
Michel  LE VAN QUYEN

Centre de Recherche de l'ICM
INSERM UMRS 975 - CNRS UMR 7225

Hôpital de la Pitié-Salpêtrière,
47, Bd de l’Hôpital, 75651 Paris Cedex 13, France.

��������	
� ��

 ��
	������

���� ��
���
��
���
� �����
���
���




��������	
���
���
	
�����
��
����
����
������������
		��
����
������������
��

��������
�������
�����	�
��
��	
��

����
����������
���

�
�
��	���
��

��������� 
���������
�
��



�����
�������
�����	�
��
��	
��

����
����������
��

� �	��������� ��	
�

� ����
����	�
��
�
�	����
�

� ����
�� ������	����
� �
���
	



!���
���
�	
�
	������
��
		�����
		��
������
��	

� �



!�	

����
�� �
���� ��� ��	�
�
"#�!���
��	
���#�$#�%�
��

PNAS | December 19, 2006| vol. 103 | 19219-19220



&�
	������'������
���	�����	� �
�

�
�

�
��

� �
�

	

 �

� �



������

���������

	
����

��� � 
 � � � �� �
 
 ��

��������
�������

�������	����
�������

Linear Stochastic 
Processes  (Gaussian)

Self-Organized 
Criticality (SOC)

Low-Dimensional 
Deterministic Chaos

Stochastic 
Resonance 

oscillations

?

� � � � � � 	 � � � � � � � 


From Thomas Schreier
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Network

Cell

Switch from UP/DOWN to persistent-UP state induced by single-neuron burst spiking
Cheng-yu et al., Science 324, 2009
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Modification of discharge patterns of neocortical neurons by induced oscillations of the membrane potential
Volgushev M et al., Neuroscience 1998 83:15-25
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DOWNWARD CAUSATION



High gamma power is phase-locked to theta oscillations in human neocortex. 
Canolty, R. et al., Science, 313: 1626-1628, 2006. 
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Large-scale / low frequency oscillations can have an 
influence on a local scale by enslaving local high-

frequency oscillations. 

DOWNWARD CAUSATION
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Working hypothesis: Networks of multi-level oscillations
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Large-scale microelectrode recordings 
of gamma oscillations 

in human cortex 

Michel Le Van Quyen, 
Richard Staba, Anatol Bragin, Itzhak Fried, Jerome Engel Jr.

Neurology Department, David Geffen School of Medicine at UCLA, Los Angeles, USA
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-First principle: Biological functionality is multi-level

-Second principle: Transmission of information is NOT one-way

-Third principle: There is no privileged level of causality

in neuronal systems (multi-level analysis is therefore necessary)

Need to work in an integrative way at all levels…

From Denis Noble



Rosetta Stone of brain dynamics
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