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Normal Sonographic Anatomy of the Fetal Central

Nervous System

INTRACRANIAL ANATOMY

The objective of the sonographic examination of the fetal
central nervous system (CNS) is to reconstruct with a
two-dimensional tool a complex three-dimensiona
structure.In this effort, the larger the number of scanning
planes obtained, the more accurate the representation will
appear.The three planes traditionally used for such an
evaluation are the axial, sagittal, and coronal (Fig. 1-1).
The sonographer should be aware that important
developmental changes occur in the fetal brain well after
the end of embryogenesis and up to the third trimester.
The lateral ventricles and subarachnoid cisterns decrease
steadily in size throughout gestation, resulting not only in
a geometric modification of the cerebral structures but
also in important changes in the sonographic appearance
of the fetal brain. During the early second trimester, the
fluid-filled lateral ventricles are large. This causes
enhancement of sound transmission, and the dista
cerebral cortex appears more echoic than later in
gestation. Familiarity with the norma ultrasound
appearance of the fetal brain in different scanning planes
and at different gesta-

tional ages is critical for the recognition of congenital
anomalies.

Axial Planes

Axial planes are obtained by scanning the head of the
fetus at an angle of about 20 degrees to the canthomeatal
line.? Four different levels are commonly used (Fig. 1-2),
The first scanning plane passes through the bodies of the
lateral ventricles. In Figure 1-3A, the different
appearances of this view throughout gestation can be
seen. At 16 weeks, the lateral ventricles occupy most of
the relative hemispheres and are partialy filled with the
echogenic choroid plexuses. At midgestation, the size of
the lateral ventricles has considerable diminished, but in
many cases it is still possible to observe the two walls
that line the ventricular cavity on both sides. During the
third trimester, only the lateral wall can be visualized.
The distance between the midline echo and the lateral
wall of the ventricle is now approximately one third of
the hemispheric width. This value will remain constant
throughout life (Fig. 1-3B).

The axia view has been used to derive nomograms for
the normal size of the ventricles The
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Figure 1-1. Schematic representation of the scanning planes used
for the study of fetal cerebral anatomy: (1) axial, (2) sagittal, and
(3) coronal.

ratio between the distance from the midline echo to the
lateral  ventricular wall (latera ventricular width,
LVW)and the hemispheric width (HW) measured from the
midline echo to the inner echo of the calvarium is
illustrated in Figure 1-4. Tables 1-1 and 1-2 are the
corresponding nomograms.

It should be stressed that after the 20th week of gestation,
the choroid plexus is considerably reduced in size. It is no
longer observesin the previously described axial plane and
can only be imaged in a lower section (Fig. 1-5A,B).
Because the lateral ventricles diverge inferiorly and
posteriorly, the measurement of the LVW:HW ratio at this
level would result in a falsely elevated value. Therefore,
this measurement should not be taken in a section that
displays the choroid plexus later than 20 weeks of
gestation.  Furthermore, in normal fetuses, it is usualy
possible with current high-resol ution ultrasound equi pment
to visualize both the lateral and medial walls of the |ateral
ventricle.  This observation is important because it has
been suggested that simultaneous demonstration of both
ventricular walls in the third trimester is an early sign of
hydrocephaly.* The sonographer should be aware that such
findings may be entirely normal in this scanning plane.
The second scanning plane passes through the frontal
horns, atria, and occipital horns of the lateral ventricles
(Fig. 1-6). At 18 weeks, the atria are round and are
entirely filled with the echogenic choroid plexus. Later in
gestation, the atria decrease in size and assume a convex
shape due to the development of the calcar avis. The
occipital horns appear as a fluid-filled posterior
prolongation of the atria. In this scanning plane, it is
possible to appreciate the progressive opercularization of
theinsula. Until the 18th

or 19th week, the temporal lobe is convex and the lobe of the
insula is apposed to the calvarium. In the following weeks,
the insula deepens medialy while the adjacent frontal and
temporal lobes (so-called opercula) move progressively
closer to each other, forming the sylvian fissure. The
beginning of sylvian fissure demarcation is already visible at
22 weeks of gestation, However, it isnot until 32 to 34 weeks
of gestation that the opercularization is complete® (Fig. 1-7).
The third axial section corresponds to the biparietal diameter
level (Fig. 1-8A,B). In this scanning plane, the thalami
appear as two triangular echo-free areas. Between the
thalami, the dlitlike third ventricle can be seen. It is
sometimes possible to visualize a cross-section of the
aqueductus of Sylvius posterior to the third ventricle. On
both sides of the thalami, the hippocampal gyrus appears as a
circular space delineated medially by the ambient cistern and
laterally by the atrium of the lateral ventricle. Anterior to the
thalami, it is possible to visuaize the frontal horns of the
lateral ventricles. During the

Figure 1-2. Schematic representation of the axial examination of the
fetal head. In the four scanning planes (from rostral to caudal), the
following structures can be recognized: bodies of the lateral ventricles
(B), frontal horns (FH), atria (At), and occipital horns (OH) of the
lateral ventricles, thalami (T), sylvian and vein of Galen cisterns (sc,
vgc), third ventricle (3v), ambient cistern (ac), hippocampal gyrus
(HG), cerebral peduncles (P), chiasmatic cistern (cc), and cerebellum
(C). LV, lateral ventricles; 4v, fourth ventricle.
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Figure 1-3. A. Axial scans at the level of the bodies (B) of the lateral ventricles at 16, 23, and 30 weeks. Note the prominent
choroid plexus (CP) in the 16-week fetus and the progressive shrinking of the ventricular cavity. The arrowheads indicate the
medial and lateral walls of the ventricle.

Figure 1-3. B. Anatomic specimen from an adult brain correspond-
ing to the axial section shown in Figure 1-3A. Note the similarity in
ventricular versus hemispheric size with the ultrasound image of the
30-week fetus. (Reproduced with permission from Matsui, Irano : An
Atlas of the Human Brain for Computed Tomography. Tokyo, lgaku
Shoin, 1978.)

Figure 1-4. A. Measurement of the LVW:HW ratio.

©1987-2002 Romero-Pilu-Jeanty-Ghidini-Hobbins
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TABLE #-1. HOMOGRAM FOR EVALUATION OF LYW HW BATIO AQAMET QESTATIONAL AGE
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Figure 1-5. A. Axial scan at a slightly lower level than shown in Figure 1-3A in a third trimester fetus. This plane passes
through the floor of the body of the lateral ventricle (LVB) and shows the choroid plexus (CP) arising from the foramen of Monro.
FC, falx cerebri. B. Anatomic specimen from an adult brain corresponding to the axial section shown in Figure 1-5A. (Figure B
reproduced with permission from Matsui, Irano: An Atlas of the Human Brain for Computed Tomography. Tokyo, Igaku Shoin,
1978.)

Figure 1-6. A. Axial scan passing through the frontal horns (FH), atria (At), and occipital horns (OH) of the lateral ventricles. At
the same level, the superior portion of the cavum septi pellucidum (CSP) and thalami (unlabeled) are seen. Note the brightly
echogenic choroid plexus (CP), which entirely fills the atria.

©1987-2002 Romero-Pilu-Jeanty-Ghidini-Hobbins
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Figure 1-6. B. Anatomic specimen from an adult brain correspond-
ing to the axial section shown in Figure 1-6A. T, thalami. (Repro-
duced with permission from Matsui,Irano: An Atlas of the Human
Brain for Computed Tomography. Tokyo, Igaku Shoin, 1978.)

second trimester and early third trimester, the frontal horns
are usualy separated by a widely patent cavum septi
pellucidi. During the late third trimester, the cavum septi
pellucidi may decrease in size and appear as either one or
two lines internal to the frontal horns (Fig. 1-9). Hafway
between the thalami and the calvarium, a linear echo
representing the insulais seen. This structure should not

be confused with the lateral wall of the lateral ventricles,
because this would obviously lead to the erroneous diagnosis

of hydrocephaly. A useful hint for the recognition of this
structure is the demonstration of a pulsating echo
corresponding to the middle cerebral artery.
The biparietal diameter (BPD) is one of the most frequently
used fetal biometric parameters. It is measured from the
outer echo of the superior parietal bone to the inner echo of
the inferior parietal bone (Fig. 1-10). Tables 1-3 and 1-4
and Figures 1-11 and 1-12 are used to predict gestationa
age and to assess the normality of a BPD for a given
gestational age. Tables 1-3 and 1-4 should be used only
after verifying that the size of the BPD is not affected by
molding of the fetal head. Thisis achieved by obtaining an
occipitofrontal diameter (OFD) and cal culating the cephalic
index. The OFD can be imaged in the same section used
for the BPD and is measured from midecho to midecho
(Fig. 1-10). Figure 1-13 and Table 1-5 illustrate the growth
of the OFD. The cephalic index is calculated by dividing
the BPD by the OFD. Normal values are between 75 and
85 percent. Dolicocephaly is diagnosed by cephalic indices
below 75 percent and brachycephaly by cephalic indices
above 85 percent.
The circumference of the head either can be measured
directly with a mapreader or, dternatively, can be
calculated from the BPD and OFD. The formula used to
calculate the head circumferenceis:

Head circumference = 1.62 (BPD + OFD)
We have compared the results of these calculations with
actual measurements of the fetal head circumference and
found them acceptable for clinica use. Similar
comparisons have been made by others.*®

Figure 1-7. Axial scans at the level of the insula (curved arrow) throughout gestation. A. At 18 weeks, the cerebral hemisphere is convex,
and only a thin, fluid layer separates the insula from the calvarium. B. At 22 weeks, the insula is deepened, beginning the formation of the
sylvian cistern. C. At 28 weeks, growth of the opercula and deepening of the insula result in the formation of a square-shaped, fluid-filled
area. At this time, a thin membrane (M), probably representing the arachnoid, is seen bridging between the opercula. CSP, cavum septi
pellucidum; At, atria of the lateral ventricles; FH, frontal horns of the lateral ventricles.

©1987-2002 Romero-Pilu-Jeanty-Ghidini-Hobbins
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Figure 1-8. A. Axial scan at the level of the thalami (T) and third ventricle (3v). Anterior to the thalami, the frontal horns (FH) of the
lateral ventricles, which are separated by a widely patent cavum septi pellucidi (CSP), can be seen. The hippocampal gyrus (HG) can
be recognized by the presence of the medial ambient cistern (AC) and lateral atrium of the lateral ventricle (At). The linear echo that
can be seen lateral to the thalamus corresponds to the insula (in). On real-time examination, the active pulsation of the middle
cerebral artery distinguishes it from the wall of the lateral ventricle. B. Anatomic specimen corresponding to the axial section shown in
Figure A. This specimen was obtained from the brain of an adult, and the cavum septi pellucidi is obliterated. VGC, vein of Galen
cistern. (Figure B reproduces with permission from Matsui, Irano: An Atlas of the Human Brain for Computed Tomography. Tokyo,
Igaku Shoin, 1978.)

Figure 1-9. Axial scan at the same level as in Figure 1-8A in a late
third trimester fetus. The two lines that are seen medial to the
frontal horns (Fh) of the lateral ventricles are thought to represent
the walls of a patent but small cavum septi pellucidi (CSP). At,
atria; HG, hippocampal gyrus; In, insula; T, thalami; 3v, third
ventricle

Figure 1-10. Measurement of the biparietal diameter (BPD) and
occipitofrontal diameter (OFD).

©1987-2002 Romero-Pilu-Jeanty-Ghidini-Hobbins
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Figure 1-13. Relationship
between gestational age and
occipitofrontal diameter.



12 THE CENTRAL NERVOUS SYSTEM
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The fourth axial plane passes through the midbrain and the
chiasmatic cistern. The cerebral peduncles are seen as an echo-
free, heart-shaped structure posterior to the active pulsation of
the basilar artery, which is found in the interpeduncular cistern.
Anterior to the interpeduncular cistern, a quadrangular, echo-free
area is seen corresponding to the chiasmatic cistern.  Within
these cysternae, the pulsations of the arteries of the circle of
Willis are seen surrounding the echogenic optic chiasma (Fig. 1-
14).

At alower level, the bony structures forming the base of the
skull are visualized. The petrous ridges of the temporal bones
and the anterior wings of the sphenoid bones converge to
delineate the anterior, middle, and posterior fossae (Fig. 1-15).

Evaluation of the posterior fossa is most easily accomplished
by a methodical plan of examination (Fig. 1-16). To obtain
section 1, the transducer is first placed axialy in the same plane
used to obtain a BPD measurement and subsequently rotated
posteriorly

until the cerebellar hemispheres come into view. The
corresponding ultrasound image is shown in Figure 1-17.
The cerebellar hemispheres can be seen joining in the
midline at the superior cerebellar vermis (Fig. 1-17A,B).
This view of the feta brain can be used for the
measurement of the cerebellar transverse diameter, anew
parameter useful for both evaluating fetal growth and
development and diagnosing  posterior  fossa
abnormalities (Fig. 1-17C).

Figure 1-14. A. Axial scan of the fetal head at the level of the
cerebral peduncies (P). The interpeduncular cistern (IPC) can
be recognized on real-time examination by the presence of the
pulsating basilar artery. The chiasmatic cistern (arrows) is seen
surrounding the optic chiasma (OC). B. Anatomic specimen
from an adult brain corresponding to the axial section shown in
Figure A. (Figure B reproduces with permission from Matsui,
Irano: An Atlas of the Human Brain for Computed Tomography.
Tokyo, Igaku Shoin, 1978.)
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Figure 1-15. Axial scan at the
level of the skull base. The
anterior (A), middle (M), and
posterior (P) fossae are
delineated by the anterior
wings of the sphenoid bones
(short arrows) and petrous
ridges of the temporal bones
(long arrows).

Figure 1-16. Schematic representation of the
ultrasound examination of the fetal posterior fossa.
At first, the transducer is positioned to obtain a BPD
measurement (0). Subsequently, the transducer is
rotated posteriorly. The ultrasound images
corresponding to levels 1, 2, and 3 are shown in
Figures 1-17, 1-18, and 1-19, respectively.

©1987-2002 Romero-Pilu-Jeanty-Ghidini-Hobbins



14 THE CENTRAL NERVOUS SYSTEM

Figure 1-17. A. Axial scan directed posteriorly, corresponding
to scanning plane 1 shown in Figure 1-16. The two cerebellar
hemispheres (CH) connect on the midline in the superior
cerebellar vermis (SCV). T, thalami; 3v, third ventricle; P,
cerebral peduncles; CM, cisterna magna. B. Anatomic
specimen from an adult brain corresponding to the axial
section shown in Figure A. C. The relationship between
cerebellar transverse diameter and gestational age. (Figure B
reproduces with permission from Matsui, Irano: An Atlas of the
Human Brain for Computed Tomography. Tokyo, Igaku Shoin,
1978.)
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Figure 1-1 8. A. Axial scan directed posteriorly corresponding to scanning plane 2 shown in Figure 1-1 6. The echogenic inferior
cerebellar vermis separates the fourth ventricie (4v) from the posterior cisterna magna (CM). CH, cerebellar hemispheres; T,
thalami; 3v, third ventricie; P, cerebral peduncles; CSP, cavum septi pellucidi; FH, frontal horns. B. An anatomic specimen from an
adult brain corresponding to the axial section shown in Figure A. (Figure 8 reproduces with permission from Matsui, Irano: An Atlas
of the Human Brain for Computed Tomography. Tokyo, Igaku Shoin, 1978.)

At the level of section 21 the fourth ventricle appears
as a sguare anechoic area lined inferiorly by the
echogenic inferior vermis (Fig. 1-18). Between the
cerebellum and the occipital bone lies the anechoic
cisterna magna. Finaly, movement of the transducer
to section 3 will occasionally show the cerebellar
tonsils (Fig. 1-19).

Sagittal Planes

Sagittal views are obtained by scanning the head
along the anteroposterior axis (Fig. 1-1). These views
are very informative, but they are difficult to obtain,
since the fetus must be in either a breech or a
transverse presentation. Two sagittal planes should be
considered. The first passes through the brain at the
level of the midline structures. It reveals the third
ventricle, which appears as a square, echo-spared area,
an the fourth ventricle, which indents the cerebellar
vermis posteriorly (Fig. 1-20). The corpus callosum
can be visuadized superiorly to the cavum septi
pellucidum and the triangular velum cistern (Fig. 1-
21).

By laterally tilting the transducer, it is possible to
visualize the entire lateral ventricle coursing around
the thalamus (Fig. 1-22).

Since the fetal spine is not completely calcified, it
is usually possible, in a posterior sagittal scan, to
visualize the spinal cord as it enters the brain stem
(Fig. 1-23).

Coronal Planes
Coronal views are obtained by scanning the fetal
head aong the laterolateral axis (Fig. 1-1). Inthe
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anterior coronal scan (Fig. 1-24), the corpus
callosum can be seen as an echo-spared area
interposed between the roof of the frontal horns of
the lateral ventricles and the inter-hemispheric
fissure.In Figure 1-25, amore posterior scan
passing through the brain stem is shown. Inthe
fetus younger than 32 to 34

Figure 1-19. Because of the large cisterna magna
(CM), the cerebellar tonsils (CT) that lie between the
posterior aspect of the medulla oblongata and the
cerebellar vermis are clearly defined in this view of
the fetal head.



Figure 1-20. A. A midsagittal scan of the fetal brain at 30 weeks of gestation, demonstrating the third ventricie (3v) and the fourth
ventricie (4v). A widely patent cavum septi pellucidi (CSP) is seen above the roof of the third ventricie. Note the echogenic cerebellar
vermis (C). B. Anatomic specimen from a 30-week-old fetus corresponding to the sagittal section shown in Figure A. CC, corpus
callosum; SP, septum pellucidum. (Figure 8 reproduces with permission from Keir: In Newton, Potts (eds): Radiology of the Skull and
Brain, Anatomy and Pathology. St Louis, CV Mosby, 1977, pp 2787-2913.)

