In nuclearmedicinewe are more enthusedabout
volumerenderingthan surfacerendering because
our borders are so fuzzy and (of greater impor-
tance)our uniquemedicalinformationis contained
within thoseborders.

J.M. Links,1995

Chapter 4

Normal Fusion for 3D Integrated
Visualization of SPECT and MR

Brain | mages

Abstract

Multimodality visualizationaims at efficiently presentingintegratedinformation obtained
from differentmodalities usuallycombiningafunctionalmodality(SPECTPET, fMRI) with
ananatomicamodality(CT, MRI). Thischapteipresentsitechniqueor 3D integratedvisua-
lization of SPECTandMR brainimageswhereMRI is usedasa framework of referenceor
thedisplayof the SPECTdata.Methods: A novel techniqudor 3D integratedvisualization
of functional and anatomicalinformation, called Normal Fusion,is presented.With this
techniqudocal functionalinformationis projectedontoananatomicstructure Results: The
NormalFusiontechniqués appliedto threecase®f SPECT/MRIintegration. Theresultsare
presenteddiscussedndevaluatedfor clinical relevance. Conclusions: Theresultsfor 3D
integrateddisplayof SPECTandMR brainimagesndicatethatthe NormalFusiontechnique
provides a potentially comprehense and diagnosticallyvaluablepresentatiorof cerebral
bloodperfusionin relationto the anatomyof thebrain.
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4.1 Introduction

Theuseof multipleimagingmodalitiesfor clinical examinationds graduallyincrea-
sing (Maisey etal. 1992, Viergever et al. 1992). The goal of multimodality visual-
ization is to comprehensiblyconjoin the diagnosticinformation of differentimag-
ing modalities,andto communicatehe integratedinformationto the referringspe-
cialists. The combinationof complementarylatafrom multiple modalitiesmay re-
vealadditionaldiagnostidnformationascomparedvith interpretatiordirectly from
the individual imagingmodalities(Levin et al. 1989, Pelizzariet al. 1989, Holman
et al. 1991, Valentinoet al. 1991, Hill et al. 1992). We distinguishtwo types of
multimodalityintegration,viz,; i) the combinationof anatomicadatafrom different
modalities,andii) thecombinationof functionalwith anatomicablata.

An exampleof theintegrationof multimodalanatomicainformationis thefusion
of CT andMRI in skull basesugery, whereit is usedio determingheprecisdocation
of a lesion (MRI data)with respectto bone (CT data)in orderto obtaina more
accuratediagnosisand treatment(Ruff et al. 1993). Other examplesof CT/MRI
fusion,e.g., for radiationtherapy planning,canbefoundin (ChenandPelizzari1989,
VandenElsenandViergever 1994,Van Herk andKooy 1994,VandenElsenetal.
1995,Maintz etal. 1996a);in all thesecaseghe complementarityf theinformation
obtainedrom CT andMRI is utilized.

Multimodality displaycanalsointegratefunctionalinformationfrom, e.g., PET,
SPECTEEG,MEG, MRSI, or fMRI with anatomicainformationfrom MRI or CT
(Gevins et al. 1990, Schneideret al. 1990,Holmanet al. 1991, Evanset al. 1991,
Knufmanetal. 1992,Viergever etal. 1992). The anatomicamodalitythenprovides
aframeof referencdor spatiallycorrectinterpretatiorof thefunctionalinformation.
Valentinoet al. (1991)states:”In brainimagingin particular the accuratedisplay
of functionalandanatomidmagedatais essentialn identifying sitesof hormaland
pathoplysiologicfunctionin thebrain’”

This chapteraddresses novel techniquefor 3D integrateddisplay of SPECT
andMR brainimages.Whenusing SPECTin isolation, investication of functional
processeandthecorrelationwith anatomicabtructuress hamperedy thelow spa-
tial resolution(MazziottaandKoslonv 1987,Kundel1990,Zubal et al. 1995,Evans
et al. 1996). Two optionscanbe appliedto facilitate the investigation of SPECT
i) theuse(andmanipulation)of color encodingfor thedisplayof SPECTdata,soas
to employ thepotentialof thevisualsystemmoreeffectively (Kundel1990,Stapleton
etal. 1994),andii) visually comparingSPECTblood perfusionin pertinentcerebral
regionswith the homologougegionsof the contralaterahemispheréKundel 1990,
Stapletoretal. 1994,Zubaletal. 1995).To furtherimprove understandingf theun-
derlyingrelationshipsetweerfunctionandanatomyit is essentiathatanatomical
information,e.g., acquiredwith CT and/orMRI, is usedasa framewvork for SPECT
information(Britton 1994).

