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Abstract

Central nervous system (CNS) is one of the most frequent sites for prenatal diagnosed
congenital abnormalities (10 per 1000 live births, much higher than the heart—eight
™Z51WVVVAL" e—ZCa/e"2>1™Z51WVVVILS—el1"e'Z51e7+SelelcC
ultrasound screening for fetal brain malformations is usually performed at 19-22 weeks’
gestation, but severe congenital anomalies can be diagnosed much earlier. This chapter
'e1S1@ Trel1>Z2Y'Z 81>z Eez>Z201'—1Z7 ' e1leZ<E'S™eZ>@file'Z
Zeo>S @™ 7z—e1Se™ZEel"ele’ Z5Z—21 leZe—-Z—e@dL1S—eles'Z1e"
ogy in prenatal life. We used many ultrasound images and tried to correlate the prena -

eSel —e'—eel 'e'1e'Z17—7Z®17<eS —Ze1™M " @e™S5e7-&™ " 2eSc">
™MSe"e"e & —~Se’'—eleZE' —'872Zci
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1. Introduction

It has been said that the central nervous system (CNS) is the most complex among the fete
and adult systems. This is one of the most common sites of congenital malformation, both
in fetuses with and without chromosomal abnormality. «1'cel Zje>Z—Z « toldidgaBse
structural abnormalities or mild ultrasound (US) abnormalities that have been linked to major

o7—(Ee’"—Sel ™ o7 il Zoeele'Z1 ™M™ " ®’e731-S“">1S—S«"
—See7—(Ee'"—"—el1"ele'Z1lC®@eZ-T1 1’ ®1Zje>Z—-Z¢CL =™ 5eS-
understand the function of the normal and abnormal fetal central nervous system [ 1, 2. The
detection of CNS anomalies in fetal life is feasible using modern ultrasound equipment. Many

[ 7KH $XWKRU V  /LFHQVHH ,QWHFK2SHQ 7KLV FKDSWHU LV GLVWULEXWHG
|ntech0pen &RPPRQV $WWULEXWLRQ /LFHQVH KWWS FUHDWLYHFRPPRQV RUJ OLFHQVHV E
GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ PHGLXP {9l KH RULILQD
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anomalies of the central nervous system develop early, and nowadays, we have the tools tc
detect some conditions at 11-13 weeks3-8p 1 >1Z2YZ—1272S>¢'7Z>i1 ‘Z1 >0ee,s
CNS anomalies is probably the most important advance in modern sonoembriology. Later in
pregnancy, neurosonography is a powerful tool in diagnosing CNS pathology.

The following chapter is structured as follows:

1. ">=Sel —e’'—ece

2. Ventricular system (ventriculomegaly, aqueduct stenosis)

3. Neural tube defects (NTDs) (anencephaly, encephalocele, myelomeningocele)

4. Cortical formation abnormalities (schizencephaly, lissencephaly, heterotopia, microcephaly)

~

5, 'ee'—71S<—">-Se'e’Z@10""e T ™" Z—EZ™'SeCILE " -™eZo
or abnormal corpus callosum, absent cavum septum)

NI

6. Posterior fossa abnormalities (mega cisterna magna, Blake’s pouch cyst, Dandy-Walker o
variant cerebellar, vermian hypoplasia)

7. SeE285518«—"5>-S¢’¢'7@10'2Z-">>'Se7281'Z-S¢"—-S812>Se1

8. Zoee>7Ee'YZ1+Z®' " —®10'¢Ce>S—7Z—EZ™'Se¢dlez-">®&-S
komalacia, infections, dysplasias, other lesions).

Some intracranial segments of CNS are seen on ultrasoundextremely earlyin development,
especially when using high-resolution probes and modern electronic tools. Although many

features are indeed recognizable, the clinical utility of such studies is yet to be proven
('e2>Ze8LW

Inthe «S+Z1 >l curredtaguidelines recommend checking for present cranial bones,
1" 8ol ee’ _71e8¢i818—ele 51071 ™M>7 @7 (EZ1"e Q@R
most recommended planes for assessing the head anatomy are the axial ones. In terms
spine assessment, the guidelines state that “longitudinal and axial views should be obtained
*"l®'’” 1—">-SelVYZ>¢Z2¢>Sel1Se’e——7—91S—el'—eZe5'¢¢51S—-
intact overlying skin” [9] ( '*2>2)1Z