Figure 1-21. A midsagittal scan of
the fetal brain at 26 weeks. The
corpus callosum is the thin anechoic
area interposed between the hyper-
echogenic triangular velum cistern
(TVC) and the large cavum septi
pellucidum (CSP),which is posteri-
orly continuous with a patent cavum
vergae (unlabeled).The arrows indi-
cate the continuity between the trian-
gular velum cistern and the postero-
inferior vein of Galen cistern within
which the vein of Galen is seen (VG).
3v, 3rd ventricie; Ant, anterior; Post,
posterior.
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30 wks .
L

Figure 1-22. A. Developmental changes of the lateral ventricles during gestation. At 16 weeks, the ventricle occupies most of the
hemisphere. The occipital horn has not yet developed, and the atrium (At) is posteriorly blunt. The prominent choroid plexus (CP)
fills most of the ventricular cavity. Note the high roof of the body (B) of the lateral ventricle. At 23 weeks, the ventricle is reduced
considerably in size, and the occipital horn (OH) starts to develop. At 30 weeks, the occipital horn is fully developed. TH, temporal
horns. B. Barium casts of the fetal lateral ventricies at 16, 23, and 30 weeks of gestation. Note the similarity to the ultrasound
images. (Figure B reproduces with permission from Keir: In Newton, Potts (eds): Radiology of the Skull and Brain. Anatomy and
Pathology. St. Louis, CV Mosby, 1977, pp 2787-2913.)
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Figure 1-23. Sagittal scan of the upper fetal spine.
Because of incomplete calcification of the vertebrae, the
spinal cord (SC) can be seen clearly and followed superiorly
to the brain stem (BS) and cerebellum (C). The cisterna
magna (CM) appears as a triangular, echo-spared area
interposed between the brain stem and the cerebellar
vermis. The fourth ventricle (4v) is seen indenting the
cerebellar vermis posteriorly. Sup, superior; Inf, inferior.

weeks, the opercularization of theinsulaisincom-
plete. Therefore, the sylvian cistern extendsas a
square-shaped, fluid-filled area between the |obe of
the insulaand the inner layer of the calvarium.

SCANNING THE FETAL SPINE

There are three main scanning planes used in the
evaluation of the spine: sagittal, transverse, and
coronal (Fig. 1-26).

In the sagittal plane, the spine appears as two parallel
lines converging caudally in the sacrum. The lines
correspond to the posterior elements of the vertebrae
and the vertebral body (Fig. 1-27). Between the two
lines, the spinal cord can be seen. This plane is
useful for evaluating spinal curvaturas; exaggeration
of the curvatura may be an indirect sign of spina
bifida. A useful hint in the evaluation of the integrity

of the fetal spine is the presence of a normal thickness of
subcutaneous tissue overlying the vertebrae.

In the coronal plane, the normal spine appears as either two
or three paradlel lines. The two lines are seen when the
scanning plane is more dorsa. Moving the transducer
anteriorly, athird line comesinto view (Fig. 1-28). Thereis
disagreement about the precise nature of these images. The
two paralel lines have been attributed to the echo created
by the complex formed by the articular elements and the

A

Figure 1-24. A. Anterior coronal scan in a second trimester fetus.
The frontal horns (FH) of the lateral ventricles are separated by the
patent cavum septi pellucidi (CSP). The corpus callosum (CC)
appears as an anechoic band interposed between the cavum septi
pellucidi and the interhemispheric fissure. B. Anatomic specimen
corresponding to the coronal section shown in Figure A obtained
from the brain of an adult. The cavum septi pellucidi is obliterated.
(Figure B reproduces with permission from Matsui, Irano: An Atlas
of the Human Brain for Computed Tomography. Tokyo, lgaku
Shoin, 1978.)
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Figure 1-25. A. Midcoronal scan in a second trimester fetus passing through the frontal horns (FH), cavum septi pellucidi (CVS), thalami (T),
and brain stem (BS). Because of the incomplete opercularization of the insula (in), the sylvian cistern appears as a prominent, fluid-filled
area extending to the inner layer of the calvarium. B. Anatomic specimen corresponding to the coronal section shown in Figure A. This
specimen was obtained from the brain of an adult, and the insula is normally covered by the opercula. 3v, third ventricie. (Figure B
reproduced with permission from Matsui, Irano: An Atlas of the Human Brain for Computed Tomography. Tokyo, Igaku Shoin, 1978.)

Figure 1-27. Sagittal scan of the fetal spine. The vertebral bodies
(large arrows) and the posterior processes of the vertebrae (small
arrows) delineate on both sides the neural canal, within which the

Figure 1-26. Schematic representation of the evaluation of the fetal gpinal cord (SC) can be seen. Note the normal amount of soft tissue
spine: (1) sagittal plane, (2) transverse plane, and (3) coronal overlying the spine.

plane.
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Figure 1-28. Coronal scan of the fetal spine. Note the typical three-lined

appearance of the vertebrae (arrows). The iliac wings (IW)
on both sides of the sacrum.

Figure 1-29. B. Cross-section of the
fetal spine at the level of the sacrum
(Sa), iliac wings (IW), and ischium
(Is). B, bladder.

are seen

Figure 1-29. A. A cross-section of the fetal spine on the lumbar
area. The neural canal is lined by the two posterior ossification
centers of the laminae (small arrows) and by the vertebral body
(large arrow). Note the normal amount of soft tissue overlying the
spine.




lamina of the vertebrae. The third line probably
corresponds to the vertebral body. 3

Corona planes should not be confused with oblique
sections. A helpful hint in this regard is to examine the
amount of tissue on both sides of the fetus. A correct
coronal plane requires equal amounts of soft tissue on g
both sides of the spine. Oblique sections can be
recognized by the asymmetry of the fetal trunk.

In transverse sections, the neural canal appears as a 6.
closed circle. It is lined anteriorly by the ossification
center in the body of the vertebrae and posteriorly by the

two ossification centers of the laminae (Fig. 1-29). 7.
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HY DROCEPHALUS

Hydrocephalus is commonly defined as an increased
intracranial content of cerebrospina fluid (CSF). Even
though many disorders of the CNS share this condition,
the term "hydrocephalus’ is generally used to refer to a
situation in which an abnormal accumulation of CSF
results in enlargement of the ventricular system. Figure
1-30 shows the origin, circulation, and drainage of CSF.
CSF is formed mainly at the level of the choroid
plexuses inside the ventricular system and flows slowly
from the lateral ventricles to the third ventricle and from
there to the fourth ventricle. At this level, CSF passes
through the foramina of Luschka and Magendie inside
the subarachnoid space that externally bathes the
cerebral structures. Flowing aong the subarachnoid
cisterns, the fluid is then reabsorbed by the granulations
of Pacchioni that are mainly distributed along the supe-
rior sagittal sinus.

In the majority of cases, congenital hydrocephalusis
the consequence of an obstruction along the normal
pathway of the CSF (obstructive hydrocephaly).
Hydrocephalus is one of the most common congenital
anomalies, with an incidence of 0.3 to 0.8 per 1000
births.*?

The diagnosis of hydrocephalus has traditionally
relied on the demonstration of enlarged lateral ventricles
(Fig. 1-31). Several nomograms have been devel oped
to quantify the dimensions of the lateral

ventricles®*™® As previously described (see p. 2), the
LVW:HW ratio is the parameter most frequently used
for this assessment. However, several false negative
diagnoses in early pregnancy have been reported 1%
and they raise questions about the sensitivity of the
measurement of the LVW:HW ratio in diagnosing
early or mild ventricular dilatation. Morphologic,
rather than purely biometric, criteria have been
suggested for the early detection of hydrocephalus,
including the simultaneous visualization of the medial
and lateral wall of the lateral ventricld® and the
anterior displacement of the choroid plexus’ (Fig. 1-
32). Recently, measurement of the atria of the lateral
ventricle has been suggested.? At present, the problem
of early detection of hydrocephalus remains unsolved.
We have found that from 16 to 20 weeks of
pregnancy, a combination of morphologic and
biometric criteria allows for either a specific diagnosis
or aquestionable diagnosisin the majority of cases.
Associated Anomalies

Hydrocephalus is commonly associated with other
congenital anomalies. Associated intracrania anom-
alies have been reported in 37 percent of hydroceph-
alus cases. They include hypoplasia of the corpus
callosum, cephalocele, arteriovenous malformation,
and arachnoid cyst. Extracranial anomalies were pres-
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Figure 1-30. Schematic representation of the circulation and turn-
over of cerebrospinal fluid. The fluid is formed mainly inside the
ventricular system by the choroid plexuses. It then flows slowly from
the lateral ventricies (LV) to the third ventricie (3V) and fourth
ventricie (4V). At this level, it escapes into the subarachnoid space
(shaded area) and flows toward the superior sagittal sinus (SS),
where it is reabsorbed.

ent in 63 percent of cases and included meningomyelocele,
renal anomalies (bilateral or unilateral renal agenesis,
dysplastic kidneys), cardiac anomalies (ventricular septal
defect, tetralogy of Fallot), gastro- intestinal anomalies
(colon and anal agenesis,

Figure 1-31. Severe hydroce-
phalus in a third trimester fetus.
An axial scan reveals important
en-largement of the bodies of the
lateral ventricles (LV) and thinning
of the cerebral mantle. Ant,
anterior; Post, posterior.

malrotation of the bowel), cleft lip and paate, Meckel
syndrome,gonadal dysgenesis, sirenomelia,
arthrogryposis, and dysplastic phalanges. Chromosomal
anomalies were present in 11 percent of cases,
including trisomy 21, balanced translocation, and
mosaicism.®> Table 1-6 displays the associated anom-
aliesfound in adifferent obstetrical series.

Prognosis

The three major forms of hydrocephalus are aqueductal
stenosis, communicating hydrocephalus, and Dandy-
Walker syndrome!™ Because the sonographic
appearance® and prognosis of each variety differ, they are
discussed separately.

Prognostic figures reported in each section are
derived from pediatric series, and therefore they should
be used with caution in counseling obstetric patients.
Furthermore, because it is not always possible to identify
the specific type of hydrocephalus, some general
information about prognosis and obstetrical management
guidelines will be addressed.

There is only one study that examimes the prog-
nosis of infants with hydrocephalus diagnosed in utero.
In this report, 37 infants with a heterogeneous group of
disorders having ventriculomegay in common
(uncomplicated  hydrocephaly, myelomeningocele,
intracranial teratoma, Meckel syndrome) were
followed for 7 to 60 months.® Immediate neonatal death
(in less than 24 hours) was associated with the presence of
other congenital anomalies, namely intracranial teratoma,
thanatophoric ~ dysplasia  with  cloverleaf  skull,
cebocephaly, sirenomelia, Meckel syndrome, tetralogy of
Fallot, and arthrogryposis multiplex congenita. Among
the survivors, a poor mental score (Bayley mental or
Stanford-Binet <65) was associated with the presence of
other anomalies, such as cephalocele, intraventricular
cyst with agenesis of corpus callosum, arachnoid cyst
with




Figure 1-32. A. In this 30-week fetus, both medial and lateral
walls of the body of the Ilateral ventricle (arrows) are
simultaneously visualized. The fetus was found to have spina
bifida and subsequently developed marked ventriculomegaly.

agenesis of corpus callosum, microcephaly, and ring
chromosome 18. On the other hand, all cases with normal
intelligence (Bayley mental or Stanford-Binet score >80)
did not have associated anomaies or they had
meningomyelocele. Therefore, the most important
prognostic consideration is the presence and nature of the
associated anomalies.

Pediatric data suggest that a correlation exists
between cortical mantle thickness before shunting and
long-term intellectual performances. Thickness of less
than 1 cm has been associated with a poor outcome.™
However, this correlation is imperfect and excellent
neurol ogic outcomes have been observed
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after early shunting with mantle thickness of less than 1
cm. This parameter, therefore, should not be used for
obstetrical management decisions.

Obstetrical Management

A search for associated congenital anomalies and a
workup for congenital infections associated with
hydrocephaly (i.e, toxoplasmosis, cytomegalovirus,
rubella) isindicated. Amniocentesis should be performed
for aphafetoprotein, fetal karyotype, and viral cultures.
Before viability, the option of pregnancy termination
should be offered to the parents. After viability, the
management issues are the role of intrauterine treatment
with ventriculo-amniotic shunt, time and mode of
delivery, and cephalocentesis.

Little data exist to support any specific manage-

ment plan. Our genera recommendations include
delaying delivery until fetal lung maturity is documented,
avoiding cephalocentesis, and using cesarean section for
obstetrical indications only. Fetal lung maturity is
determined by performing weekly amniocenteses
beginning at 36 weeks of gestation. Cephalocentesis is
associated with a perinatal mortality in excess of 90
percent >® and its use should be limited to those instances
in which hydrocephaly is associated with anomalies
carrying a dismal prognosis (e.g., thanatophoric dysplasia
and Meckd syn-drome). This procedure should be
performed under sonographic guidance.
Macrocrania or overt hydrocephaly(head  circumference
above the 98" percentile for gestational age) in the
absence of any other associated anomaly suggesting poor
prognosis is not an indication for cephalocentesis. Most
infants with hydrocephaly do not have macrocrania, and
therefore a trial of labor is indicated in vertex presen-
tation. Cesarean section should be reserved for stan-

Figure 1-32. B. Early hydrocephalus in an 18-week fetus with spina bifida. Although the LVW:HW ratio is within normal limits,
ventriculomegaly is inferred by the anterior displacement of the choroid plexus (CP), which does not entirely fill the atrium (At). The body
of the lateral ventricle (B) is within normal limits.



24 THE CENTRAL NERVOUS SYSTEM

TABLE 1-8 SYSTEMIC ANOMALIES BN 30
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Anomaly

Trisomy 18
Trisomy 21
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dard obstetrical indications (e.g., fetal distress, failure lo
progress in labor, and mal presentations).

Intrauterine treatment for hydrocephaly, consisting
of the implantation of a ventriculoamniotic shunt for the
relief of intracranial pressure during gestation, has been
attempted.>® Although experience in anima models
appears encouraging,”’ the clinical application of these
procedures remains undetermined. In agroup of 39 treated
fetuses, the perinatal mortality rate was 18 percent, and 66
percent of the survivors were affected by moderate to
severe handicaps.’®
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Aqueductal Stenosis

Synonyms
Stenosis of the aqueduct of Sylvius and aqueduct
stenosis.

Definition
Aqueducta stenosisis aform of obstructive hydrocephalus
caused by narrowing of the aqueduct of Sylvius.

Incidence
Aqueducta stenosisisthe most frequent cause of

congenital hydrocephaly. It has been reported to
account for 43 percent of the cases studied. Male to
femaleratiois 1.8.2

Etiology

Aqueductal stenosis is a heterogeneous disease for
Wh| Ch genet| C,2,3,5,6,8,l4,l7-19,21,22 | nfect| 0us’l,9,11,20
teratogenic,*® and neoplastic causes have been im-
plicated.The relative contributions of these factors have
been determines from autopsy studies. Histologic evi-

13,18



dence of inflammation (gliosis) has been found in
approximately 50 percent of the cases studied.™ Toxo-
plasmosis, syphilis, cytomegalovirus, mumps, and in-
fluenza virus have caused aqueductal stenosis in ani-
mals.*® In cases without evidence of inflanmation, the
disease appears to be the consequence of maldevel op-
ment for an unknown reason. This maldevelopment is
histologically expressed by forking (see Pathology) or
simple narrowing of the agueduct. Genetic transmis-
sion has been postulated to account for some of these
cases. Many familia studies have demonstrated that
aqueductal stenosis can be inherited as an X-linked
recessive trajt>35681417.192122 gay |inked transmission
was thought to be a rare cause of the disease, because
only 1 case was found among 200 siblings of probands
with hydrocephalus.® However, it has been suggested
that this mode of inheritance involves 25 percent of
affected male infants.® The possibility of a coexistent
polygenic pattern of inheritance has been suggested by
case reports of families in which both females and
mal es were affected.?

Teratogenic agents, such as radiation, have been
implicated in animal models, but the relevance of these
observations to humans is uncertain. *® Such tumors as
gliomas, pineallomas, meningiomas, and other
conditions (neurofibromatosis and tuberous sclerosis)
may cause agueductal stenosis by a compressive
mechanism.*® However, the prevalence of these entities
in the prenatal period is extremely low.

It has also been suggested that communicating
hydrocephalus may lead to secondary agueductal
stenosis, causing white matter edema and extrinsic
compression. **

Embryology

The agueduct of Sylvius is the portion of the ventric-
ular system that connects the third and fourth ventricles
(Fig. 1-30). The aqueduct develops from a narrowing
of the primitive ventricular cavity between the
prosencephalon and rhomboencephalon at about the
sixth week (conceptional age).

Pathology

Aqueductal stenosis may result from an inflammatory
process or a developmental anomaly. "Gliosis' is the
term used to describe the inflammatory reaction seen in
the CNS. This reaction is characterized by a
mononuclear-microglial response and a repair process
conducted by astrocytes® Malformations include
forking, narrowing, and the presence of a transverse
septum.’® Forking describes the substitution of the
agueduct by multiple narrow channels. Narrowing may
be of variable degree and is usually accompanied by an
irregular outline of the ependyma wall. When a
septum is responsible for the stenosis of the agueduct,
it isusualy located in its posterior portion.
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Figure 1-33. Schematic representation of aqueductal stenosis.
Narrowing of the aqueduct of Sylvius leads to enlargement of the
lateral and third ventricles. LV, lateral ventricles; 3v, third ventricle;
4v, fourth ventricle; SS, superior sagittal sinus.

Narrowing is the most common finding in hereditary cases.
Aqueductal stenosis is associated with a variable degree of
dilatation of the lateral and third ventricles (Fig. 1-33).

Knowledge about the pathogenesis of congenital
obstructive hydrocephaly is largely incomplete. Studies
performed in experimental animals and based on biopsies of
brain tissue obtained in children at the time of shunting seem
to demonstrate the following sequence of events. Initialy,
there is disruption of the ependymal lining, followed by
edema of the white matter. This phase has been considered
reversible. Later, there is astrocyte proliferation and fibrosis
of the white matter. The gray matter seems to be spared
during theinitial phase of the process.