Previousstudieson simultaneouslisplayof functionalandanatomicalD images
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have usedinkedcursorsalternatepixel display colorintegrationproceduresandat-
lassegSchadetal. 1987, Weissetal. 1987 Pelizzarietal. 1989,Hawkesetal. 1990).
Integratedvisualizationtechniquedor SPECTandMR imagesincludeswork done
by Condon(1991),who implementedive techniqueghatusedSPECTinformation
asanextradimension(eitherasheight,color or time)to a2D MR image.

Techniquegor 3D multimodalityvisualizationof functionalandanatomicatlata
have beenusedmainly for PET/MRI using windows (Levin et al. 1989), opacity
weighteddisplay(Evansetal. 1996),cutplanegEvansetal. 1991)or mappingfunc-
tional actvity onto the brain surface(Levin et al. 1989, Hu et al. 1990, Valentino
etal. 1991). The 3D presentatiorof SPECTinformationcombinedwith anatomical
informationhasbeenprimarily focusedon the visualizationof alreadydetectedab-
normalities,sothatstandard/olumevisualizationtechniquesanbe applied(Wallis
1992).

The presentstudydiscusses novel technique calledNormal Fusion,to simul-
taneouslydisplayfunctionalandanatomicablata. The—preliminary—ealuationof
the methodfocuseson three caseghat investigate the relation betweenbehaioral
disordersand functional/morphologicabrain damage. The casesare: 1) a patient
with a frontallobetumor (Hulshof Poletal. 1995),2) a patientwith autisticbeha-
ior, and 3) a patientwith the Gilles dela Tourettesyndromg(TS). The objectvesof
our work areto investigatewhetheri) the multimodalinformationcanbe presented
simultaneoushandcomprehenskly, andii) additionalinformationcanbe obtained
from simultaneoupresentatiof thedata.

Theorganizationof the chapteiis asfollows: Thisintroductionon multimodality
visualizationof SPECTandMRI is followed by a brief overvien of the acquisition
characteristicandthetoolsthatwereused.An explanationof the employedvolume
visualizationmethodprecedes descriptionof the principlesandindividual merits
of the Normal Fusiontechnique. The visualizationresultsfor the threecasesare
presentedndevaluatedfollowedby theconclusions.

4.2 Acquisition

Informationon brain anatomywasacquiredfrom a T1-weighted3D gradient-echo
MR image.TheMRI dataof thewholeheadconsisteaf contiguousaxial slices(128
for casel, 131for case2, and127for case3) of 1.3 mm thicknesswith TR=30ms,
TE=13ms,256x 256 matrix,and230mm FOV. The MR imageswereacquiredwith
awhole-bodyPhilips GyroscarD.5 Teslausinga standarcheadcoil. Informationon
functionalprocesse the brainwasobtainedfrom a HMPAO-SPECTscan,which
portraysthe cerebralblood perfusion(Peraniet al. 1988). The SPECTdatawas
reconstructedio contiguousaxial slices(36 for casel, 46 for case2, and44 for case
3) with a64x 64 matrix,aslicethicknesf approximately’.1mm,aplaneresolution
of 7.5mm FWHM, acquiredwith a Picker PRISM'M three-detectogammacamera
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usingalong-boreultra high resolution Jow enegy fanbeantollimator

4.3 Processing and visualization

Ragistrationof the datasetsvasdoneusingexternalarrov-shapedskin markersand
in-housedevelopedsoftware (Van denElsen1993). We choseto matchto the MRI

datato avoid degradationof the cortex renderings.We usedANALYZE™ (Robb
1990)for the sgmentationof the datasetsFor the multimodality 3D visualization,
we usedthe softwarepackage/ROOM (Zuideneld 1995),developedat our depart-
ment;it is essentiallyacollectionof C++ classegimedatmultimodalityvisualization.