From the early ce Z "~ —+ 1 onwardee thi&>commendation is to obtain in standard assess
ment three standard axial planes (transventricular, transthalamic, and transcerebellar), and,
"eleZE'— ' ESeet1eZS 0 TP 4éZAAZrHE)L ™>" 71y

The measurements for fetal head <’ ~ — Z «(tite biparietal diameter—BPD and the head circum-
ference—HC) are possible when using the transventricular (biventricular) and the transthalamic
plane. In the most commonly used technique, the calipers are placed from the outer edge to the
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" 7> 7 Diiting ultrasound scan at 8 weeks of amenorrhea (WA) and 3 days (d). Volumetric ultrasound: sectional planes
in the multiplanar mode (a). Subsequently, OmniView facility was used, the line mode (b, c, and d). The embryonic
central nervous primitive vesicles can be observed.

inner edge (the “leading edge” technique), at the widest part of the skull, using a perpendicular
angle to the midline falx. The HC is measured on the external contour. The cranial bones describe
on axial planes a regular ~Y ~’shape. The —’+«’ -must be continuous, having no deviations,
and the intracranial structures must be symmetrical, mirroring each other’s half. Usually, the
proximal hemisphere to the probe has a lower visibility, and only the distal one is described by
the operator. Onthe «>S —oce «* S « S tHeRAatdmis fariimarks are (from anterior to posterior)
the frontal horns of the lateral ventricles (LVs), the cavum septi pellucidi (CSP), located between
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mesencephalon

l diencephalon

rhombencephalon

7> 7 TH& same case, at 10 WA 1d. The same technique was used, after acquiring a static 3D volume.

0757 AVYi2100S-Z1ES®eZ81S+1WV1 1Weil ‘Z1>Z¢' " —17e1'—e757Z @1’ ce1™SEZ>
—"eZ1@725¢SEZ1>72—eZ> —e1'@1S™M™e’Zeil "2l —-Se'—e1leZE ' —'§72Z1SEels"”
cavities: the early ventricular system.

« 7> 7 A& thalamic plane (a and b), the third ventricle plane (c), and the longitudinal image of the spine, in a prone
position (d). In b, the head biometry is represented (measurement of BPD and HC).

«'Z-1S®e1S1 7's, eeZelees7Ee25281e'Z1e "1e'SeS—"10>20Z—<s —
ventricle between them, and the hippocampal gyrus. The <'YZ —e>’ E Z iSSountjus abdve
the previous one and allows the visualization of the lateral ventricles, with the choroid plexus

inside them. The width of the posterior horn of the lateral ventricle must be measured using the

exact mark of the parieto-occipital sulcus, inside the echoes generated by the ventricular walls,
by a direction aligned perpendicularly to the long axis of the ventricle. Before 25 WA, the mea -
surement must be smaller than 8 mm. The > S — ce E Z > Z «iZ ebtdinédfusBbeldv the trans-
thalamic one, in an oblique fashion. The slight posterior tilting allows the visualization of the

frontal horns of the lateral ventricles, CSP, thalami, cerebellum, and cisterna magna [1, 10. The
transversal diameter of the cerebellum (in mm) equals roughly the gestational age (in weeks). In
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"« 7> 7 he thalamic plane.

"« 7> 7 Thie biventricular (transventricular) and the transcerebellar plane.

the second half of gestation, the depth of the cisterna magna (measured between the cerebell
vermis and the intern margin of the occipital bone) is stable and should not exceed 10 mm.

The —Z2>" " 4"+ 7@l eSS — ' —el1e7751-"5Z1E > "—Sel™eS |
™eS _701S—e1SeeZoee —e1'Z1ZY Y —e1E&Z>72<>Se1 @i
coronal planes are displayedin '+Z>Z7.1]

The >SS — 02 eb™a8S+71' @17 ceS ' —Zele'> 7 1¢'Z1S—e7Z5 "51e —-o
sure (IEF) in the median plane and the anterior horns of the lateral ventricles on both sides
can be seen. This plane passes anterior to the genu of the corpus callosum (CC), and th
is why the |EF appears uninterrupted. The > S — ce ke Sasges at the level of caudat
nuclei and the genu of the CC. It interrupts the continuity of the IEF. CSP appears as ar
anechogenic triangular structure under the CC. Lateral ventricles are seen, surrounded by
¢ 'Z1E>eZjil @™ 81721 ¢oY'S—1 ®ez>Z2@1-S¢Db& 10z Blak;
the thalami are seen adjoining. In some cases, the third ventricle is seen in the median plane
In this plane, at the base of the skull, the vessels of the circle of Willis and the optic chiasme
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'« 7> 7 Thie transfrontal plane (the frontal-2), the transcaudate plane (mid-coronal-1), the transthalamic plane (mid-
coronal-2), and the transcerebellar plane (occipital-1 and 2).

may be recognized. The > S — ce E phadie IsealBained through the posterior fontanelle.
The occipital horns of the LV and IEF are seen, also the cerebellar hemispheres and tr
vermis.

