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３．PediatITciMRI/EEI

JillV,Hunter

DeparmIeI]LoIRa(ﾉﾉoﾉogylC/]i/dreJ】'sHoSI)ｊ/ｆｌﾉ〔〕/P/IjLldelp/】由

－(Abstllac0
Ｒａl)idadvanceshaveocculTedinl)Gdiail･icneuroimaging()vcrlhepastfiveyears,cspecial]ｙｉｎ

ｔｈｅａｒｅａｏｆｓ()-called1IFL1ncLi()nalimaginingⅡａｎｄｉｎｌ〕articu1&Ｉｒ「ul〕cti()､a］magneticresollance

imaging（[MRI).ThishasbeenacccleraLedbvtheintroducli()Ｉｌｏ[echo-planarimagin宵（EPI)，

whicha1lowsforlheverv[astacquisilion（<１００，s/image）o1multi-sliceimages､Pediatric

radiologyisn()longerjustaquesIion()〔interpretinganat()my1forwithtlleabilitvt()combine

structul･ewithhlnction，ｗｅａｒｅｌｌ()ｗａｂ]et0extractphysi()]()gicalinIormatioll、Ｔｈｉｓ(〕pensup

excitingpossibililiesfOradvancesin［henel〔1oIneurosci(〕､c(､’1〕articuIaI1vinthepediatricarena・

Thisreviewwil］discussthebackground，currentstatus()［ａ]〕。「u(urepossibilitiesR)l･ｐｅ(liatric

