Kapitel 8: Beispiele aus der Praxis

Ack: Dank an Doz. Dr. Peter Anderer zur Verfiigungstellung einiger Folien
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Beispiel — Polysomnographie / Schlat-EEG
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Schlafstadien

Stage (per 30 s epoch):
Stage Wake
Stage 1 Neuester Standard
Stage ) nach AASM
Stage 3 (alter Standard nach
(Stage 4) ,,Rechtschaffen & Kales®)
Stage REM

(Stage ,,Movement Time**)

© 2008 Georg Dorffner Signalverarbeitung / Mustererkennung 143



4 01_100.TXT: Apnea (male, 23 gearz)

3 Ui=zual Scorer: BER

Ui=zual Scorer: EMH

Ui=sual Scorer: GRE

: I| |I|"I'I_I'I1Il. TT 1 T Ill L] |||I11 IIIIJ“I I|I|| ||"-
Vizual Scorer: IFM
% Vizual Scorer: MAR

1 11 18 iy 1 mi 1 1 1 1 1 [l | 1 1 1 (M

Ui=ual Scorer: MER

% Ui=zual Scorer: OBE

o merrrnr e mJam i 1 1 LI B | 1 1 i (I} LI LI -

3_1111I‘“ﬂunnuuu:rm-ru1I1T1nlrnnn11uru.r1uT—1Jnﬂur1mn1f""“———rrT1I1Inrnﬂ

Vi=ual Scorer: RIN

1 I'I_I. _-'Illl.““ (L FI1 R 1] -l_-.-_- m [N ] 'I
Ui=zual Scorer: SAC

T T T T T T T T T T T T T T T T T T T
o 1 2 3 4 5 [ 7 = 3 i0 HR

Penzel et al.: Reliabilitat der visuellen Schlafauswertung nach Rechtschaffen und Kales
von acht Aufzeichnungen durch neun Sehlaflabore. Somnologie 7 (2): 49-58, 200%



Probleme der Schlafauswertung

 Hohe Inter-Rater Variabilitat

« Subjektive Komponente (trotz quantitativ definierter
Kriterien)

« Zeitaufwiandiger Prozess

* Geschultes Personal notwendig

— Valide (verldBliche) und reliable (robuste) automatische
Auswertung gefragt
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Ein anwendungsorientiertes Projekt
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Das SIESTA Projekt: Datenbank

*(I1a) STeep spindle database: Resulis of sleep spindle detection

Polygraphic sleep recordings firom two consecutive sleep lab nighis
(7t and 8 night during the examination period of 14 nights), in total
590 sleep recordings

*(I) Polygraphic
recondings on
CD-ROM

Biosignul

*(IIh) Artefact datebase: Examples of visually identified artefacis

Healthy subjects (n = 198) 1: and 274 nights: n = 396

*(IX) Toolkdt for sleep analysis
Continuous plois of the SIESTA sleep analyser

17

Patients (n = 97) 1= and 2" nights: n = 194

*(III) Pspchrometric database: Tests (four times hefore and after
polygraphy): Fine motor activity, short time memory, attention,
conceniration, reaction time, vigilance, subjec tive ratings of "well
heing ™ and mood

*(IIc) Datebase of visual sleep scorings of all sleep recordings
according to the critera of Rechischaffen and Kales (in total 1770

/'
e
\

evening of morning of evening of morning of
day 7 day 8 day 8 day 9
(sleep lah) (sleep lah) (sleep lah) (sleep lah)

sCorings)
Calewlated parameters: 1 . C . 2 .
Respiratory * gcoring ™~ onsensus scoring Loy | "l georing
disturbance index, (n=590) (n = 590) (n=590)

0Q2-saturation index,
periodic limh
movement index, etc.

*

*(AV) Database for clinical and demographic data:
Anamnesis and diagnoses (ICD-10), documentation of life evenis
(AMDP), personality factors, depression, anxiety, quality of life

Data entry
into PC
({double data

entry)

*(¥) Sleep log database: Sleep diary from each subject and patient
over a period of fourteen consecutive nights

+(VII)

*(VI) Activity monitoring dmabase: continuous wrist activity
monitoring over 15 days from all subjects and parily also from
patients, in total approximately 2 900 days

SIESTA
Weh
Interface

*(I-IX) munbers, see text




Die SIESTA-Datenbank
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Siesta Somnolyzer 24x7

aw Data EDF
EMG-(sub)mental
EOG-left & right
EEG-central

A 4

Siesta Spot Report

Table and graphics
PDF

R&K Scores
Hypnogram
EDF
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Methoden zur Mustererkennung

Artifact Minimization: Digital filters, filter smoothers based on autoregressive models!, adaptive noise canceler
with varying weights?, independent component analysis (ICA)3
Artifact Identification: Voltage threshold (overflow check)?, discriminant analysis®, adaptive thresholds (moving

median)®, unsupervised network (NeoART)’, distance rejection’, uncertainty rejection’, automatic
relevance determination8, probabilistic graphical methods®

Delta waves

Period-amplitude anaylsis!?, Spectral analysis, Digital band-pass filter

Sleep spindles

Digital filters!!, Neural networks!2, matched filtering'3, wavelets'4

K-complexes

Neural networks'>, matched filtering!3, wavelets'4, model based detector!®

Vertex sharp wave

Model based detector!®

Alpha waves

Period-amplitude anaylsis!'?, Spectral analysis, Digital band-pass filter

Eye blinks

Decision process based on amplitude and slopes!”

Eye movements

Matched filtering techique!8, Rapidly adapting neuronal fuzzy system!®, Discrete wavelet transform?20,
Period-amplitude anaylsis?!