Associated Anomalies
Other congenital anomalies occur in 16 percent of infants
with agueductal stenosis.® Bilateral thumb deformities of
flexion and adduction have been seen in 17 percent of the
sex-linked inherited type.*®

Diagnosis
A diagnosis of agueductal stenosis is suggested by
enlargement of the lateral ventricles (which can be
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Figure 1-34. Axial scan angled
posterioriy of the head of a fetus
that was found at birth to have
aqueductal stenosis. There is
enlargement of the

frontal horns (FH) and atria (At) of
the lateral ventricles and of the
third ven- tricle (3v). The fourth
ventricle is not visualized. T,
thalami; C, cerebellum; P,
peduncles.

either symmetrical or dightly asymmetrical) and of
the third ventricle in the presence of a normal fourth
ventricle (Figs. 1-34, 1-35).° Unfortunately, this
finding is nonspecific, since many cases of
communicating hydrocephay may have similar
appearances, and the differential diagnosis between
these two conditions may be impossible. Careful
scanning of the fetal spine is recommended in order
to rule out a coexistent spinal defect.

Prognosis

Data about survival are not complete, because a
significant number of infants with this condition have
been reported to die either in utero or in the very
early neonatal period, thereby escaping epidemio-

Figure 1-35. Midsagittal scan in the same
patient as in Figure 1-34. The lateral
ventricle (LV), third ventricle (3v), and
proximal aqueduct of Sylvius (AS) are
dilates. The fourth ventricle (4v) appears
to be of normal size. It should be stressed
that these findings may indicate
aqueductal stenosis and communicating
hydrocephalus as well. Ant,

anterior; Post, posterior.

logic surveillance. Data concerning intellectual devel-
opment come mainly from two neurosurgical series of
overt hydrocephaly. Guthkelch and Riley * reported a
mortality rate of 30 percent and normal intellectual
development (1Q >70) in 50 percent of treated infants. In
contrast, MeCullough and BalzerMartin ' found a mean
IQ of 71 (SD = 23) among all treated neonates and a
mortality rate of 11 percent. From these figures, itisclear
that thereis a possibility for intellectual normality.

Obstetrical Management

An amniocentesis for chromosomal determination is
aways recommended. The approach to obstetrical
management varies depending on the time of the




diagnosis. Before viahility, the option of pregnancy ation
should be offered lo the mother. The mode of delivery
depends purely on obstetrical indications. Cephalocentesis
should not be used in cases of isolated agueductal stenosis.
Cesarean section is only indicated for macrocephaly, fetal
If another
congenital anomaly invariably associated with neonatal
death is present, cesarean section should be avoided.* The
role of intrauterine shunting is experimenta at the present

distress, or other obstetrical indications.

time (seeaso p. 23).
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Communicating Hydrocephal us

Synonym
External hydrocephalus.

Definition
Communicating hydrocephalus is a form of enlarge-
ment of the ventricles and subarachnoid system

caused by an obstruction to CSF flow outside the
ventricular system.

Incidence

Communicating hydrocephalus is the second major form
of congenital hydrocephalus. It accounts for 38 percent of
all cases®
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Etiology

In most cases, the etiology is unknown. Communicating
hydrocephalus is found in infants with spinal defects and
has also been seen in association with obliteration of the
superior sagittal sinus® ,subarachnoid hemorrhage?,
absence of Pacchioni granulations * and choroid plexus
papilloma®.Subarachnoid hemorrhage is probably the
most common cause of infantile communicating
hydrocephalus, but it is probably rare in the prenata
period. Familia transmission is rare; only 1 affected
individual was found among 154 siblings of 77 probands'
However, the recurrence rate quoted for this conditionis 1
to 2 percent, which is higher than the incidence in the
general population.t

Pathology

The basic cause of communicating hydrocephalus is
either a mechanical obstruction outside the ventricular
system or an impaired reabsorption of cerebrospi-

Figure 1-36. Schematic representation of communicating hydro-
cephalus resulting from a block of the reabsorption of the CSF at
the level of the superior sagittal sinus (SS). Accumulation of fluid
results in simultaneous enlargement of the ventricular and
subarachnoid compartments. LV, lateral ventricles; 3v, third
ventricle; 4v, fourth ventricle; shaded area corresponds to the
subarachnoid space.

nal fluid.® This leads to dilatation of the subarachnoid
space and later to the dilatation of the ventricular
system” (Fig. 1-36). Over time, the enlargement of the
subarachnoid space may become less prominent, and
ventriculomegaly may be the only finding. In fact, most
patients with communicating hydrocephalus show only
triventricular hydrocephalus without overt enlargement
of the subarachnoid space and fourth ventricle™ The
pathophysiology of the disappearance of cisterna
dilatation is not clear. However, it has been suggested
that the increased intracranial pressure may eventually
lead to obstruction of the agueduct, resulting in
hydrocephalus.’®

Diagnosis
Communicating hydrocephalus causes tetraventricular
enlargement (dilatation of the lateral, third, and fourth
ventricles). However, because the enlargement of the
fourth ventricle is often minimal (Fig. 1-37A), the main
problem arises with the differential diagnosis from
aqueductal stenosis. The dilatation of the subarachnoid
cistern is pathognomonic of communicating hydro-
cephaly. Thisismost easily demonstrated at the level of
the subarachnoid space overlying the cerebral convex-
ities (Fig. 1-37B) and interhemispheric fissure (Fig. 1-
37C).%° Unfortunately, in a large number of cases, this
image is rarely detected, making it impossible to differ-
entiate it from agueductal stenosis. In one longitudinal
study of infants developing communicating hy-
drocephaly, isolated dilatation of the subarachnoid space
was seen prior to ventriculomegaly.”> Therefore, the
visualization of such afinding in afetusisan indication
for follow-up examinations.

The natural history of communicating hydroceph-
aus is unknown. Some cases are diagnosed in utero,*
whereas others are not recognized until infancy.*?

Prognosis

Data concerning the survival and intellectual per-
formance of infants with isolated congenital commu-
nicating hydrocephaly are limited, since many studies
are probably biased because of the inclusion of infantile
forms. The outcome appears to be much better than
with other types of hydrocephaly. In an old series of 35
treated infants, the mortaity rate was 11 percent.
Eighty-four percent of the survivors developed a normal
intelligence (IQ > 70).° In a more recent series of 9
treated infants, no deaths were observed, and the mean
IQ was 101 (SD = 19).7 If communicating hydrocephaly
is associated with either a neural tube defect or a
choroid plexus papilloma, the prognosisis different (see
SpinaBifida and Choroid Plexus Papilloma).
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Figure 1-37. Communicating hydrocephaly in a 30-
week-old fetus. A. An axial scan angled posteriorly
reveals the dilatation of the frontal horns (FH) and
occipital horns (OH) of the lateral ventricles and of the
third ventricle (3v). There is a questionable
enlargement of the fourth ventricle (4v). B. An anterior
coronal scan reveals the simultaneous enlargement of
the frontal horns (FH) and of the supracortical cisterns
(curved arrows). F, falx cerebri. C. A slightly posterior
coronal scan reveals a prominent interhemispheric
fissure (arrows). F, falx cerebri. (Figures 8 and C
reproduces with permission from Pilu et al: J
Ultrasound Med 5:365, 1986.)
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Obstetrical Management

The approach does not differ from that outlined for
aqueductal stenosis (see pp. 23, 27).
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Dandy-Walker Malformation

Synonym syndrome. It has been found in chromosomal aberra-

Dandy-Walker syndrome. tions, such as Turner syndrome, 6p -, 9gh +, trisomy 9,

and triploidy. Environmental factors, such as vira in-

Definition fection, alcohol, and diabetes, have been suggested as

Dandy-Walker malformation (DWM) is characterized by
the association of (1) hydrocephalus of variable degree,
(2) a cyst in the posterior fossa, and (3) a defect in the
cerebellar vermis through which the cyst communicates
with the fourth ventricle

Incidence

DWM accounts for 12 percent of all cases of congenital
hydrocephalus.®> However, this figure may represent an
underestimation of the real incidence because cases
without hydrocephalus and without significant symptoms
have also been reported.*

Etiology
Unknown. DWM may occur as a part of mendelian
disorders, such as Meckel syndrome and Warburg

playing a role in its etiology.® When DWM is not
associated with mendelian disorders, the recurrence risk
is 1 to 5 percent.”® In rare cases, the disease is probably
inherited as an autosomal recessive trait, with a
recurrence risk of 25 percent® A cerebral anomaly
similar to DWM, Joubert syndrome, is aso inherited as
an autosomal recessive trait.?*

History

DWM was formally describes by Dandy and Blackfan at
the beginning of the century .”® They postulated this
condition to be secondary to congenital atresia of the
foramina of Luschka and Magendie, which provide an
exit to the CSF from the fourth ventricle to the
subarachnoid space. Walker was the physician who
describes the first surgical treatment.®® Although Benda®
proved that the pathogenetic hypothesis suggested by
these authors was untenable, he suggested the eponym,
Dandy-Walker syndrome.



Figure 1-38. Schematic representation of Dandy-Walker
syndrome. The fourth ventricle (4v) communicates with a
posterior fossa cyst (Cy). An exit block of the CSF at the
level of the foramina of Luschka and Magendie (X) results
in enlargement of the fourth, third (3v), and lateral
ventricles (LV). SS, superior sagittal sinus.

Embryology

According to the original theory of Dandy and
Walker,® atresia of the foramina of Luschka and
Magendie would lead to dilatation of the ventricular
system. However, Benda® subsequently observed that
(2) the foramina of Luschkaand Magendie are

78

TABLE 1-T. DMM ASSOCIATION WITH OTHER ABRORMALITES
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not atretic in all cases and (2) it is difficult to understand
how atresia of these foramina (which are not normally
patent until the fourth month of gestation) would lead to
cerebellar vermis hypoplasia. It is now commonly
accepted that DWM is a more complex developmental
abnormality of the rhomboencephalic midline structures.
Gardner et a.** have proposed that the malformation is
due to an imbalance between the CSF production in the
lateral and third ventricles and in the fourth ventricle.
The overproduction of CSF at the level of the fourth
ventricle would lead to early dilatation and herniation of
the rhomboencephalic roof.  Dilatation would be
maximal at the level of the fourth ventricle, resulting in
compression and secondary hypoplasia of the cerebellar
vermis. The enlargement of the fourth ventricle would
be responsable for the cyst seen in the posterior fossa

Pathology

The three pathologic features are hydrocephalus, a
cerebellar vermis defect, and a retrocerebellar cyst (Fig.
1-38). The vermian defect is variable, ranging from
complete aplasia to a small fissure. The retrocerebellar
cyst is internaly lined by ependyma and is of variable
size>*® Although hydrocephalus has been classically
considered to be an essential diagnostic element of
DWM, recent evidence suggests that it is not present at
birth in most patients, but it develops usualy in the first
months of life® This is relevant for prenatal diagnosis
because the only detectable signs in these fetuses would
be the posterior fossa abnormalities. Depending on
whether the foramina of Luschka and Magendie are open
or closed, the malformation would be classified as
"communicating® or  "noncommunicating."  This
classification is relevant because the noncommunicating
forms are associated with variable degrees of
hydrocephaly.
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Figure 1-39. A. In this fetus with hydrocephaly, an axial scan directed posteriorly demonstrates the pathognomonic
findings of Dandy-Walker syndrome: A posterior fossa cyst (Cy) is seen to communicate with the grossly enlarged fourth

ventricle (4v) through a vermian defect.

CH, cerebellar hemispheres; LV, enlarged lateral ventricle. B.

In this

midsagittal scan of fetus in Figure A, the enlarged third ventricle (3v) communicates through a typically dilated and
kinked aqueduct (curved arrow) with the posterior fossa cyst (Cy). LV, lateral ventricie; Ant, anterior; Post, posterior.
(Reproduced with permission from Pilu et al.: J Reprod Med 31:1017, 1986.)

Associated Anomalies

DWM is frequently associated with other CNS abnor-
malities. Clinica studies have found an incidence of 50
percent of associated anomalies.® Agenesis of the corpus
callosum has been reported to occur in between 72 and 17
percent of patients studied. Pathologic studies have
demonstrated an incidence of cerebral defects as high as 68
percent.’ However, it should be stressed that most of these
anomalies (polymicrogyria, agyria, microgyria,
malformation of the inferior olives) are not sonographically
detectable in utero. Other anomalies include encephal oceles,
polycystic kidneys, and cardiovascular de-

Figure 1-40. Dandy-Walker syn
drome with a large posterior
fossa cyst (Cy). Note the widely
separated cerebellar
hemispheres (CH). The prenatal
ultrasound study is compared
with  a postnatal computed
tomographic scan. T, thalami.
(Reproduced with permission
from Piluetal.: J Reprod Med
31:1017, 1986.)

fects (mainly ventricular septal defects).*?*%34 A detailed list
of genetic and nongenetic conditions associated with DWM
isgivenin Table 1-7.

Diagnosis

The diagnosis of DWM should be considered whenever a
cystic mass is seen in the posterior fossa *12225263032.36 The
differential diagnosis includes an arachnoid cyst and
dilatation of the cisterna magna. A defect in the vermis,
through which the cyst communicates with the fourth
ventricle, is pathognomonic of DWM. Such afinding iswell
documented in both computed tomo-




Figure 1-41.

In this 21-week fetus,
syndrome is revealed onLy by the presence of a defect of
the inferior vermis (affow) at the level of the 4th ventricle
(4v). CH, cerebellar hemispheres; T, thalami. (Reproduced
with permission from Pilu et al: J Reprod Med 31:1017,
1986.)

Dandy-Walker

13,17,21,23,27,34 15-17,36

graphic and ultrasound studies in the
postnatal period, and it can be demonstrated in the fetus as
well,* (Fig, 1-39). The defect may vary in size from a
small fissure to a large tunne with widely separated
cerebellar hemispheres (Fig. 1-40). Extreme care is
necessary because, in some cases, the superior vermis is
intact and the defect can only be demonstrated by careful
examination of theinferior vermis (Fig. 1-41).

Differentiation from an arachnoid cyst or enlarged
cisterna magna may be difficult, however. This difficulty
can be encountered even in the neonatal period despite the
use of computed tomography. There is controversy in the
radiologic literature about the optimal means of making a
diagnosis. Some authors are concerned about the
limitations of computed tomography and recommend that a
pneumoencephalogram  be performed.! Other authors
believe that pneumoencephalography may be misleading
and recommend contrast studies (metrimazide,
radionucleotides) when noncontrast computed tomography
is equivocal 23

Traditionally, DWM has been considered a cause of
intrauterine hydrocephalus.  However, the evidence
indicates that this association is not frequent in the
fetus. >3 Therefore, we recommend a careful study of the
posterior fossa as part of a routine survey of the
intracranial anatomy.*

Prognosis and Obstetrical M anagement

Data on the prognosis of DWM are controversial. Thefirst
in-depth large series concerning the treatment of infants
affected by DWM indicated a uniformly poor
prognosis.'?*83 The mortality rate was about 50 percent,
and 50 to 60 percent of the survivors were intellectually
impaired. Intwo recent series, survival
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rates of 74 percent® and 88 percent®® with an 1Q above
80 in 30 and 60 percent of survivors, respectively, have
been reported. Conseguently, we believe that if a
positive diagnosis is made before viability, the option
of pregnancy termination should be offered to the
parents. It is difficult to provide guidelines for the
management of fetuses diagnosed in the third trimester.
Fetal karyotyping is indicated because of the
occasional association with chromosomal aberrations.?
Depp et a.*° reported intrauterino shunting in a case of
DWM. The role of intrauterine treatment for this
disease is experimental, and its efficacy is yet to be
proven.
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Choroid Plexus Papilloma

Definition
Choroid plexus papilloma (CPP) is a generaly benign
tumor of the choroid plexus.

Incidence

CPP is an exceedingly rare intracrania neoplasm that
accounts for 0.6 percent of all brain tumors found in
adults and 3 percent in children.®’

Etiology

Unknown. This tumor has been reported in four patients
with Aicardi syndrome, an X-linked disorder
characterized by agenesis of the corpus callosum,
chorioretinal lacunae, vertebral abnormalities, seizure
disorder, and mental retardation.**

Pathology
Choroid plexuses are the main source of CSF. They

are normally located inside the lateral, third, and fourth
ventricles. Papillomas may occur in any of these
sites,"** but they occur most frequently at the level of
the atria of the lateral ventricles."’® The lesion is
unilateral in the overwhelming rnajority of cases. Only
afew cases of bilateral papilloma have been reported.’®
In most instances, these tumors are benign and are
formed by villi that are histologically similar to normal
choroid plexus. Malignancy may occur and can be
recognized by invasion of adjacent nervous tissue and
histologic departure from the normal cellular pattern,
with mitosis and pleomorphism.®®

CPPs are usually associated with hydrocephalus. This
may be caused either by overproduction of CSF,
leading to communicating hydrocephalus, or by an
obstruction to the flow of CSF, resulting in dilatation
of different portions of the ventricular system 67914
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Figure 1-42. Parasagittal scan in a 30-week fetus with hydroceph-
alus secondary to a choroid plexus papilloma. The papilloma (P) is
seen as an echogenic mass attached to the normal choroid plexus
(CP) and protruding inside the dilates lateral ventricle (LV). (Repro-
duced with permission from Pilu et al.: Ultrasound Med Biol
12:319, 1986.)

Diagnosis

The diagnosis is usualy made in hydrocephalic infants
using radiologic techniques “*"*® or ultrasound,’® and it
relies on the demonstration of a mass protruding inside the
ventricular system. The diagnostic technique of choice is
contrast computed tomography. Other techniques, such as
angiography and ventriculography, have missed this lesion
in the past.”® Intrauterine diagnosis was made in one
case.?