fMRI

陸ＶＷＤﾉｺﾞﾊﾄﾞ：FunctionalMR1,ＥＰＩ,PediatricNeuroimaging

ｗｅｒｅｍａｄｃｂｙＰｅｎｆｉｅｌｄａｎｄｃ()-Ｗ()1.kers2.3)，who

mapl〕edlhesensolyandmotorcerebra]cortex

inhigherl)rilnalesandmanby()|〕scrvingthe

ef随ｃｔｓ()fdirecleIectricalstilnulati(〕n．

Inl9881anearlyreportof(lynanlicimagingin

normalbrailｌａｐｐｅａｒｅｄｌ)，whichusedthe

magneIicsllsceptibilityefIects（)Iexogenous

contrastma(erialto1racecerebralbl()()ｄｎｏｗ・

Ｔｈｉｓｗａｓｓｏｏｎｌ()ｌｌｏｗｅｄｂｙａｎａｒ(jclcon

ltlllciionalccrebra1imagingusingsusceptibili坪

contrasiMRI5)．１１〕1990,Ｏｇａｗａｅｔａｌ６)、reported

oxygellaliol〕‐sensitiveMRIsigl]alchangesin

rodenll)railla［highmagneticlields,whichdid

notrequirelheadministrationo「anyextrinsic

contrastagentbutreｌｉｅｄｏｎ[healteratioI1inoxy

-/〔]e()ｘｙ＊Ｉ１ｅｍ〔)globinratioi1〕normally

ci1℃ulatillgl〕l()odlollowingdelivery()｢０xygellto

tissuc・Thistechnique,ｋｎｏｗｎｂｙＵｌｅａｃｒｏｎｙｍ

ＢＯＬＩ)，ｗａｓａｌ)pliedusinga1.5Techo-p]anaｒ

(EPI）「asLacquisitioI1MRIsystell1（omapthe

activatedhumanvisual7)，sensory8,〔))andmotor

cortices10)，ａｓｗｅｌｌａｓＢｒｏｃａｓｍｏｔｏｒａｒｅａｆｏｒ

Definitiorl

Ｆｕｎｃｌｉ()ｌ１ａｌＭＲＩｃａｎｂｅｄｅｆｉｎｅｄａｓＵｌｅ

ｕｔilization()IanMRIsequencel(）deterlninea

parameternotnormallyseenbyconventional

MRimaging､Thecombinationofthatparameter

withthehighspatialresolutiono［conven(ional

MRIleadstothedemonstrationo「「ullctional

anatomyorl)hysiology､ＦＭＲＩＣ［(ｈｅｂｒ〔lincan

thusbeconsi〔ieredtoincludeactivali()ｌ１ｆＭＲＩ，

perfusion，。i〔fusion-weightedimagingandMR

specIroscol)y・Fortbepurposeoflhisl)aperthe

discussionwillbel･estrictedtothecollsideration

of3ctiwltionlMRL

Ｂａｃｋｇｒｏｕｎｄ

Ｆｕｎｃｔｉ()ｎａｌＭＲＩｉｓｂａｓｅｄｏｎ［ｈｅ（)riginal

observati()11ｓ()「RoyalldSherringlon1)，allhe

turnofthecentury,ｗｈｏｓｈｏｗｅｄ‐amongstother

things:'：ｔｈａｔｃｈａｎｇｅｓｉｎｂｌｏｏｄＩｌｏｗａｎｄ

ｍｅtabolicactivilyparalleledeachotherPther

importantadvancesintermsofneurophysiology
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targetingwithalternatingradiofl-equency2o)．

