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1.Experimental design of event-related FMRI

fMRI event-related design Event-related
design
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Innovation Approach to detecting connectiity in multivate time series

Andreas Galka
Institute of Statistical Mathematics
Department of Prediction and Control

This talk presents a new approach to inferring the connectivity structure
of spatially extended dynamical systems (such as brain) by estimating
mutual information between pairs of sites, based on spatiotemporal data
sets (such as fMRI). This approach is based on explicit temporal and
spatial modelling steps which aim at removing approximately all spatial
and temporal correlations, i.e.¥ at whitening the data, such that it is
replaced by spatiotemporal innovations; thereby a link to the
maximum-likelihood method is provided and, for appropriately chosen
models, the problem of having to estimate probability distributions of
unknown shape is removed. Consequently mutual information can be
reinterpreted in the framework of dynamical model comparison, since it is
shown to be equivalent to the difference of the log-likelihoods of coupled
and uncoupled models for a pair of sites. The practical application of
this methodology is demonstrated by employing a simulated data set
generated by a stochastic coupled-map lattice.



3 Fusing EEG and fMRI based on a bottom-up model: Inferring activation and
effective connectivity in neural masses

Riera J., Aubert E., lwata K., Kawashima R., Wan X., Ozaki T.
NICHe, Tohoku University

The elucidation of the complex machinery used by the human brain to segregate and
integrate information while performing high cognitive functions constitutes a subject of
imminent future consequences. The most significant contributions in this field, named
cognitive neuroscience, have been achieved up today by using innovative neuroimaging
techniques (such as EEG and fMRI), which measure variations in both time and space
of some interpretable physical magnitudes. Extraordinary maps of the cerebral
activation involving function-restricted brain areas and their graphs of functional
connectivity have been obtained from EEG and fMRI data by solving some sort of
spatio-temporal inverse problems, in which constitutes a top-down approach. However,
in many cases, a natural bridge between these maps/graphs and the causal
physiological processes is lack, originating some misunderstandings in their
interpretation. The recent advances in the comprehension of the underlying
physiological mechanisms associated to different cerebral scales have provided to
researchers with an excellent scenario to develop sophisticated biophysical models
that permit an integration of these neuroimage modalities, which must share a common
etiology. In this paper, a bottom-up approach, involving physiological parameters in
specific mesocopic dynamical equations, is proposed. Further observation equations
encapsulating the relationship between the meso-states and the EEG/fMRI data are
obtained on the basis of the physical foundations of these techniques. A methodology
for the estimation of parameters from fused EEG/fMRI data is also presented. In this
context, the concepts of activation and effective connectivity are carefully revised.
This new approach permited us to examine some future prospects for the integration of
multimodal neuroimages



4.Linear vs nonlinear influences of EEG rhythms on the fMRI

Fumikazu Miwakeichi(1), Pedro A. Valdes-Sosa(2), Jorge Bosch(2),
Hiroaki Mizuhara(1), Yoko Yamaguchi(1)

(1) RIKEN Brain Science Institute, Lab. For Dynamics of Emergent
Intelligence

(2) Cuban Neuroscience Center

Concurrent EEG/fRMI offers the potential for achieving information about
brain function with simultaneous high spatial and temporal resolution. One
approach takes advantage of the temporal fluctuations of the EEG frequency
spectrum by using its envelope as a reference signal in order to identify

that portion of the BOLD signal related to oscillatory networks [Goldman et
al.(NeuroReport 2002); Laufs et al.(Neurolmage 2003)]. We have recently
shown that multi-linear statistical methods allow a fruitful exploration of
these EEG/fMRI relations. Miwakeichi et al.[Neurolmage 2004] showed that
Parallel Factor Analysis (PARAFAC) can perform a time/frequency/spatial
(T/F/S) atomic decomposition that identifies fundamental modes of
oscillatory EEG activity. Martinez et al.[Neurolmage 2004] then went on to
relate these modes to spatial components of BOLD signal changes. A
limitation of all these studies is the assumption of a linear relation of

the EEG with a “standard” hemodynamic response function (HRF) modeled as a
sum of gamma functions. This study will examine these assumptions.