Ultrasound often demonstrates a bright echogenic
mass located at the level of the atrium of one lateral
ventricle.  In many cases of fetal hydrocephalus, the
choroid plexuses may appear echogenic and prominent
because of the fluid-filled lateral ventricles, often raising
the suspicion of a papiloma. We believe that the most
important hints are (1) comparison of the size and shape of
the two choroid plexuses, because papillomas are generally
unilateral, and (2) demonstration by either corona or
sagittal scans (Fig. 1-42) that an echogenic mass is
adjacent to the normal choroid plexus. Prenatal diagnosis
of CPP of the third and fourth ventricles has not yet been
reported. However, the condition should be suspected if a
hyperechogenic image is seen in this site.

Prognosis

The treatment of choice is surgical removal of the tumor.’
The benign form of CPP may be extirpated with good
results. However, this procedure is not easy and may be
associated with significant hemor-
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rhage. Temporarization with a CSF shunt is not
advised.>” The development of significant ascites after
a ventriculoperitoneal shunt has been reported.
Malignancy, reported in 20 percent of cases studied °
has a dismal prognosis even after surgical intervention
and radiotherapy.’ In a series of 17 treated infants, the
operative mortality was 24 percent. There were 2 late
deaths (11 percent), and 4 of the survivors were
moderately mentally handicapped.®> Mental retardation
was found in 4 of 11 successfully treated infants.”

Obstetrical Management

The optimal mode of delivery of fetuses with CPP has
not been established. There is no evidence suggesting
that vagina delivery is harmful. However, we believe
that an operative vagina delivery (vacuum or forceps)
is contraindicated. The choice of a cesarean section
may be offered to reduce the risk of birth trauma that
could cause intracranial hemorrhage. These infants
should be delivered in a center where both a
neonatologist and a pediatric neurosurgeon are
immediately available.
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NEURAL TUBE DEFECTS

The term "neural tube defects' refers to a group of
malformationsincluding anencephaly, cephaloceles,

and spina bifida.
. ct anomalies, or result from teratogenic exposure. Table 1-9 lists
Sp' na Bifida the recognized causes of neural tube defects>®*® Table 1-10
describes the recurrence risk for neural tube defects according
to different risk factors.
Synonyms

Spinal  dysraphism, rachischisis, meningocele, and
myelomeningocele.

Embryology

Most of the CNS derives from the neura plate by means of a
.. process called "neurulation." The chronology of this event is
Definition depicted in Figure 1-43. The

Spina bifida can be defined as a midline defect of the

vertebrae resulting in exposure of the contents of the neural

canal. In the vast majority of cases, the defect islocalizad to

the posterior arch (dorsal) of the vertebrae. In rare cases, the

defect consists of a splitting of the vertebral body.

Incidence

Spina bifida is the most common malformation of the
CNS. The incidence varies according to many factors,
such as geographical area, ethnic differences, and

seasonal variation.>"1>?10% Typically, these anom- . b ————
aies are very common in the British Isles and uncom- 1600 Birtns 1600 Birtha
mon in the eastern world (Table 1-8). Spinal defects - wans .

are more frequent in Caucasians than in Orientals or I — 33

TABLE -8 IWCIDEMCE OF NEURAL TUBE DEFECTS 8
VARIOUS GEOGRAPHICAL AREAE
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Neural tube defects are most commonly inherited with a
multifactorial pattern. They could also occur as part of a
mendelian syndrome or chromosomal
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neural plate is derived from dorsal ectoderm. At about
the 16th day after conception, an invagination occurs,
leading to the formation of the neural groove. About the
21st day, the neura groove begins to close in the
midportion of the embryo and advances both rostrally
and caudally. The rostral opening (anterior neuropore)
of the spine closes at about 24 days, and the cauda
neuropore, which corresponds to the lumbar area, closes
at about 28 days (Fig. 1-43).3*2

The two main theories concerning the origin of
neural tube defects are the arhaphic theory and the
hydromyelic theory. The first proposes a primary failure
of closure of the caudal neuropore® The second
suggests an imbalance between the production and
reabsorption rate of CSF in the embryonic period. This
causes excessive accumulation of fluid in the normally
closed neural tube (hydromyelia) and
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secondary separation of the dorsal wall.’® The absence of
skin and muscle directly above the defect results from
faillure of induction of the ectodermal and mesodermal
tissues.

Pathology
Spina bhifida encompasses a broad spectrum of abnor-
malities. Lesions are commonly subdivides into ventral and
dorsal defects. Ventra defects are extremely rare and are
characterized by the splitting of the vertebral body and the
occurrence of a cyst that is neuroenteric in origin. The
lesion is generaly seen in the lower cervical or upper
thorecic vertebrae. Dorsal defects are by far the most
common. They are subdivided into two types: spina bifida
occulta and spina bifida aperta.  Spina bifida occulta
represents approximately 15 percent of the cases and is
characterized by a small defect completely covered by skin.
In many cases, this condition is completely asymptomatic
and is diagnosed only incidentally at radiographic exam-
ination of the spine. In other instances, there is an area of
hypertrichosis, pigmented or dimpled skin, or the presence
of subcutaneous lipomas® A dermal sinus connecting the
skin to the vertebrae and to the dura mater can occasionally
be seen. Theclinical importance of thislesion isits frequent
association with infection of the neural contents.

Spina bifida aperta is the most frequent lesion, resulting
in 85 percent of dorsal defects. The neural canal may be
exposed, or the defect may be covered

TABLE 1-10. ESTIMATED MCIDEMCE OF NEURAL TUBE
DEFECTS BASED ON SPECIFIC RISK FACTORS 1N THE
UNITED STATES
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Figure 1-43. Chronology of neurulation.

by a thin meningea membrane. More often, the lession
appears as a cystic tumor (spina bifida cystica).If the tumor
contains purely meninges, the lesion is referred to us a
“meningocele’. More frequently , neural tissue is part of the
mass, and the name “myelomeningocele” is used.

Figure 1-44. A. Sagittal scan of the spine of a fetus demonstrating a
large defect running from the upper lumbar area to S5. Note the
interruption in the posterior processes and soft tissues (arrows). B. A
sagittal scan of the spine in an 18-week fetus revealing a small sacral
defect (S2-S5) (arrows). C. Sagittal scan of the spine revealing a
meningocele (arrows) overlying a spinal defect.

The term "myeloschisis’ is sometimes used to
refer to a condition in which the spinal cord is widely
opened dorsally and is part of the wall of the myelo-
meningocele. The vertebrae are lacking the dorsal
arches, and the pedicles are typically spread apart®

Associated Anomalies
The two main categories of anomalies associated with
spina bifida are other CNS defects and foot deformities.
In dmost all cases of spina hifida aperta, a typical
abnormality of the posterior fossais found.”* The lesion
is Arnold-Chiari malformation type II, and it is
characterized by a herniation of the cerebellar vermis
through the foramen magnum. The fourth ventricle is
displaced downward inside the neural canal. The
posterior fossais shallow and the tentorium is displaced
downward. Displacement and kinking of the medulla
are also observed. Arnold-Chiari malformation is
almost invariably associated  with  obstructive
hydrocephalus.*” The genesis of hydrocephalus seems
to berelated to the low position of the eX|t
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Figure 1-45. Sagittal scan of the spine of a fetus affected by a
large spina bifida (triple arrow) and severe kyphoscoliosis (curved
arrow). SC, spinal cord.

foramen of the fourth ventricle, which drains the CSF
inside the spinal canal. Reentry of the fluid to the
intracranial cavity is then blocked by the cerebellum that
obstructs the foramen magnum>3**® In many cases,
deformities of the aqueduct are found, and these are
believed to be secondary to ventricular enlargement and
brain stem compression.*? Another frequently encountered
CNS abnormality is polymicrogyria.

Dislocation of the hip and foot deformities (clubfoot,
rockerbottom foot) are frequently seen in association with
spina bifida. The pathogenesis of the malformation is
related to the unopposed action of muscle groups because
of a defect of the periphera nerve corresponding to the
involved myotomes.®
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Diagnosis

The criteria for the diagnosis of spina bifida are
based upon soft tissue and bony signs. The soft tissue
signs include absence of skin covering the defect and
presence of a bulging sac that may correspond to a
meningocele or myelomeningocele. The bony signs
are derived from the vertebral abnormalities associated
with spina bifida. A clear understanding of the normal
anatomy of the spine in different scanning planes is
absolutely essentia to the diagnosis.

There are three main scanning planes used in the
evaluation of the spine: sagittal, transverse, and coronal
(Fig. 1-26).

In the sagittal plane, the normal spine appears as
two parallel lines converging in the sacrum.*®. Thelines
correspond to the posterior elements of the vertebrae
and the vertebra body (Fig. 1-27). In the presence of
spina bifida, the disappearance of the posterior line and
of the overlying soft tissues is evident* (Fig. 1-44).
Sagittal scans are aso useful for evaluating the spinal
curvaturas of which exaggeration may be an indirect
sign of spinabifida (Fig. 1-45).

In thering tcorona plane, thering thormal spine appears as

either two or three parallel lines (Fig. 1-28). The two
lines are seen when the scanning plane is more dorsal.

Moving the transducer anteriorly, a third linering tcomering s

into view. Spina bifidais typically characterized by a
widening of the two external lines due to a divergent
separation of the lateral processes of the vertebrae (Fig.
1-46).

In the transverse section, the neural canal appears

©1987-2002 Romero-Pilu-Jeanty-Ghidini-Hobbins
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1

Figure 1-47. A. Transverse scan of the body of a fetus affected by a large spinal defect.

Note the absence of the soft tissue

overlying the spine in the area of the defect (large arrows) and the typical separation of the articular elements (small arrows). B.
Transverse scan of the body of a fetus with a large thoracolumbar spinal defect at the level of the stomach (St). The irregular
echoes arising posteriorly from the defect suggest the presence of a myelomeningocele (triple arrows).

or laminae are typically absent, and the lateral processes
are set apart.” The skin and muscles above the defect are
absent (Fig. 1-47). In our opinion, this is the most
important section for the diagnosis of spina defects. We
find the most informativa image to be the one in which
the posterior process is up. Otherwise, shadowing from
theribs and limited lateral resolution may result in afalse
positive diagnosis. Closed spinal defects are extremely
difficult to diagnose.

It is a common belief that indirect signs of spina
bifida, such as paralysis of the lower extremities and
bladder distention, can be useful in the diagnosis of the
lesion. The reader is aerted to the unreliability of such
signs. We have seen apparently normal motion of the
lower extremities in many fetuses with severe defects.
The presence of a clubfoot, which is frequently
associated with this defect, increases the

index of suspicion in a patient at risk, as does the
observation of hydrocephaly.

Accuracy of Ultrasound in the Prenatal
Diagnosis of Spina Bifida

The detection of spina bifida is one of the most difficult
tasks required of a sonographer. These examinations are
known in the United States as level 1l scans and should
only be performed by very experienced operators.

Several authors have reported their experience in the
prenatal diagnosis of spina bifida. When evauating this
literatura, it is extremely important to know the criteria
for patient admission into a given study. For example,
the risk of having a neura tube defect is very different if
a patient is referred with a history of a previously
affected child ( recurrence rate 2 to 5

TABLE 1-11. ACCURACY OF ULTRASOUND B THE PRENATAL MAGNDEIS OF GFINA DEFICIA
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percent) or if the patient has an elevated amnictic
fluid alpha-fetoprotein,->131429.3037

Several authors have reported on the accuracy of the
prenatal diagnosis of spina bifida by ultrasound. Table
1-11 showsthe results of the three largest series available
for study. Allen et a.' reported that in a group of
patients at risk because of a positive family history,
ultrasound was able to identify 87 percent of the affected
cases. Roberts et a.* reported two different studies.
The first study covered a 3-year period between 1977
and 1980 and exhibited a sensitivity of only 30 percent.
During the next 3 years, the sensitivity increased to 80
percent. This is a clear demonstration of the value of
experience in diagnostic accuracy. Pearce et al.® have
reported that in over 1500 patients at risk, 92 defects
were correctly identified, 7 were missed, and 2 false
positive diagnoses were made.
Our own experience at Yae indicates that ultrasound is
94 percent sensitive and 98 percent specific for the
diagnosis of spina bifida when used in a population at
risk (amniotic fluid alphafetoprotein 3 standard
deviations above the mean). The experience of the
operator and the quality of the equipment are important
factorsin the accurate prenatal diagnosis of these defects.
However, a finite number of cases will not be

diagnosable with sonography. Small sacra defects are
probably the major diagnostic problem. The reason for
this difficulty isthat the interrogation of the sacral areais
difficult because of its normal curvatura and its flat
shape.

Figure 1-48. A suboccipitobregmatic scan of the head of a fetus
with spina bifida reveals a shallow posterior fossa and an
abnormally small cerebellar transverse diameter (open arrows).
The cisterna magna is obliterated. T, thalami; P, peduncles; C,
cerebellum; 3v, third ventricle; Ant, anterior; Post, posterior.
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Sonographic Evaluation of Intracranial

Anatomy in Fetuseswith Spina Bifida

Spina bifida is associated with a variety of typica
intracranial abnormalities,**"** including ventriculo-
megaly and hypoplasia of the posterior fossa structures.
As the fetal head is easily accessible to sonographic
examination, identifying aterations of the cerebral
architecture predictive of spina bifida would assist both
targeted examinations of fetuses at risk and screening
programs of the general population.

Nicolaides et a.” have recently reported a retro-
spective study of the intracranial anatomy in fetuses with
spinabifida. They describes atypical abnormality of the
cerebellum, which appeared on sonography as a crescent
with the concavity pointing anteriorly ("banana sign").
They aso found that fetuses with spina bifida usualy
have enlarged atria of the lateral ventricles and a frontal
deformity in a cross section of the head at the level of the
BPD ("lemon sign").

In our own series of 18 cases with spina bifida
prospectively examined, we have found that abnor-
malities of the posterior fossa or lateral ventricles (or
both) were present in all fetuses, starting from as early as
18 weeks of gestation. In 16 cases (88.8 percent), either
the cerebellum was impossible to visualize or the
cerebellar transverse diameter was abnormally small
(Figs. 1-17C, 1-48). In none of our 18 cases could we
document the presence of the banana sign. Conversely,
all fetuses had some degree of frontal deformity. In only
14 cases (77.7 percent), ventriculomegaly was attested
by an abnormal LVW: HW ratio. However, 17 fetuses
(94.4 percent) had a disproportion between the atria
lumen and the corresponding choroid plexus (Fig. 1-32).

These preliminary data seem to support the hy-
pothesis that examination of the fetal cerebral structures
(skull, ventricles, and cerebellum) are extremely useful
for the prenatal identification of spinabifida.

Prognosis

Spina bifida is a serious congenital anomaly. The
stillbirth rate is widely quoted to be 25 percent.® The
majority of untreated infants die within the first few
months of life.®® Survival of infants treated in the early
neonatal period is only 40 percent at 7 years.”® Twenty-
five percent of these infants are totally parayzed, 25
percent are almost totally paralyzed, 25 percent require
intense rehabilitation, and only 25 percent have no
significant lower limb dysfunction. Seventeen percent of
infants at late follow-up have normal continence.3*® At
present, it is impossible to predict in utero the outcome
of these infants. Prognostic factors include the level and
extent of the lesion (cervical and high thoracic lesions
are frequently fatal) and kyphoscoliosis (see Table 1-12).
The presence of severe hydrocephaly has aways
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TABLE 1-11. RESULTS OF AGGRESSIVE TREATMENT OF
171 DOMSECUTIVE INFARTS WITH MEKINDOMYELDCELES
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been considered a poor prognostic sign’® Early neo-
natal shunting has significantly improved the intel-
lectual development of these infants. '%° Mapstone et
a.*® reported that in a group of 75 infants with spina
bifida, the mean 1Q of those not requiring shunting
procedures was 104, whereas those shunted in the
absence of complications had a mean 1Q of 91. The
occurrence of complications, such as ventriculitis,
lowers the mean 1Q to 70.

All infants with spina bifida have some degree of
Arnold-Chiari type Il malformation. This condition is
symptomatic (e.g., dyspnea, swallowing difficulties,
opisthotonos) and represents a potentially fatal com-
plication only in a small nhumber of cases. Death is
usually related to respiratory failure. In a series, 45
infants with symptomatic Arnold-Chiari malformation
underwent laminectomy for relief of brain stem
compression. The mortdlity rate was 38 percent in a
follow-up period ranging from 6 months to 6 years.®

Obstetrical Management

When the diagnosis is made in the second trimester, the
option of pregnancy termination should be offered to
the parents. In the third trimester, patients should be
counseled (see Prognosis). The most important issues
of obstetrical management are the timing and mode of
delivery. Infants with spina bifida ideally should be
delivered at term. An indication for preterm delivery
could be the rapid development of severe
ventriculomegaly and macrocrania.  In this case,
delivery should be accomplished when there is feta
lung maturity. There are inadequate data regarding the
optimal mode of delivery. The vagina route could
traumatize the defect and expose the neura tissue to
bacteria normally present in the birth canal.”*:%%%
Furthermore, it has been postulated that birth injury in
these infants may lead to delayed onset of
syringomyelia® Because of these

considerations, it has been suggested that the preferable
mode of delivery is cesarean section.’

Intrauterine treatment of fetuses with spina bifida has been
suggested by some authors, the primary purpose being to
achieve cerebral decompression when there is associated
ventriculomegaly. This would be done with a
ventriculoamniotic shunt. However, such an approach
may carry significant risks to both the mother and fetus,
and the benefits are unclear, while recent data suggest an
acceptable mean 1Q when these infants are treated in the
neonatal period.” It has been postulated that the spinal
lesion has a progressive course in utero.® On the basis of
these considerations, fetal allogeneic bone paste has been
used in primate models to close the defect in utero®
However, the results of these efforts are yet to be
published.
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Anencephaly

Synonyms
Pseudoencephaly, extracranial disencephaly, and
acleidencephaly.