The antero-posterior planes are displayed in '« 7> Z carid’9.

In the —’+ e S« (@&lan) plane, all components of the CC (rostrum, genu, body, splenium)
~S¢1<Z1eZZ—il s+®@™81+'Z1 81'Z21-S'—1e@eZ-81™"—edlVYZ
planes (right and left) depict the entire LV, the choroid plexus, the periventricular tissue, and

the cortex.

"e7>ZANZ210Se'48e1™eS 711 ‘Z1E>™M7e1ESce"@iI-—1'cel'e‘e’ete el — 171"
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o757 M 715’481 ™S 71 el 1 " 18S™M™Me Zegle’0e™eS¢ —ele Z1™MZ5 ESee

("—Z1S—ele'Zles"—e" —Si'eeS>¢1eSE’'Se1S—ee781S—e1e'21™S>58S®Se’'4S+1751"

2.1. The spine

—1¢'7210S+'4S¢1S—+e1™S5S®Se'4Se1™eS—7®dle'Z1" e’ E
terior arches form two parallel lines that converge in the sacrum, in the prone position of the
eZe7®@i1 "re@1-7@e1<Z1-SeZ1e 1eZ-"—0e>SeZ1e 21 —eZe>'s(

In the second and third trimesters, these planes allow imaging of the spinal canal and of the
spinal cord within it. The conus medullaris is usually found at the level of L2—-L3 vertebrae
('ez2>Z23WV

—1e>S—®VYZ>@Z1™eS—70017>1S{'Se1l™eS__70d1'Z21YZ>+71}.
ZeSele'  >SE E1S—2172-<S>1Y2522<>SZ21'SYZ1S1>’S—+7+S>
§7Se>S—07e8551"—100'S™Z7851S—e10SE>Se1YZ>2«>S721S>721 S
The normalcy of the vertebrae and ribs’ arches may be very easily demonstrated in the
coronal plane, using the 3D technique, skeletal mode. Both can be readily numberec

( "eZ2>Z)IWW

In the prenatal scanning, many normal and abnormal structures may vary and evolve inten -
sively. Thus, using descriptive terms is advisable. The observer may use a thorough detailed
¢ Z™ Ee' T —1"01'Z1Y ®2SeEZe1l e >2E25201S—212Se7>7
structures, and may signalize an abnormal structure. This approach is preferred to issuing a
Ee™MZE' E1+'Se—"®’'ei

'« 7> Z 1 & imaging of the spine and the distal region of the spinal canal. Axial thoracic vertebrae.
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"« 7> 7 1 WWalfing the spine in the coronal plane. In left image, a supernumerary lumbar rib case is shown.

3. Abnormalities of the ventricular system

Z—o>' E72e 285021 -"ele>28272—+1Sc—">-Sel 1 —e —els’
most common indication for second-level neurosonography and fetal magnetic resonance
imaging (MRI) [11].

7> 7 1 Bédyiventriculomegaly cases.

"e7>7Z1WXVZ>721 "<ee>72E&e'YZ1YZ—e>' ®2e"—Z¢Se¢d1 o1 7—"—" —1">'e'—j1 &
S—el1-7Z@Z—EZ™'Se”"—j1 "—YVZ—¢""—Sel1—7ZE>"™M®e¢t1E " — >—01leZ1Z—+S>e7Z:
™>"e'e 758" —31—77>"—Sel—"e35e" " —1e7e7E*@B1IS—c1E > ESel >"e'ellcee"
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Establishing its class of severity is based on the width of the atrium of the lateral ventricle
measurement: ventriculomegaly is considered to be mild when the atrial width is 10-12 mm,
moderate betweenl12 and 15 mm, and severe if larger than 15 mm.