The EEG of a subject was obtained for every 30 seconds during two
conditions: resting and mental arithmetic task; and then transformed into a
three dimensional T/F/S data set by a Morlet wavelet transform. The temporal
signatures of the alpha and theta atoms were used to predict the BOLD
signal. The model used for prediction was a semi-parametric auto-regression
[Speckman(J. Roy Stat. Soc. B 1988)],. This allows the separation of the HRF
into purely linear and nonlinear portions and to test which parts are

present in the data. Additionally the nonlinear part is estimated
non-parametrically, which allows examination of the type of nonlinearity

that underlies the HRF. A segmentation of the brain into regions in which
the HRF is linear and nonlinear will be shown.



5. Rhythm networks for cognitive processing revealed by a simultaneous
fMRI and EEG

Hiroaki Mizuhara®, Li-Qun Wang?, Koichiro Kobayashi***, Yoko Yamaguchi®*
'RIKEN Brain Science Institute, “Tokyo Denki University, *lwate University, “CREST,
JST

A number of electrophysiological and noninvasive brain measurement studies in rodents
and humans have suggested the importance of phase synchronization in theta rhythm,
local field potential oscillation in 4- to 8-Hz, in cognition, behavior and memory. Theta
rhythm activities known to distribute over various cortices might integrate distant
regions into a task-dependent coherent ensemble. In this paper, we hypothesize that
phase synchronization of scalp electroencephalography (EEG) theta rhythm can index
distant regional activities integrated with theta oscillations measured by functional
magnetic resonance imaging (fMRI). By using simultaneous EEG and fMRI, we
developed a method to abstract blood oxygen level dependent (BOLD) signals
associated with the EEG phase synchronization. Firstly we identified phase
synchronization indexes (PSl) of each pairs of EEG electrode by computing the angular
dispersions of the phase differences, and tested the task-dependent increase of phase
synchronizations during a mental arithmetic task relative to that during the eye close
resting. Based on the EEG PSI, we estimated the BOLD responses (expected BOLD) by
convoluting the hemodynamic response function (HRF) to the time series of the EEG
PSI. Thus, here we assumed that the long-range phase synchronization accompanied the
local neuronal activities in the distant cortical regions, and the BOLD responses
occurred after the proper neuronal activities with a time delay, which was decided by
HRF. The regression values were computed between the measured BOLD and the
expected BOLD. The results showed that long-range theta synchronization concerns
with integration of a distant cortical network for cognitive task processing where
positive and negative BOL D responses cooperate together.
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8.Decoding the perceptual and subjective contents of the human brain

Yukiyasu Kamitani
ATR Computational Neuroscience Laboratories

The conventional approach of neuroimaging examines how the brain
"encodes" stimuli or cognitive states by mapping brain activity induced
by experimental conditions. Here, | present a "decoding™ approach where
neuroimaging signals are used to predict, or decode, internal states of
the subject. Unlike the conventional mapping approach, which localizes
brain functions in an anatomically meaningful way using univariate
statistics, our approach aims to extract information from apparently
meaningless patterns of signals from multiple channels using
statistical learning algorithms. I show that functional magnetic
resonance imaging (fMRI) can measure reliable patterns of visual
cortical activity that accurately predict the orientation of stimulus
gratings, even though the representation of orientation in the human
visual cortex (in monkeys, < 1 mm interval between iso-orienation
columns) is thought to be beyond the resolution of fMRI voxels ("3 mm
cube). Next, | demonstrate an example of "mind-reading" where the fMRI
activity patterns learned with single gratings can be used to predict
the orientation to which the subject is paying attention in two
overlapping gratings. These results indicate that fMRI signals in the
human visual cortex allow for accurate prediction of detailed
perceptual and subjective contents of our visual experience. | will
also discuss possible sources of orientation information, and
applications of this approach to other domains.