4.4 3D integrated visualization

Realisticimagesof 3D medicalvolumedataon a computermonitor canbe obtained
with a procesgalledvolumevisualization. The demandor volumevisualizationof
3D imagingdatain routineclinical work is rapidly increasing.This is true not only
for the analysisof the databy the radiologistor the nuclearmedicinephysician, but
also,and maybemoreimportantly for communicatiorwith the referringphysician
or suigeon. For example,brain surfacestructuresaregenerallyhardto identify for
lack of anatomicainformationwhenusing2D imagesonly. With the help of a 3D
renderingof the brain, gyri andsulci are mucheasierto trace,which alleviatesthe
studyof brainanatomy(Kundel1990,HdhneandHanson1992 Kikinis etal. 1992).

4.4.1 Visualization of anatomical surfaces

Volumevisualizationrelieson shadingtechniqueso modelthelight absorptionye-
flection, andtransmissioralongsurfaces. In general photorealisms not required,
whichis why simpletechniquesanbeusedto achiere adequat@isualizationspeeds.

Thefirstassumptioris asinglelight sourceataninfinite distancewhile shadav-
ing is usuallyignored. This impliesthatthe light intensityaswell asits directionis
constantcrosghe entirevolumeto bevisualized.

A further simplificationof the processs the useof orthographidnsteadof per
spectve projection.This considerablgimplifiesandspeedsip thevisualizationpro-
cesswhichis why orthographigrojectionis still oftenused.

In general,modern3D visualizationtechniquesalculatethe surfacedirection
from the original grey data. The suriacenormalcanbe representetby the normal-
izedgrey level gradientHohneetal. 1990).For every pointonasurfacethisgradient
canbecalculatedrom thegrey level dataof its neighborge.g., six first orderneigh-
borsor in a secondorder (3x3x3) neighborhood).Normalizationof the gradient
subsequentlyieldsthe (outward) surfacenormal.
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A simplelight reflectionmodelsufficesin mostcasesThemostusedight model
is thatof Phong(Phongl1975),which separatethereflectedight into threecompo-
nentsyiz,; i) anambient,i) adiffuse,andiii) aspeculacomponentFurthermorea
significantreductionin visualizationspeedcanbe obtainedby approximatiorof the
speculacomponen{Schlick1994).

Thedemandor 3D volumevisualizationis even more stringentfor multimodal
datasetswheremental3D reconstructiorof the multivariateinformationis nighim-
possible.n thischapterwe presentnovel techniqueor 3D integratedvisualization
of SPECTandMRI. ThetechniqueNormal Fusioncolor encodedocal SPECTac-
tivity ontothebrainsurfacerenderedrom MRI.

4.4.2 Normal Fusion

Gradient

MRI SPECT

Figure 4.1 Principle of the Normal Fusiontechnique The gradientcalculated
in a standad volumetricrenderingprocedue of MR imagesis usedto evaluatethe
correspondingSPECTdata.
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Figure 4.2 Seepage 65.

Figure 4.3 Normal Fusionvisualizationusingthe maximumvalue of the SPECT
samplego color encodethe surface Frame(A): Color encodingwith the lookup
table proposedn the presentchapter Frame(B): Color encodingwith the original

heated-objecscale
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+— Figure 4.2 Top part: Surfacecolor encodingof SPECTactivity on a brain
surfacefor a patientwith aright frontallobetumor(seearrow) (A), a patient
with autistic behavior(B), and a patientwith TS(C). For thesethree cases
3Drendering®ftheright andleft hemisphezwith differentdepthrangesare
presented0—1 mm(top row), 0-5 mm(middlerow), and 0—-10mm(bottom
row). Themaximumvalue over the depthrange wasusedto color encode
the correspondingsurfacevoxel. Bottompart: Influenceof the integration
directionon the multimodalityvisualization. Therenderingsgn Frames(D)
and(E) aretheresultof fusionemployingheviewingdirection.Bothimages
color encodethe highestactivity onto the surface Frame(D) traversesthe
wholedatasetFrame(E) usesonly thefirst 10 mm. Frame(F) resultsfrom
the Normal Fusiontechniquedepictingthe highestactivity over a depthof
10 mm. The portrayedlookuptable wasthe basisfor the color encoding;
scalingwasadjustedior eat caseaccodingly.

