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• Examen de la fosse postérieure inclus dans examens de routine des 2
ème

 et 
3

ème
 trimestres. 

• Biométrie du cervelet en coupes axiales et mesure du diamètre transverse. 

• Hémisphères cérébelleux hypoéchogènes avec stries échogènes (foliation au 
3ème trimestre) 

• Vermis échogène en coupe sagittale 

• Mesure de la grande citerne rétro-cérébelleuse (<10 mm) 

• Septa para-médians cervelet table interne occipitale. 

• Apport de l’IRM au 3
ème

 trimestre.
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Fig. 13.-Drawings depicting some relevant features of fetal cerebellar development.
A, Axial drawing of developing cerebellum at 5 weeks’ gestational age shows that developing cerebellar hemispheres have not yet grown

toward midline and thatfourth ventricle is covered only byfourth ventricular roof,which is onlytwo cell layers thickatthis stage of development.
B, Sagittal drawing of developing cerebellum at 10 weeks’ gestational age shows small cerebellum located rostrally over fourth ventricle,

with caudal fourth ventricle being covered only by thin fourth ventricular roof.
C, Sagittal drawing at 16 weeks’ gestational age shows further caudal growth of cerebellum and vermis over fourth ventrIcle, with thick-

ening of caudal fourth ventricular roof.
0, Sagfttal drawing at 17 weeks’ gestational age shows cerebellum and vermis covering entire fourth ventricle.

We have shown that the sonognaphic appearance of nor-
mal cemebellar development can resemble pathology early in
the second trimester. Our findings indicate that the mature
relationships of the posterior fossa structures are not estab-
lished until at least 18 weeks’ gestational age; therefore, the
prenatal sonographic diagnosis of Dandy-Walker complex
should not be made before this time.
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normal early cerebellan development that may be interpreted
as abnormal, and to identify an optimal time frame for sono-
graphic evaluation of the fetal cerebellum.

Materials and Methods
The posterior fossae of 19 normal, whole, fonmalin-fixed fetal

specimens ranging in gestational age from 11 weeks 5 days-21
weeks were imaged by sonography and MR imaging. The fetal
specimens were part of the University of California, Davis, portion of
the Carnegie Collection of normal fetal specimens (courtesy of
Ronan O’Rahilly, Carnegie Laboratories of Embryology, University
of California, Davis). Fetal ages were estimated on the basis of
sonographic measurements of crown-rump length for fetuses under
14 weeks’ gestational age and a combination of biparietal diameter,
head circumference, and femur length for fetuses over 14 weeks’
gestational age. The distribution of fetuses at the different gesta-
tional ages was three at 1 1-12 weeks, five at 13-14 weeks, five at
15-16 weeks, three at 18-19 weeks, and three at 20-21 weeks.

Sonography was performed in a water bath with selectively
focused phased-array sonographic equipment (Acuson, Mountain
View, CA) and 7.0- or 5.0-MHz linear-array transducers as appropri-
ate. Images were obtained in the axial, sagittal, and coronal planes.

MR imaging was performed on a 1 .5-T clinical MR imaging unit.
Three pulse sequences were used. Scan parameters for three-dimen-
sional Fourier transformation spoiled gradient-recalled acquisition in the
steady state were 42/1 0/6 (TRiTE/excitations), 45#{176}flip angle, 51 2 x 225
matrix, and a contiguous slice thickness of 0.7 mm. Volume data were
acquired in the sagittal plane and reconstructed in the axial and coronal
planes. Scan parameters for Ti-weighted spin-echo images were 650/
22/2, 512 x 384 matrix, 3.0-mm slice thickness, and 0.5-mm slice gap.
A T2-weighted fast spin-echo sequence was the third pulse sequence
used. Scan parameters were 4000-5000/90-96/3-4, an echo train
length of 12, 512 x 384 matrix, 3.0-mm slice thickness, and 0.5-mm
slice gap. The spin-echo and fast spin-echo images were acquired in
two of the three conventional imaging planes. The scan time for each
pulse sequence was approximately 16-1 7 mm. The fetal specimens
were covered in plastic wrap during scanning to prevent dehydration.

The sonograms and MR images were correlated with images of
the posterior fossa structures at each gestational age by use of
atlases of developmental anatomy [8-i 0] and anatomic sections
from one 18-week-old fetus.