9.Seeing a dreaming brain -Brain activation preceded rapid eye movements during
REM sleep-

Satoru Miyauchi, Masaya Misaki, Takahide Fukunaga, Shigeyuki Kan

At the first meeting held two years ago at NIPS, we introduced “Be-fMRI (Brain
event-related fMRI)” as a new method of fMRI experiments. In a Be-fMRI experiment,
no stimuli are presented, and subjects are required to perform no specific tasks.
Instead, other physiological indices (e.g. EEG, eye movements and so on) are
simultaneously recorded with fMRI data. Also explored is brain activation that
accompanies spontaneous events defined by the physiological indices. A key point in
Be-fMRI is that events are not experimentally defined stimuli or tasks, but
spontaneously occurring events in the brain. It implies that the fMRI activation does
not necessarily follow but may precede the event. As an example of such activation, we
introduce brain activation that starts before the onset of rapid eye movements during
REM sleep.

=Brain Information Group, Kansai Advanced Research Center, National Institute
of Information and Communications Technology



10.fMRI

1) (1) R. Allen Waggoner(2), (2), (2),
), (1)

Serial reaction time (SRT) tasks, in which subjects respond to sequential stimuli by
pressing corresponding buttons as fast and accurately as possible, are widely used in
psychophysics experiments and imaging studies for investigating motor learning. It is
known from previous psychophysics experiments that motor sequence learning is
partially represented by the positions of responding digits. To exclude the cognitive
processes involved in the visuo-motor transformation in the SRT task, we use tactile
stimuli and deliver them to the corresponding digits directly. One difficulty in
implementation is to deliver the stimulus to a digit and detect the response from that
digit simultaneously. Additional difficulties in fMRI studies arise from the fact that
metal and electrical devices cannot generally be used inside the magnet. To solve
these problems, we have developed a non-metal and non-electrical apparatus with
air-puffs as stimuli. The apparatus has four cylinders (corresponding to the four digits
of the right hand) attached to spring-like silicon rubbers. Air-puffs are delivered to a
digit through a hole in the corresponding cylinder. When the cylinder is pressed in
responding to an air-puff, it moves to block the light-path so the response timing can
be recorded. Subjects were trained in an SRT task, in which sequences of stimuli were
generated by a simple artificial grammar, for an extended period (15 to 29 days).
Subjects were scanned before and after the training. In this presentation, we will report
the design and configuration of the apparatus, along with some preliminary behavioral
and fMRI results.

@) )



11.Capillary level imaging of local cerebral blood flow in epileptic oci

Hajime Hirase
RIKEN Brain Science Institute Hirase Reserch Unit

Vascular and neuronal activity coupling was predicted more than a century
ago and is the basis of modern functional imaging techniques such as
positron emission tomography (PET) and functional magnetic resonance imaging
(fMRI). Despite the importance of local regulation of the blood flow,
capillary level quantification of cerebral blood flow has been limited by
the spatial resolution of functional imaging techniques and the depth
penetration of conventional optical microscopy. Two-photon laser scanning
microscope (2PLSM) has the necessary spatial resolution to image capillary
red blood cell (RBC) flow in the depth of the cerebral cortex, when the
serum is loaded with a dextran conjugated fluorescent dye (FITC). Using
this technique, RBC flow in capillaries in layer 2/3 of the mouse
somatosensory cortex was examined in vivo. Basal capillary flux was
quantified as “ 30 RBCs/sec. When focal interictal (epileptiform) activity
was induced by local infusion of bicuculline methchloride, the average RBC
flux in the epileptic foci increased by approximately 50%. The increase of
RBC flux decayed monotonically with the distance from the epileptic focus
and reached the control level at “ 300 micrometer from the center of the
epileptic focus. These results indicate that hyper-synchronized neural
activity is associated with increased capillary perfusion in a localized
cortical area. Notably, the spatial spread of the RBC increase associated
with the focal epileptic events is smaller than currently available spatial
resolution of fMRI.