In rare cases, ventriculomegaly is accessible in early pregnancy (7> Z J.W X

Yet, this is usually a second- and third-trimester diagnosis. The prevalence of mild ventriculo -
megaly, based on current criteria, is estimated to be around 0.7% 2pi1 ‘Z1 —e’ —e174
lomegaly should trigger a thorough analysis of the fetal brain to investigate all associations
(malformative, clastic, tumoral, and syndromic). If no underlying pathophysiology and etiol -
ogy are found, ventriculomegaly is referred to as “isolated.” Melchiorre et al. [ 13] demon-
®e>SeZe1¢'Z1 ™S5’ EZeS>eC1le’ EZeolE Z—@Ze' —el —1®zE
common cause of ventriculomegaly and its extreme form—fetal hydrocephalus. Published
studies of neonates with aqueductal stenosis have noted variable outcomes, with normal
eZYZe"™M_7 —el®eZZ—1"—1XQ 4% 10188 B Ze1yWZ

—e1ESeZel e17—"0Se7>8 el >07>¢'— 710 eS8 Z1YZ—e>' B2 " —7Z¢!

L]
N¢
N«
[ERN
N
N«
N«

"« 7> Z 1 Wy[ri monochorionic diamniotic pregnancy, with discordant major SNC anomaly: severe ventriculomegaly
due to aqueductal stenosis. The images display comparatively the same planes: the transthalamic (a) and transcerebelle
™eS _710¢(UB1e'Z1eZeSel™>5™ ¢7Z10EULSe1W]1 i1 ‘Z1e>S—@e'SeS—"EL1™eS 71
favorable (after ventriculo-peritoneal shunt).



&RQJIJHQLWDO $QRPDOLHV )URP WKH (PEU\R WR WKH 1HRQDWH

4. Neural tube defects

Neural tube defects (NTDs) are a frequent group of severe anomalies of the central nervous
et@eZ-i1l ‘Z1-"mele>72827Z—+1E " —e' " —®1S5>21S—27—E15Y)
The open NTDs occur as a result of a primary failure of the neural tube closure between the
17th and 30th postfertilization days. They have a rather stable prevalence. This highlights the
importance of primary prevention by folic acid supplementation and the paramount mean -
ing of accurate prenatal diagnosis. In rare cases, some forms of NTDs may be recognized ver
early in pregnancy ( '+ Z>Z )W\

Yet, the vast majority of cases are approached in the late first trimester (11-13 WA), dut
to the fact that the role of this scan has evolved b, 7, 8, WA18]. The technique has grown,
no longer being a screening for aneuploidy tool [ 19-22]—but a method to almost asses:
the complete fetal anatomy. This became the first anomaly scan in many units [Z 5, 18
23-25].

—1eZ5-®@17+1EZ—+>Se1—7>Y 7@letoesZ-81'21—7 Ze+1S>
c"e®eSl7eesS®TZ—e1l®Z-""e"e¢il +IWW.WZ1 ZZ7Z"®17+1eZce*S-
sure many spaces in the posterior brain: the brainstem (BS), the fourth ventricle or intracranial
>S—®eZEZ—ECLIN 081S—el1e'Z1E ®®+Z>—S1-S+—S10 il -
SeeZewZel>"72e'—7e¢1<t17ee5S@™"72—e1'—1™S>S®S+’4S1"
of the nuchal translucency (NT) scan [ X\ 27]. Abnormalities of the posterior brain spaces
or deviations of their measurements have been proposed as markers of congenital malfor
mations of the posterior fossa [ X429]. Subsequently, the correlation between the decrease:
S—"7—e17e1"'—e>SE>S—"Sel 7’¢1S—e1"™M7 10 ™' —S1;30¢3bie
>Z@EZ—+2C81'e1'Sel<«ZZ—1@zeeZ®elZele'Sel'—E>ZSeZ+1 7'+
terior fossa anomalies such as Dandy-Walker malformation (DWM) and Blake’s pouch cyst
(BPC) [31-35].

@81 Z1Si'Se1™eS—7®l” Z51-S—¢1' —+'>Z7ZEle’'s—cEl”l
™eS_ 70l '—1+'Z17Z ESECL1" 1 >cee, > —Bek itAedns (Rat ihexpériencee
‘S—e®dl 1-SC1>ZSE'IWVV-17S>¢¢1eZe¢ZEs""—1>SeZ0e81<Z
screening [39].

—177251Y'7Z 81< 2'1@Se’4S¢1S—01S{'Sel1™eS_7Z01"¢le'Z17
depending on the operator’s skills and the equipment used. Also, the small BPD may be use-
ful[ ZVZW

"o 7> 7 1 By embryonic demise, in a case of suspected exencephaly.



JHWDO &HQWUDO 1HUYRXV 6\VWHP $E
KWWS G[ GRL RUJ LQWHFKRSHQ

2D planes and markers for fetal central nervous system (CNS) morphologic assessment &
«'Z1 >0, —Z0eZ>17%¢>S ™7 — 1 ceXEAHM Solubrinpa’ fiormal fetud; right
column, isolated OSB fetus.

