In nuclear medicine the patternsseenin images
representspatial and tempoal arrangementsand
rearrangementsof the physiolagical or biochemi-
cal processesinderinvestigation. How are these
patternsbestdetectecand compaed?
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Chapter 7

Inter pretation of 3D Fusion of
Clinical SPECTand MR Bralin
Images: Preliminary Results

Abstract

A preliminary qualitative interpretationof 3D fusion for clinical casess conducted. The
SPECTand MRI dataof two patientgroups,i.e., casesdiagnosedwith the Gilles de la

Tourette Syndromeand Attention-Deficit Hyperactvity Disorder are presentedising the
NormalFusiontechnique Thesdusionimagesarefirst comparedvith the2D SPECTimages
to assessvhetherNormal Fusionaccuratelycharacterizethe functionaldataof the cortical
surfacelayer Thenthefusionimagesof theindividual casesare qualitatively evaluatedand
thetwo patientgroupsarecomparedTheresultsindicatethatthe signalingof corticalactiv-

ity by the Normal Fusionimagesis in goodagreementvith 2D SPECTreconstructiongind
that specificpatternsof hypo or hyperactvity are more easilyrecognizedwith the Normal
Fusiontechnique.
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7.1 Intr oduction

Theroutineavailability of multiple imagingmodalitiesfor patientinvestigationpro-
videsnew insightsto the clinician, but also poseschallengingdemandson the ex-
tractionandpresentatiof the multivariatedata. The mentalintegrationof multiple
tomographicdatasetsnto one consistenBD representatiowf the patientis an ex-
tremely difficult taskwhich calls for computerassistancelntegrationor fusion of
imagedatarequiresregistrationof the differentsetsinto the samecoordinateframe
andpresentatiomf theinformationin anintegratedfashion.

This thesisfocusseon techniquedor the integratedvisualizationof functional
andanatomicabrain data. Evaluationof several of thesetechniquess presentedn
Chaptet6 for thelocalizationof abnormalitiesHerewe performa preliminaryinter-
pretationof integratedvisualizationusingthe NormalFusionimagesrom Chaptel6.

In Figure4.2 Normal Fusionimagesof two children,diagnosedresp. with the
Gilles de la TouretteSyndrome(TS) and autisticbehaior, are presented.The pat-
ternsof cerebralblood flow obsered in theseimagespromptedthis study In the
currentchaptertwo patientgroups,i.e., children diagnosedwith either TS (n=6)
or Attention-Deficit Hyperactvity Disorder(ADHD) (n=6), are used. Only these
two groupswereavailablewith a combinationof a suficiently high resolutionMRI
dataseandHMPAO-SPECTimages.

Theaim of this chapteiis twofold: i) To comparghe NormalFusionimageswith
the original 2D SPECTdatato determinewhetherthe integrated3D presentations
accuratelcharacterizéhe SPECTinformationof thesurfacelayerof thebrain.ii) To
gualitatively investigate patternsof cerebrabloodflow in theintegratedimages.

We will first provide somebackgroundn both TS andADHD, andthengive a
descriptionof the patientgroupsandthe setupof the study

7.1.1 The Gilles dela Tourette Syndrome

TSisachronicneuropsychiatridisorderthathasits onsein childhoodandis primar
ily characterizety multiple motorandvocaltics. Virtually ary musclegroupcanbe
affectedby tics, but theonsetis usuallyin the orofacialregion (Petersoretal. 1993).
A geneticetiologyis supportedy family-geneticandtwin studieswith mostlikely
a sex-influencedautosomaldominantmode of inheritanceand variable expressi-
ity asTS, chronicmotortic disorderor obsessie-compulsie disorder(Cohenand
Leckmanl1994,Robertsor1994). Subjectswith TS oftenexhibit comorbiddisorders
in additionto thewide rangeof tics, suchasADHD in childrenandadolescentand
obsessie-compulsie disorderat adultage. About 40% of the childrenandadoles-
centswith TS have acomorbidADHD.

