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Abstract:Imagingtechnologieshavebeenremarkablyimprovedandcontributedto
prenatalevaluationoffetalcentralnervoussystem（CNS）developmentandassessment
ofCNSabnormalitiesinutero.Anewfieldoffetalneurologyhasbeenestablishedby
remarkablecontributionofthreedimensional/fourdimensional（3D/4D）ultrasound
technology. MostofcongenitalanomaliesofthecentralnervousCNShavebeen
demonstratedbyprenatalultrasound.
Neuronalmigration,whichoccursasearlyasthethirdmonthofgestation,is

controlledbyacomplexassortmentofchemicalguidesandsignals.Whenthesesignals
areabsentorincorrect,neuronsdonotendupwheretheybelongto.Thismigration
disordercanresultinstructurallyabnormalormissingareasofthebraininthecerebral
hemispheres,cerebellum,brainstem,orhippocampus.
Clinically,prenataldiagnosisofmigrationdisorderbyantenatalultrasoundisquite

difficult,andfurthermore,thephenotypeofmigrationdisorderisapparentaftereight
monthwhengyrationandsulcationareconspicuous.Earlierdetectionofmigration
disorderbeforegyrationisoneofchallengesinafieldofprenatalneuroimaging.Sylvian
fissurechangesitsappearancebetween20and30weeksofgestationinnormalfetuses.
Therefore,toobserveSylvianfissureisthemostcomprehensivewayforprenatal
detectionofmigrationdisorder.
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Introduction

Imagingtechnologieshavebeenremarkablyimprovedandcontributedtoprenatalevaluationof
fetalcentralnervoussystem（CNS）developmentandassessmentofCNSabnormalitiesinutero.A
newfieldoffetalneurologyhasbeenestablishedbyremarkablecontributionofthreedimensional/four
dimensional（3D/4D）ultrasoundtechnology１‐６）.Fetalneuroimagingbyrecentadvancedtechnologiesof
sophisticatedultrasoundandMRIhascontributedtoafieldoffetalmedicine,todetectprenatallymany
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CNScongenitalanomaliessuchasprosencephalicdisorders,neurulationdisorders,intracranialtumors,
cysts,braindamageduetointrauterineinsultsandtheprenatalassessmentoffetalCNShasprovided
withproperprenatal/postnatalmanagements.
Inthedevelopingbrain,neuronsmigratefromtheareaswheretheyareborntotheareaswhere

theywillsettleintotheirproperneuralcircuits.Neuronalmigration,whichoccursasearlyasthethird
monthofgestation,iscontrolledbyacomplexassortmentofchemicalguidesandsignals.Intheearly
secondtrimester,smoothbrainsurfacewithoutsulcationisobserved.Neuronalmigrationoccurs
betweenthreeandfivegestationalmonths.Asaconsequenceofmigration,brainismaturedwith
gyrationandsulcationisobservedaftereightmonths（Fig.1）.Whenthesesignalsareabsentor
incorrect,neuronsdonotendupwheretheyshouldbelongto.Thismigrationdisordercanresultin
structurallyabnormalormissingareasofthebraininthecerebralhemispheres,cerebellum,brainstem,
orhippocampus,including,resultinginschizencephaly,porencephaly,lissencephaly,agyria,macrogyria,
pachygyria,microgyria,micropolygyria,neuronalheterotopias（includingbandheterotopia）,agenesisof
thecorpuscallosum,andagenesisofthecranialnerves.
Notafewbrainmalformationsarecloselyrelatedtoneuronalmigrationdisorders７）.Clinically,

however,prenataldiagnosisofmigrationdisorderbyantenatalultrasoundisquitedifficult,and
furthermore,thephenotypeofmigrationdisorderisapparentaftereightmonthswhengyrationand
sulcationbecomeconspicuous.Earlierdetectionofmigrationdisorderbeforegyrationisoneof
challengesinafieldofprenatalneuroimaging.Inthisarticle,normalandabnormalcorticalappearances
detectedbyprenatalultrasoundaredescribed.