Thismethodreliesuponapl-ocessknownaspre-

saluraljontogenerateaperIusionmap、Also

describcdasspintagging,theprincipleolpre-

saturationｕｔｉｌｉｚｅｓｔｈｅｒｅｌａｔｉｖｅｌｙｌｏｎｇＴ１

relaxationtimesofprotonstoinitia]lyreduce

theMRsignalinallprotoｎｓｌ〔)catedinferiorto

theimagingsliceｂeingstudiedhespinswithin

theimagingslicearealreadysaturatedbythe

excitationpulsesIromtheprecedingpulse

sequence・BydirectingasaturationRFpulsetｏ

ｔｈｅｓｐｉｎｓｉｎｌｈｅｔｉｓｓｕｅｖｏｌｕｍｅｉｎｌmediatelv

inferiortotheimagings1ice,EPISmARinducesa

bloodnowdependeｎｌｄｅｃｒｅａｓｅｉｎＭＲｓｉｇｎａｌ

ｗithintheimagingsIicGThissignalchange

occursasthelow-signalpre-saturatedspinsin

thebloodflowupwardintotheimagingslice.Ⅱ

i]opre-saturatingpu]seisadministered，the

signalwithilltheimagingslicｅｗｉｌ]changeinthe

oppositedirection,increasinginintensitv・Here，

thespinsinbloodnDmolltsideLhesliceareliｌｌｌｖ

ｒｅｌａｘｅｄａｎｄｍｏｖｅｉｎｔｏｔｈｅｉｍａｇｉngsliceto

brightentheimage・Comparisonoftheimages

witheachofthealternatedradiofrequency

imagesgenel-atesaperfUsionmapthatindicates

cerebralbloodnow

Task-basedfMRIhasbeenperfOrmedwitｈ

ｂｏｔｈＥＰＩＳＴＡＲａｎｄＢＯＬＤｔechniquesina

compal-isonstudy2').Volunteersubjectswere

askedtoperformasequentia］finger-thumb

oppositiontaskandEＰＩＳＴＡＲｏｒＢＯＬＤｆＭＲＩ

ｗａｓｄｏｎｅｔｏｃａｐｔｕreregionalcorlicalactivation，

Activationintheperirolandicregｉｏｎｗａｓｓｅｅｎ

ｕｓｉｎｇｂｏｔｈｔｅｃｈｎｉｑｕｅｓ，withnosignificant

differencesbetweenthem

ｌａｎｇｕａｇｅ'1)．ＴｈｅｆＭＲＩｐａｒａｄｉｇｍｗａｓ

ｓｕｂｓｅｑｕｅｎｔｌｖtranslaledtollonecho-planarqD

syste'ｎs'2013）

ＦＭＲｌｓｅｑｕｅｎｃｅｓ

Ｂ１ｏｏｄｏｘｙｇｅｎ１ｅｖｅldepellden［（ＢＯＬＤ）

c()ntraslimagingisbasedonIhe(〕bservati()n

thatthebrainshowslocalizedbloodvolume

increasesuponneuronaladivati()n．Ｉｔｈａｓａｌｓ(）

beenshownthattheseincreasesklrexceedthe

oxygenconsumptionofthetissue､There｢()１．６，

thevenousoxygencontentincreasesandyields

anincreaseinU1eMRIsignalobservedThisiｓ

ｄｕｅｔｏｔｈｅｆａｃｔｔｈａ（deoxyhemoglobinis

paramagneIicwhichdlrectlyalfectsthel()cal

susceptibilityofthetissueltgel】ｅｒａｔｅｓａｎ

ｉｎｈｏｍｏｇｅｎｅｏｕｓｍａｇｎｅｔｉｃｆieldintissue

surroundingbloodvessels，causingintravoxel

dephasinganddecreasedsignalintensityonMR

images､Theselocalvariationsinsusceptibilityin

theregionofthebloodveselscontributetothe

apparenttransverserelaxaUontimeT2＊aAsthe

venousandcapillaryoxygencol1tentincreases，

theamountofdeoxyhemoglobinintheblood

decreases,whichincreasestheMRsignalThus，

changesinthelocalfunctionalactivationcanbe

detectedbyａｎｙｐｕｌｓｅｓｅｑｕｅｎｃｅｗｈｉｃｈｉｓ

ｓｅｎｓｉｔｉｖｅｔｏＴ２＊、Inconvelltionalscanners,ｔｈｉｓ

sequenceisagradientechotl-ain、

Whileithaslongbeenrecognizedthatbrain

cortexhasamuchrichervascularsupplythan

theunderlyingwhitematter,ｔｈｅｒｅｈａｓｂｅｅｎ

ｍｕｃｈｃｏｎｔｒｏｖｅｒｓｙａｓｌolherelative

contl-ibutiollsofcapillariesversusvellulestothｅ

ＢＯＬＤｓｉｇｎａＬＯｂｓｅｒｖａｔｉｏｎｓｏｎｔｈｅＥＰＩｔｉｌｎｅ

ｃｏｕｒｓｅｏ［ｆＭＲＩａｔ４Ｔｈａｖｅｄｅｍｏｎｓｔｒａｔｅｄａ

ｌｎｕｌｔiphasicl-esponseintheoccipitalcortexto

photicstimulationM)，suggestingasensilivilyto

capillａｒｉｅｓｉｎｔｈｅｇｒａｙｍａｔｔｅｒａｔｈｉｇｈ［ield

strengths､Thisprobablvstillleavesasignificant

signalcontributionli･omlargervessels,suchas

drainingveins,a1themorestandardL5Tfield

strength・

ＥＰＩＳＴＡＲｉｓａｎｏｔｈｅｒｔｅｃｈｎｉｑｕｅＩｏｒlMR

imagingusingechoplanarimagingandsignal

Dataacquisition

Withtheslandarｄｇｒａｄｉｅｎｔｅｃｈｏｉｍａｇｅｓａｔ

Ｌ５Ｔ,ｔｈｅｃｈａｌｌｇｅｉｎｓｉｇｎａｌｗｈｅｎｔｈｅｂｒａｉｎｉｓ

ａctivatedistypicallyontheordero[２～１０％・

Sincenoiseintheimageislypicaｌｌｙｏｎｔｈｅｏｒｄｅｌ

ｏｆｌ～２％，thisresultsinmanyprobIemsin

decidingwhalisactivationandwhaｔｉｓｎｏｉｓｅ、

TherelOre，ｔｈｅｍｏｓtcomlnonlyusedmethodof

dataacquisitionistheso-calledbx-cal-:'：
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design,wherel〕eriodso[restarealternaledwiU］