A substantiabody of dataimplicatesthe basalgangliaandrelatedcortical and
thalamicstructuresn thepathoplysiologyof TS (Leckmanetal. 1992).Post-mortem
studieshave so far not establishedpecificabnormalitiesgxceptfor one casewith
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smallermeuronsn theputamerandcaudatenuclei(Richardsorl982). This suggests
hypoplasiaof partsof the basalgangliawhich may be dueto somedevelopmental
arrest. In vivo neuroradiologicstudiesprovide supportfor the involvementof the
basalgangliain the pathoplysiology of TS. Structuralneuro-imagingoy meansof
3D reconstructed/Rl hasdemonstrategmallervolumesof the caudate)enticular
and globus pallidus nuclei in TS subjectscomparedo controls. Furthermore an
absencef the normalvolumetricasymmetry(left greaterthanright) wasshavn in
TS subjectqPetersoretal. 1993,Singeretal. 1993).

A numbernf SPECTstudieshave examinedthecerebrabloodflow in TS (mainly
adults)usingHMPAO. Thefirst study(Riddleetal. 1992)comparediine controlsto
nine right-handedadultswith TS. A significantlyreducedcerebralperfusionin the
left putamenand left globus pallidus of the TS subjectswasreported. A second
study (Geoge et al. 1992)included 20 adolescentand adultswith TS and eight
normaladults,andfoundanincreasedight frontal actwvity in TS. Thisfinding, how-
ever, demandgautionbecausé¢he analysisdid notincludea correctionfor multiple
comparisonsand the frontal perfusionin the controlswas unusuallylow. A third
study(Moriarty etal. 1995)including50 subjectgagerange? to 65) and20 controls
found significantlylower HMPAO uptale in the left caudateandanteriorcingulate
areain TS.

In summarythe functionaland anatomicaldatasupportthe involvementof the
cortico-striato-thalamo-corticalrcuitsin TS (AlexanderandCrutcher1990).

7.1.2 Attention-Deficit Hyperactivity Disorder

ADHD is a childhood-onsetlisordercharacterizeth DSM-IV by hyperactvity, im-
pulsivenessandpoor sustainedattention. Threesubtypesave beendescribedpre-
dominantlyhyperactve/impulsive, predominantlyinattentve, and combinedtypes.
ADHD is themostprevalentpsychiatricdisorderin childhoodandoccursin 3-5% of
all childrenbetween7 and12 years.Boys areaboutfour timesmoreoften affected
thangirls. Thedisordershovs astrongpersistencever developmenttheprevalence
of ADHD amongadolescentss 1.5-2%andamongadults0.5-1%. The diagnosisof
ADHD is madeonthebasisof aclinical picture,currentlynolaboratorytestor setof
testscanbe usedto form a definitediagnosis(Cantwell1996)

Psychosocialactorsarenotthoughtto play a primaryetiologicalrolein ADHD,
but family geneticfactorshave beenimplicated.Furthermoresome’environmental”
etiologicalfactors(including pre andperinatalabnormalitiestoxins, sugar intoxica-
tion, andorthomoleculatheoriesof greatneedfor vitaminsandnutrientsin children
with ADHD) have beenproposed(Cantwell1996)

ADHD hasanenormousmpactontheutilization of medicalandhealthcareser
vices. Both in clinical and epidemiologicsamplesADHD in childrenis associated
with ahighrateof comorbiddisorderssuchasoppositionabndconduct(aggressie)
disorderg(50%), affective disorderg(20%) and learningdisorders(30%) (Cantwell
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1996). The presencef comorbidaggressiornasemepged asthe mostcritical fac-
tor in exacerbatinghesedevelopmentakisks. Childrenwith ADHD andcomorbid
aggressiomrealsofairly resistento successfubehaioral andpharmacologiinter
ventions.

Pathoplysiology of ADHD hasbeeninvesticgatedwith MRI (Castellanost al.
1994,Gieddet al. 1994),SPECTandPET (Lou et al. 1984,Zametkinet al. 1990),
implicatingthe fronto-striatalareasasbeingabnormal. The MRI studyhasdemon-
stratedareducedvolumein therostrumandrostralbodyof the corpuscallosumand
decreaseslolumesof thecaudatenuclei. SteereandArnstein(1995)interpretedhis
asanalterationof functioningof the prefrontalandanteriorcingulatecorticesof the
brainin additionto alteredpremotorfunction.

SPECTstudiesrevealedfocal cerebralhypoperfusiorof striatumandhyperper
fusionin sensoryandsensorymotoareas.The PET studyin adult ADHD revealed
lower cerebraglucosemetabolisnin thepremotorcortex andin thesuperiomprefron-
tral cortex (Zametkinet al. 1990). Theseareasareinvolvedin the control of motor
actiity andattention.