HMPAO-SPECTimagesportray the cerebralblood perfusion(Roperet al. 1991,
Matsudaet al. 1993,FaberandFolks 1994),whichis tightly coupledwith the activ-
ity of thetissue.Activity in thebrainis mainly locatedin the grey matter(Valentino
etal. 1991),whoseprincipal partis the folded surfacelayer (about2—10mm thick).
Variousmethodghatmapfunctionalactiity of thegrey matterontothebrainsurface
renderedrom anatomicaldatahave alreadybeenproposedLevin et al. 1989, Hu
etal. 1990). Thesetechniquesharethe characteristi¢hatthe functionalactiity be-
low the surfaceis sampledalongthe viewing direction. Fromthesesamplesa value
is calculatedwhich is color encodedonto the surface. The resultingvisualizations
provide the obserer with specificinformationconcerningorainfunctionin relation
to anatomy However, the obtainedfunctionalinformationis a representatioof in-
formationintegratedalongthe viewing directionratherthanthe actuallocal activity
beneaththe brain surface. We developeda techniqueto investigate the functional
activity moreaccuratelymakinguseof the gradientthatis calculatedn the volume
visualizationprocess.

Normal Fusionspavns a secondaryay at the surfacealongthe reversegradient
or inward normaldirection(seeFigure4.1). With SPECT/MRIvisualizationwe use
this secondaryayto projectlocalfunctionalbrainactiity from SPECTontothesur
facerenderedrom MRI-T1 data. The value at a surfacevoxel is calculatedfrom
samplepointsof SPECTIin thedirectionof theinward normal;integrationdepthand
samplingrateareuserdefinable.The surfacevoxel hasbeencalculatedn two ways
(othermethodscanbeimplementedeasily),viz, i) by takingthe averageof thesam-
ple values andii) by takingthe maximumintensityvaluealongthe sampledirection
(MIP). Theobtainedvaluerepresentthecerebrabloodperfusionjust below thesur
face. The calculatedactiity is thencolor encodednto the volumetricrenderingof
thecortex asderivedfrom the MRI data.

Theintegrateddisplayshovn in Figure4.2 (FramesA, B, andC) is theresultof
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the Normal Fusionprocedureappliedto the SPECT/MRIdataset®f the threecases
using different depths(top row for a depthof 1 mm, middle row for 5 mm, and

the bottomrow for 10 mm), onesampleper mm, andcolor encodingthe maximum

SPECTvalueontothe surfaceof the brain.

The resultsof the patientwith the frontal lobe tumor (casel) are presentedn
Figure4.2A. Theleft hemispherdright column)portraysSPECTactvity (cerebral
blood perfusion)beneaththe surfaceof an assumedhealtty brain hemisphereThe
right hemisphergleft column)shavs how thedeterioratiorof gyri andsulci, asis vis-
ible from the MRI cortex data(seearran), matchegsheabnormarkegion visible from
the color encodedSPECTactvity. The abnormalgyral patternis hypoperfusedn
accordancevith the presencef atumorunderneathhis surfaceregion. We obsere
that a strip of increasedactiity, correspondingvith increasedlood perfusionbe-
neaththe surface,surroundghe damagedegion. Furthermoretheright hemisphere
andcerebellunmshav anoverallincreasean actiity comparedo theleft hemisphere
andcerebellumapparentlyno diasclysisis present.

Theresultsof case2, a patientwith autisticbehaior areshovn in Figure4.2B.
It shawvs several differencesetweeneft andright hemisphereyiz,; i) frontal lobe
hyperperfusion)eft hemisphereslightly higherthanthe right, andii) left temporal
hypoperfusion.Although the gyrationappearechormalon the 2D MR images,the
3D volumerenderings suggestie of anabnormalgyral patternof the left temporal
lobe. Noteworthy is anabsencef perfusionin theareaof Wernicle.

Theresultsof case3, a TS patient,arepresentedn Figure4.2C. Thetop of the
brain was not scanned.Several differenceshetweenleft andright hemispherecan
be noted,viz, i) a stronghot-spotin theright lateralfronto-orbitalregion which is
alreadyclearlyvisible atadepthof 1 mm;ii) increasedctvity in theleft dorsalpari-
etallobe over a diffusearea,andiii) increasedctvity in the left dorsalcerebellum,
with anormalright cerebellum.

