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ABSTRACT Epileptic spike-wave complexes in partial epilepsy are of-
ten rapidly initiated and resolved within an epileptogamét-
Functional image sequences obtained from image recoRrstrugork of brain areas. These fast propagation and interplay of
tion techniques applied to Magneto and Electroencephalogortico-cortical activations are excellent candidateSNEG
raphy (M/EEG) data convey a large amount of informationimaging. In this context, there is a primary need for spike
in the space and time domains. Conventional approaches éassification as each patient may be subjected to multiple
their analysis necessitates considerable input from aerexp types of spikes in terms of E/MEG topography and dynam-
to extract pertinent information. We introduce in this pe@@  jcs. Expert neuro-electrophysiologists are trained tesifg
automatic data sequencing procedure of these brain aofivat epileptic spikes — most notably from signals at EEG scalp
maps. Our main objective consists in facilitating and a&eel electrodes — and have accumulated considerable empirical
ating the extraction of spatiotemporal activation patesh knowledge to infer e.g. the number of possible foci from
interest calledactivation cells. These cells are tracked acrosswhich the spikes may originate [1]. Because daily human
time with consistent labeling that follows a small set of-pre classification of scalp recordings has revealed to be tediou
defined ev0|uti0nary scenarios. Resulting graphical Syl$op and high|y-subjective (See e.g. [2])' a great number of au-
are exemplified on epileptic spike analysis and indicatissat tomatic techniques have been proposed and are often inte-
factory consistency with human expertise. grated in commercial software solutions to the neurologist
[3]. E/MEG source reconstruction approaches have the po-
tential to improve the elucidation of the spatial origingtodé
1. INTRODUCTION spikes and represents an active field of research ([14{2].[
but most of them still require considerable input from an ex-
Image reconstruction techniques applied to scalp Electto a pert. Recently, Ossaditchi et al. proposed a fully-autamati
Magnetoencephalography (E/MEG) data produce brain acteombination of spike detection, source localization aag-cl
vation maps with excellent time resolution at the infra mil- gjfication techniques [5]. However, this approach — like mos
lisecond scale. This results in series of image activat®n s of the published material —was built on equivalent focabdip
quences of typically 1000 images per second of recordingar models, therefore has a limited potential to elucidate t
This information rate makes the analysis cumbersome to €%jme evolution and propagation of the cortical activations
perimentalists. The choice of salient features of intef@st \qjved as the spike-wave complex unfolds.
subsequent analysis and inferences may even end-up being The methodology presented here aims at approaching some
very subjective. The E/MEG expert usually describes the ing¢ these issues with simple topological considerationschvh

stantaneous activation maps obtained in terms of number @fementary building-blocks are calledolutionary activation
activation sources. For each source, the location, andglitu oo

and occasionally spatial extension of the cortical areas in
volved are reported and considered for subsequent inferenc
and classification across subjects and/or conditions. gou 2. METHODS
E/MEG benefits from unique time resolution, the very de- o -
scription of the evolution of brain activations with time is 2.1. Objectives and basic principles
usually discarded from further consideration and expionat : —_ . .
X . . The primary objective of our approach consists in reaching
This paper introduces a systematic approach to the automati. ~ .- . ; . - .
i L .. Significant dimension reduction in the description of thig-or
analysis of these brain image sequences. We exemplify the

4 S . Inal data (i.e. spatiotemporal sequences of cortical atsje
concepts and methodology in the context of epileptic sp|kes ; .
classification. pace and time must therefore be compactly encoded in 2D

graphs that need to be easily understood by an operator with
*This research is supported by the French Minister of Rekeahcl ~ Minimum training. Beyond hume}r:' rea‘_jab”'ty, 5_peC|f|Ca$|0n
Nouvelles Interfaces des Matatiques. also enforce that data decomposition will be subjected éamgu




titative analysis for e.g. data classification such epitesgiike ~ where:

sorting. Therefore, instantaneous activation maps thiet C(t) ={Ci(t),i € [1, N ()]}, (3)
a dense distribution of currents need to be efficiently resam q

pled through a segmentation into elementary spatioterhpor’c"iln :
blocks that will be evolving in space and time according to a iy e _

set of admissible scenario. Ci(t) = {r,a(r,?) € A(t) andC,(t) comnex. (4)

These specifications translate into a sequential procass th, practice]I" is sampled with spatial elements such as voxels

unfolds as the following: (volumic case) or triangle vertices (surfacic case). Cells
1. Cortical current map at each time instan 1 is spa- C(t) are optained by thg exploration of the connectivity tree
tially segmented into elementary activation cells; of the spatial elements iA(¢).