7.2 Materials and Methods

7.2.1 The patient data

At theUniversityHospitalUtrechtatotal of 41 childrenandadolescentarepartof an
ongoingstudyinvolving MRI andSPECTacquisitiongfor acquisitioncharacteristics
seeSection6.2.1).Fromthesecasesve selected 6 patientonthebasisof absencef
comorbiddisordersaccordingo DSM-IV criteria. Anotherfour casesvereremoved
from theselectiorowing to thelow quality of thecortical SPECTdatayieldingatotal
of six TSandsix ADHD casesTheageof the TS patientsangedrom 8to 13years,
andthe ADHD rangewas8 to 11 years. All subjectswere on medication,but not
during the acquisitionof the data. Subjectswith TS usedeitherclonidine(N=3) or
low dosef neuroleptic§N=3). ADHD subjectsveretreatedwith methylphenidate
(N=5) or clonidine(N=1).

Ethical concernsaboutradiationexposureprecludedhe useof a normalcontrol
group. All childrenandtheir parentsgave their informed consentto participatein
this study which wasappraved by the ethicalcommitteeof the University Hospital
Utrecht. Participantawverevolunteeredrom childrenreferredto the OutpatientChild
PsychiatricUnit, wherethey underwentextensve diagnosticproceduresincluding
standardizegsychiatricexaminationsdevelopmentahistory, andneuropsychologi-
caltesting.
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7.2.2 Setup

For eachpatientNormal Fusionvisualizationsveremadefor the six principaldirec-
tionssupplyingaroundabouview of thebrain. Theimagesareviewedonscreerwith
anoptionto manipulatehe colorencodingof thefunctionalinformationaccordingo
theapproactdiscussedn Chapters. For quick comparisorof thevisualizationdor
differentpatientswe alsousedcolor prints of the Normal Fusionimages.For these
prints,color encodingwasqualitatively setby the principalauthor(RS, seepagevii)
by increasinghe amountof redto an arbitrarylevel andthenperformingthe same
for the color blue. The authorwasnot oneof theratersandmadeno useof clinical
informationduringtheseoperations.

The quality of the 2D SPECTdatawasfirst investicatedin the usualway by
a nuclearmedicinephysician (Jvl). The Normal Fusionimageswere subsequently
investicqatedand comparedwith the 2D SPECTdatato evaluatetheir accurag for
signalingof hypo andhyperperfuse@dreasn thecerebrakortex.

Finally, the Normal Fusionvisualizationwerequalitatively evaluatedby the nu-
clearmedicinephysician,a neuroradiologis(LM) anda child psychiatris{JB) soas
to interprettheindividual casesandto comparethe patientgroupsTS andADHD.

7.3 Results

As afirst stepthe areasof increasedinddecrease@PECTactiity indicatedby the

Normal Fusionvisualizationsverecomparedvith the informationfrom the original

2D SPECTimagesandyvice versa. An averagenumberof five cold-spotsor areas
and seven hot-spotsor areaswere verified. Upon careful comparisonthe nuclear
medicinephysicianconcludedhatthe 3D Normal Fusionimagesaccuratelycharac-
terizethe correspondingnformationfrom the 2D SPECTimages.For someof these
comparisongolor manipulatiorof the Normal Fusionimagesproved of importance.

The secondaim, i.e.,, the studyof flow patternswasevaluatedby all obserers.
Table7.1 presentsan overview of the mostrelevantobserationsandFigure7.1 de-
picts the Normal Fusionimagesof four of the casesjwo for TS (TS1and TS3)
andtwo for ADHD (ADHD2 and ADHD3). The opinionof the obsererswasthat
the Normal Fusionimagespresented valuableandfastoverview of alarge partof
the functionalinformation of the grey matter In combinationwith the individual
anatomy Normal Fusionimageswere consideredhelpful in the recognitionof per
fusioncharacteristicef grey matterandin the generatiorof hypothesedgor cortical
involvementin thesegroups.
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Figure 7.1 ExampleoftheNormalFusionvisualizationdor the TS(top row) and
ADHD (bottomrow) groups. Frame(A) is caseTS1,(B): TS3,(C): ADHD2, and
(D): ADHD3 (seeTable7.1).
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Table 7.1 Theoverall resultsof the qualitative analysisof the Normal Fusion
images.R = right, L = left, hyper= hyperperfusionhypo= hypoperfusionFTP =
fronto-tempao-parietalregion, confl= confluentfFS= frontal superiorgyrus,Occ

occipital,”+’ = present; <’ = lowerthanl,’ s’ = apptoximatelyl,’ >’ = higher

thanl, The'p’ scoesin itemlll indicatethatthe hypoperfusedreaextendedover
theparietallobe For anexplanationof thefeatueswereferto thetext.

