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e demonstrte tht qf mer nd ontinuous wve white light illumintion is suitle pproh to intropertively lolize in rel time the sensory nd motor res of the ptient rinF he nlysis of the reetne spetr of the quired light nd wonte grlo simultions llow us to mesure the onentrtion hnges of oxygented nd deoxygented hemogloin during the video quisitionF hese mesures re ompred to the expeted hemodynmi response to preisely lolize the funtionl res of the ptient rinF

INTRODUCTION

xonEinvsive funtionl rin mpping is n imging tehnique used to lolize the funtionl res of the rinF his tehnique is used efore rin tumor resetion surgery to indite to the neurosurgeon the ortil tissues whih should not e removed without ognitive impirmentF wsEf is widely used to lolize ptient sensory or motor resF roweverD fter ptient rniotomyD rin shift invlidtes the relevne of neuroEnvigtion to intropertively lolize the funtionl res of the ptient rinF por this resonD the loliztion of ortil motor or sensory res is hieved through eletril stimultion ut this tehnique suers from limittionsF Chance et al. hve demonstrted tht optil imging n e used to monitor rin tivity with the determintion of onentrtion hnges of oxygented hemogloin ¡HbO 2 D deoxygented hemogloin ¡HbD lood volume ¡Hb C ¡HbO 2 nd oxygented ytohromeEoxidseF 1 st lso hs een demonstrted tht devie onsisting of ontinuous wve white light illumintion nd qf mer is suitle pprohF 2,3 he ojetive of this work is to supply the methodologil tools for the rel time onstrution of quntittive funtionl rin mps sed on the nlysis of the ortil reetne spetr quired y digitl qf merF he motivtion for this pper is derived from the neessity to nlyze the hemogloin time ourses in rin tissue following neuronl tivtion whih re losely linked to the fyvh @lood oxygention level dependentA ontrst used in funtionl ws studiesF 4 gonentrtion hnges of oxygented hemogloin nd deoxygented hemogloin n e mesured for eh mer pixel using the modied feerEvmert lwF 5 his lw is omputed with n estimted men pth length lulted y wonteEgrlo simultionsF 6 pinllyD the onentrtion hnges time ourses re ompred to the expeted hemodynmi response of the ptient rin whih llow us to preisely lolize the funtionl tissues of the ptient rinF 2. MATERIAL AND METHODS 2.1 Experimental setup he instrumenttion onsisted of digitl qf gwy mer @fevi ePHHHE ITSuAD ontinuous wve white light soure @yew glssi IIT PQH vight ulA nd lptop @proessorX sntel gore iS UPHHUD P:SHGHz¢RD rmX IS:QGiBAF he qf mer ws used with n idmund yptis mer lens @f a ITmmf5 a I X I X RAF he sensor provided V its qf imges every QQ msF Further author information: (Send correspondence to Charly Caredda) Charly Caredda: E-mail: charly.caredda@creatis.insa-lyon.fr 2.2 Patient inclusion and experimental paradigm he video quisition ws relized efore rin tumor resetion surgeryF he ptient ws wkened nd funtionl tests hve een relizedF timultion of the motor ortex ws hieved through suessive st lenhing nd relxingF he prdigm onsisted of Q stepsX QHs of restD followed y QHs of stimultion nd QHs of restF he neurosurgeon relized eletril rin stimultion to lolize ptient rin motor nd sensory resF 2.3 Data pre-processing yne n imge is quiredD severl steps re proessed in prllelF pirstD the imge is registered to ompenste the rin repetitive motionF he lgorithm developed y Sdika et al. 7,8 ws implemented to ensure tht eh mer pixel orresponds to the sme ortil re ll long dt quisitionF he qf intensities of the quired imge re then independently ltered with lowEpss ss fessel temporl lterF 1 2.4 Model e funtionl model is pplied to ssess H b nd H bO 2 onentrtion hnges for eh mer pixelF Data correctionX he slow drift of the olleted intensity due to ortil tissue desition during the video quisition 9 ws orreted through liner regression sutrted to the originl dtF Functional modelX he ssessment of the onentrtion hnges through the modied feerEvmert lw 5 depends on the determintion of the men pth length of the deteted photonsF wonteErlo simultions 6 were proessed to estimte glol men pth length whih ws pplied to ll mer pixelsF he omputed onentrtion hnges times ourses re ompred to the expeted hemodynmi response with the erson orreltion oeientF e quntittive funtionl mp is then omputed for eh pixel whose orreltion oeient is superior to threshold vlueF hese mps orrespond to the H b or H bO 2 onentrtion hnges verged over the ptient ortil tivityF 2.5 Real time processing hese proessing steps re implemented in soft relEtime rhitetureF he preEproessing steps @see eF PFQA nd the model @see eF PFRA re exeuted in dierent prllel thredsF en intermedite uer is pled etween eh omputtionl step llowing the dt storgeF hese uers re required in our soft relEtime rhiteture sine the proessing times re dierent