Results
At 1 1-12 weeks’ gestational age, resolution of the posterior

fossa structures on sonograms was poor. A cystic space in

the region of the posterior fossa, representing the large fourth
ventricle, was the most obvious structure in the sagittal plane,
but no definite echoes correlating with the location of the
developing cerebellum, as seen on MR images, could be dis-
cemned (Fig. 1A). The posterior fossa anatomy could not be
resolved in the axial on coronal planes on sonogmams at this
gestational age. The corresponding midline sagittal MR image
showed the tiny, developing cerebellum covering only the
most mostral portion of the large fourth ventricle (Fig. 1B). The
thin, membmanous roof of the fourth ventricle, which is present
anatomically, could not be appreciated on MR images.

At 12-13 weeks’ gestational age, the cerebellan hemi-
spheres could be visualized rostrally on axial sonognams
and MR images as lateral bulges at the margins of the fourth
ventricle (Fig. 2). The hemispheres were joined at the mid-
line by a thin layer of tissue, a region of focal thickening of
the fourth ventricular roof that constitutes the early cerebel-
lam vermis. Immediately caudal, the thin fourth ventricular
roof still could not be resolved in any of the three planes on
either sonogmams on MR images.

By 13-14 weeks’ gestational age, on both sagittal sono-
grams and MR images, the enlarging cerebellum still only
covered the nostral portion of the fourth ventricle, and the thin
fourth ventricular roof could not be resolved in this plane (Fig.
3). In the axial plane on sonogmams, the cemebellar hemi-
spheres had enlarged rostrally, and the vermis could be iden-
tified between them (Fig. 4A). Caudal to this level, the vemmis
had not yet developed; therefore, only the fourth ventricular
roof covered the fourth ventricle. However, on the most caudal
axial image, the fourth ventricular roof was difficult to appreci-
ate, giving the false impression of the fourth ventricle commu-
nicating infeniomly with the cistemna magna (Fig. 4B). Axial MR
images demonstrated the entire fourth ventricular roof sepa-
rating the ventricle from the cistemna magna throughout their
rostrocaudal length (Fig. 5), and coronal MR images empha-
sized the presence of the vermis rostrally, with no vemmis
between the caudal cemebellar hemispheres (Fig. 6).

By 16 weeks’ gestational age, the cerebellum and the yen-
mis still only covered the rostral half of the fourth ventricle, but
the fourth ventricular roof was thick enough to appreciate sep-
amation between the fourth ventricle and the cistemna magna
sonogmaphically at caudal levels (Fig. 7). MR imaging in the
axial and sagittal planes confirmed these findings (Fig. 8).

Fig. 1.-Sagittai images of posterior fossa in
11- to 12-week-old fetus.

A, Senogram shows cystic area In region of
posterior fossa (arrow).

B, Spelled gradient-recalled acquisition in
steady state MR image shows developing care-
bellum (straight arrow) and fourth ventricle
(curved arrow).
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Fig. 4.-Sequential axial sonograms
of posterior fossa in 13- to 14-week-old
fetus.

A, At most rostral level, vermis is
identified between cerebellar hemi-
spheres (arrow).

B, At most caudal level, fourth yen-
tricular roof, which separates fourth
ventricle and cisterna magna, is diffi-
cult to appreciate, giving impression of
communication between fourth ventri-
cia and cisterna magna.

Fig. 5.-Serial axial spoiled gradient-recalled acquisition in steady state MR images Fig. 6.-Coronal spoiled gradient-re-
of posterior fossa in 13- to 14-week-old fetus. called acquisition in steady state MR im-

A, Vermis is identified between cerebellar hemispheres rostrally (arrow). age of posteriorfossa in 13- to 14-week-old
B, Next caudal image identifies fourth ventricular roof joining cerebellar hemispheres fetus. Vermis is identified rostrally (arrow)

(arrow) and separating fourth ventricle and cisterna magna. but not caudally at this stage of gestation.

Fig. 7.-Axial and sagittal sonograms of pos-
tenor fossa in 16-week-old fetus.