Definition
Anencephaly is an anomaly characterized by the
absence of cerebral hemispheres and cranial vault.
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Figure 1-49. A.
Anencephaly at 15
weeks of gestation. The
absence of

the cranial vault is
obvious (triple arrows). 0,
orbits; sp, spine.

Incidence

The epidemiology of anencephaly is very similar to
that of spina bifida. Thereis considerable variation in
the prevaence of this condition in different parts of the
world (Table 1-8). In neonates, the anomaly is more
frequent in females than in males. The incidence of
anencephaly in abortion material has been found to be
five times greater than that observed at birth. ©

Etiology

Anencephaly, as well as spina bifida, has a recognized
multifactorial etiology.  The recurrence risks are
depicted in Table 1-9. A number of teratogenic agents,
including radiation,”* trypan blue’ salicylates'
sulfonamides,? and CO, excess and anoxia,” etc., have
induced this anomaly in experimental animals.

Figure 1-49. B. Typical frogiike ap-
pearance of an anencephalic fetus.
The head is to the right, caudal end to
the left. (Reproduced with permission

from Jeanty, Romero: Obstetrical
Ultrasound. New York, McGraw-Hili,
1984.)

Embryology

There are two main theories regarding the origin of
anencephaly. The first proposes that the defect is due to
failure of closure of the anterior neuropore® and the
second suggests that an excess of CSF causes disruption of
the normally formed cerebral hemispheres®>®

Pathology

Most of the cranial vault is absent. The frontal bone is
detective above the supraorbital region, and the parietal
bones, as well as the sqguamous portion of the occipital
bone, are absent. The crown of the head is covered by a
vascular membrane known as "area cerebrovasculosa.”
Beneath the mass, few remnants of the cerebral hen-
Uspheres can be found. The diencephaic and
mesencephalic structures are either completely or par-
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Figure 1-49. C. A longitudinal view of a second trimester
anencephalic fetus revealing the absence of the cranial vault
(triple arrows) and the typical shortness of the neck (curved
arrow). Sp, spine.

tialy destroyed. The hypophysis and the rhomboen-
cephalic structures are generally preserved.®

Other features that are quite characteristic of
anencephalic infants include bulging eyes, a large
tongue, and a very short neck.

Associated Malfor mations

Spina bifida is present in 17 percent of patients
(craniorachischisis), cleft lip or palate in 2 percent, and
clubfoot in 1.7 percent. Omphaloceles have aso been
describes in some cases*®

Diagnosis

Anencephaly was the first congenital anomaly identified
in utero with ultrasound.* The diagnosis relies on the
fallure to demonstrate the cranial vault. The
anencephalic fetus has a typical froglike appearance and
usually has a short neck (Fig. 1-49). The diagnosis can
probably be made as early as the 12th to the 13th week.
In the third trimester, the diagnosisis quite obvious when
the fetus is in transverse or breech presentation.
However, difficulties can be encountered when a fetus is
in vertex presentation because the base of the skull i<
often seen deep in the maternal pelvis, and thereisonly &
perception that there is not enough room for a normal
head in the lower uterine segment. The differentia
diagnosis between anencephaly and severe forms of
microcephaly can be difficult.

Polyhydramnios is frequently associated  with
anencephaly. The mechanism is unclear, and several
hypotheses have been suggested, including failure ta
swallow because of abrain stem lesion, excessive
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micturition, and failure of reabsorption of CSF.. A
frequent accompanying phenomenon is increased fetal
activity.  The explanation remains unknown, but
irritation of the meninges and neural tissue by CSF has
been proposed.

Prognosis

This disease is uniformly fatal within the first hours or
days of life. Fifty-three percent are premature births, and
15 percent are postterm infants.> Only 32 percent of these
fetuses are live births.®

Obstetrical Management

Termination of pregnancy can be offered to the patient at
any time in gestation when this diagnosis is made.
Anencephalic infants are a potential source of organs for
transplantation %8
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Cephalocele

Synonyms
Encephalocele, crania or occipital meningocele, and
cranium bifidum.

Definition

Cephalocele is a protrusion of the intracranial contents
through a bony defect of the skull. The term "cranial
meningocele” is used when only meninges are herniated.
The term "encephalocele" defines the presence of brain
tissue in the herniated sac. Encephalocele is commonly
but incorrectly used to refer to both conditions.

Incidence

Rare. Occipital cephaloceles are by far the most frequent
form in the Western world. In England, the frequency of
this condition has been estimated to be 0.3 to 0.6 in 1000
births.*°

Etiology

Other neurd tube defects are often found in siblings of
infants with cephalocele, implying a familiar tendency.’**?
Besides the conditions associated with neural tube defects
listed in Table 1-9, cephaloceles are frequent components
of a number of genetic (e. g., Meckel syndrome) and
nongenetic (e.g., amniotic band syndrome) syndromes
(Table 1-13). They have aso been reported in association
with maternal rubella, diabetes, and hyperthermia and can
be produced experimentally in animals by the administra-
tion of several teratogens, such as x-ray radiation, trypan
blue, and hypervitaminosis A.*?

Embryology

The basic disorder responsable for the defect is unknown.
It has been suggested that overgrowth of the rostral portion
of the neural tube may interfere with the closure of the
skull. Alternatively, the defect may result from failure of
closure induction by the mesoderm.® Most cephaloceles
are, therefore, located in the midline. An exception to this
occurs in cases of amniotic band syndrome, in which
cephaloceles may be multiple, irregular, or asymmetrical
(seep. 411).

Pathology

According to the bone in which the defect is located,
cephaloceles are commonly subdivides into occipital,
parietal, and frontal. By far the most common location is
the occipital bone.™ The lesion may vary in size from a
few millimeters to a mass larger than the crania vault. It
may contain only meninges (meningocele) or variable
amounts of brain tissue (encephalocele). In some cases,
most of the brain tissueis

TABLE 1-13, CONDITIONS ASSOCIATED WITH
CEPHALOCELES
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contained in the herniated sac. Frontal cephaloceles
occur more frequently between the frontal and
ethmoidal bones (frontonasal cephalocele). Not all
cephaloceles are externally evident. Some occur
through a defect located in the base of the skull and
protrude inside the orbits, nasopharynx, or



oropharynx. Frontal cephaloceles almost always contain
brain tissue.'?

Associated Anomalies

As previously mentioned, cephaloceles can be found as
part of a number of specific syndromes (Table 1-13). In
addition, both meningoceles and encephaoceles are
associated with other CNS abnormalities. Hydrocephalus
has been reported in 80 percent of occipital meningoceles,
65 percent of occipital encephaloceles, ' and 15 percent of
frontal cephaloceles® Spina bifida is found in 7 to 15
percent of al cephaloceles.* Microcephaly was observed in
20
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Figure 1-50. A. Longitudinal scan of the upper torso and head
in a 21-week fetus with a small occipital meningocele (M). Sp,
spine. B. Pathologic specimen obtained from the same fetus.
The arrow points to the bony defect in the skull that connected
the intracranial cavity to the meningocele (M). The diameter of
the orifice was 2 mm. C. Occipital meningocele (arrowheads).
A small amount of neural tissue is seen protruding inside the
meningeal sac (curved arrow). A small bony defect is inferred
by the presence of a pencil-like sound enhancement (straight
arrows).

percent of cases studied.’ By definition, the herniation
of the cerebellum inside the cephalocele is termed
"Chiari type Il deformity." This deformity, combined
with agueductal stenosis, is the major cause of
hydrocephalus in these infants."® Frontal cephaloceles
are often associated with the median cleft face
syndrome, characterized by hypertelorism and median
cleft lip or palate®

Diagnosis

Traditionally, the diagnosis of cephalocele relies on the
demonstration of a paracranial mass.**%%%3 However,
this criterionisinsufficient to distinguish

©1987-2002 Romero-Pilu-Jeanty-Ghidini-Hobbins
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Figure 1-51. Occipital meningocele. Note the fluid-filled paracranial
mass (M) and the enlargement of the lateral ventricle (LV). The lack of
continuity of the calvarium indicated by the arrows is an artifactual
dropout of echoes. At autopsy, a bony defect of a few millimeters in
diameter was found.

them from other nonneural masses, such as cystic hygromas,
and soft tissue masses, such as scalp edema.**® For this reason,
an effort should be made to identify the skull defect. This may
be difficult, since the bony defect is usualy smaller than the
herniated mass and sometimes falls below the resol utive power
of current ultrasound equipment (Fig.

1-50). In axia scans, the complete contour of the
occipital and frontal bones is not adequately
visualized because of sound refraction.
Furthermore, the normal sutures can be confused
with adefect.

Hints for a proper differential diagnosis are: (1)
cephaloceles are often associated  with
hydrocephaly (Fig. 1-51), (2) brain tissue can be
seen in some cephaloceles (Fig. 1-52), (3) cystic
hygromas usualy have multiple septa, are often
associated with other signs of hydrops, and have a
paracervica origin (see p. 117), and (4) severe
scalp edema can be confused with a cephalocele,
but usually a sagittal scan can identify an intact
skull and the diffuse nature of the condition (Fig.
1-53).

Amniotic fluid alpha-fetoprotein (AFAFP) is
usually elevated when the brain tissue or meninges
are exposed . However, we have seen one case
with a defect covered by skin in which the level of
AFAFP was normal.

Whenever the diagnosis of a cephalocele is
made, a careful examination of the fetus is
indicated to search for other associated anomalies
(Table 1-13).

Prognosis

The prognosis of cephaloceles depends on three
factors: (1) the presence of brain in the herniated
sac,(2)hydrocephalus, and (3) microcephay. The
most important prognostic factor is the herniation
of the brain. The mortality rate in these cases has
been reported to be 44 percent versus no deaths
observed in cases of simple meningocele™
Intellectual development was normal in only 9
percent of patients in the former group and 60
percent in the latter.'

Figure 1-52. A. True encephalocele. Inside the meningeal sac (arrows), there is clear evidence of brain tissue (B). Head biometry
revealed severe microcephaly. B. A different angulation of the transducer reveals the displacement of the entire cerebellum (C)
inside the meningeal sac (black arrows) and the bony defect (white arrows).



CEPHALOCELE 49

Figure 1-53. A. In this fetus with nonimmune hydrops, a coronal scan revealed a paracranial mass located along the sagittal
suture (short arrows) and a corresponding dropout of echoes at the level of the calvarium (long arrows). The diagnosis of
cephalocele was entertained. Inf, inferior; Sup, superior. B. A parasagittal scan reveals that the paracranial mass (arrows)
extends all the way from the forehead to the occiput, suggesting that it is scalp edema. Ant, anterior; Post, posterior.

The influence of hydrocephalus on intellectua
development is controversial.  Lorber observes no
significant difference in the groups of infants with and
without ventriculomegaly.™ In another series reportes by
Guthkelch, 86 percent of patients with meningocele
without hydrocephalus had an IQ higher than 70,
whereas only 50 percent of those with hydrocephal us had
IQs abovethislevel. ’

The effect of microcephaly has been reported in a
limites number of infants. Lorber *° observes that 3 of 8
infants with microcephaly died, and the remaining five
were intellectually impaired.

Obstetrical Management

Termination of pregnancy should be offered before
viability. In the third trimester, obstetrical management
depends on the size of the defect, the amount of
herniated brain tissue, and associated anomalies. If
associated anomalies incompatible with life are present
(e.g., iniencephaly or Meckel syndrome), termination in
the third trimester can be undertaken. In the absence of
such findings, patients should be counseled (see
Prognosis). Theoretically, a cesarean section could
improve prognosis by avoiding birth trauma and
contamination of brain tissue with

vaginal flora. Nonaggressive management is recom-
mended in case of microcephaly.
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Porencephaly

Synonyms
Porencephalic cyst, schizencephaly, and congenital
brain clefts.

Definition

The term "porencephaly” describes an intracerebral,
CSF-containing cystic cavity, which may or may not
communicate with the ventricular system and the
subarachnoid space.

Incidence

True porencephaly is an extremely rare disease. Inan
autopsy study of 1000 cases of infantile brain
damage, 25 infants (2.5 percent) had this condition. °
The prevalence of congenital pseudoporencephaly is
unknown.

Etiopathogenesis

Porencephalic disorders are generally subdivided into
two types. true porencephay and pseudo-
porencephaly. True porencephaly (schizencephaly) is
a developmental anomaly caused by a failure in the
migration of cells destined to form the cerebral
cortex. This anomaly causes a local defect in both
gray and white matter. In the absence of neura
tissue, the subarachnoid space expands to fill the
void, and, hence, the appearance of a porous cyst
occurs. The designation "porous’ aludes to the
frequently seen communication of the brain with the
subarachnoid space.

Pseudoporencephaly is a consequence of local
destruction of the cerebral parenchyma by a vascular,
infectious, or traumatic cause that may occur either in
utero or any time after birth.**®> Examples of this
acquired pseudoporencephaly are the cysts that de-
veloped after repeated needling of the ventricular
system in hydrocephalic infants before early neonatal
shunting procedures were introduced.” There is no
evidence of familiar occurrence of porencephaly.

The cytoarchitectural disorders due to failure of
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migration comprise a broad spectrum from microgyria
to porencephaly.® In the former, the migration disorder
is mild, and there are small cerebral gyri. The
spectrum continues through macrogyria (large and
fewer cerebral gyri), lissencephaly or agyria (absence
of cerebral gyri), to porencephaly, where the defect is
so severe that it affects a local portion of both cortex
and white matter.>'*

Pathology

True porencephaly is characterized by cystic cavities of
variable size usuadly localizad around the Sylvian
fissure and, in many cases, symmetrical in shape. They
are frequently associated with other localized
cytoarchitectural disorders, such as micropolygyria

Figure 1-54. Axial scan of the head of a 32-week fetus with
severe porencephaly. The cerebral hemisphere that is closer to
the transducer is entirely replaced by a cystic structure (Cy).
Note the marked shift of the midline and the mildly enlarged
contralateral ventricle (LV). (Reproduced with permission from
Pilu et al.: Ultrasound Med Biol 12.-319, 1986.)



and heterotopias of gray matter. The corpus callosum
may be hypoplastic or absent.*>*°*

Pseudoporencephaly differs from true porencephaly
in that it is amost always unilateral and associated with
histologic evidence of inflammation or ischemic
injury.*®

True porencephaly is frequently seen in association
with microcephaly. Ventriculomegaly is seen in both
porencephaly and pseudoporencephaly and is, in most
cases, asymmetrical.  Although the most frequent
locations for porencephalic cysts are the cerebral
hemispheres, these lesions can occur in the cerebellum
and the spinal cord aswell.

Diagnosis

The diagnosis depends on the demonstration of
intracranial cystic areas. They may be either bilatera in
cases of true porencephaly or, more frequently,
unilateral. ® A marked asymmetrical dilatation of the
lateral ventricles with a shift of the midline is a common
finding (Fig. 1-54) Porencephaly should always be
considered whenever a maked asymmetrica
ventriculomegaly is found.® The most valuable

Figure 1-55. Coronal scan of the head of a 30-week fetus with
severe porencephaly. A large cystic cavity (Cy) occupying most
of one hemisphere and amply communicating with the
contralateral lateral ventricle (LV) is seen. The hyperechoic area
seen close to the parietal bone was found at birth to be a large
blood clot (BC). Inf, inferior; Sup, superior; T, thalami; M, midline.
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Figure 1-56. Multiple cystic lesions (Cy) are seen within the
cerebral parenchyma in this third trimester fetus with infectious
pseudoporencephaly.  An asymmetrical enlargement of the
lateral ventricles is seen. At, atria of lateral ventricies; FH, frontal
horns of lateral ventricle; 3v, third ventricle.

information is provided by corona scans, which clearly
demonstrate |oss of cerebral tissue (Fig. 1-55).

Differential diagnosisincludes other congenital cystic
lesions of the brain, such as arachnoid cyst * and cystic
tumors.® If the cystic lesion is on the base of the skull,
porencephaly is not the most likely diagnosis.
Consequently, arachnoid cysts or other tumors should be
considered first. A positive diagnosis can be made in
most cases in which extensive destruction of a brain
hemisphere has occurred (Figs. 1-54, 1-55, 1-56). In
milder forms, the differentiation between arachnoid cysts
and cystic tumors may prove impossible.
Prognosis

The prognosis largely depends on the size of the
lesion. Infants with true porencephaly have an extremely
poor outcome, with invariable, severe intellectual
impairment and neurologic sequelae. In a series of 22
cases reported by Gross and Simanyi ° 81.8 percent of
infants had idiocy and 18.2 percent imbecility.
Furthermore, signs of severe neurologic compromise,
such as spastic tetraplegia (95.4 percent), and blindness
(40.8 percent), were found. The development of speech
was absent or poor with this lesion. The clinical course
for severe pseudoporencephaly is similar to that of true
porencephaly. Milder lesions may result in fewer
neurologic disabilities.
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Parents and physicians should be aware that 5.
porencephaly is an untreatable anomaly because
the basic defect is a localizad absence of cerebral
mass.

Obstetrical M anagement

Termination of pregnancy should be offered before
viability. After  viability, nonaggressive 7.
management is recommended. Macrocephaly has
been reported to occur in 9.1 percent of infants 8.
studied™ Cephalocentesis may be used under these
circumstances to avoid a cesarean section caused

by failure of progressin labor. .
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Hydranencephaly

Synonyms
Hydrocephalic anencephaly, hydroencephal odyspla-
sia, hydromerencephaly, and cystencephaly.

Definition

Hydranencephaly describes a condition in which
most of the cerebral hemispheres are absent and are
replaced by CSF.