for eh omputtionl stepF he thred orresponding to the model is omputed s soon s the ortil tivity strtedF his thred is reursively lled while imges re preEproessedF 3. RESULTS AND DISCUSSION sn pigF ID the rel time H b quntittive funtionl mps @see eF PFRA whih re est orrelted with the expeted hemodynmi response re plotted @orreltion threshold sets to H:SAF he highest H b men onentrtions re lolized on lood vessels surrounding motor nd sensory resF he highest orreltion oeient re lolized on these lood vessels nd on motor nd sensory resF he omputed funtionl mps eome signint s soon s the ptient tivity is estlishedD see pigF IEgF Pichette et al. 10 proposed to msk the lood vessels in order to render more lerly the smller hemodynmi hnges in grey mtterF he mesurement of the orreltion oeient etween the onentrtion hnge time ourses nd the expeted hemodynmi response llows us to visulize the tivted ortil res without msking the lood vesselsF e glol men pth length is used for eh mer pixels in the modied feer vmert lwF 5 e pixelEwise determintion of the men pth length ould e implemented to ssess more preisely the H b onentrtion hngesF rowever it would require lot of wonte grlo simultions nd use n inrese of the proessing time of the model @see eF PFRAF he slow drift of the olleted intensity is orreted eh time the model is exeuted @see eF PFRA whih use n inrese of the proessing timeF sn dditionD the estimtion of the olleted intensity slope is not optiml for the rst mps @from pigF IEe to pigF IEpAF his prolem will e investigted in future workF 4. CONCLUSION sn onlusionD qf mer nd ontinuous wve white light illumintion seem to e suitle setup to intropertively monitor the sensory nd motor res of the ptient rin in rel timeF hese results indite tht our setup ould omplement the tul intropertive gold stndrd for the loliztion of ptient funtionl resF ACKNOWLEDGMENTS his work ws supported y the vefi swi @exEIIEvefEHHTQA of niversit e de vyonD within the progrm snvestissements devenir @exE IIEshiEHHHUA operted y the prenh xtionl eserh egeny nd prne vife smgingF REFERENCES I ghneD fFD hungD FD nehD gFD elterD gFD nd viptonD vFD gognitionEtivted lowEfrequeny modultion of light sorption in humn rinFD4 Proceedings of the National Academy of Sciences 90D QUUH{QUUR @eprF IWWQAF P wlonekD hF nd qrinvldD eFD sntertions etween eletril tivity nd ortil miroirultion reveled y imging spetrosopyX smplitions for funtionl rin mppingD4 272D SSI{R @HS IWWTAF Q teimersD eFD qrmerD wFD iertD fFD p uhtemeierD wFD oylD qFD veithnerD gFD hreierD tF FD vinduerD FD nd uohlEfreisD wFD smging of ortil hemogloin onentrtion with qf reetometryD4 UQTVIQ @tuly PHHWAF R eldsmnD wFD gummingD FD nd frodtmnnD eFD feyond fyvhX yptimizing funtionl imging in stroke popultionsX yptimizing fyvh smging in trokeD4 Human Brain Mapping 36D ITPH{ITQT @eprF PHISAF S uohlEfreisD wFD iertD fFD hreierD tF FD veithnerD gFD vinduerD FD nd oylD qFD epprtus for mesuring lood prmetersD4 @II PHIPAF T pngD F nd fosD hF eFD wonte grlo simultion of photon migrtion in Qd turid medi elerted y grphis proessing unitsD4 Optics express 17@PPAD PHIUV{PHIWH @PHHWAF U dikD wFD elstonD vFD ousseuD hFD quyottD tFD whieuEillimeD vFD nd wontelD fFD epetitive motion ompenstion for rel time intropertive video proessingD4 Medical Image Analysis 53D I { IH @PHIWAF V dikD wFD elstonD vFD whieuEillimeD vFD quyottD tFD ousseuD hFD nd wontelD fFD oust rel time motion ompenstion for intropertive video proessing during neurosurgeryD4 in 2016 IEEE 13th International Symposium on Biomedical Imaging D IHRT{IHRWD siiiD rgueD gzeh epuli @eprF PHITAF W yelshl gelD wFD weyerD FD hlD rFD oottkD F fFD uirshD wFD hkertD qFD nd worgensternD FD ivlution of intropertive optil imging nlysis methods y phntom nd ptient mesurementsD4 Biomedizinische Technik/Biomedical Engineering 58 @tnF PHIQAF IH ihetteD tFD vureneD eFD enguloD vFD vesgeD pFD fouthillierD eFD xguyenD hF uFD nd velondD pFD snE tropertive videoErte hemodynmi response ssessment in humn ortex using snpshot hyperspetrl optil imgingD4 Neurophotonics 3D HRSHHQ @ytF PHITAF
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 1 Figure 1. Hb concentration changes maps emitted during the video acquisition. The correlation threshold is set to 0:5. The horizontal axis represents the acquisition time of the RGB camera. The experimental paradigm is represented under this axis. The vertical lines represent the display time of the computed functional maps (images from A to H). The double black arrows represent the processing time of the model, see Sec. 2.4. The markers M and S designate respectively the motor and the sensory areas which have been validated by the neurosurgeon through electrical stimulation. The colorbar represents the scale of variation of Hb mean concentration in Mol=L.