A and B, Caudally, fourth ventricular roof is
thick enough to be visualized in both axial (A)
and sagittal (B) planes (arrow).
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• Position normale (angle 40-50°) ou peu surélevée de la 
tente du cervelet 

• Mégagrande citerne isolée 

• Kyste de la poche de Blake 

• Kyste arachnoïdien SOFFOET 09/06/2017 
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II. Anatomical classification and proposed etiologies for some posterior fossa “cysts” 

A. Robinson and Goldstein Model 

 

B. Modified Robinson and Goldstein Model 
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Hernie du foramen de Majendie 
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Perforation à J50
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kyste de la poche de Blake

with upward rotation of the vermis, variable dysplasia, or agenesis of
the cerebellar hemispheres, cystic dilatation of the fourth ventricle,
and enlargement of the posterior fossa with upward displacement of
the tentorium and torcula [1,3,9]. It can occur as an isolated abnormality
or associated with other syndromes such as Walker–Warburg, Meckel
Gruber, Coffin–Siris, Frazier cryptophthalmos, Aicardi syndrome, and
chromosome syndromes such as trisomy 9, 13, and 18. In the classic
DWM, there are multiple associated central nervous system (CNS) ab-
normalities such as hydrocephalus (70–90%), occipital encephalocele
(up to 16%), polymicrogyria or heterotopias (5–10%), partial or com-
plete agenesis of the corpus callosum (30%), and the PHACE syndrome
(posterior fossa malformation, facial hemangiomas, and arterial

abnormalities, coarctation of aorta and cardiac defects, and eye defects).
Reported non-CNS anomalies include cardiac defects (most common),
cleft lip and cleft palate, and neural tube defects [10]. On imaging in
the midsagittal plane, a rotated vermis, an enlarged posterior fossa,
and a posterior fossa cyst communicating with the fourth ventricle
through the defect provided by the agenetic vermis can be seen
(Fig. 3). Hydrocephalus is usually present, although not a criterion for
diagnosis of DWM.

6. Arachnoid cyst

Considered developmental variants rather than true malformations,
posterior fossa arachnoid cysts are important mimics of the DWM on
prenatal ultrasound when located in the cisterna magna (Fig. 4). Histo-
logically, they represent abnormal fluid collections that develop within
the leaves of the arachnoid membrane [1]. There is no direct communi-
cation with the surrounding subarachnoid space. Beyond mimicking
other posterior fossa abnormalities, their clinical significance lies in
their ability to exert mass effect on surrounding structures.

Prenatal ultrasound will demonstrate an anechoic fluid collection
with mass effect on the surrounding structures (Fig. 4a & b). Fetal MR
will demonstrate a similar collection with fluid signal intensity. Large
arachnoid cysts can enlarge the posterior fossa and mimic DWMs, but
the cerebellum is compressed and not dysplastic [5]. Postnatal imaging
features are similar to those seen prenatally (Fig. 4c).

7. Joubert syndrome

In 1969,Marie Joubert et al., first described Joubert Syndrome (JS) in
four siblingswith cerebellar vermis agenesis, ataxia, episodic tachypnea,
oculomotor apraxia, and intellectual disability [11]. With the advent of
cross-sectional imaging, a pathognomonic midbrain–hindbrain malfor-
mation, themolar tooth sign (MTS), was described first in JS and subse-
quently in several other conditions [12–14]. Recently, the term Joubert
syndrome and related disorders (JSRD) has been adopted to describe all
disorders presentingwithMTS on brain imaging [15]. JSRD are clinically
heterogeneous conditions characterized by core features of hypotonia,
ataxia, intellectual disability and variable involvement of the retina, kid-
ney, liver, and other tissues/organs in subsets of patients. JSRD is pre-
dominantly autosomal recessive with rare instances of X-linked
inheritance. Over 20 genes so far have been described making JSRD
part of an expanding group of conditions called ciliopathies [16,17].

Prenatal ultrasound (US) diagnosis of Joubert's syndrome is difficult
due to the lack of specific signs, and the only recognizable finding may
be vermian dysplasia. Prenatal US needs to be complemented with
MRI in order to make the diagnosis [18]. The essential features of the
MTS on MRI are seen on axial images and include thick, elongated,
and horizontal superior cerebellar peduncles (SCPs) with a narrow
pontomesencephalic junction (isthmus) and a deep interpeduncular
fossa [12]. The findings are thought to be due to absence of decussation
of the SCP at the pontomesencephalic junction [19]. MTS can be identi-
fied as early as 22 weeks gestation age [20].