Normalcorticaldevelopment

Neuronalmigrationoccursbetweenthreeandfivemonths.Inearlybraindevelopment,nervecells
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Fig.1.Changingappearanceoffetalbrainduringpregnancy
Intheearlysecondtrimester（left）,smoothbrainsurfacewithout
sulcation.Neuronalmigrationoccursbetweenthreeandfivegestational
months.Asaconsequenceofmigration,brainismaturedwithgyrationand
sulcation（right）aftereightmonths.



traveltotheirfinaldestinationstopopulateandformthesixlayersofthecerebralcortex.Whenthe
brainfirstforms,neuronsaregeneratedinaregionofventricularzoneandfromthere,theytravelby
crawlingtoreachthecorticalsurface.Therearetwomodesofmigration;tangentialmigrationandradial
migration８）９）.Thefirstandearliermechanismismovementbytranslocationofthecellbody.This
resultsinthepreplateformation.Thesecondmechanismisradialmigration,inwhichmigratingcells
aregeneratedbytheradialglialprogenitors.Travelinstructionsandguidesonhowtoreachwherethey
aregoingareservedtomigratingcellsandtheseprocessesarecontrolledbyacomplicatedmolecular
machinery.
Asmentionedabove,phenotypeduetomigrationdisorderonthesurfaceofcerebralhemispheres

appearsinthelatepregnancy,thereforeitseemstobenotpossibletodetectmigrationdisorderbefore
gyration.Toiandhiscolleagues１０）reportednormalsulcationpatternduringpregnancydepictedby
transabdominalultrasoundimaging.Duringpregnancy,thefirstevidenceindicatingtheconsequence
ofmigrationistheSylvianfissure１１‐１３）andthemostcomprehensivecuttingsection,inwhichbilateral
Sylvianfissuresarewelldemonstrated,asshowninFig.2.Thiscuttingsectionistakenbysonogram
viaanteriorfontanelleasanultrasoundwindow.Duringthelatterhalfofthesecondtrimester,the
corticalstructuremacroscopicallydevelopsandthemostdistinctmorphologicaldifferenceappearstobe
thedifferentstructureofSylvianfissure.Thus,theSylvianfissureisoneofthelandmarksindicating
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Fig.2.ChangingappearanceofSylvianfissureintheanteriorcoronalsectionby
transvaginalsonography
At20weeksofgestation,bilateralSylvianfissures（arrowheads）appear
tobeindentations（left）.Withcorticaldevelopment,Sylvianfissuresare
formedwithsharpedgesduringthelatterhalfofsecondtrimester（middle）
andbecomeaslateralsulciinlatepregnancy.Sylvianfissureappearanceis
oneofthemostreliableultrasoundmarkersfortheassessmentofcortical
development.



corticaldevelopmentbynormalmigration.

Sonographicimagesofmigrationdisorderbeforegyration

DevelopmentaldelayoftheSylvianfissuresduringthesecondandthirdtrimestersmayleadto
suspicionofmigrationdisorder.Theauthorexperiencedtwointerestingcases.Thefirstcasewas
referredat24weeksand5days.Thecasewasreferredduetofetalsmallhead.Bilateralparietal
diameterwas－3.4SDandheadcircumferencewas－4.0SD.Inthecoronalcuttingsection,the
bilateralSylvianfissuresappearedtobedefinitelyabnormalcomparedtonormaldevelopmentasshown
inFig3.6qpartialduplicationand6qpartialdeletionwerefoundbySNPmicroarrayinthiscase.The
secondcasewasreferredat21weeksofgestationduetofetalgrowthdelayed.Micrognathiaandlowset
earwerefoundbutthereisnootherconspicuousabnormality.Intheanteriorcoronalsectionofthe
brainatthisstage,thedevelopmentofbilateralSylvianfissuresappearedtobeabitdelayed,compared
tonormalcase（Fig.4,left）.However,thisisnotenoughevidencetomakeadiagnosisofmigration
disorderthereforeitwasquitedifficulttocounselparents.At25weeksofgestation（Fig.4,right）,the
bilateralSylvianfissuresweredefinitelyabnormalandthereaftertheabnormalcorticaldevelopmentof
pachygyriawasdemonstratedinlatepregnancy.