Thefindingsof all threecasesverebasedon boththe 2D SPECTdataandthe
3D Normal Fusionimages.Someof the reportedfindingsweredifficult to establish
uponexaminingthe 2D SPECTslicesonly. Moreover mentalreconstructiorof the
3D actvity in relationto theanatomyappeareda difficult task.

StandardSPECTlookup tableswere not suitablefor our applicationsbecause
theirlow-actvity colorsareshade®sf black. An instructive simultaneougresentation
of the cortical hot-spotsin SPECTin relationto the MRI datawas obtainedupon
adjustingthe heated-objecscalesuchthatthe low-actvity color waschangedrom
black to blue andthe scalewasreverted(seeFigure 4.3). While this lookup table
is valid for thesethreecasesyisualizationof othercaseqe.g., for visualizationof
cold-spots)may requirea differentlookuptable. The optionto (rapidly) changehe
color encodingof the calculatedsurfacevalue by manipulationof the lookup table
appears valuableextensionof this visualizationtechnique.

We have studiedthe effect of differentdepthsand samplingrateson the final
visualization,as well as different strat@ies for deriving a surfacevalue from the
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actvity beneaththe surface. With the samplingrate, a trade-of betweenaccurag
andspeecexists. The samplingrateshouldbe high enoughto accuratelysamplethe
SPECTdata,but preferablyaslow aspossiblefor a quick assessmentf the visual-
izationresult. The evaluationstratgy depend®ntheinformationthe obsereris in-
terestedn. ForinstanceMIP appearso bethe methodof choiceto revealhot-spots,
but the averagingmethodmay be more suitableto give animpressionof the entire
rangeof sampledSPECTintensities Otherdataandapplicationgnaydemandliffer-
entcalculationparadigmsChanginghedepth,or better thedepthrange overwhich
theSPECTdataaresampledffersthepossibilityto revealsuperficialor moredeeper
lying regionsof activity. With case3, the hot-spotin theright lateralfronto—orbital
region couldalreadybe appreciatedisingonly thefirst voxel of SPECTinformation
below thebrainsurface.Otherhot-spotgid notemegeuntil thedepthwasincreased
to 10 mm (seeFigure4.2C) or beyond.

Oneof the main advantagef the Normal Fusionmethodis thatit follows the
cunatureof the brainto calculatethe regional actvity of subcorticalcells, which
malkes the visualizationindependenof the viewing direction. Earlier techniques
(e.g., for PET/MRI see(Levin etal. 1989,Hu et al. 1990))madeuseof the viewing
directionto integrateinformationontothe surfaceof thebrain. To illustratetheeffect
of the integration direction, we renderecthe left hemisphereof case3 with three
methods. The first methodusedthe viewing direction throughthe entire volume
(seeFigure 4.2D), the secondusedthe viewing directionwith a depthof 10 mm
(seeFigure4.2E), andthethird usedthe inward normaldirectionwith a depthof 10
mm (seeFigure4.2F). For all threemethodsve usedonesamplepermm, while the
maximumvaluewascalculatedo colorencodehesurface.

In Figure4.2D two clearly delineatedhot-spotsare visible in the left inferior
frontal andleft inferior temporalregion. Thefirst hot-spotstemsfrom theright lat-
eralfronto-orbitalregion (seeFigure4.2C) andthe seconchot-spotis activity from
thefiducialmarkerattachedo therighttemporo-mandiblar skin surface.In thepari-
etal and occipital region thereare other hot-spotshat resultfrom right hemisphere
actvity. Theeffectof actvity in theright hemispererisible ontheleft hemispherés
greatlyreducedvhenthedepthis decreasedscanbeseenn Figure4.2E. Still, activ-
ity depictedonthesurfaceof agyrusmayresultfrom activity locatedin aneigboring
gyrus. This effect canbestbe appreciatedn a movie-sequenc&herethe angle-of-
view is changedThenthelocation,form, andcolor of thehot-spotshangegor each
angle. Theactvity of the cerebellumwhich canbe usedasa referencgHashikava
etal. 1995),alsochangeswith the viewing angle. The dependencon the angle-of-
view proved large (esp.whenusingthe entirevolume),which reduceghe ability to
correctlylocalizeactvity. Figure4.2F depictstherenderingwith theNormalFusion
techniquewhichis insensitve to theviewing direction. Fromeachviewing anglethe
colorsonthesurfaceremainexactly identical.