2. For each activation cell at time its descent is identi-
fied from the activation cells at+ 1 through a set of
evolutionary scenarios; Tracking of activations cells fromto ¢t + 1 observes the fol-

lowing hypothesis:

Hyp.2: The high temporal resolution of M/EEG translates

into a high degree of similarity betweef(t + 1) and.A(t).

The entire process frorto 3 is then repeated for alle 7.  Consequently, mutations of each element {n) to elements

Once the process is completed on all available time sample# C(t + 1) follow a small set of predefined evolutionary sce-

the corresponding spatiotemporal decomposition intovacti  hario: i) survival inC(t+ 1), ii) dissociation into multiple ele-

tion cells with their associated genealogy is synthesimeal i ments ofC(¢-+1), iii) merging into one single cell & (t+ 1),

graphical synopsis. We shall now describe each of these eland iv) elimination. The fifth scenario concerns the identifi

mentary steps in details. cation of cells that are newborn at time- 1.

To sort out the scenario than may relate any element(¢),

to ¢ € C(t + 1), the normalized rate of spatial overlap be-

tweenc and¢’ is introduced and is defined as:

The M/EEG inverse problem from scalp surface data con- .

sists in modelling the corresponding distribution of ozati Vie,d) = S(end) (5)

currents. Our approach operates in the context of disgribut ’ maxec(t41) S(¢”)’

dipole models for which image reconstruction techniques ap ]

plied to M/EEG data produce at timean activation map WheresS(c) is the surface area of cell

A(#). A(t) is the set of local neural current estimate@, t) ¢ IS considered a priori as a breededf V (¢, ¢’) > 0 and the
onT, a manifold ofR3: entire descent of is defined as:

A(t) ={a(r,t),r €T} 1) D(c) ={c €C(t+1),V(e,c) >0}, (6)

2.3. Tracking cells across time: evolutionary scenarios

3. Cells are tracked fromto t+1 with consistent labeling;
newborn cells obtain new labels.

2.2. Spatial segmentation into cells

Our main objective consists of the spatiotemporal chariacte which has the following properties:
zation of the entire sequence of activation maps {A(t),t €

7}, 7 a time-window of interest, by tracking activation cells 1. {UD(c),c € C(t)} C C(t +1);
in thg spatial and tempor'al domains. The se.gm.entatlon of 2. There is no guarantee thatz,, s € C(t), D(c1) N
A(t) into elementary spatial clusters — the activation cells — Dics) = 0

is guided by the following working hypothesis: 2 '

Hyp.1: instantaneous brain activatiof(t) is sparse and fo- Authorized evolutionary scenarios can now be expressed
cal. Therefore, the spatial distribution of activationlses  ysingD(c):

also sparse and focal.

While some approaches to the resolution of the M/[EEG 1. cis asurvivor fromC(t) in C(t 4 1) if card(D(c)) = 1;
inverse problem may explicitly consider sparse-focal seur
models [6], statistical inference across experimentaldeon
tions define thresholds that isolate significant currentlamp 5 . merges with other elements 6ft) if 3« ¢ C(¢) and
tudes [7]. The thresholded current maps can subsequently be 5y ./ eC(t+1),
segmented into a set of cells that are spatially connex. We
then suggest a new definition fal(t) as a set ofV(¢) activa-
tion cells: 4. cis eliminated ifD(c) = 0;

2. csplitsin new cells if car@D(c)) > 1;

Ve e a,d C D(c);

A(t) = {a(r,t),r € C(t)}, ) 5. ¢ isanewborn i’ N {UD(c),c € C(t)} = 0.



2.4. Tracking cells across time: labeling 3. RESULTS

Time-tracking of cells fromv to ¢ + 1 necessitates consis- The method is illustrated on a small set of averaged interic-
tent labeling of i) surviving cells; ii) cell breeds follomg cell (5] epileptic spikes recorded from a voluntary patient aa th
Spllttlng and |||) newborn cells with new labels. We thenm&fo 151-channel whole-head array at the La sa‘i‘pre hospita|

introduce the labeling operatbx(-) defined as: (VSM MedTech). Spikes were subsequently classified in two
classes by a neurologist in accordance to their clinica-rel
L:4 — N (7)  vance. To increase SNR, 20 spikes from the same class were
c — j then averaged, time-locked to the spike peak latency.