On postnatal MRI in JS, the hindbrain malformation is characterized
by variable dysplasia or agenesis of the vermis, a deep interpeduncular
groove, and thickened SCPs, creating a molar tooth appearance on
axial images (Fig. 5a). On sagittal images, the roof of the fourth ventricle
is oriented more horizontally, and the fastigium is positioned more su-
periorly than usual (Fig. 5b). The fourth ventricle openswidely immedi-
ately distal to the aqueduct (rather than gradually tapering), and the
foramen of Magendie is often enlarged. These findings reflect the hori-
zontal SCP and cerebellar vermian anomalies. The vermis varies from
mildly hypoplastic to absent. Dysplasia of the anterior vermis is com-
mon with typical midline clefting seen best on coronal images [21].

Diagnosis of a JSRD has implications for diagnostic work-up to iden-
tify retinal, kidney, and liver complications, aswell as for genetic testing
and recurrence risk [14]. Recognition of theMTS is essential for the early

Fig. 2. Persistent BPC. Schematic illustration demonstrates cystic distention of a developmen-
tal membrane that normally fenestrates and dissolves in fetal development (BP=Blake's
pouch; 4th=fourth ventricle;*=extra-axial CSF). Midline sagittal T2-weighted image from
a 20-week fetal MR (a) demonstrates prominence of the CSF space in the posterior fossa
with enlargement of the fourth ventricle and widening of the tegmento-vermian angle
(arrow). Differentiation of an elevated and compressed vermis from vermian agenesis can
be difficult on prenatal imaging. Midline sagittal constructive interference in steady state
sequence from a postnatal MR at 2 years of age (b) demonstrates a retrocerebellar cyst
(arrow) with normal lobulation of the vermis.
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É L A R G I S S E M E N T  D E  L A  G R A N D E  
C I T E R N E  E T  «  P E T I T   »  C E R V E L E T

• Anomalies de développement (infection, 
syndromique, microcéphalie, hypoplasie cérébelleuse 
isolée) 

• Anomalies acquises (infection, lésion ischémo-
hémorragiques)SOFFOET 09/06/2017 
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AT R O P H I E S  O L I V O  P O N T O  
C É R É B E L L E U S E

• Groupe de MAR 

• Diagnostic rare en prénatal (IRM à T3) 

• Tronc cérébral et cervelet hypoplasiques 

• Apparition tardive des signes qui peuvent être discrets 
durant la période prénatale 

• Cervelet normal à T2 et hypoplasique à T3
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DTC Diamètre antéro postérieur du tronc cérébral
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Figure 1.
Transaxial sections of Twin A (A) and Twin B (B) show cerebellar tissues to be within
normal range at 20 weeks post-LMP. Note the normal proportion of the cisterna magna to
the cerebellum. Measurements of the transverse cerebellar (TC) diameters at were 2.1/2.1cm
(75th centile) and cisterna magna (CM) measurements were 0.7/0.7cm (75th centile) for
Twin A (figure A) and Twin B (figure B) respectively.
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Figure 2.
Coronal sections from neonatal ultrasounds at 31 weeks (top) and 34 weeks (bottom) post-
LMP in Twin A (left) and Twin B (right) reveal subtle cerebellar hypoplasia. Note empty
cistern (marked with an arrow) in the lower half of the posterior fossa due to absent
cerebellar tissue (remaining cerebellar hemispheres marked with asterisks).
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Figure 3.
Coronal T1-weighted images of Twin A at 2.5 months of life (A and B) and Twin B at 5
months, 2.5 months corrected for prematurity (C and D) depict severe hypoplasia of both
cerebellar hemispheres. Note the typical “winging” appearance of cerebellar hemispheres
(marked with asterisks), which are compared with similar images in a term neonate (E and
F). Mid sagittal T1-weighted images of each twin (Figures B and D) show significant
volume loss of the pons and relative preservation of the vermis, with much better
preservation of the cerebellar vermis than the cerebellar hemispheres.
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hypoplasie franche postnatale

Graham, 2010
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• Anomalie de développement membrane toit du 4eme ventricule 
primitif 

• Agénésie partielle ou complète du vernis 

• Bascule du vermis si présent 

• Dysplasie, agénésie ventricule cérébelleux 

• Dilatation kystique du 4
ème

 ventricule 

• +/- Anomalies sus-tentorielles dont dilatation ventriculaire
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BS

BS

Figure 6 Mid-sagittal ultrasound images of fetal brain in a case of Dandy–Walker malformation (Case 10) at: (a) 12 weeks’ gestation,
visualizing only two posterior brain spaces and an enlarged brainstem (BS)-to-occipital bone diameter (lower arrow) and (b) 20 weeks’
gestation, showing significant rotation of a small cerebellar vermis (BS to vermis (arrow) angle of 53◦) and an enlarged posterior fossa.