Theevaluationof thecorticalactiity of theindividualcasesandsubsequerdom-
parisorbetweertheTSandADHD patientgroups(seeFigure?7.1)yieldedinteresting
results(seeTable7.1),from whichthefollowing itemswerededuced:

Hyperperfusiorof right cerebralareasn comparisorwith the corresponding
left cerebralareador the ADHD group(n=5/6).

II. A patternof confluentregionsof hyperperfusiorin the right fronto-temporo-

7.4

parietalareafor the ADHD patientg(n=5/6).

Hypoperfusionin the left and/orright frontal superiorgyri in a majority of
caseqn=10/12). In mostof thesecaseqn=8/10)the hypoperfusechreawas
not limited to the FS, but extendedover the parietallobe. This arealargely
correspondsvith thedistribution areaof the cerebralnteriorartery

. Theoccipitallobe andthe cerebellumarefrequentlyusedasareferencearea.

We found thatthe ratio of the occipital lobe over the cerebellum(Occ/cereb-
ellum)is notconsistenfor theTSandADHD patients.In mostcasegn=8/12)
theoccipitallobe hasalower perfusionthanthe cerebellumwhichis in accor
dancewith the generalbelief that the cerebellumsignalsthe highestactivity
for the brain. However, the othercaseqn=4/12)indicatethat at leastone of
theseregionsis not suitedasa generakeferencerea.

Discussion

The comparisorof the informationasprovided by the Normal Fusionimageswith

thatof theoriginal2D SPECTdatacallsfor sereralcommentsAnalysisof functional
datasuchasSPECTis typically enhancedby color manipulatiorandthis alsoapplies
to Normal FusionpresentationsThe useof the color manipulationcapabilitieson
screeris favoredover the printedimagesfor investigation of the data. However, the
printedimageswere of considerablesaluefor quick comparisorbetweenmultiple
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cases. Furthermore we adviseaginstthe stand-alongresentatiorof the Normal
Fusionimagesfor viewing of the data. In our opinion the correlationwith the 2D
SPECTinformationis vital for verificationof the obserationsperformedwith the
volumetricdisplay(seealso(Webbetal. 1987,Wallis 1992)).

Theresultsindicatethat the signalingof cortical activity by the Normal Fusion
imagess in goodagreemenyith 2D SPECTreconstructionsThevisualcomparison
of theNormalFusionimageswith the2D SPECTdatarevealedthatunderstandingf
thelatterwasimprovedby theintegratedvolumetricdisplay Detectionof 3D patterns
is problematicin a 2D SPECTdisplay especiallywhenthe patternsarenot in one
of thethreeorthogonalirections.In this respectthe’signaling’ functionof Normal
Fusionis greatlyappreciatedbecausespecificpatternsof hypo or hyperactvity are
moreeasilyrecognized.

In thepresentegatientdatasetdNormalFusionvisualizatiorfacilitatedtherecog-
nition of theabove describedSection7.3)abnormaflow patterns Assessmertf the
individual casesandcomparisorbetweerthetwo patientgroupsyieldeda few note-
worthy featuresFor example ourobsenrationsindicatethattheuseof thecerebellum
or thevisual cortex asa referenceareaashasbeenimplementedn several publica-
tions(Geogeetal. 1992 Moriarty etal. 1995 ,Hashikavaetal. 1995)appearaques-
tionablechoicefor thesepatientgroups(seealso(Lamoureuxet al. 1990, Crosson
etal. 1994)ontheuseof thecerebellumasreferencarea).Until quantitatve SPECT
will becomeavailable(Beekmaretal. 1996),the useof overall SPECTactvity asa
referenceseemsanoreappropriat§Crossoretal. 1994).

In comparingthetwo patientgroupsthe ADHD casegresenteé relatively ho-
mogeneougpatternof surfaceactiity. The TS groupwasquitediverse.

In thispreliminary qualitatvely evaluationthe NormalFusiontechniquepresents
a quick andaccuratecharacterizatiorf the cortical cerebralblood flow in clinical
casesRecognitiorof (possiblydisease-relate@bnormaflow patterngs facilitated.
However, theabsencef anormalgroupandthelow numberof casegpreventdefinite
conclusiongo bedrawn from this study



