Cerebral blood o w recor ded at high sensitivity In
two dimensions using high resolution optical Imaging

Ivo VANZETA 1 Thomas DENEUX?, Guillaume S.MASSON !and Olivier FAUGERAS?

LINCM - CNRS,Universie dela Mediterraree,Marseille France
> EcoleNormaleSuperieurede Parisand INRIA Sophia-Atipolis, France
lvo Vanzettaand ThomasDeneuxequallycoriributed to this work

Abstract

Knowledgeabout sensory-ankedblood- ow changess essetmal for constraininghemaly-
namicrespnsemodelsusedto interpret functionalbrain imagingsignalssud asfMRI.
Here, we extracted2-dimensionablood- ow and its temporal modulationsfrom high-
resolutionoptical imagingdata in the awake monley Optical imagingallows to track
moving red blood cells(RBC) in individual blood vesselslUsingthe structure tensor, we
deweloped an methal to extract the RBCs' motion informationfrom the noisy optical
signhals.

\_ motion of smallclustersof red blood cells(RBC) insidethe vessels.
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By enhancinghe corirast in intrinsic opticalimagingdata, it is possiblgo highligh the
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The correctionof the motionsof the vasculaturddueto animalmovemenm) wasadiewed

by nding the isometry(a rotation plus a translation) that minimizedthe di erences

betweenvasculaturamages:
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4 Structur e Tensor

/Flow Estimation Overview
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Estimatingthe motion of the RCBsinvolvesthe followving steps:

Coregistration of dataframesfo correctsmallmotionsof the brain.

Frames prepro cessing:. division of eat pixel time courseby its averagevalue,
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and spatial high-passltering (10p«) and anisotropicsmathing (1 px in the vessels

directions 3 px in the orthogonalirection).
Data extraction : time coursessidea vesselreput in a 2D array (time x space).

Prepro cessing of vessetlata: a temporal high-passlter remwesslov oscillations.

_ines orientation detection:their slope represets the inverseof the RBCs'speed.

\ Av eraging of the estimatedRBC velccitiesover all the points of the vessel.

\ Its two eigenectorsgive the directionsalongwhid the gradiem is maximalor minimal

Matrix A stores the gradient information

The structure tensor !'averages" this information in a neighborhood

Its eigenvectors give the line directions
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The structure tensor descrileshow strongthe gradiem of animageis in a smallneigtbor-
hood In the di erent directionsandhenceenablesisto nd the directionof the lines:

For a singelpixel (x; t), the informationon the gradien direction(l 4; |

degeneratsymmetricmatrix:
! |

t) IS storedin a

A:t)= X I 1, = (X% 1) x(X,Zt) (X 1)
X elOGt) 13 )
The structuretensoris de ned asthe averageof A in a smallneigtborhaod:
X
S(X, t) — A(XO; t()

(x8t92N (x;t)

4 Results

%

Experimental Setup

Experimens wereperformedn visualcortexof an awake adult malemacaquenoniey,

Data acquisitionsveresyntironizeawith the heartkeat;the monleyhadto xate ona
xation point displaredona CRT screenOnehundredtwerty trials wereacquired.

Simultaneousoptical imaging (illumination at 570nm)and laser-Dopplerowmetry
recordingsvereperformed.
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Cardiac pulsation wasrecweredat singletrial and averagde\els.

The pulsationfrequencywere validatedby the sinmultaneousblood volumeand laser-
Doppler ow measuremés. Di erencesin phasandicatedela/s in blood transfer.
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We testedthe ability of RBC-welccity estimation
to producesensory-ev oked respnsespy sinu-
lating the comparisoretweentwo conditions(two
randomindependen setof trials wereused).
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The time coursas comparablavith thoseobtained
usingthe laser-Doppleor the blood volumesignals.
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Conc lusion

Sinceblood- ow modulationsby the cardiacpulsationwereclearlydetectedpour methal
shouldbe applicabldo studyblood- ow modulationsby neuronabctivity. Thisis of high

Interestsincet shouldenableusto explorespatio-tempral patternsofthe ow respmnse,

whereastandardmethals (laser-Dopplerprovide only single-pint measuremes.
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