An extensve clinical evaluationof multimodality visualizationtechniquess in
progressseeChapter6). This will requiremary more datasetghat are currently
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collected. Below, we give a first impressionof the validity of the Normal Fusion
approachbaseduponthethreecaseshawn in this section.

45 Assessment of clinical relevance

A preliminary evaluationof the Normal Fusiontechniquewas carriedout by five
nucleamedicinephysiciansof the UniversityHospitalUtrecht. They answered set
of simple,yetfundamentafjuestionso asto assesshe possibleclinical benefitsof
thetechnique.Sincewe reporton threecasesonly andanticipateda training effect,
we decidedio conductthe evaluationtwice for eachobserer with atleastoneweek
betweerthetwo sessions.

The casesverepresentedo eachof the nuclearmedicinephysiciansseparately
and consistedof the usualSPECTdatain the familiar settingof their own depart-
ment. The orderwasidenticalfor eachnuclearmedicinephysician,viz. casel, case
2,andthencases. First,thephysicianwasasledto performaroutineclinical screen-
ing of the patientdatawith the original clinical informationat hand. For casel this
informationwas: Operationbecaus®f a histologicallyconfirmedright frontal aste-
rocytomegradell (seealsothe 2D imagedatain Figure4.1). Question:How is the
surroundingcerebralbloodflon? For case2: Dysfunctionrelatedto autism. Ques-
tion: Abnormalitiesfrontal region andbasalganglia?For case3: Tourettesyndrome.
Question:Perfusiorabnormalitiesn basalganglia?

Subsequentlypreprocessedormal Fusionimageswere addeddepicting the
highestSPECTactvity on the brain surfacefor four depths(1, 5, 10,and15 mm.)
andfor four viewing angleqfrom thefrontal, right, left, andcaudalsideof thebrain).
Theright andleft views over depthsof 1, 5, and 10 mm for the threecasesarede-
pictedin Figures4.2A, B, andC. Thefollowing list of questionshadto be answered
for the presentatiof eachcase:

1. Do you find it difficult to relatethe information acquiredfrom the Normal
Fusiontechniqueo thetraditional2D SPECTimagesor this case?

2. IstheNormalFusiontechniquebeneficiain establishingananatomicaframe-
work for the functionalSPECTinformationfor this case?

3. Doyoufind thisframework usefulfor theinvestigationof SPECTfor thiscase?

4. Do you expectthatthis typeof presentationvill facilitateestablishinghe dif-
ferentialdiagnosidor this case?

5. Do you expectthatcommunicatiorio thereferringclinicianwill beimproved
with this type of presentatioffior this case?

6. Do you expectto usethe Normal Fusionpicturesfor a generaimpression(an
overview) wheninterpretingthe 2D SPECTimagedor this case?

Thequestionsouldbeansweredvith: 1=definitelyyes,2=probablyyes,3=neu-
tral, 4=probablyno, and5=definitelyno.
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Sessiorl Sessior?

Tumor Autist Tourette Tumor Autist Tourette
Question mean s.d. | mean s.d. | mean s.d. || mean s.d. | mean s.d. | mean s.d.
Difficult to relate|| 3.6 20 | 42 08 | 5.0 - 50 - 50 - 5.0
NFto 2D?
Establishesanatom-|| 1.2 04 | 24 20 |12 0.4 1.0 - 22 16 | 1.0
ical framewvork?
Is framevork use-| 24 11 |34 15|18 18 1.0 - 24 15 |16 09
ful?

Facilitates differen-|| 24 09 |34 13 |30 19| 14 05|24 17 |18 04
tial diagnosis?