— 1 Z1+'SeS—"EL1™eS—781e'Z15Z%2+S>'e¢1 el Z1e"7001S—e1e'7
measurements may be performed: the biparietal diameter (BPD), the head circumference (HC)
and optional—the occipito-frontal diameter (OFD). Thalamus, the third ventricle (red arrow), and
symmetry of the intracranial structures may be subjectively assessed. In this plane, the “crash sign”
may be subjectively evaluated (the aqueduct of Sylvius position) or the distance between this fea-
ture and the occipital bone may be measured (the aqueduct—indicated by the blue quadrant, and
mesencephalon—normal by the yellow contour and pathologic by the red contour).

—1e'Z1eSeZ5Sele e YZ—o>'EeZ1™eS—781S®’eZ1e>"—1+'Z15z
tion assessment, the following structures should be visualized: the midline falx echo, the cho-
>T'el™eZi7@Z@BLe 21 —eZ>'Z—"@™'Z>ELl eeZ>281+'Z1™ e«
the lateral walls of the anterior horns of the LV, and the thin brain mantle. In this plane, the
“dry brain phenomenon” is usually present in OSB cases: the subjective large choroid plexus
fortheskull ( "eZ>Z )W~

—1¢°7Z10S+’'4Se1 ™S 710" ce B+plart®) Smark/ «QNS Atfuctures may be identi-

Ze1S—e1-72S@z>Zfile'Z1'SeS-7010 081+'Z1->S"—1oeeZ-1¢(
midbrain (M), and the future cisterna magna (CM). In OSB cases, some mild signs may b
¢"7—efile'Z1SeeZ>Se’"—17el1e'7Z1 10S ' —@eZ-1'S-Z7>08& -
eter) ratio and the decreased frontomaxillary facial (FMF) angle. The most valuable in screen
ing seems to be the alteration of the cisternamagna ('*Z>Z LW _

Along with the mild early signs of spinal neural tube defects, other major malformations
reach 100% detection rates in many reports. 7 > Z ce-226kow several such cases, showin:
correlations between the ultrasound data and the specimen aspects.

"o 7> 7 1 Whéitransthalamic view of cranium in a normal (left) and an OSB case (right).

"e7>Z1WNE10eSe'4Se1™eS 7171 E>S—"7-1"—181—">-Se1(0eZe°01S—e15—1 1
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07> Z1WSTE e E 'e'eil ZoESeleZ>—"—Se' " —1"e1l ™7 S_E¢1Se1W\L i1Y
pathologic specimen (schisis of the lumbar skin, with exposing the meninges and the spinal canal structures) and MRI
e7eS'e@17e1e™ZE -Z—81E"— >—"—1'21'2-Y2Z>2S1eZ@™ZEeZ+1"—1 i

7> 7 1 Bx¢iicephaly. Ultrasound images and the pathologic specimen at 12 WA.

7> 7 1 RndEphalocele at 12 W. Conventional 2D ultrasound and 3D surface rendering.

« 7> 7 1 Bofriplex lethal facial and cerebral anomaly. The red arrow indicates the single orbit. The pathologic specimen
E —H>-1IE E"™¢CHL™> e E'®©dLZ{Z—EZ™'S+¢10SUil ZE " —-=,*>'-Ze*Z>1ESo
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5. Cortical formation abnormalities

The cerebral E~>+ 7 j 1«7 Y impligs-edolvement through three steps: neuronal precursor pro -
@' 07587 1S —ele’ Z57—9'Se’" 0158 " —1"e1'—-Se3571—277%>"
nar organization and occurrence of synapsis). Neurons migrate from the ventricular zone (called
o' 71 eZ5—"—Se1 —Se> jlile” Srel e 71 ™M'Se]l 7>¢SEZSLSe"—e1-F
Gyration and sulcation occur afterword, beyond 32 WA. Disruption of any of these steps in

cerebral development, due to inherited or acquired causes, can result in a wide spectrum of
abnormalities.

E ‘' £7 — ELZ av"cdbgdnital cerebral defect in clefting, where clefts extend through the
hemispheres from the ventricles to the pial surface [ Z]. Having two clinical types (open and
closed), it seems to be caused by a primary failure of development of the cerebral mantle ir
Z2S>e¢1™57e —S_—ECIL ‘Z1E"~— ™M~ 71 @ heigShemctetized bylthe pres
Z—@EZ17 el ZeZ> ¢ "™ E1e5S¢1-S4Z51¢"—'—ele'Z1EeZoeil oe'"7
a destructive process mediated by vascular injury also.

