- “FEverything rests by changing”

Heraclitus(535-475 BCE)
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So, Where are we exactly?




“ Single-Trial Variability
n Early Visual Neuromagnetic Responses :

a
An Expl;)ir»e Study based on the Regional Activation
8 Contributing to the N70m peak

[ Neurolmage. vol.20(2): 765-783, 2003 ]
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s N70m peak a reproducible response at the single-trial level ¢

15 “Sugnal + noise” a valid model ¢

s ensemble averaging an appropriate response-recovery technique ¢




to explof't‘ temporal resolution of MEG signal
to preciselyeharacterize the nature of response variability

to identify the dominant sources
contributing to the variability observed in the MEG signal

to associate the variability seen in the multichannel signal
with the activity in early visual areas

[ F. Moradi et al., NeuroImage, 2003 ]




precise localization of brain activity

b

y visualieortex by MEG and fMRI ”
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i A.Subject 1,5.2° B. Subject 2, 4.5 C. Subject 4, 5.2°
Slice 3, p<0.005 Slice 3, p<0.0001 Slice 3, p<1e-5
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- 2§ubjects from the “fMRI & MEG”-study participated

nt runs of pattern reversal stimulation (1.43 Hz)
& 1 subject basellne run were recorded

radius 1.8° radlus 3.7° radius 4.5° control

0

- for each run, 240 trials were recorded, with 625 H s.f.
using the 151-channel whole-head Omega biomagnetoree

- 3rd gradient formation, band-pass filter : 1-120 Hz,
powerline removal, cardiac artifact elimination.

- trials were extracted : 100 to 200 msec
and those without eye related activity were seledale
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rn of the spatial filter used to extract

nporal patterns conveying the regional response dynamics
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ordered prototypes
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multichannel prototypes
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The Virtual Sensor design

from the averaged MEG signal (4.5run)

100 fT

31 msec 100 1T

Feature extraction based STmee
on the N70m latency-range :

* Virtual Sensor i ! Virtual Sensor
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the brain waves captured by the Virtual Sensor

mainly reflect th Ic behavior of the generatrs
responsible f ation of the averaged N70npeak
Based on the single-trial snapshots of regional brma activity

corresponding to the N70m-related latency-range
the responriability was described

using aVector-Quantization scheme.
-

= The design of the encoder
= The appireriigasiyiss @leeioder ( from the 4°5un, k=10)
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ncoder (to all runs )

nearest neighbor
classification




Visualizin results

l. By cﬁ Euting a 2D representation of the designetbdebook and
Ii. depic ically the distribution of N70m snapshots in the k=10 groups
with the node size
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The Veronoi-regions
were populate «

In a stimul -dependent manne
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/eraging,
' rain activity were formed.
pes of evoked response wer@a@d with each other
asemble average

ordered prototypes
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a rich dynamic behavior The 2D-sketch
of the N70m ge Is of the codebook
was rev '

- N

The ordered prototypes
of regional brain activity
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—single trials
—ensemble average

—single trials
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— SNR
— tv_Energy
—ITS

15.5 |0.33pT2 group 10
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A highly adaptive system
is sti# I

Within arun the response mode changes ’

W from
stimulus-lockedncreasein the energy (10)
to
phase-resetting of the ongoing regional activity (5
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A Markovian Analysis
of evoked onse successio
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of responses
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We applied thek-partition to the corresponding single-trial estimates
urrent source density produced by tomographatysis(MFT)

and E3

we computed spatiotemporal prototypes of localizen activity
(MFT-based prototypes)

[

:!,' .,
;// » k -partition
' RS ftrial#: 1,13,...,21}

5




50 msec

65 msec

80 msec

k-partition
{trial#: 1,13,...,21 }}

d

ftrial #: 3,5,...,71}

65 msec




By visual expl

of MFT-bas pes

= Polymodhtal areas

( BA5 & BA7)
contribute mostly

to the N70m-reﬁed

brain waves

- V1 contribution

is considerably weaker
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extracting
single-trial
activation-curves
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- SISO
between the set of VS-patterns

and the set of ROI acv-curves
was detected




k-partition
of VS-signals k-partition
of V'S-signals

= cmgm
S k-partition
k-partition ~ 19C of V1 acv-curves
of V1 acv-curves
0.6

100 msec ; 100 msec

The k-partition constitutes
a valid description of single-trial variability,

In the post-stimulus period, for the acv-curves




= Brigglng the %lb, by means of subaveraging

- The av@ge can be modeled
as weighted average of the VQ-based prototypes




VQ-based prototypes

subaverages

average




This Kind of modeling is informative

for describi ariability in-a set of responss

only if th d subaverages are different from each bier
. . N

if the greups of single-trials

are forming compact, well-separated clusters

.
-

Normalized scattering

random partition — 1




k-partition

which mputed from the N70m-snapshots
was applied tomional and local responses.

The induced"mﬂjping was validated, using the nSGxdex,
for both the set of responses.

We can consider the computed nSctrve
asthe “autocorrelation” function of the N70m-variabili ty
for the Virtual-Sensor signals

&

asthe “transfer function” showing how/if the N70m-variability
manifests itself in the set of V1-ROI signals.
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For the VS-signals (i.e. tegional brain activity),
the k-partition is a valid description well-before the stimulus-onset.

The ongoing activity before the stimulus-onset
is functionally coupled with the subsequent regional response

For the V1-ROI signals (i.e. local brain activity)
the k-partition is a valid description
for a confined latency-range in the post-stimulus period.

There is a strong coupling of the responses
in early visual areas to the regional dynamics.
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Validation of the k-partition for the multichannel MEG signall




The bt trtum of N70m responses
. was described by means of principal modes
which summarized tw]bih'ty in the MEG signal
further used for exploring the source of that variability
based on estimat‘reconstructed brain activity

Our results revealed complex nonlinear interactions
between the sensory input and the ongoing activity
resulting to a
with a wide range of characteristic time scales

At the level of single-trial activity,
the to a simple stimulus
is generated by a coupling of polymodal areas
and cooperative activity in striate and extrastriate areas
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ein, J. Neurosci., 1999]:
t auditory cortex is modulated by the preceding ongoing activity.

“The obse Varlw:as attributed to rapid transitions
b

een different levels of thalamocortical excitability”

[Eries et al, Nat. NE‘ 2001]:

Stimulus-induced covariation of distinct brain areas (in cats).
“Coherent oscillations mediate the functional coupling between brain areas”

[Hupe et al, J.Neurophysiol., 2001]:
Feedback connections act on the eatly part of the responses in monkey visual cortex.
= “Temporally compact” visual cortex

[Lutz et al., PNAS, 2002]:
The human EEG response is modulated by background activity.
“Variability is controlled by subject’s cognitive “context”
and characteristic patterns of synchrony between brain areas”




+ noise’” a valid model ?

veraging
sponse-recovery technique ?

duet&hjﬁﬁl INen-Statienarity :
less there is a predominant mode,

"‘ the computed average
1S a mirage of the response generation process
where different dynamics have been collapsed.
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- Orderedleodehook:

“ The concepts | understand are great,

but | believe that the concepts | can’t understamdgreat too.

However, the reader needs to be an excellent swimme

like those from Dilos, so not to be drown fromsthi book ”.
- Socrates




to a lot of people ....