pe1-iods()ｆａｃｔivatiollbyaparadigmdesiglle(lto

specificallys1jlnulateｏｎｅａｒｅａｏｌ－｢ul1cti〔)lloItlle

bl･aindul･ingtheperfOrmanceoflhe[ＭＲＬＴｈｃ

ｉｍａｇｅｓａｒＧ（ｈｅｎｓｕｂｌｒａｃｔｅｄａｌｌｄｃ()１１１１〕ared

statisticalIyonapixel-by＝pixelbasisto1℃vealany

areas()ffuncliollalactivation、Withlhemore

widespreadavailabiliIyofechoplal]al･hardware

andsoftwareul）ｇｒａｄｅｓ，ｎｏｔ〔)、lyllaslhe

acquisitiontimclor[ＭＲ][ｃｏｍｅ（ｌｏｗｎｌ(）ｌｃｌ１ｓｏ［

millisecoI1dsbutimageresolutiollllasalso

improvedal()ngwiUlimprovementsinsignall(）

noiseratio・

Ａｎｏｔｈｅｒｆａｃｔｏｒｔｈａｔｈａｓｔｏｂｅｔａｋｅninto

considerationwhenac〔luiringfMRIdataisthe

questiono「nlisregistralionhDml〕atientmotion

duringthestudy．Ｍ()tioncorrecLi()nalgorithms

andre-registl･a(iｏｎｌｅｃｈｎｉｑｕｅｓａｒｅｗｉｄｅｌｙ

ｅｍｐ１ｏｙｅ(Ｉｉｌｌａｌｌａｔｔｅｍｐｔｔｏｃｏｍｐｃｌｌsatefor

this'5,16).Thisisolspecialconsidera[ionwhen

dealingwilhchildrenwherｅｔｈｅｓｐｅＧｄａｎｄ

ｓｉｍｐｌｉｃｉｔｙｏ［studydesign，absence（)［ａｒｔｅＥ１ｃｔ

ｐｒｏｄｕｃｉｎｇｍｅｔａｌｓｕｃｈａｓｂｒacesorother

orthodonLichardwarealldaknowledgeofthe

level0fpatiel]［co-operational･ｅａ１］ｉｍｐ()rtall（

factorsi11［hesuccessfUlcomp]eti()、（)｢1〕ediaLric

｢MRIinll1pflw21kGcMld

inthevide()llleyhavechosentowatchthrough

asvstemo[l1lilT()rsontheheadcoilI7J8)．

Tyl〕icallraillingproceedsasf()Ⅱ()ＷＳ・AIter

intelviewilIglhechildａｎｄｈｉｓ/herguardian(s）

andilltr()ducil〕glhemtotheflcili[y,atreatment

planalldrcil〕｢()rcementsvstemofrewal･dsfor

successisdevelopedBase]iｎｅｄａｌａ（)nhead

movemenlan〔llo1erancefOrbeingillthel〕oreoI

1henlagn(ﾕ(ｉｓｃｏＩ]ectedandreviewe〔1.Ｔｌ１ｅｃｈｉｌｄ

ｉｓｌｈｅｎｃａｒ(}｢ullychallengedwithsysIcmatic

manil)ula[i()1１（)［l11ethresholdI()l･accel)table

movemenIal〕dscanningtimesoIhathe/she

learnsLoIeelcolnfortableｗｉｔｈ［ｈｅl〕r0cedure

andequil〕menLThisprocessiscarriedoutby

ｔｈｅｎｕｒｓｉｎｇｓｔａｌｌｗｉｔｈｔｈｅａｓｓｉｓｔａｎceofa

neuropsychoIogisLOncethechildhaslearntto

lieslilllO1･anaccel〕tablescanningtimcintelval，

theactual[MRIisundertaken．

Studydesign

OneoIthesing]emostimportantaspectso［

ｆＭＲＩｉｓｔｈｅｄｅｖｅｌｏｐｍｅｎｔｏｆａｎａｐｐｒｏpriate

paradigmt()accuratelytestthefunctionthatthe

investigatorsal･ecoIIcernedwitlLIncreasingly

thｉｓｂａｓｂｅｃｏｍｅａｍｕｌｔｉｄｉｓｃｉｐｌｉｎａｒｙｔask

re〔1uiringinl)ｕｔｎｏｌｏｎｌｖｆｒｏｍｌｈｅｌ･adi()]()ｇｉｓｔご

ｗｈｏｃａｎｌｌｅｌｐｉｌｌｔｈｅｄｅｓｉｇｎｗｉｔｂｔｈｅｉｒ

ｋｎｏwledgG()「theinterplaybetweenthepatient，

equiplnenlandsequencesinvolved,bulalsothe

pediah･icneuroIogistandneuropsychologistsas

wellaslbephysicistswhowillimplementitand

beinvo]vedinthestatisticalanalysisandpost‐

processil1g（)［data・Ａｓｃａｎｂｅｓｅｃｎｎｏｏｎｅ