Epidemiology

Hydranencephaly is found in 0.2 percent of infant
autopsias.  Approximately 1 percent of infants
thought to have hydrocephalus by clinical examina-
tion are later found to have hydranencephaly.*

Etiology

Hydranencephaly does not seem to be a developmen-
tal anomaly but rather the result of a destructive
intrauterine insult of vascular or infectious origin.
Vascular occlusion of the internal carotid artery cuts
the blood supply to the cerebral hemispheres and
causes extensive necrosis. Myers *° has successfully
created hydranencephaly in monkeys by either bilat-
era occlusion of the carotid artery and jugular veinin

Figure 1-57. Coronal scan in a fetus with hydranencephaly and
macrocrania . . Note the typical appearance of the brain stem (BS)
that
(Reproduced with permission from Pilu et al: Ultrasound Med Biol
12:319, 1986.)

bulges inside an entirely fluid-filled intracranial cavity.



utero or by incomplete placental abruption. Thisview is
supported by observations of absence, ° thrombosis,
and vasculitis’ of the cerebral vessels in hydran-
encephalic infants. Infection' may cause hydranence-
phaly either by a necrotizing vasculitis or by loca
destruction of brain tissue. In these cases, dilatation of
the ventricular system will occur, filling the intracranial
cavity. Some authors have expressed the view that
hydranencephaly may be considered as an extreme form
of pseudoporencephaly. Familial cases are rare. >*°

Pathology

There is variability in the extent of destruction of the
cerebral hemispheres. Destruction may be complete® or
may spare portions of the temporal and occipital
cortex.*>® The brain stem is present, athough the
thalami and cerebellum may be smaller than normal.
The head is filled with CSF, which is contained in a
cavity lined by leptomeninges. Macrocrania may de-
velop.>* The falx cerebri may be absent or incomplete.

Diagnosis

A positive diagnosis can be made by identifying a large
cystic mass filling the entire intracranial cavity or by
detecting the absence or discontinuity of the cerebral
cortex and of the midline echo.?®*®%, The ultrasound
appearance of the brain stem protruding inside the cystic
cavity is quite characteristic ' (Fig. 1-57).

The most common diagnostic problem is the
differentiation among hydranencephaly, extreme
hydrocephalus, and porencephaly. In porencephaly,
some spared cortical mantle is usualy seen. Extreme
hydrocephalus may be difficult to differentiate from
those cases of hydranencephaly in which the fax is
present, even in the neonatal period.* The most
important clue is the typical appearance of the thalami
and brain stem' which bulge inside the fluidfilled
intracranial cavity when hydranencephaly is present. In
extreme hydrocephalus, these structures are surrounded
by cortex and do not acquire such an appearance. The
presence of even minimal fronta cerebral cortex
indicates extreme  hydrocephalus instead  of
hydranencephaly.

Pathologists can make a differential diagnosis
between hydranencephaly and hydrocephalus by ex-
amining the lining of the cystic structures. While
leptomeninges will be found in hydranencephaly,
ependyma lines the ventricular system in hydrocephalus.

Prognosis
Data en the neurologic performance of hydranencephalic

infants is scanty. Some infants with hydranencephaly
have severe neurologic abnormali-
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ties at birth and die. Abnormalities include seizures,
myoclonus, and respiratory failure. Chronic survival (up
to 3.5 years) occurs in some cases and seems to depend
on an intact hypothalamus capable of thermoregulation.
These infants have no intellectual function.4

Obstetrical Management

The option of pregnancy termination before viability
should be offered. In those cases where a clear
differentiation from extreme hydrocephaly cannot be
made (e.g., anormal midline echo), the pregnancy should
be managed as if the fetus had hydrocephaly. If
macrocephaly is present in a fetus with a confident
diagnosis of hydranencephaly, cephalocentesis is in-
dicated lo allow vaginal delivery. Cesarean section for
fetal distress does not seem justifiable.

REFERENCES

1. Altshuler G: Toxoplasmosis as a cause of hydran-
encephaly. Am JDis Child 125:251, 1973.
2. Carrasco CR, Stierman ED, Harnsberger HR, et a.: An
algorithm for prenatal ultrasound diagnosis of congenital
central nervous system abnormalities.J Ultrasound Med
4:163, 1985.
3. Fiske CE, Filly RA: Ultrasound evaluation of the normal
and abnormal fetal neural axis. Radiol Clin North Am
20:285, 1982.
4. Halsey JH, Allen N, Chamberlin HR: Hydranencephaly.
In: Vinken PJ, Bruyn GW (eds): Handbook of Clinical
Neurology. Amsterdam, Elsevier/North Holland
Biomedical Press, 1977, Vol 30, pp 661-680.
5.  Hamby WB, Krauss RF, Beswick WF: Hydran-
encephaly: Clinical diagnosis. Presentation of 7 cases.
Pediatrics 6:371, 1950.

6. Johnson EE, Warner M, Simonds JP: Total absence of
the cerebral hemispheres. J Pediatr 38:69, 1951.

7. Lange-Cossack H: Die Hydranencephalie (Blasenhirn)
as Sonderform der grosshirnlosigkeit. Arch Psychiatr
Nervenkr 117:1, 1944.

8. Lee TG, Warren BH: Antenatal diagnosis of hydran-
encephaly by ultrasound: Correlation with ventriculog-
raphy and computed tomography. JCU 5:271, 1977.

9. Lindenberg R, Swanson Pl): "Infantile hydranenceph-

A report of five cases of infarcti@on of both cerebral
hemispheresininfancy. Brain 90:839, 1967.
Myers RE: Brain pathology following fetal vascular
occlusion:  An experimental study. Invest Ophthalmol

8:41, 1969.

Norman RM: Malformations of the central nervous

system, birth injury, and diseases of early life. In:

Greenfield JG, Blackwood W, McMenemey WH, et al.

(eds):Neuropathology. London, Edward Arnold, 1958, pp

300-407.

Pilu G, Rizzo N, Orsini LF, et a.: Antenatal recognition

10.

11

12.



THE CENTRAL NERVOUS SYSTEM

of cerebral anomalies. Ultrasound Med Biol 12:319,
1986.

Strauss S, Bouzouki M, Goldfarb H, et a.: Antenatal
ultrasound diagnosis of an unusual case of hydran-
encephaly. JCU 12:420, 1984.

Sutton LN, Bruce DA, Schut L: Hydranencephaly ver-

13.

14.

sus maximal hydrocephalus: An important clinica dis-
tinction. Neurosurgery 6:35, 1980.

Williamson EM: Incidence and family aggregation of
major congenital malformations of central nervous sys-
tem. JMed Genet 2:161, 1965.

15.

Microcephaly

Synonym
Microencephaly.

Definition

Historically, the interest in microcephaly arose from the
observation that infants with ape-shaped heads were
mentally retarded. Autopsy findings demonstrated that
they had a small brain (microencephaly), and this was

Microcephaly is a dlinical syndrome characterized by a thought to be the cause of the intellectual handicap. The

head circumference below the norma range. It is
associated with abnormal neurologic findings and
subnormal mental development.*®
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Figure 1-58. Severe microcephaly.

A. The size of the head of a full-term
fetus is compared to the length of the
femur (F). Intracranial structures cannot
be visualized. B. In a 35-week fetus, the
size of the head is compared to the size
of the abdomen. The fetus was found to
have holoprosencephaly. T, thalami; Sp,
spine.

olds have been proposed. Some authors have used a
head circumference 2 SD below the mean 'Y’ as a
diagnostic criterion, whereas others require 3 SD.2%"1019
The prevalence of the condition is different according to
the chosen threshold. If 2 SD below the mean is used,
2.5 percent of the general population are considered
microcephalic. A significant number of intellectually
normal infants would be included in this group.”® If 3 SD
below is employed, the incidence of the condition is 0.1
percent, a figure more in keeping with the epidemiologic
observations and the intention of the definition-to
identify infants at risk for mental retardation. Although
the head circumference in a normally shaped head cor-
relates with brain weight (volume), this may not be true
in cases of true microcephaly, since the cranial deficit is
above the base of the skull.® This problem may explain
the difficulties and pitfalls in diagnosing microcephaly
purely on the basis of a head circumference. Therefore,
we believe that the shape of the head should aso be
taken into account.

55
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Incidence

The incidence is estimated to be 1.6 per 1000 singlebirth
deliveries. Only 14 percent of al microcephalic infants
diagnlcésed by the first year of age had been detected at
birth.

Etiology and Associated M alfor mations
Microcephaly is classified into two categories: (1)
microcephaly without associated anomalies and (2)
microcephaly with associated malformations. Table 1-14
presents a classification of microcephaly and etiologic
causes.

Pathology

When microcephaly is present, the most affected part is
the forebrain. Associated anomalies are frequent and
include asymmetries, macrogyria, pachygyria, and
atrophy of the basa ganglia® In some instances, the
lateral ventricles are enlarged due to the atrophy of the
cortex.”® The basal ganglia appear disproportionately
large.* A decrease in dendritic arborization has also
been described.’
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Figure 1-59. Relationship between
head perimeter and gestational age.
SD, standard deviation.
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Diagnosis

The diagnosis should be suspected if the head perim~
eter is 3 SD below the mean for gestational age (Figs.
1-58, 1-59, Table 1-15). Although other authors have
proposed the use of the biparietal diameter as a
diagnostic parameter, this measurement can be mod-
ified by intrauterine molding, whereas the head pe-
rimeter is not. Interpretation of the head perimeter
assumes a precise knowledge of the gestational age.
Because this information is not always available, an
atemative is to use noncephalic biometric parameters
instead of gestational age.® Table 1-16 and Figure |-60
show the head perimeter and femur length relation-
ships. Caution is advised in the use of the nomogram
as it assumes that skeletal growth of the limbs is not
affected in microcephaly, athough it is known that
growth impairment of the long bones occurs in some
cases. Another alternativa is to use the head to abdo-
men perimeter ratio (Fig. 1-61). However, head to
body disproportion could be caused by intrauterine
growth retardation. We discourage making a diagnosis
of microcephaly based solely on this parameter.

A potentialy helpful diagnostic hint is the shape
of the fetal head. Microcephalic fetuses have a sloping
forehead that can be demonstrated by ultrasound " (Fig.
1-62). The index of suspicion should be raised also
when dilatation of the lateral ventricles is seen in
association with a head with borderline dimensions (e.
g., head perimeter between 2 SD and 3 SD below the
mean). Kurtz et a. ™ have suggested that in some
instances of severe microcephaly, the intracrania
contents may not bevisible (Fig. 1-58). A
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Figure 1-61. Relationship =
between  the head to abdomen a
perimeter ratio and gestational
age.

major problem with the antenatal diagnosis of microcephaly is
that the natura history is unknown. The onset and course of
head growth impairment in utero have not been established,
and it has been suggested that in some cases the diagnosis is

not possiblein the second trimester.®

The problem of the differentiad diagnosis between
microcephaly and craniosynostosis cannot be solved in utero
at the present time because closure of the sutures cannot be
identified. Potential clues include (1) the shape of the head,
(2) association with congenital anomalies suggesting specific

syndromes

Figure 1-62. Profile of a second trimester fetus with microcephaly and
multiple anomalies, demonstrating sloping forehead (curved arrow)

and striking micrognathia (open arrow).
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seen with microcephay (e.g., polycystic kidney, Meckel
syndrome), (3) a family history of microcephaly or other
genetic syndromes including this anomaly, and (4)
occurrence of aviral or parasitic infection or exposure to
other agents (e.g., acohol, diphenylhydantoin) known to
be associated with microcephaly.

Prognosis

The prognosis is different for infants with or without
associated anomalies. For the latter group, the outlook is
related to the severity of the associated anomalies.
Trisomy 13, trisomy 18, Meckel syndrome, and alobar
holoprosencephaly are al fatal conditions. For infants
without associated malformations, the prognosis is
dependent on head size. The available information was
obtained in the postnatal period, and it is not known if
these figures are applicable to antenatally diagnosed cases,
because the natura history of this condition is unknown.
Avery et a.! have addressed the issue of the clinical
relevance of biometrically diagnosed microcephaly and
found that infants with head circumferences between 2
and 3 SD below the mean had an incidence of moderate to
severe mental retardation of 33 percent. The remainder
were either normal or mildly retarded. Infants with head
circumferences below 3 SD had a 62 percent incidence of
moderate to severe mental retardation. These
observations were made in infants diagnosed during the
first year of life with a Bailey mental development index.
Pryor and Thelander'” reported that infants with head
circumferences between 4 SD and 7 SD below the mean
had amean 1Q
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of 35.6, and those with head circumferences below 7
SD had amean 1Q of 20.

Obstetrical Management

Microcephaly is an untreatable disease. A very serious
attempt should be made to identify associated
congenital anomalies. Both a detailed ultrasound
evaluation and an amniocentesis for fetal karyotype are
mandatory. In the absence of associated anomalies,
patients are counseled only on the basis of the head
perimeter. If thisis between 2 SD and 3 SD below the
mean for gestationa age, there is a very good chance
that the infant will be norma. Below 4 SD, the
prognosis is guarded. The relationship between the
femur to head perimeter ratio and intellectua
development is unknown and should not be used to
predict mental handicaps. Therefore, if the diagnosisis
made before viability, the option of termination of
pregnancy should be considered.
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Holoprosencephaly

Definition

Holoprosencephaly is a complex developmental ab-
normalitv of the brain arising from failure of cleavage
of the prosencephalon. The condition termed "holo-
procencephaly” includes cyclopia, cebocephaly, eth-
mocefaly, median cleft, and holotelencephaly (see
Table 1-17).

Epidemiology
The incidence of holoprosencephaly is not known
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because milder forms without facial defects may be
unrecognized unless appropriate diagnostic investigation
is undertaken. Cyclopia has been reported to occur in
1:40,000 births, whereas cebocephaly and median cleft
lip occur at a rate of 1: 16,000 births.*®*. The disease
may be more frequent in abortuses; Matsunaga and
Shiota® report an incidence of 0.4 percent of induced
abortions. This observation suggests a high fatality rate.
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Figure 1-63. Normal development of the prosencephalon. PV, primitive
ventricular cavity; LV, lateral ventricles.

Etiology

Chromosomal abnormalities (primarily trisomy 13, trisomy 18,
and trisomy 13/15) ae found in association with
holoprosencephaly®*° Other abnormalities incelude deletions
(18p-) and ring chromosomes (mainly 18).*° Teratogenic agents,
such as veratrum akaloids and radiation, have induced
holoprosencephaly in animals.!® Ingestion of salicylates in
pregnancy has also been reported in relation to
holoprosencephaly.* Several studies have indicated a familiar
tendency, with both autosomal dominant with variable
penetrance and autosomal recessive transmission.®'%* An
association with diabetes and maternal infections during preg-
nancy has been suggested but not proven.® The empirical
recurrence risk in the absence of chromosomal abnormalities
has been estimated to be 6 percent.2°?* In the presence of an
abnormal karyotype, the recurrence risk depends on the
chromosomal aberration. A primary trisomy is associated with
a less than 1 percent chance of recurrence. If the parents are
carriers of a balanced trandocation, the recurrence risks are
much greater.

Figure 1-64. Median facial structures. The normal development of
these areas is induced by the prechordal mesenchyma.
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Figure 1-65. A. Schematic drawing of the normal neonatal brain
seen from above. Both cerebral hemispheres and lateral ventricles
are completely separated. B. Alobar holoprosencephaly. There is
absence of division of the cerebral hemispheres and a single
primitiva ventricular cavity. C. Semilobar holoprosencephaly.
There is an incipient separation of the hemispheres in the occipital
area and partial development of the occipital and temporal horns of
the ventricles. D. Lobar holoprosencephaly. Note the almost
complete separation of the cerebral hemispheres. The ventricles
are almost totally separated, except for the frontal portion, and are
generally mildly dilated. The antenatal differential diagnosis
between lobar holoprosencephaly and some forms of hydrocephaly
may be very difficult. v, lateral ventricles; h, holoventricle; oh,
occipital horns; th, temporal horns; fh, frontal horns). (Reproduced
with permission from Pilu et al.: Am J Perinatol 4:41, 1987.)

Embryology

Holoprosencephaly is the result of a failure of cleavage of
the prosencephalon. The prosencephalon is the most rostral
of the three primitive cerebral vesicles and gives rise to the
cerebral hemispheres and diencephalic structures (including
neurohypophysis, thalami, third ventricle, and optic bulbs)
(Fig. 1-63). This differentiation process is thought to be
induced by the prechordal mesenchyma interposed between
the roof of the mouth and the prosencephalon. The same
tissue is responsable for the normal development of the
median facial structures (forehead, nose, interorbital
structures, and upper lip) (Fig. 1-64).

An interference with the activity of the prechordal
mesenchymawould lead to defectsin both areas, brain
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Figure 1-66. Comparative development of normal and
holoprosencephalic brain. A. The primitive prosencephalon
undergoes cleavage, and, subsequently, the two hemispheres
rotate medially to form the interhemispheric fissure. From the
primitive ventricular cavity (PV), two separated lateral ventricles
(LV) are formed. B. In alobar holoprosencephaly, failure of
cleavage resuits in a single ventricular cavity (H). The degree of
subsequent inward rotation of the cortex determines the
morphologic type. Absence of rotation resuits in the pancake
type, in which the membranous diencephalic roof bulges to brm
the so-called dorsal sac (DS). In the intermediate form (cup
type), the cortex rolls over to partially cover the diencephalic
roof. In the ball type, full rotation has occurred, and the single
ventricle is completely covered.

and face®'%*2 The cerebral anomalies are due to varying
degrees of failure of cleavage of the prosencephaon,
with incomplete division of the cerebral hemispheres and
underlying structures.®*

The facia anomalies encompass a broad range of
defects that are due to aplasia or varying degrees of hy-
poplasia of the median central structures.™

TABLE 1-17. FACIAL DEFECTS IN HOLOPROGERC EFHALY

Typis o Faos Frcisl Features

e T
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Pathology

The most relevant classification of holoprosencephaly for
antenatal diagnosis is that suggested by DeMyer, which
recognizes three types: alobar, semilobar, and lobar
according to the degree of incomplete division of the
prosencephalic derivatives > (Fig. 1-65).

