Increased Phase-Amplitude Coupling In Parkinson's Disease: Evidence from Source Localized Electroencephalography
Ruxue Gong'¢, Mirko Wegscheider?, Christoph Muhlberg?, Vadim Nikulint, Thomas Knoesche*!, Joseph Classen*2

1. Max Planck Institute for Human Cognitive and Brain Sciences, Leipzig, Germany
2. Clinic and Polyclinic for Neurology, University Hospital, University of Leipzig, Leipzig, Germany

",; MAX PLANCK INSTITUTE

FOR HUMAN COGNITIVE AND BRAIN SCIENCES

Introduction Results

Enhanced phase amplitude coupling (PAC) between beta Figure 1 Figure 2 Figure 3
activities (13-30Hz) and broadband gamma (50-150Hz) . > PAC for the interaction between different Pairwise PAC Matrix  Welighted average ICA
oscillations has been suggested to be an electrophysiological A. Enhanced PAC in source located M1 of ts (PAC topograph
. . | . . PD patients compared with controls. components ( inter) o E ' pography
biomarker of Parkinson’s disease (PD) which could be « 105 . < 10
- - - : — : ——Patients —
obtained with non-invasive scalp electroencephalography ¥ Patients Controls 10 6  controle 3 & 8 T L
(EEG) [1]. It may provide Insights into the pathophysiology of 2 3 = Q | = oz ;g . . 6 =2
PD and represent an essential role for developing state- O 3 'f . i x p<0.05 o EN et N R4 E 2
. . . . . . = — '
informed non-invasive brain stimulation (NBS) treatment. D 2 g EE_Q r Q o xx p<0.01 S 2 20
. .. : : S 0 =" 1 % — E O o 0
However, the spatial origin and underlying mechanism of PAC = 1 S | L Comp n providing
are still obscure, limiting the possible use for understanding 9 5 0 BLPEC BWiC SA3 BA12 beta phase Beta  Gamma
- 2 0 o . _
and treating PD. € 10 20 30 10 20 30 8 > PAC for |dent|cal component (PAC.,..) - p=0.05
< Phase frequencies (Hz) « 104 | P
Method 15 0 S '
| » Beta-gamma 26
Participants %D_ = topographic similarity §421
*Nineteen PD patients were recruited (age: 60.89+10.80). B. PAC spatial specificity on c . within subjects 00 e oas oo ooe
Twenty sex and aged-matched healthy controls (age: hemisphere contralateral to 2° Q Q ) Similarity
62.55+7.85) patients’ more affected side. $ H | |
_ | 0 ST PEC PMC BA 12 Patients Beta Patients Gamma
EEG Recording ——Patients 0,05 60/ 60
64 channels EEG signals were recorded in 5min resting £ x 104 ——Controls Correlation between PAC and clinical scores 40 B 40|
state, 2000Hz sampling rate e ) gx 10 L X 10° X 10- v 20 20|
O Qos| i - 4 S % o5 1% o5 1 »>Topographic
ROIl-based source analysis L15f — . - - - A ' g2 .t &3l 3 | | o
DE_ = ; - 0.4 : . % 1 / g ; O 60'f.')f.:]nnltr-:mls Beta 6%0ntr0ls Gamma S|m|Iar|ty ACIOSS
e Tri o | | 02— & Coqfe e it : subjects
' ED5'B Q . i Loc 7 % | 5 ‘1"0 5 %9 5 10 15 ”&" 5 "170‘ i5 0 0
monsors x Tme ) 1 é % Ifl Ei]:s i' é El — UPDRS hemi-score UPDRS hemi-score UPDRS hemi-score 20 20
Electrode Positions Structg___r_al Image | ' | ' ' |
L DLPFC PMC M BAS BA1.2 ® Contralateral hemisphere ®lpsilateral hemisphere 00 0.5 1 00 0.5 1
Similarity
0 Preprocessing
|ICA removing eye
movement, heart beat, Pairwise PAC
. - line noise "
CoreQiStrétibn HCP Atlas Lx\ I CO n C I u S I O n R ef e r e n C e
\ e Artifacts-removed  Artifacts-marked - _ _ _ o The results were reproduced from the paper “Spatiotemporal
P ! l To sum up, our findings suggest that 1) Enhanced PAC in Parkinson patients originates from the features of B-y phase-amplitude coupling in Parkinson’s
RO Leadfield Data Lovariance ] oures signate. coupling in several brain regions involved in motor and cognitive control (Figure 1). 2) Only the disease derived from scalp EEG”, accepted by Brain
Sensors x Sources Sensors x Sensors Sources x Time COUp|Ing from dlﬁereﬂt ICA COmpOnentS appears to have pathophySIOIOglcaI S|gn|f|Cance, [1] Swann NC, et al. Elevated SynChrony In Parkinson disease
| i . . . . de-tected with electroencephalography. Annals of neurology,
\ suggesting that therapeutic approaches breaking the abnormal lateral coupling between neuronal 2015
| ‘ Seomfomerta A on sourcs sioma circuits may be more promising than targeting PAC per se (Figure 2&3). 3) With the development of 2] Oostenveld R, et al. FieldTrip: open source software for
docompostion |7 Source Signal o Chaining ICA real-time beamforming technique, it is promising to combine EEG with NIBS for treatment of | |advanced analysis of MEG, EEG, and invasive electro-
Parkinson patients at individual level in future clinical appliance (Figure 3). physiological  data. ~ Computational  intelligence  ana

neuroscience 2011.