Tonic EMG

Trimmed root-mean square amplitude

Phasic EMG

Maximal peak-to-peak amplitude

ILarsen and Prinz (1991); 2Sahul et al. (1995); 3Roberts (1998); 4Schlogl et al. (1999);

5Anderer et al. (1999); 6Brunner et al. (1996); “Schaltenbrandt et al. (1993, 1996); 8MacKay (1995);
9Jensen (1996); 10 Ktonas and Gosalia (1981); 11Schimicek et al. (1994); 2Huuponen et al. (2000);
13Jobert et al. (1992); 14Jobert et al. (1994); 15Strungaru and Popescu (1998); 16Da Rosa et al. (1991);
17Anderer (2002); 18Hatzilabrou et al. (1994); 1®*Wallner (1996); 29Tsuiji et al. (2000); 21Tan et al. (2001)
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Automatic sleep spindle detection

Record: BOOMAOS

Step 1 (Step 2: LDA)
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Amplitude [uY]

Amplitude [uh]
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Automatic K-complex detection

20 seconds ravw EEG, Channel C2-M2
T
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Delta-filtered signal
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Automatic K-complex detection
Step 2

signal
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Results of the validation

Sleep spindles:

 Validation:

Sensitivity: 86% Specificity: 85%
* Per experts:

Sensitivity: 77-92% Specificity : 76-90%
* Per recording lab:

Sensitivity: 74-94% Specificity: 83-88%
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Results of the validation

K-complexes:

 Validation:

Sensitivity: 88% Specificity: 87%
* Per experts:

Sensitivity: 78-94% Specificity : 80-93%
* Per recording lab:

Sensitivity: 80-92% Specificity : 73-93%
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e (1) Explicit knowledge (e.g. slow waves speak for S3 or
S4)

e (2) Implicit knowledge (e.g. S4 usually does not follow S1
directly)

* (3) Smoothing rules (start and end of stage REM, 3-min
rule for S2)
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Scoring durch Expertensystem

REM| (WAKE] (S1] WAKE
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Performanz
(Validierungsset, 285 Aufnahmen, 270.100 Epochen)
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vs. Scoring 2 24x7vs. Scoring24x7 vs. Scoring 24X7 vs. 24x7 vs. Scoring 24x7: QM1 yvs.
1 2 Consensus lor2or QM2
Scoring Consensus

Anderer et al., Neuropsychobiology 2005;51(3):115-33
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Ein detaillierter Vergleich

Table 10. Overall agreement (%) between Somnolyzer 24 % 7 and human expert consensus scoring as compared with the overall agree-
ment between human expert scoring 1 versus scoring 2 for different subgroups of the Siesta validation database

Controls  Controls Apnea Monorganic Parkinson
(n=186) patients  insomnia  disease
=50 (n=27) (n=14)

<40 years 40-59 years >60 years
(n=357) (n=63) (n=a6)

Expert scoring 1 vs. scoring 2 71.6 8l.6 78.0 73.9 73.7 B0.8 717
Somnolyzer 24 x 7 vs. consensus scoring 80.4 84.2 81.9 75.8 75.6 85.6 73.1
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Performanz anhand Schlafparameter
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Einsatz in der Praxis

« Server-basierte Losung (,,e-health®)

Client for Viewer to
communication i
: display and
with the server ch';clzlthe
at the sleep processed

processing

processing user-
center

Interface

| [
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Module | Module |

I Sl '
3 Data <= et 2> Sleep I —

Reporting & l Module Jl
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(downloadable)

results

Sleep data - raw (EDt")

|
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Sleep data - processed

Client
software

[ TSG Server ]
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Weitere Forschungsrichtung

 Nachteil der Schlafstadien:

— Sehr grobe Auflosung

— Keine ,,Mikrostruktur des Schlafs*

— Einteilung in Stadien relativ willkiirlich

— Schlechte Entsprechung mit subjektiven Parametern

— Kontinuierliche Schlafmodellierung
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Kontinuierliches Schlatmodell
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Hierarchisches GMM

/P/(/g/fl*) _— p(gz)? S p(ng) group priors,i=1 ...K

oy Hjp 27 %y Mjp 25 e O WGy 2 Q
12G, 126, i2G, | number of components

/\/\ mixing proportions

means, covariances

Stepl: train mixtures of individual classes, set group priors

Step2: unsupervised (semi-supervised) reshuffling, keep
structure

Output: probabilities to be in each stage
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Kontinuierliches Schlafprofil
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Korrelationen mit subjektiven Parametern

an Pl L] c_eff -0.538 -0.303 rk_eff -0.542 -0.427
L S e
S e e I N R I R e c_wake_tsp 0.527 0.255 rk_wake_tsp 0.517 0.411
Eetee e e s ¢_rAUC_wake 0.529 0.353
‘ 1l N L I c_sl tst 0.328 0.144 rk_si_tst 0.332 0.375
1 o | 1 . 27
Aol AR c_rAUCL sl 0336 0275
: M WWWM MMWWWWW c_s2 -0.303 -0.103 rk_s2 -0.325 -0.205
3 wk — c_rAUC_s2 0311 0,052
lm L ‘ ‘ rk_sé -0.245 -0.354
c_rAUC2_deep -0.401 -0.220
c_rAUC1_deep -0.396 -0.121
¢_rAUC_deep -0.289 -0.198
c_fw 0.300 0.208 rk_fw 0.213 0.351
Correlations with the night differences subjective
Sleep Quality Index
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Schlafmuster als ,,Fingerprint*?
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200211
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* Methoden der Signalverarbeitung bewahren sich in der
klinischen Praxis

* Automatisierte Auswertung als Unterstiitzung des Arztes
* Qualitatskontrolle notwendig

» Signalverarbeitung kann Zugiange zur Information 1m

Signal bieten, die dem menschlichen Auge verborgen
bleibt
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