In the most severe form (alobar holoprosencephaly),
there is an absence of the interhemispheric fissure, a
single primitive ventricle, fused thalami, absence of the
third ventricle, neurophypophysis, and olfactory bulbs.
Failure of inward rotation of the primitiva cerebra
hemispheres prevents the thin membranous roof of the
ventricular cavity from being enfolded within the brain.
Because of an increase in CSF, the membrane may
balloon out to form acyst between the cerebral convexity
and the calvarium (so-called dorsal sac). According to
the degree of failure of rotation, alobar
holoprosencephaly is commonly subdivides into three
types: pancake, cup, and ball varieties (Fig. 1-66).

In semilobar holoprosencephaly, the two cerebral
hemispheres are partialy separated posteriorly, but there
is still asingle ventricular cavity. Alobar and semilobar
holoprosencephaly might be associated with either
microcephaly or macrocephaly.

In lobar holoprosencephaly, the interhemispheric
fissure is well developed anteriorly and posteriorly, but
there is a certain degree of fusion of structures, such as
the lateral ventricles and the cingulate gyrus and absence
of the cavum septum pellucidum.

The facial defects have been categorized into five
different types.12 Table 1-17 describes the diagnostic
criteriaand the associated brain anomaly.

Diagnostic Criteria

The antenatal diagnosis of holoprosencephaly has
been reported on severas occasions®"131617.19.202223
Diagnostic criteriavary depending on the type of

Cranum-Emin
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Figure 1-67. Axial scan in a fetus with alobar holoprosen-
cephaly,revealing the sickle-shaped holoventricle (H) lined
anteriorly by the undivided cortex and posteriorly by the
prominent uncleft thalami (T). Both the midline echo and the
third ventricle are absent. P, cerebral peduncles. (Reproduced
with permission from Pilu et al: Am J Perinatol 4:41, 1987)

Figure 1-69. Midcoronal scan in a holoprosencephalic fetus.
The cortex (arrows) is only partially enfolded over the
holoventricle (H), which amply communicates with the superior
dorsal sac (DS). Note the uncleft thalami (T) on the floor of the
ventricular cavity. Sup, superior; Inf, inferior. (Reproduced with
permission from Pilu et al: Am J Perinatol 4:41, 1987.)

Figure 1-68. Axial scan at the level of the large dorsal sac (DS)
in a fetus with alobar holoprosencephaly, cup variety. Note the
crescent-shaped cortex and the absence of the midline echo. H,
holoventricle. (Reproduced with permission from Pilu et al: Am J
Perinatol 4.-41, 1987.)

Axial scans at the level of the orbits in a

Figure 1-70.
holoprosencephalic fetus, revealing hypotelorism and absence of
the nasal bridge. (Reproduced with permission from Pilu et al.:
Am J Perinatol 4:41, 1987.)



holoprosencephaly. In the alobar and semilobar varieties,
the single most valuable finding is the identification of a
single sickle-shaped ventricle. In an axia scan, this
primitive ventricular cavity is lined anteriorly by a
crescent-shaped cortex with no discernible inter-
hemispheric fissure and posteriorly by the bulblike
undivided thalami'®# (Fig. 1-67). In the alobar variety, the
presence of a dorsal sac can be easily recognized either in
an axial scan above the level of the thalami or in a coronal
scan, which would demonstrate the continuity between this
structure and the single ventricle (Figs. 1-68, 1-69). The
semilobar variety is recognized in the neonatal period by
observing well-developed occipital horns and an incom-
plete interhemispheric fissure, “**** but it is yet to be
demonstrated that ultrasound can differentiate the
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semilobar from the alobar type of holoprosencephaly in
utero. The lobar form is a serious diagnostic challenge
because the interhemispheric fissure iswell formed and the
lateral ventricles are separated, with the exception of the
frontal portions.**® It has not been identified in the fetus.
Fusion of the frontal horns could probably be recognized
by ultrasound. In all forms of holoprosencephaly, the
posterior fossa contents are normal "
The facia findings are further diagnostic hints. The
presence of hypotelorism,"??3 cyclopia®*>*® absence of
orbits and nose,”® identification of a proboscis,®***# and
cleft palate or lip? strengthens the diagnosis based on CNS
findings (Figs. 1-70, 1-71, 1-72). On the other hand, if any
of the aforementioned facial features are serendipitously

encoun-

Figure 1-71. A. Axial scan at the presumed level of the orbits in a
holoprosencephalic fetus, revealing anophthalmia (arrows). B. A
slightly lower scan in the same fetus reveals a large median defect
of the lip and palate (curved arrowj. C, cheeks. C. Postnatal
appearance of the infant, revealing the classic stigmata of
holoprosencephaly with median cleft face. (Reproduced with
permission from Pilu et al.: Am J Perinatol 4:41, 1987.)
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Figure 1-72. A. Coronal scan of the face of a fetus with
holoprosencephaly. The presence of a single central nostril
(N) within the nasal appendage allows the identification of a
proboscis. UL, upper lip. B. Postnatal appearance of the
infant, revealing the typical stigmata of cebocephaly.

tered, a careful examination of the intracranial contents is
indicated.

Prognosis

The prognosis depends on the type of holoprosencephaly.
Infants with the alobar form usually die within the first
year of life. An exception to this, an infant who survived
for 9 years, was reported by DeMyer.® Infants with
semilobar holoprosencephaly may reach childhood, but
they will have amentia’®™ Lobar holoprosencephaly may
be compatible with a norma lifespan. The affected
individuals are usualy intellectually impaired, but some
may have enough intelligence "to live free in society." %

Obstetrical Management

When the diagnosis of alobar or semilobar holo-
prosencephaly is made before viability, the option of
pregnancy termination should be offered to the patient.
Fetal karyotype is indicated. In the third trimester, we
believe that this diagnosis is one of the few in which the
option of late termination of pregnancy should be offered,
and premature |abor should not be

arrested. Every attempt should be made to accomplish a
vaginal delivery. If macrocephaly is present, a
cephal ocentesis is recommended. Decision making in lobar
holoprosencephaly is difficult, because data concerning
outcome are not available.
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I niencephaly

Definition

Iniencephaly is a complex developmental abnormality
characterized by an exaggerated lordosis of the spine,
usually associated with spina bifida and cephalocele.

Epidemiology

| is an extremely rare condition. The reported fre-
quency has varied from 1:896 in England™ to 1:65,000
inIndia."

Etiology

Occurrence in siblings has been observed in only 1
patient of 57. Females are more frequently affected
than males (M:F ratio = 0.28).* Iniencephaly has been
reported in association with matemal syphilis-® and
with sedative intake.'? It can be produced in animals by
the administration of vinblastine, streptonigrin,™® and
triparanol .*®

Embryology

Different hypotheses have been postulated. Persistence of
the embryonic cervical lordosis at the third week, leading
to failure of closure of the neural tube, or abnormal
development of the rostral portion of the notocord and
somites of the cervicooccipital region are the most widely
accepted theories.™

Pathology

The criteria for the diagnosis of iniencephaly are (1)
imperfect formation of the base of the skull, particularly
at the level of the foramen magnum, (2) rachischisis, and
(3) exaggerated lordosis of the spine. The spine is short
and grossly abnormal, with kyphoscoliosis.

Associated Anomalies

Eighty-four percent of iniencephalic infants have other
associated anomalies? including anencephaly,
cephaloceles, hydrocephaly, cyclopia, absence of
mandible, cleft lip and palate, cardiovascular anomalies,
diaphragmatic hernia, single umbilical artery,
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Figure 1-73.

hyperextension of the head (arrowheads). Sp, spine.

A. In this 21 -week-old fetus, the diagnosis of iniencephaly was suspected because of the grotesque
B. In the same fetus, a coronal scan demonstrates the striking

shortness of the spine and an occipital cephalocele (X). The arrowheads indicate the iliac wings.

omphalocele, gastroschisis, situs inversus, polycystic
kidneys, arthrogryposis, and clubfoot.®"**

Diagnosis

The two diagnostic clues are extreme dorsal flexion of
the head and an abnormally short and deformed spine
(Fig. 1-73).*%13Y7 The differential diagnosis includes
anencephaly, the Klippel-Feil syndrome (shortness of the
neck associated with fusion of cervical vertebrae), and a
cervica myelomeningocele.  Anencephaly can be
identified by an absent calvarium. The differentia
diagnosis with Klippel-Feil syndrome appears to be
difficult. Asameatter of fact, some authors consider the
Klippel-Feil syndrome and iniencephaly as different
abnormalities of the same spectrum. However, in the
former, gross and devastating abnormalities of the spine
are  absent. The presence of a cervicd
myelomeningocel e rai ses the index of suspicion.

Prognosis

This entity is virtually aways fatal in the neonata
period.* Three long-term survivors have been reported.*®
However, the iniencephalic deformity was very mild in
these infants, and it is doubtful that they would have
been identified in utero by ultrasound.

Obstetrical Management

The option of pregnancy termination should be offered to
the parents before viability. When a definitive diagnosis
is made after viability, nonaggressive management is
recommended. An important consideration is that
iniencephaly could be a cause of obstructed labor
because of the hyperextended fetal head associated with
hydrocephaly.?® Under these

circumstances, a cephalocentesis should be attempted.
When this procedure is not enough to accomplish vagina
delivery, an embryotomy may be undertaken to avoid
cesarean section.
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Agenesis of the Corpus Callosum
Synonym Embryology
Callosal agenesis. The corpus calosum is a white matter structure that
connects both cerebral hemispheres. Its presence is
Epidemiology important in coordinating information and exchanging

There is a discrepancy in the reported incidence
between autopsy series and those based on
pneumoencephalographic studies. In one autopsy
study, the frequency was about 1: 19 (5.3 percent). ™
On the other hand, one radiologic series based on 6450
pneumoencephalograms found an incidence of 0.7
percent.*

Etiology

Agenesis of the corpus callosum (ACC) can occur in
chromosomal abnormalities, such as trisomy 13 and
trisomy 18 (as part of the holoprosencephalic se-
quence)® and translocations (2 to a chromosome B).?
Familial occurrence has been documented, suggesting a
marked genetic heterogeneity with  autosomal
dominant, autosomal recessive, and X-linked inheri-
tance 291118192124 ACC has also been describes in the
median cleft face syndrome? in the Aicardi syndrome
(seizures, chorioretinal lacunae, mental retardation,
microcephaly, vertebral anomalies;  sex-linked
dominant inheritance),*** Andermann syndrome
(mental retardation, progressive motor neuropathy;
autosomal recessive transmission), F.G. syndrome
(mental retardation, macrocephaly, hypotonia), and
acrocalosal syndrome (mental retardation, macro-

cephaly, polydactyly; autosoma recessive trans-
mission).** An association with tuberous sclerosis,’

mucopolysaccharidosis,'” basal cell nevus syndrome, °
maternal toxoplasmosis,* and maternal rubella? has
been reported.

sensorial stimuli between the two hemispheres. The
corpus calosum is derived from the lamina terminalis in
the portion of the neural tube cephalic to the rostra
neuropore. Until the fourth month of gestation, only the
most rostral part of the corpus calosum is formed. The
caudal portion develops only after the 5th month.’®*" The
insult responsable for ACC or varying degrees of
hypoplasia of the corpus callosum is not known.
Logicaly, an early insult may lead to complete agenesis,
whereas alater one will lead to partia agenesis.”

Figure 1-74. Schematic representation of a normal brain (A) and
of agenesis of the corpus callosum (B). In the absence of the
corpus callosum (CC), the lateral ventricles (lv) are set apart, and
the third ventricle (3v) is displaced upward.
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Figure 1-75. Typical ventricular configuration of ACC. The bodies
of lateral ventricles (LVB) are of normal size but are markedly
separated. The atria (At) are typically enlarged. The arrowheads
indicate the abnormal convolutional pattern that is frequently seen
in these cases.

Pathology

The defect may be complete or partial.'**" In partial ACC,
the posterior portion is missing. As a consequence of the
absence of the corpus callosum, the two lateral ventricles
are set apart, and the third ventricle

Figure 1-76. A. Axial scan at the
level of the bodies of lateral ventricles
(LVB) in a 29-week fetus, revealing
the typical ventricular configuration of
ACC. A cystic structure is seen on the
midline (-). At, atrium. B. In the mid-
coronal scan, the midline cystic lesion
(*) can be sean arising from between
the thalami (T) and thus is positively
identified as en enlarged and up-
wardly displaced third ventricle.

may sometimes be displaced upward (Fig. 1-74). In most
cases, there is a stable, nonprogressive dilatation of the
caudal portion of the lateral ventricles (atria and occipital
horns).**%*” The reason for this enlargement is not known.
There is no evidence of obstruction along the CSF pathways,
since there is neither increased intraventricular pressure or
progressive ventriculomegaly.

Associated Anomalies

ACC is frequently associated with other anomalies of the
CNS and of other organs, including holoprosencephaly,
Dandy-Walker malformation, microcephaly, macrocephaly,
median cleft syndrome, and cardiovascular, gastrointestinal,
and genitourinary anomalies®® ACC may be a part of
mendelian syndromes.?*

Diagnosis

In the newborn, ACC can be diagnosed by both computed
tomography®*® and sonography *** through the demonstration
of (1) increased separation of the lateral ventricles, (2)
enlargement of the occipital horns and atria, and (3) upward
displacement of the third ventricle.

These findings can aso be demonstrated in utero. The
increased separation of the normal-sized bodies and the
enlargement of the atria and occipital horns of the latera
ventricles result in a typical ultrasound image (Fig. 1-75).
Upward displacement of the third ventricle is a very specific
sign.” However, it was present in only 40 percent of fetusesin
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our series (Fig. 1-76). When ACC is suspected, orbital
measurements should be made, and the fetal face should
be examined because of the possible association of this
condition with the hypertelorism median cleft
syndrome.? Investigation of the posterior fossa is also
recommended because of the frequent association with
Dandy-Walker malformationll,® (Fig. 1-77).

Prognosis

The corpus callosum is phylogenetically a recent
structure, and its absence is not essential for life
functions. Patients with ACC may have neurologic
problems, such as seizures, intellectua impairment, and
psychosis. ™% However, these conditions are believed
to be caused by associated cerebral anomalies. |solated
ACC may be either a completely asymptomatic finding
or reveded during the course of a neurologic
examination by subtle deficits, such asinability to match
stimuli using both hands (e.g., individuals are unable to
discriminate differences in temperature, shape, weight in
objects placed in both hands).® In our own series of nine
cases of ACC identified in utero, severe associated
anomalies were found in three (Dandy-Walker
malformation, microcephaly, diaphragmatic hernia). Of
the remaining six, one infant is affected by moderate
paraparesis and five are developing normally.
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Figure 1-77. In a fetus with
ACC, examination of the
posterior fossa demonstrates
a cystic cisterna magna (-)
with lack of fusion (curved

arrow) of the cerebellar
hemispheres (CH). These
findings indicate Dandy-

Walker malformation. LVB,
bodies of lateral ventricles;
T, thalami.

Obstetrical Significance

The value of an antenatal diagnosis of ACC is two-
fold. First, it is a condition associated with a broad
range of abnormalities of both CNS and other organs.
Therefore, identification of this anomaly demands a
careful search of fetal anatomy in its entirety. Second,
it is important to recognize that the sonographic
appearance of ACC may be very similar to that of
uncomplicated hydrocephaly. A correct diagnosis
could avoid unnecessary intervention. The diagnosis
of ACC per se does not require any change in standard
obstetrical management.
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L issencephaly

Synonym
Agyria.

Definition
The term "lissencephaly” indicates the absence of
cerebral gyri.

Incidence
Rare.

Etiology

Familial occurrence has been documented. The pattern
is suggestive of an autosomal recessive trait.>4>91013
Lissencephaly has also been found in association with
trisomy 18.8

Embryology

The gray matter of the cerebral cortex is formed by
proliferation of cells that migrate from the primitiva
neural tube. * Lissencephaly is believed lo result from
failure of migration of these cells. In the absence of
these cells, no gyri are formed.? This theory is sup-

ported by the observation that in lissencephaly, there
isabnormal stratification of the cortex.?

Pathology

The cerebral gyri are almost completely absent. The
surface of the brain is smooth, similar to that found in
fetuses before 20 weeks.*®” Hydrocephalus, agenesis
of the corpus callosum, and microcephaly are very
often associated with lissencephaly. Thalami are often
hypoplastic. Due to the thinness of the white matter,
an enlargement of the lateral ventricles, especially in
the caudal portion (atria and occipital horns), is
frequently found.®

Diagnosis
In the newborn, lissencephaly can be diagnosed by
demonstrating the absence of cerebral gyri en com-
puted tomography.>'* This diagnosis was made re-
cently by ultrasound through the identification of an
incomplete opercularization of theinsula'

Cerebral gyri can be visudized in the third tri-
mester. Their absence could be used 0 make a



diagnosis. However, prenatal diagnosis based upon this
criterion has not been reported. We have made this
diagnosisin a patient at risk because of a positive family
history by demonstrating the associated
ventriculomegaly. Other findings that can be documented
with ultrasound include agenesis of the corpus callosum
and microcephaly. Failure to visualize the thalamic
structures can raise the index of suspicien.

Associated Anomalies

Lissencephaly is commonly associated with other
anomalies such as micromelia, club foot, polydactyly,
camptodactyly, syndactyly, duodenal atresia, micro-
gnathia, omphalocele, hepatosplenomegaly, and cardiac
and rena anomalies. Polyhydramnios is present in 50
percent of cases.”?