' e ;e Z — @eA ligradly “smooth brain.” This is a rare brain malformation, gene-linked,
characterized by the absence of normal convolutions in the cerebral cortex, leading to -’ (E
@& Z ™ IrSmdst cases, neonates have usually a normal sized head at birth. The “cobbleston
lissencephaly” is characterized by the irregular surface of the brain on the pathological
specimen. This is due to aberrant neuroglial overmigration into the subarachnoid space.
The formation of an extracortical agyric neuroglial layer occurs. It seems that the primary
ESZweZl'eele'ZleZ E'el7eleeCE CeSe’"—1"eleteer>"*+¢CES
[ ZA0].

The presence of neurons in any position other than the cortex is called —Z 7>~ — S+ 1",
This is caused by an abnormal phenomenon of migration during fetal development. The
most frequent type is ™ Z >’ Y Z — heté®iopid, given by an abnormal development of
the neuroependyma [ Z Z5(. It consists of groups of disorganized neurons and glial cells
that are located along the walls of the lateral ventricles. They may be isolated (X-linked
and non-X-linked forms) or associated with other CNS malformations. The prevalence in
©'Z71eZ—75>Se1l ™" ™M7eSe'" _1'®@12—"—" —81lcZze1’¢1'S®el1<ZZ
">1 eZYZeT ™7 —9Sel eZeSCHL 'e'le’ Z5Z—ele5SeZ®l el ®Z
been reported, but the condition is underdiagnosed in the vast majority of screening set-
tings. The true —’' E >~ & Zs"to8stdered part of a complex disorder [ Z£51], occurring in
syndromes (with or without chromosomal anomalies). It may be associated exclusively
with cerebral anomalies (due to either primary cerebral maldevelopment or clastic events
77121’ E'Z-""Z2-">>'Se EL1l"—ZeUl 51 —«ZE'"2z®le R
lar interest lately, in light of the recent emergence of microcephaly related to Zika virus
infection [ Z251]. S &>~ E ZifaySesult from macrocrania, hydrocephalus, or a major
subarachnoid space abnormality. If not associated with other conditions, macrocephaly is
synonymous with megalencephaly, meaning an increase in the weight and size of the brain
[52] ( "*Z>Z )XY
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"o 7>7 1 ®orriplex cortical anomaly. Nodular periventricular heterotopia seen. Cortical hypoplasia. Microcephaly.
Z5'YZ—>"®72+S51e7272""—SeSE’'Si1 'Z1™ ee™Sse7-1"-SeZ1" e'e’e'e@le'Z1Sc—">-
and the dysmorphic facial features of the neonate.

6. Midline abnormalities

YT ™M™ e 7 —iSEAEEMGENtl induction disorder, occurring extremely early in pregnancy
OY.\1 (81 ’e'1eS'e’—ele'Z10Ze—27—+S 535 This Iatistidodtnplets
©Z™S>Se’ " —17e1e'Z1™"@Z—EZ™'Se”™—il ¢1'S®1<ZZ—1E-S
lobar, and a middle interhemispheric fusion variant (syntelencephaly).

The alobar holoprosencephaly is the most severe type, having a complete lack of separatiol
of the cerebral hemispheres; this lead to a single ventricle, absence of the CC and IEF, ar
fused thalami. In the semilobar type, the cerebral hemispheres are fused anteriorly. In lobar
holoprosencephaly, the fusion of the cerebral hemispheres is present at the frontal lobes. Thu
middle interhemispheric fusion variant results from nonseparation of posterior frontal and
parietal lobes.

The E~> ™ 7 ce 1 (& tfe trgest-commissure of the brain, and its development is acceleratec
between 8 and 20 WA. Any disturbance of this process may lead to CC agenesis or partia
agenesis (hypogenesis or dysgenesis). Many CC abnormalities (in terms of dimensions ant
®'S™ZU1S>7Z1>2827Z—+eC1le’Se—"@Zelez> —el1™>7Z¢e—S—ECLS
[58-\]]. Abnormal CC has been described among patients assessed for mental retardation.

