Milosevic 2016 ACC + EMG

 Poh 2012 ACC + EDA

* Van de Vel 2016 ACC + video + radar

» Sarkic 2015 HR + EDA

* Goldenholz 2017 HR + OXY

 Cogan 2015 HR + ACC + EDA + OXY

« Arends (t.b.p.) HR + ACC (+ video + audio)



S
Conclusion

 focus on movement and autonomic
response (heart rate)

* multiple sensor types
* none is completely non-wearable
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S
Conclusion

» focus on TC seizures
 generally good sensitivity
 wide range of false detections

 almost all studies overestimate sensitivity
because the algorithm was developed on
the same set of patients (bias)
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e —
Added value

« Poh 2012, TC

SmartWatch Epilert MIT Biosensor
modality ACC ACC ACC+EDA
n 40 31 80

sensitivity 88 (7/8) 91 (20/22) 94 (15/16)

FDR (/8 h) ? (0.04) 0.25

s



e —
Added value

 Milosevic 2016, TC, n=56

unimodal multimodal

4ACC 2ACC EMG ACC+EMG

%sens 73 86 81 91
FDR (/8 h) 0.7 1.3 4.8 0.3
latency (s) 16 19 11 11

s



Examples

GTCS 2 (Patient 2)
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GTCS 10 (Patient 4)
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L
Examples

Heart rate and waveform length

200 = | | I T 1
Heart rate

—Waveform length
150 - —

H R 100 8 ‘ HWW_”

50— —
1 - -]-LLIJ] — d;llj‘..__ I h. . N ll.l . M| |
210712 21:36:00 22:04:48 223336 23:02:24 2331112 00:00:00 00:26:48 00:57:36 01:26:24
Spectral contrast accelerametry

| | | | I I 1 |

nel — Spectral contrast [_
0.6+ —
ACC | |
0.2 [ —

0 wma L bl ALl h Ji.I.J A | ll | il v“ﬂ.u 1 L L L”HLI ‘
| | | | | | | | | |

21:07:12 21:36:00 22:04:.43 22:3336 23:02:24 233112 00:00:00 00:25:48 00:57:36 01:26:24
Time (HH:MM: 55)

Van Andel (tbp)



Conclusion

systems that use different sensors may:
* Improve sensitivity

* reduce false detections

* have better latency

but require difficult algorithms



Remark 1 - seizure types

« Nightwatch, HR + ACC, ‘major motor seizure’

tonl?- tonic h.ype'f' cluster
clonic kinetic
N 22 11 5 14
Median 96% 89% 73% 84%
Min 63% 0% 50% 0%
Max 100% 100% 100% 100%

Arends (tbp) %@



Remark 2 - generic or personalized?

'_|4D T T T T T
-
@ 20F Conradsen 2010
L
Pt 1 Pt2 Pt3

E T T T T T
540 -
g . .
5 o Milosevic 2016
8
=
§ 0 | 1 1 | | 1 1 | |

o 1 2 3 4 5 6 7 8 9 10 11 12

CMiD/4 A=

D S0 —

55

50 4

45
oy WO
£ ] Poh 2012
E 4
gl

40 ] I > 4 5 s rd 8 = (§a] (B ] 12 s 4 15 & B %

MNumber of False Alarms (per 24 k)




generic or personalized?

» our experience (HR + ACC)

— 15-20% of patients account for
>90% of false detections

— same for ACC + EMG
(Conradsen/Milosevic)

— same for ACC + EDA (Poh)
— consequences?



Final conclusions

o future is in multimodal systems
* generic algorithms remain the goal

» probably 15-20% of patients defy
generic algorithms

» focus on major motor seizures, not just
TC seizures (“caregiver in mind”)

* studies should avoid inclusion bias
» studies should go into the field

s



TOWARDS A MULTIMODAL SYSTEM
FOR NOCTURNAL SEIZURE DETECTION

fleijten@umcutrecht.nl

Judith van Andel

NOILLD313a FUNZIIS TYNYNLOON HO4 INILSAS TVAOWILINA V SGYVMOL

[apuy ueA yupny