Conclusion

Someofmigrationdisordershaveleadtoverysevereprognosis.Consideringthatmigration
disorderalreadyoccursbeforefetalviabilitybutthatdetectionofbrainlesionsismostlyinthethird
trimester,earlydetectionofmigrationdisorderwithsevereprognosiswillbeoneofourmissionsinfetal
neuroimaging.
Asdescribedinthisarticle,prenataldiagnosisofmigrationdisorderisoneofdifficultfields

missionsinanantenataldiagnosticfield.Asthescreeningofcorticaldevelopmentandmaldevelopment,
observationoftheSylvianfissuresintheanteriorcoronalcuttingsectionmayberecommendable.
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Fig.3.Acaseofmigrationdisorderat25weeksofgestation
（left）Ultrasoundimageofanteriorcoronalsection.AbnormalSylvian
fissures（arrowheads）aredemonstrated.RightimageisthenormalSylvian
fissuresatthesamegestationalage.



However,thissectionisnotalwaysacquiredbyultrasoundduringthescreeningscanofthefetalbrain.
Oncewehavethesuspicionofmigrationdisorder,MRIisthestrongmodalityfordemonstrationofthe
corticaldevelopment,especiallyinthelatepregnancy.

Noconflictofinterestinthisarticle.
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Fig.4.Acaseofmigrationdisorderat21and25weeksofgestation
（upper）Ultrasoundimagesofanteriorcoronalsectionat21weeks（left）
and25weeks（right）ofgestation.At21weeksofgestation（upperleft）,
theSylvianfissures（arrowheads）appeartobeabnormalcomparedwith
normalcase（lowerleft）butitisnotenoughevidenceformigrationdisorder.
However,at25weeksofgestation（upperright）,thedevelopmentofSylvian
fissures（arrowheads）weredefinitelyabnormalcomparedwithnormalcase

（lowerright）.Thereafter,abnormalcorticaldevelopmentofpachygyriawas
seeninlatepregnancy.
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〈和文抄録〉

胎児超音波による神経細胞移動障害の診断

夫 律 子

クリフム夫律子マタニティクリニック臨床胎児医学研究所

最近の超音波技術は飛躍的に向上し，胎児の中枢神経系（CNS）の発達や子宮内CNS異常の出生
前評価に寄与してきた．胎児神経学という新分野が3次元／4次元超音波技術のめざましい発展によ
り確立され，CNS先天奇形のほとんどは出生前超音波検査によって描出されるようになった．
妊娠3ヶ月から起こる神経細胞移動は細胞が増殖した後に限られた空間内において細胞を最終目的

地に整然と配置する過程で神経細胞移動により機能分化した神経細胞は正しく信号を伝達する．こ
の細胞移動の障害は，脳のあらゆる部位に表現型として出現しうる．
脳神経の細胞移動障害を胎児期に超音波検査で描出することは非常に難しく，さらに細胞移動障害

の表現型は脳回脳溝形成が明らかとなってくる妊娠8ヶ月以降でないと明瞭にならない．脳回形成以
前に細胞移動障害を早期発見することは，出生前の胎児神経画像診断の分野における課題である．シ
ルビウス裂は正常な胎児で妊娠20～30週の間に外観がめざましく変化するがこれが最初に顕著に表
現される細胞移動の結果である．したがって，シルビウス裂を観察することで細胞移動障害の早期画
像診断が可能となると考えられる．

キーワード：胎児，神経細胞移動障害，出生前，超音波検査．
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