—1S10e’'-'+S>1 S¢81«'21S<eZ—EZ1 el 2’1’ —1Z/M«710™ AMd
corpus callosum) may indicate subtle or severe midline brain abnormalities. All these condi -
" —®©1-S¢1'SYZ1le’'e—' ES—+1'-™e' ESe'"—0ele">188 KW Y¥SA
(' Z>Z cedni 75).
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"o 7> 7 1 Zddond-trimester alobar holoprosencephaly (a and b). Short and thick corpus callosum (c).
7. Posterior fossa abnormalities

Posterior fossa abnormalities include the Dandy-Walker malformation (complete or partial
agenesis of the cerebellar vermis, cystic dilatation of the fourth ventricle, and enlarged posterior
fossa, with upward displacement of the tentorium, torcula, and transverse sinuses); the mega
cisterna magna (a CM measuring more than 10 mm and a normal vermis); the Blake’s pouch cys
(the presence of an upwardly displaced normal cerebellar vermis, normal appearance of the fas
tigium, tentorium, and size of the cisterna magna); and isolated vermian hypoplasia (a normally
formed vermis but of smaller size, with an otherwise normal size and anatomy of the posterior
fossa) [\, 70. It seems that the Dandy-Walker malformation, even if apparently isolated on
ultrasound imaging, carries a high risk for chromosomal and associated structural anomalies.
Isolated mega CM and Blake’s pouch cyst have a low risk for aneuploidy and associated struc-
tural anomalies. The isolated vermian hypoplasia is extremely rare; thus, the literature does not
“ 725107 —eZ1E —Eeie' " —0e1S<7el’eele’e—' ES—ERELZ YK

"o 7> 7 1 Mdlated mega cisterna magna. US and MRI images of the same third-trimester case.

8. Vascular abnormalities

Possible causes of hemorrhage include arteriovenous malformation, benign or malignant,
'— e>SE>S—'Selei—">001eZeSel —eZEe' " —Flesiele”i’E’+¢d1
or alloimmune thrombocytopenia [71-79].

Fetal ‘Z—-">>'San@E'¢ ™"’ E,’ cndltg caHead to antenatal brain damage and fetal

stroke. These are associated with fetal death, postnatal seizures, mental retardation, psy
chomotor delays, and cerebral palsy [72]. Fetal intracranial hemorrhages and strokes can be
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™>Z—SeSee¢le’'Se—"Zelct1l7e¢>5Se"2—1S—e1 il ‘Z1E+*Sc
'— EezeZel YZ1-S“"51e¢™ZeAl —e>SYZ—e>'E2+S>1'2-">5>'S
arachnoid hemorrhages, and other intraparenchymal hemorrhages. Intraventricular hemor -
rhage is the most common variety of neonatal intracranial hemorrhages and is characteristic
of the immature brain. Intraventricular hemorrhages are subdivided according to their sever -
oGl —e"1e 7510587l Z1 seele5Z2Z21>SeZ®@1S5Z2Z1e'—"e7Z01
includes parenchymal involvement.

The outcome of bleeding into the ventricles ranges from hemorrhage absorption and resolu-
o7 —1 e "7el57Z@'e2SeleZ E'e8Lle"1<>S'—1eS-SeZ781 '*'1—2772>"
S—e1'—1Zi>Z2-21ES0eZele ™ 1eZSe1"51—7"—SeSele7Se'il "’ Z
TI™Ze Eele'Z1™> e " Ele'e—' ES—EZ17¢1eZeSe1’—+>S
ventricular enlargement and the presence or absence of brain parenchymal damage [72—79].

Spontaneous antenatal subdural hemorrhage is rare [71].

Z'—17+1 Se7—1S—77>¢ eararclcoyenitalntformation (1% of all abnormalities
of the fetal cerebral arteriovenous system [80]. It occurs in isolation, although there have been
reported cases related to cardiac abnormalities or cystic hygroma. The current hypothesis is
©'Z172S>C1 " EE2>>2—EZ10<Ze ZZ—1'21\1S—+1WW1 (id1Sce
connection between the primitive choroidal vessels and the proximal region of the prosence -
phalic median vein. The persistence of the connection leads to the appearance of some abne
mal arteriovenous shunts and the formation of the vein of Galen ( ’+Z > Z cedni 28).

0757 1K]|Se@’YZ1 ' —e>S™MS7Z _E'¢-Se"701'Z-"5>'83¢71"—1S1ES@Z1"+1Z2+S5&-

'« 7> 7 1 Reisame case. The fetus has had a complete normal neurosonogram in mid-trimester.
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9. Destructive cerebral lesions

The destructive lesions may include an extremely wide range of conditions: hydranenceph -
Set¢dlez-">®e&-SerleZe  —rdlIECE®d1I™Z>'YZ—e>'EZ2+S>
—'Se1'Z-"5>'SeZ81S—e1"e'Z51eZ®'"—0il ¢Z—+ ESe'"—1"1
helpful in providing the patients with management options. Moreover, it has the potential to
modulate the neonatal therapy [81-85].