Manual data exploration of the corresponding MEG source
Consistent labeling with. is enforced by the following label- maps indicated that the two types of spikes originated from
ing rules: the lateral right temporo-occipital junction (T spikespahe
] ] . o right hippocampal region (H spikes), respectively.

1. Scenario sorting: any cell 6Kt + 1) either originates  he cell sequencing approach was applied to the H-spike av-
from a single ascent ig(¢) according to thesplit or  grage (Fig. 2) and two distinct T-spike averages (T1 & T2,
merge evolutionary scenario, or is a newborn cell; Fig. 3) obtained from two separate acquisition runs for con-

sistency checking of the method.

Fig. 3 shows great similarity between the T1 and T2 cell ge-
nealogy graphs, thereby confirming the consistency of the ce
decomposition with the outcome of human expert identifica-
tion. Aboutt = 0, a waterfall of short activation cells marks

2. Instantaneous label unicityt € 7, all cells inC(t)
must wear a different label;

3. Consistency rule:

YVt e T,Ve e C(t),Vd € C(t+ 1), (8)
L(d) = L(c) & ¢ = argmax V(c,c"). "
c¢""€D(c) al B-H Y
These labeling rules are applied sequentially to all cells i W b =
C(t+1) once labeling of cells i€(t) is completed. Newborn " ‘r
cells with no ascent and cells resulting from cell splittwith F
no available ascent label are tagged with a new label. =% - -
'Sm o L
2.5. Synopsis: building the genealogy tree ol E =
This last step in the exploration of activation maps cossit wlF -
the generation of a compact graphical synopsis. This new ob- - »”
ject can be interpreted as a genealogy graph of all celi$ in o =
and may serve as both a 4D data visualizer to the human op- e -y

. . . A 0.;2 004 I 0.36 I 04.58 : 01
erator and as a graph tree in subsequent quantitative @alys Time (3)

0
and contrast inference between e.g. experimental conditio
Each activation cell is represented as an horizontal bactwhi
length encodes its lifespan. Its color encodes the instanta
neous location of its centroid (Fig. 1). Position of the bar o

the y-axis encodes its label. Additional graphical itemsgyma
be added to the synopsis to represent for the scenarios tha

ruled cell evolution fromt to ¢ + 1.
Fig. 2. Type-H hippocampic spike. Top: the graphical syn-
- opsis of the corresponding cortical activation maps. Botto
activation cells are represented on a smoothed tessallatio
- the subject’s cortical surface. Color encodes the labeaohe
cell. From left to right, view of the ventral cortical surfac
Fig. 1. Colormap used for the encoding of the locations ofat timet = 0s and a zoomed view of the same cells. Last
cortical activation cells. two images represents the activation cells at time350ms
(posterior and zoomed views).




the spike lifespan in a small network of neighboring temporo[7] Pantazis D.; Nichols T.E.; Baillet S., Leahy R.M., "A
occipital cortical regions. The graphical synopsis latewves Comparison of Random Field Theory and Permutation
the resurgence of activity in similar regions during thesaib Methods for the Statistical Analysis of MEG datadleu-
quent wave of the spike-wave complex but with significantly roimage, 25:355-368, April, 2005.

slower dynamics.

As expected, the contrast in terms of location and dynaniics o
activations with the sequencing of the H-spike is quitkstg
(see Fig. 2).

4. CONCLUSION

We have presented a new tool for the facilitated exploration
and quantitative analysis of functional brain mapping ddta R
high-temporal resolution. This tool is based on the spatial ~Hied ¥ ST LR

segmentation of activation maps into activations cellseseh B-T1

o+ —

cells are tracked across time with consistent labelingftiat i
lows a small set of predefined evolutionary scenarios. Re- [ -
sulting graphical synopsis was exemplified on epilepti&epi il v
analysis and indicate satisfactory consistency with huexan " : =
pertise.
Ongoing research is now focussing on larger-scale evaluati wf
of this method and on specific quantitative tools for the anal er

30

ysis of cross-condition contrasts in functional imaging. T b
s j — -—=.'-
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