Prognosis

Lissencephaly is invariably fatal by infancy or childhood
and it is aways associated with severe intellectual
impairment (IQ <35). Some infants show neurologic
signs of decerebration, seizures, and spastic diplegia*’

Obstetrical Management

It isunclear if the diagnosis can be made before viability.
If ventriculomegaly is identified in a patient at risk
because of a previously affected infant, the option of
pregnancy termination should be offered to the parents.
Lissencephaly is a condition for which pregnancy
termination may be offered in the third trimester if a
confident diagnosis can be made. This latter requirement
has not been met.
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Intracranial Arachnoid Cysts

Definition

Etiology

Arachnoid cysts are fluid-filled cavities lined completely Arachnoid cysts are classified as primary or secondary.
or partially by the arachnoid membrane. Secondary or acquired cysts result from trauma,

meningitis, infarction, or bleeding. Necrotic remnants or
Epidemiology hematomas formed after_ the initial insult are subsequently
The frequency of this disorder is not known. In most Féabsorbed, and a cyst is formed. In the absence of any
cases, the diagnosis is made at autopsy in an otherwise obvious cause, the cyst can be considered as primary and
asymptomatic individual. regarded to be the consequence
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Figure 1-78. Arachnoid cyst at the level of the interhemispheric
fissure. Note the echo-spared area (Cy) at the level of the
midline and the associated hydrocephalus. FH, frontal horns of
the lateral ventricles; OH, occipital horns of the lateral ventricles.

of a developmental abnormality. In practice, it is
impossible to be certain that a remote and minor insult is
not responsable for the cyst.*°

Pathology
The meninges are the dura mater, arachnoid, and pia
mater.  The dura mater (usudly referred to as
"pachymeninge") is the most external and lines the skull.
The arachnoid is the intermediate meninge and is formed
by two layers. The piamater isin direct contact with the
surface of the brain. The space between the pia mater
and the inner layer of the arachnoid isfilled by CSF and
called the "subarachnoid space" *°
Arachnoid cysts are commonly subdivided into

subarachnoid and intraarachnoid cysts. The former are
lined externally by the inner layer of the arachnoid and
internally by the pia mater and represent a localizad
enlargement of the subarachnoid space. Intraarachnoid
cysts are much less frequent and are located between the
inner and outer layer of the arachnoid.®

Arachnoid cysts have been found anywhere in the
CNS, including the spinal canal. The most frequent
locations are the surface of the cerebal hemispheres in
the sites of the major fissures (sylvian, rolandic, and
interhemispheric fissures),"*™ the region of the sella
turcica®® the anterior fossa, and the middle fossa*™* Less
frequently, they are seen in the posterior fossa.®

Arachnoid cysts may cause compression of the
ventricular system and congenital hydrocephalus.*°

Diagnosis

Arachnoid cysts appear on ultrasound examination as
fluid-filled structures inside the intracrania cavity (Fig.
1-78). The differential diagnosis from other cystic
lesions may he impossible.®

Arachnoid cysts located on the surface of the brain and
main fissures should be distinguished from

porencephaly and intracranial tumors.  However,
porencephaly is very often associated with ventricu-
lomegaly and a shift in the midline, both of which are
unusual features in arachnoid cysts of the convexities. ™
Furthermore, cystic cavities in  porencephay
communicate with the ventricles. Brain tumors are
usualy located inside the brain substance, whereas
arachnoid cysts lie between the skull and brain surface.

Posterior fossa arachnoid cysts must be differentiated
from Dandy-Walker syndrome. The main criterion in
these cases is the integrity of the cerebellar vermis in
arachnoid cysts.”®

In the newborn, the diagnosis can be made by
contrast-enhanced computerized tomography. Char-
acteristically, arachnoid cysts do not take up contrast.?

Prognosis

Insufficient data are available regarding the prognosis of
cases diagnosed either antenatally or in the newborn
period. In many cases, arachnoid cysts are
asymptomatic, but they may cause epilepsy, mild motor
or sensory abnormalities, or  hydrocephalus.*®
Depending on the location and extent of the lesion,
these cysts can be resectable. ™™

Obstetrical Management

If a fluid-filled intracranial lesion suggesting an
arachnoid cyst is seen in the second trimester, termi-
nation of pregnancy should be discussed with the
parents because prognosis is largely unknown and more
serious intracranial lesions (e.g., porencephaly or
intracranial tumors) cannot be excluded. In the third
trimester, when hydrocephalus is not present, thereis no
reason to modify the mode and time of delivery. Inthe
presence of hydrocephalus with normal  skull
dimensions, there is no evidence that a cesarean section
could improve the outcome, and we believe that a
vaginal delivery should be attempted.
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|ntracranial Tumors

Intracranial  tumors include epidermoid, dermoid,
teratoma, germinoma, medulloblastoma, tuberous
sclerosis (Bourneville's disease), neurofibromatosis (Von
Recklinghausen's disease), and systemic angiomatosis of
the central nervous system and eye (Von Hippel-Lindau's
disease).

Incidence

Fetal intracranial tumors are rare. There are obvious
difficulties in assessing the incidence of congenital brain
neoplasms, because some lesions are asymptomatic or
become symptomatic during childhood, adolescence, or
even adulthood. Madignancies of the CNS were found to
account for 0.04 to 0.18 percent of the total deaths of
infants under 1 year of age.® It should be stressed that
only a very small portion of brain tumors in children
seem to arise during fetal life. In a series of 730
neoplasms diagnosed between

1 and 16 years of age, only 56 (7.8 percent) were thought
to be congenital .2

Etiology

Embryonic tumors are thought to derive from embry-
ologically displaced cells. Brain tumors have been
produced in animals by the use of chemical?® and viral
teratogens.” The relevance of these experiments to
human brain neoplasmsis unclear.

Pathology

There are severas classifications of congenital brain
tumors.>®> A commonly used system is shown in Table 1-
18. Epidermoid tumors (also known as chol esteatomas”)
derive from epithelia cells and frequently appear as
cystic lesions, containing a leaflike materia, that
originate from the desquamation of the internar epithelia
lining. They are most commonly located at the level of
the cerebellopontine

TARLE 1-18. CLASSIFICATION OF CORGENITAL MTRACAARNEL TUNEORS
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angle, suprasellar region, and tempora lobe. Dermoid
tumors are characterized by the presence of desquamated
epithelium, sebaceous secretions, and hair. They are
often connected with the skin surface by a derma sinus
and usually occur in the posterior fossa. Teratomas are
tumors derived from the three embryonic layers. They
may contain well-differentiated structures, such as hair,
bone, or muscle, or undifferentiated structures. In the
latter case, they have a tendency toward malignancy.
Teratomas usually occur in the pineal region, the
suprasellar region, or the fourth ventricle.

Germinomas originate from germ cells and are
usually solid lesions occurring in the pinea and
suprasellar regions. Tumors originating from differ-
entiated germ cells include choriocarcinoma (tropho-
blastic cells), endoderma sinus tumor (yolk sac),
embryonal carcinoma, and teratoma. Medulloblastoma
only arises in the posterior fossa. It is a very malignant
lesion that appears as a soft, friable mass often with
internal necrosis.

Craniopharyngioma is the most frequent supra
tentorial tumor in children. It derives from remnants of
the craniopharyngeal duct, consists of both cystic and
solid components, and occurs in the suprasellar region.
Among the tumors that derive from ependymal cells, the
one that is most frequently congenital in origin is the
choroid plexus papilloma (see p. 34).

Figure 1-79. Cross-section of the head of a third trimester fetus
with intracranial teratoma. Note the complete loss of the normal
architecture of the brain, which is replaced by a bizarre pattern of
cystic (C) and solid componente

Tuberous-sclerosis, neurofibromatosis, and systemic
angiomatosis of the CNS and eye are autosomal
dominant diseases that are characterized by the presence
of intracranial tumors. In tuberous sclerosis, multiple
neuroglial nodules occur in the cerebral cortex or
ventricular system. Neurofibromatosisis associated with
brain tumors, such as acoustic neurinoma, multiple
meningioma, and glioma. Systemic angiomatosis of the
CNS and eye is characterized by the presence of
cerebellar hemangioblastoma. The colloid cyst of the
third ventricle is thought to derive from the epithelium
that forms the roof of the thela choroidea and is located
in the anterior portion of the third ventricle.

Intracranial tumors frequently cause obstruction to
the normal flow of CSF within the ventricular system
and are, therefore, often found in association with
obstructive hydrocephalus. Choroid plexus papilloma
may cause hydrocephalus by overproduction of
cerebrospinal fluid (see p. 34).

Diagnosis

Experience in the prenatal diagnosis of brain neoplasms
is limited, because of the rarity of these lesions. Cystic
tumors and teratomas are usualy characterized by
complete loss of the normal intracranial architecture "
(Fig. 1-79). A brain tumor should be suspected when
mass-occupying lesions, cystic areas, or solid areas are
seen or when there is a change in shape or size of the
normal anatomic structures (e.g., a shift in the midline).
In some cases, the lesion appears as a low echogenic
structure, and it may be difficult to recognize.®®
Hydrocephalus is frequently associated with brain tumors
and may be the presenting sign. Although ultrasound
can detect some fetal intracranial tumors, it does not
alow a specific diagnosis of the histologic variety.
Identification of brain neoplasm associated with tuberous
sclerosis, neurofibromatosis, and systemic angiomatosis
of the CNS and eye can be attempted in the patients at
risk.

Prognosis

Prognosis depends on a number of factors, including the
histologic type and the size and location of the lesion.
Congenital intracranial teratomas are usually fatal.’® The
limited experience with the other neoplasms in prenatal
diagnosis precludes the formulation of prognostic
considerations.

Obstetrical M anagement

Pregnancy termination can be offered to the parents
before viability. Because of the paucity of data, it is
impossible to provide strong guidelines for the man-
agement of pregnancies complicated by fetal intracranial
tumors. The classic teratoma (with impor-
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Acrania

Definition Embryology

Acrania is a developmental abnormality characterized After the closure of the anterior neuropore, which occurs at
by a partial or complete absence of the calvarium, with the fourth week, migration of the mesenchymal tissue
complete but abnormal development of brain tissue? under the ectoderm overlying the future cerebra

hemispheres takes place. The ectoderm will give rise to

Incidence the skin of the scalp, and the mesenchymal tissue will form
Unknown. Very few cases have been reported in the the muscle and bone. Acrania results from a failure of
world literature.? mesenchymal migration.?

Figure 1-80. Longitudinal scan of
the cephalic pole of a fetus with
acrania. The calvarium is absent.
The brain tissue (B) is covered by a
thin membrane (arrow).
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Etiology

Unknown. Only sporadic cases have been reported.>?
We have seen pathologic findings very similar to those
pathognomonic of acrania in three fetuses with
amniotic band syndrome.

Pathology

The calvarian derma bones of the skull, the related
musculatura, and dura mater are absent. The hemi-
spheres are present but grossly abnorma and are
covered by athin membrane. Cerebellum, brain stem,
and cranial nerves are normal.

Associated Anomalies
Cleft lip and palate, and talipes.

Diagnosis

The condition is identified by the absence of the
calvarium. The cerebral hemispheres are surrounded
by a thin membrane’ (Fig. 1-80). Differential diagno-
sis includes anencephaly and large encephaloceles. In
the former case, cerebral tissue is completely absent.
In the latter case, some remnant of the cranial vault can
always be detected. A distinction should also be

made between acrania and conditions characterized by lack
of mineraization of the skull bones (hypophosphatasia,
osteogenesis imperfecta). In these skeletal dysplasias, the
intracranial anatomy is normal, and the brain is surrounded
by a thick layer of tissue representing soft tissues and
unossified bone. Bowing or shortening of long bones is
generallv found.

Prognosis
Acraniais uniformly lethal .

Obstetrical Management
Pregnancy termination can be offered to the parents any
time the condition is diagnosed.
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Choroid Plexus Cyst

Incidence
Cysts of the choroid plexus are found in 50 percent of
brains serially autopsied.”

Etiopathogenesis
These cysts are thought to arise from neuroepithelia folds
within the choroid plexus that become fil-

Figure 1-81. A. Axial scan of the head of a 21 -week fetus. The arrows point to a cyst inside the choroid plexus. B. Three
weeks later, the cyst has considerably diminished in size. Note the normal size of the ventricles. A further scan performed 2

weeks later failed to reveal any anomaly of the choroid plexus. The infant was normal at birth. FH, frontal horns.
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led with fluid and cellular debris™*? In autopsy
specimens, they are usually less than 1 ¢cm in diam-
eter.ll'lz

Pathology

Cysts are lined by the ependyma and deeply enfolded
within the choroid plexus. They may be bilateral.
Generadly, they are asymptomatic unless they obstruct
the flow of CSF, causing hydrocephaly. +2#589

Diagnosis

A round hypoechogenic area can be seen within the
texture of the choroid plexus, most frequently at the level
of the atrium of the lateral ventricle *®” (Fig. 1-81). This
condition should be differentiated from choroid plexus
papilloma, which generally produces an echogenic image
and subependymal hemorrhages, which are rare in the
fetus and are located below the choroid plexus.

Prognosis

Ten cases of fetal choroid plexus cysts have been
reported.>"® In six cases this was the only anomaly
identified. In four, the choroid plexus cyst was bilateral
and associated with severe anomalies, such as trisomy 18
(three cases), omphalocele, obstructive uropathy, and
ventricular septal defect.”® In the cases of isolated
choroid plexus cysts, the lesion spontaneously
disappeared before the 28th week (in five cases before
the 24th week). The infants were neurologically normal
at birth. Hydrocephalus has been reported occasionally
in infants and adults with choroid plexus cysts.*%*89

Obstetrical Management

The limited experience available with these lesions
suggests that they are clinically benign. Serial scans to
monitor their status and exclude the development of
hydrocephalus are indicated. There is no reason to
modify standard obstetrical management.®> However, the
occurrence  of hydrocephalus, chromosomal ab-
normalities, and other associated anomalies has been
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reported, and, therefore, a careful survey of the feta
anatomy and afetal karyotype seem indicated.
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Aneurysm of the Vein of Galen

Synonym

Varix of thevein of Galen.

Definition

Aneurysm of the vein of Galen (AVG) is acomplex

arteriovenous malformation ranging in appearance from
a gigantic aneurysmal enlargement of the vein of Galen
to multiple communications between the system of the
vein of Galen and the cerebral arteries (carotid or
vertebrobasilar systems).
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Figure 1-82. Axial scan of the
fetal head, showing the normal
anatomy of the vein of Galen
(VG). Straight ar rows point to
the medial contour of the
occipital lobes. Curved arrows
point to the ambient cisterns. T,
Thalami; At, atria of ventriculi;
Ant, anterior; Post, posterior.

Incidence

Unknown. Less than 200 cases had been reported in the
literatura up to 1984.° It is more common in males than
females (M: Fratio = 2:1).”

Embryology

The cerebral vessels derive from a primitive plexus that
differentiate in both arteries and veins. There is
controversy about the chronology of the derangement
giving rise to cerebral arteriovenous malformations
(AVM). According to some authors, the primary

Figure 1-83. Axial scan of the fetal head showing the aneurysm of
the vein of Galen as a large interhemispheric cystic mass.

defect occurs early, during the phase of differentiation
of the angioblasts to form primitiva capillaries, arteries,
and veins.® Others believe that AVM arises during the
late histologic differentiation of the primitive vessels
into adult vessels.®

Pathology and Clinical Presentation

The vein of Galen is the major cerebral vein. It runs
superoposteriorly to the thalami within a subarachnoid
space known as the "vein of Galen cystern." It joins the
inferior sagittal sinus, which runs along the lower edge
of the cerebral falx to form the straight sinus (Fig. 1-
82). In cases of AVG, an aneurysmal dilatation of the
vein of Gaen is usualy found in association with
varying patterns of arteriovenous communication.?

The clinical presentation of AVG depends on the
type of lesion. Large arteriovenous communications
result in significant intracrania shunt and usualy
appear in the neonatal period with high output
congestive heart failure. In some patients, up to 80
percent of the cardiac output is diverted to the cerebral
circulation.® Diversion of blood from the cerebral
circulation may lead to infarction of the brain and
porencephaly. High output heart failure may also
result in reduction of coronary blood flow, myocardia
ischemia, and infarction.® Hydrocephalus is frequently
found, and it is thought to result from either
compression of the agueduct of Sylvius by the dilated
vessel or from increased intracranial venous pressure.
In other cases characterized by milder arteriovenous
communication, AVG may occur during the first year
of age with macrocrania, subarachnoidal hemorrhages,
and seizures. In athird group of patients, the condition
becomes symptomatic later in



life, with headache, syncope, seizures, and subarach-
noid hemorrhages.™*

Associated Anomalies
Hydrocephalus, porencephaly,
hydrops.

and nonimmune

Diagnosis

Prenatal diagnosis or visualization of this condition has
been reported.?*° The aneurysm appeared as a median,
tubular, fluid-filled area extending posteriorly from
above the thalami to the straight sinus or to the torcular
Herophili. In our own case, a gigantic cystic structure
was seen extending superiorly between the
hemispheres (Fig. 1-83). A differential diagnosis with
other cystic intracranial lesions may be impossible on
purely morphologic ground. The use of Doppler
ultrasound has proved useful in the newborn,® as well
as in utero,? by demonstrating the presence of blood
flow within the lesion.

Prognosis

It is likely that only the severe forms of AVG will be
detestable in utero. In these cases, a careful evaluation
of the fetal anatomy in search of signs of nonimmune
hydrops and destructive lesions of the cerebra
parenchyma is recommended, because these conditions
have a mgjor impact on the prognosis. Early treatment
is mandatory in the forms occurring in the neonatal
period to prevent both cerebra and myocardia
infarction. Total excision of the lesion may not be
possible because of the presence of a huge fistulous
tract. In these cases, embolism or surgical ligation of
the feeding arteries is commonly performed.?

Newborn infants with congenita heart failure have a
very poor outcome. In a group of nine treated
neonates, eight died, and the only survivor developed
severe neurologic deficit.® A similar mortality rate was
found in untreated neonates. In older infants, the
prognosis is much better. The mortality rate after
treatment was 20 percent, and al survivors were
normal 2
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Obstetrical Management

The option of pregnancy termination should be offered
before viability. After this point, management depends
on the presence or absence of ultrasonically detestable
cerebral damage or hydrops. If severe porencephaly is
found, we feel that a nonaggressive management
should be offered to the parents. Because the mortality
rate of AVG associated with hydrops is very high
despite treatment, the options should be discussed with
the parents. Alternatives include either an elective
cesarean section as soon as pulmonic maturity is
reached or nonaggressive management. No data are
available indicating the optimal mode of delivery of
fetuseswith AVG.
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