¢+>S — 7 — @EZdVsevere congenital condition: most of the cerebral hemispheres ar
replaced by a membranous sac. The pathogenic mechanism and the prognosis remain contre
YZ>@'Seil o'0edleZeSe1S—e1™ " @e—SeSel —77>""-Se’ —e]1eSeS
early bilateral internal carotid artery occlusion occurring at 8—12 WA [81].

Fetal brain ¢z —"51085>721>S>721S—+1'SYZ1S1e’ Z5Z—e1'"@e" e s EL™S
sis relies on histopathology. The distinction between potentially curable tumors and tumors
>S ™' eegleSeSel1SeeZ>1c 50" 1’1 Zje>Z-22C1e’ Ezeeil 52°YZ258:
tumors. Among the histological structure, we mention teratoma, glioblastoma, fetus-in-fetu,
craniopharyngioma, and hemangioma.

The acronym TORCH is used to refer to congenital ' — « Z EtoXoplasmosis, other infections
(syphilis, varicella zoster, and parvovirus B19), cytomegalovirus, and herpes simplex virus.
Zika virus has emerged as an important worldwide congenital infection. Many maternal and
fetal symptoms are common. All mentioned infections may cause neurologic damage (ven-
>’ @E72¢"—Z2+Se¢81 —e>SYZ—+>'E2+S>1S'Ze’""—®dlei<I™Z—
and microcephaly). The Zika virus leads to a more severe spectrum of CNS abnormalities
S—el1S ZEel—"eeeC1 ¢ Z>85piS =slldECrwZ—d§el —eZE""—
Zes>S"7Z—el —e'—e@il ">1e'Z1'—-Se’@el™>"eZ@®' "—Sed1ls'Z-
mon congenital infections may facilitate early diagnosis and may, at times, lead to prompt
initiation of therapy.

Z>'YZ—e>' EZ+S>1hasbEen Sepbr@Ed $ preterm and growth-restricted fetuses and
neonates, and in monochorionic complicated pregnancies. It manifests as punctate white mat
eZ>1e7®@ "—@®1H>1e"ESel 'eZ1-S47>51—7ZE>"®'eil —1E"—"¢
ity in detecting them. MRI is a more useful tool [78, "}.

Unfortunately, E ">+’ E S+ 1 s hueltd SomhSpieptogenic substrate, are the most subtle
lesions to identify, diagnose, and characterize [87, 8§. Improved MRI techniques with a mul -
timodality approach (magnetoencephalography, positron emission tomography) will prob -
Sce¢1l'—E>Z2S®eZ1eZ—@ 'Y +¢1S—ele™ZE’ E'e¢le >1'eZ—-

‘Z1-"oeelzoeZe1E - 83pred taLSIF the-tbyninology of cortical dysplasias, which
are seen as a subset of all malformations of cortical development. This proposal is base
1" ™S e "o ' (EL1eSeS1 E —"ESe1S—e1'—Se’—e1 —e'87
( "eZ>7Z03IX
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« 7> 7 1 Benign, small dimensions, non-evolving intracerebral cyst: 28 WA (a and b), 30 WA (c), and postpartum, by
means of transfontanellar ultrasound assessment (d).

"« 7> Z 1 Roveincephaly.

"o 7> 7 1 Xr8¢linoid cyst.

"« 7> 7 1 Midline abnormality and unilateral asymmetric borderline ventriculomegaly.
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The above division of CNS congenital anomalies is an arbitrary one. In the most severe case:
several types of cortical malformation may be found simultaneously. Moreover, many types
succed one another, or overlap in time.

"o 7> 7 02-34%Mow several examples of such associated abnormalities.

«7>7 1 ®oriplete agenesis of the corpus callosum. Unilateral voluminous intracerebral cyst. Severe unilateral
asymmetric ventriculomegaly. Subsequently, the short-term and long-term evolution was completely normal.

+7>7 1 Qahiplete agenesis of the corpus callosum. Cystic dilatation of the fourth ventricle and enlarged posterior
eS8l e 1li™ Ssrele’®@™eSEZ-Z—e1"ele'Z1e7Z—2"5'7-81e>EZ2+581S—e1e>S—
by means of conventional autopsy.
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