ｐｅｒｓｏｎｈ()1〔1sautheknowledgeall〔1ｉｎR)rmation

requiredtosuccessfUllydevel()ｐｎｅｗｌ)aradigms，

especiallvasnewquestionsaredevelopedthe

answersｔｏｗｈｉｃｈａｒｅａｓｖｅｔｕｎｋｎｏｗｎ、Faultv
シ

taskdesignwillonlyleadtoconfusingresults

whichwillbcuninterpretab]ｅｏｒａｔｗｏｒｓｔ

ｍｉｓｉｌ１(erl〕rc(ed．

Behavioraltraininginpreparation

forfMRl

Ourillstitulionisequippedwith(a)ａ．ｍ()ck＊

scannel・ｔｈａｌｃｌｏｓｅｌｙｒｅｓｅｍｂｌｅｓａｎａｃｔｕａｌ

scanner,〔low、（()atapeofthesequel]ｃｅｌｌ〔)ise，

(b）ａｃｕｓｌｏｍ－(lesigned，ｃｏｍｌ〕utel･izedhead

movement〔1etectionprogramand，（c）an

audiovisualellter[aillmentsystemthalincludesa

televisionattheI00tofthetableall〔lealT〕hones

forthechildlowear・Together（ｈｅｓｅｔｈｒｅｅ

ｃｏｍｐｏｎｅｎ[ｓ［ｕｎｃｔｉｏｎｉｎａｆｅｅｄｂａｃｋ１()ｏｐｔｏ

ｐｒｏｖｉｄｅｉｍｍｅｄｉａｔｅｖｉｓｕａｌａｎｄａｕ(lit0ry

informati()、【ｏｔｌｌｅｃｈｉｌｄａｂ()ulllis/ｈｅｒ

ｍｏｖｅｍｅｎｔ（luringapractice［l-ial・I-Iead

movementismeasuredbyafiberopticsensor

afnxedtothechild'ｓｈｅａｄａｎｄ,ultimately,made

evidenttothechi1dasatemporaryin[erruption

Post-processing

ManymcUlodsoIpost-I)rocessingthelarge

amoun［ｏ［ｄａｔａgeneratedbvanactivationlMRI￣

sequencehavebeendevelol〕eｄａｎｄｉｌｉｓｎｏｔ

2３
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Latisticalparan】elricmal)＊（SPM)．A

thresho1dingcorrela(i()Ｉ１ｉｓ［ｈｅｎｓｅｔ，ｓａｙｔｏａ

ｖａｌｕｅｏ｢Ｐ<0.011(〕［ur(herremovedatapoints

whichareliｋｅｌｙｔ(）reI〕resenlnoiseandhelp

cleanup（ｈｅｉｌｌｌｆｌｇｃ､I、legraliollofthe

lhresholdedSI〕ＭｗｉⅡl1heallal()micimageis

thenperforn〕ｅｄｉｎｏｌ－〔1eｒ（(）])l･oduceUlenna］

image,seeFigs・ｌＢ＆】Ｃ・T11erearenowsevera］

ｕｎｕｓｕａｌｆｏｒｌｈｅａｎａ]ｙｓｉｓｏ［anlultislice

echoplanardalase［｛０（ａｋｅａｍｉｌｌｉｍｕｍｏＩ２

ｈｏｕｒｓｌｏｃｏｍｌ〕ｌｅｔｅａｎｄｓ()ｍｅ[imesmuchlol1ger・

Ｔａｋｉｎｇｌｈｅｓｉｍｐｌｅｓｔｃａｓｅｏ「asingleslab

gradien(echoBOLDsequGnceIhehlndamenLal

principaI,ａ[teral1ymoli()、ｃ(〕rrectiol111asbccn

carriedouLｉｓ[０１〕erR)ｒｌｎｓ()ｍｅ（esl()｢ｓ[atisUcal

si貝nifical]ceo11111cl･ａｗｄａｌａ[()1)1.0(IｕｃｅａＩｔ
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和文抄録
ノ

ここ５ｲ1畠で小ﾘ,lのIUlI経llIli像１諺lWi:には危(述な進歩がみられた．その''１でもいわゆる１１１１機能ｉｌｌｉ

像（Fuction【lllmaging)，特にUlllclionalMRI（[MRI）といわれる下法においてそれは杵|ﾘ｜

である．［MRIは10()ｍｓ以ｌｆの!'i剛述で複数スライスのllli像を1'1能にしたエコープランナー

法（EPI）の弊人により川辿された．小児放射線診側i:はもばやＩM1汁11をｌＷｉｌﾉW<するだけのもので

はなくなり，職能とＷｌｉ造を迎合することができる．つまり，われわれは′ｌｉｌＷ:(|ﾂＩＩｌＩＩｉｌｌをひ

きだすことが''1能となったのである．この‘'１実は神経科`Y:の分1117,IIlrに小ﾘＭ１【1城でのJ|:ｆｌｉ

に架しみな進歩の''1能'''２を|)Mいた．木1iiiでは，小児のIMRIの1'１鰍１３，１)|ﾉ(と将来的なIiJ能'’１：

について述べる．

（`ﾄﾞIlli1illlll11りい）
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