Communication im- 1.0 - 34 18 | 24 15 1.0 - 26 18 |12 04
proved?
Use as overvien? 1.2 04 | 24 1.7 | 26 15 1.0 - 24 15 1.2 04

Table 4.1 Resultgtwo sessionsdf the clinical evaluationfor threecases:Casel
is a patientwith a right frontallobetumor case2 is a patientwith autisticbehavioy
and case3 is a TSpatient. A full-length version of the questionscan be foundin
thetext and the answes could be either 1=definitelyyes,2=probablyyes,3=neu-
tral, 4=probablyno, or 5=definitelyno. An arithmeticmean(mean)with standad
deviation (s.d.) over all observes wascalculated.In all questionsout thefirst, the
responsé€l” is consideed positivefor the Normal Fusion(NF) technique;in the
firstquestiontheresponsé5” is consideed positive

Although the dataare cateyorical, we decidedto calculatean arithmeticmean
with standarddeviation for computationakaseandto facilitatecomprehensionThe
nuclearmedicinephysicianswerenot trainedto interpretthe Normal Fusionimages
in clinical practice. At first it proved difficult to fully understandcand cateyorize
the information corveyed by the Normal Fusionimages. After sometraining, the
information from the Normal Fusionimageswas easily interpretedand integrated
with theinformationfrom the 2D SPECTimages.Especiallyfor casesl and3 (see
Tablel), consisteng accrosghenucleamedicinephysiciansincreaseaonsiderably
from sessiorl to 2 while this wasalsotrue for four out of five obserersfor case?.
Thelessfavorableresultsfor theautisticpatientwerecausedy thedeviating opinion
of oneobserer, who attestedhatthe Normal Fusionimagefor this casecorveyed
clinically irrelevantor incorrectinformation.

Initially, the nuclearmedicinephysiciansstatedthey would usethe Normal Fu-
sionimagesonly whentheclinical questioncalledfor investigationof corticalactiv-
ity. After the training phasethey reportedthey would usethe techniqueto quickly
investigatecorticalactiity evenif theclinical questiondid not pointto the cortex as
the primary site of interest. Several of the obserersreporteda desireto manipulate
thecolorencodingscaleof theNormalFusionimagedor animprovedunderstanding
of thedata.

The clinicians appreciatedlirect (3D) visual comparisorwith the homologous
region of the other hemispheregspeciallywhenthe 2D SPECTimageswere not
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properlyaligned. Then,investigation of the 2D SPECTimagesproved problematic,
becauseomparisorof actiity with themirror hemispherevasdifficult. TheNormal
Fusiontechniqués not affectedby misalignmenbf the original 2D SPECTimages,
becausef theprovidedanatomicaframenork, which alleviatesthecomparisorwith

the pertinentanatomicategion.

Overall, theresultsof sessior? (seeTablel) indicatethatthe obserersconsid-
eredtransferof informationfrom the Normal Fusionimagesto the 2D SPECTdata
easy The techniqueprovidesan anatomicaframevork which may help not only
in establishinghe differentialdiagnosisjut alsoin communicatingo thereferring
clinician.

46 Conclusions

Thereis a growing needfor multimodality visualizationtools in the clinic to gain
moreinsightinto theintricateinformationconveyed by multimodaldatasetsUse of
3D multimodalityvisualizationtechniquegor SPECTandMRI mayfacilitatediag-
nosisandcommunicatiorby increasinghe appreciatiorof the spatialrelationships
of theimages.

We developeda novel methodfor the integrated3D visualizationof information
acquiredwith SPECTandMRI. Thismethod NormalFusion,calculatesheregional
blood perfusionbeneaththe surfaceandcolor encodeghis valueontothe MRI cor-
tex rendering. Functionalinformation of the surfacelayer of cortical grey matter
is presentedvithin an anatomicaframe of reference.The curvatureof the brainis
followed,which makesthevisualizationindependentf the viewing direction.

Experiencewith this techniqueusing clinical datasetss promising. Informa-
tion thatwasdifficult to find whendiagnosingSPECTfrom theindividual sliceswas
broughtout by the multimodal presentations.A simple clinical evaluationof the
Normal Fusiontechniquewas conductedwhich indicatedthat communicatiorand
anatomicalocalizationmay well benefitfrom this technigue. The promisingeval-
uationresultscall for a rigorousvalidation of the diagnosticvalue of the Normal
Fusiontechniquepr rathermoregenerallyof simultaneouslisplayof functionaland
anatomicalnformation.
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