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Abstract

The reliability of Electroencephalography (EEG) measurements on normal human neurophysiology can be used to determine
whether changes in brain electrical activity in subjects with neurological diseases have potential in the diagnosis or follow-up
of the patients, being more crucial in neurodegenerative diseases where reliable measures across time might be needed. The
objective of this study is to report the reliability of relative band powers extracted from a two-year four-session resting-EEG
longitudinal study conditioned by an automated pipeline that leverages state of the art EEG signal-processing approaches
involving ICA, wavelet-ICA, and normalization by a recording-specific constant. The Intraclass Correlation Coefficient (ICC)
was used as a measure of reliability. Similarly, to assess the association between age and relative performance. The results of
the ICC for EEG data acquisition and preprocessing process showed high significant reliability, where an average ICC of 0.91
=+ 0.04 was obtained for neural related Independent Components (ICs) and 0.92 £ 0.03 for ROIs (p-value < 5% for all data).
This study shows that after performing four EEG recording sessions for 43-subject, the recorded measurements were replicable,
and the correlation of relative power with the age of healthy subjects is consistent with the literature. These results suggest
that relative power measured from EEGs preprocessed with the automated pipeline is a replicable metric across sessions, and,
consequently, is useful for the study of relative power changes caused by the progression of neurodegenerative pathologies such

as Alzheimer’s disease.

Hosted file

Tackling EEG test-retest reliability.docx available at https://authorea.com/users/624863/
articles/647023-tackling-eeg-test-retest-reliability-with-a-pre-processing-pipeline-
based-on-ica-and-wavelet-ica


https://authorea.com/users/624863/articles/647023-tackling-eeg-test-retest-reliability-with-a-pre-processing-pipeline-based-on-ica-and-wavelet-ica
https://authorea.com/users/624863/articles/647023-tackling-eeg-test-retest-reliability-with-a-pre-processing-pipeline-based-on-ica-and-wavelet-ica
https://authorea.com/users/624863/articles/647023-tackling-eeg-test-retest-reliability-with-a-pre-processing-pipeline-based-on-ica-and-wavelet-ica

Raw EEG
Pre-processing pipeline

- PREP
Detection and interpolation
Eobust Average Helerence — of bad
1
-

Epoch segmentation  4—— FIR high-pass filtering (1Hz)

!

wavelet-1CA — FIR low-pass Gltering (50Hz)
— Bad Epochs Removal
|
!'ilzmlll
l Record-specific constant Diata Normalization
FIR filtering low-pass (20Hz) constant EEG signal divided by the
a copy of the EEG signal f
l _1 Spectral Analysis
Robust standard deviation of
each channel Computation of relative power using:

- [ ]




@9 @D /
._.-.—"
le—15 Original
6
4
2
0 r T T T T T
le-16 Processed signal
2.0 1
1.5 A
1.0
0.5 1
0.0 . :
le-5 Normalized Huber
1.00 A
0.75 A
0.50 1
0.25 1
0.00 . . : i :
0 10 20 30 40 50 60

Frequency [Hz]



Original

le-15
3 *
2 B
1 E
D ] T T T T T
le—16 Processed signal
2 o
17 /\—&
D 7 T T T T T
le-5 Normalized Huber
2 -
1 B
D ] T T T T T
0 10 20 30 40 50 60
Frequency [Hz]
ICC(3,k) for ICs in frequency bands ICC(3 k) for ICs
08
06
4]
o
04
02
00
delta theta alpha-1alpha-2 betal beta2 beta3 gamma c14 €15 €18 C20 C22 C23 C24 C25
Bands Neural Component
a b
ICC(3,k) for ROls in frequency bands ICC(3,k) for ROIs

C

08 08
06 06
8 8
T04 ~04
02 02
00 0.0

delta theta alpha-1alpha-2 betal beta2 beta3 gamma
Bands




Repeated measures correlation for Repeated measures correlation for

05 component C23 in the delta band component C25 in the beta2 band
012 )

04 010 N
> ‘6 N ln_l o
K 2 03 % o0s N
E 2 g2
= o 3
= 2 2 008
= @
2 g 02 3
- -4 T oos
g o1 002
= 0.00
A 20 25 30 3 40 45 50 55 60 20 2 30 3 40 45 50 56 60
=l Age Age
g a b
; Repeated measures correlation for Repeated measures correlation for
2 ROI PO in the delta band ROI PO in the alpha-1 band
g 0.40 08

N

035
& 05
g 0.30 /

[ v/t . .. [ -

= E . / z 04 . : ceo
2 3 025 . / g . COAr S .
g 8 . . . A ¢
@ o © N X N \\ . N
a 2 020 . Z 03 . CE . AN Y
< o .t & . \\ . .. \
R T . [} \ \ S AN
z T 015 / i/ /f < g, N N\ -

.10 f // -/ . . NS . he

y 0.1 .

- 005 : / N
= 20 25 30 35 40 45 50 55 60 20 25 30 35 40 45 50 55 60
z Age Age
5 a b

7
%

pe

its reserved. No reuse withot

Al ri

author /funder

The copyrig

osted on