BS

CM

Figure 7 Mid-sagittal ultrasound image of fetal brain (Case 15) at
12 weeks’ gestation, showing the three posterior brain spaces:
brainstem (BS), cisterna magna (CM) and intracranial translucency
(IT, calipers). At 3.3 mm, IT is enlarged (>95th centile).

in the remaining three cases, but mid-trimester scans were
negative for anomalies and normal infants were delivered
at term.

DISCUSSION

Our results indicate that visualization and measurement
of the posterior brain at 11–14 weeks’ gestation using
the same mid-sagittal view commonly employed for
measurement of NT is feasible. This is in line with findings
published previously6–9. In all our cases, the examination
was performed successfully, with a need for an additional
transvaginal scan in only a few cases. In normal fetuses,
three spaces are usually recognized, which include (from

anterior to posterior) the BS, developing fourth ventricle
and CM, divided by an echogenic line that presumably
represents the choroid plexus of the fourth ventricle. We
obtained values of the size of these structures in a group of
normal fetuses, which were consistent with those reported
previously, and demonstrated that the measurements are
reproducible.

It has been reported that, in fetuses with open spina
bifida compared with normal fetuses, BS diameter is
higher, BSOB diameter is lower and BS : BSOB ratio is
substantially higher8–10. Analysis of our study group
indicates that, unlike in open spina bifida, a large BSOB
diameter and a decreased BS : BSOB ratio, particularly
in combination with the presence of only two brain
spaces, is an important risk factor for either cystic
posterior fossa malformations, most frequently DWM,
or chromosomal aberrations. We were not able to
obtain reliable postmortem conclusions in fetuses with
chromosomal aberrations terminated in early gestation,
but we cannot exclude that these would also have later
developed a posterior fossa malformation. A minority
of fetuses in the study group had three recognizable
brain spaces. None of these fetuses had chromosomal
aberrations, and only one was later found to have a
cerebral anomaly, which was less severe than the ones
described in the subgroup with only two brain spaces
visualized.

Therefore, we suggest that, although the sonographic
demonstration of an enlargement of the fluid spaces of
the posterior fossa at 11–14 weeks’ gestation does not
necessarily indicate the presence of a fetal anomaly, it
represents a major risk factor for cerebral malformations
and a variety of chromosomal anomalies, not just
aneuploidies. The risk is particularly high when the
echogenic line normally dividing the future fourth

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2016; 47: 720–725.
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ABSTRACT

Objective To describe the sonographic appearance of
fetal posterior fossa anatomy at 11–14 weeks of
pregnancy and to assess the outcome of fetuses
with increased intracranial translucency (IT) and/or
brainstem-to-occipital bone (BSOB) diameter.

Methods Reference ranges for brainstem (BS), IT and
cisterna magna (CM) measurements, BSOB diameter and
the BS : BSOB ratio were obtained from the first-trimester
ultrasound examination of 233 fetuses with normal
postnatal outcome (control group). The intraobserver
and interobserver variability of measurements were
investigated using 73 stored ultrasound images. In
addition, a study group of 17 fetuses with increased
IT and/or BSOB diameter was selected to assess outcome.

Results No significant intraobserver or interobserver
variability was found for any measurement in the control
group. In the study group, IT was increased in all cases
and BSOB diameter was above the 95th centile of the
calculated normal range in all but two (88%) cases.
In 13/17 study cases, only two of the three posterior
brain spaces were recognized on ultrasound. These 13
fetuses had a larger BSOB diameter than did the four
cases that showed all three posterior brain spaces, and
had severe associated anomalies including Dandy–Walker
malformation (DWM) and/or chromosomal anomalies.

Conclusions Visualization of the fetal posterior fossa
anatomy at 11–14 weeks’ gestation is feasible. Increased
fluid in the posterior brain at 11–14 weeks, particularly in
the case of non-visibility of the septation that divides the
future fourth ventricle from the CM, is an important
risk factor for cystic posterior fossa malformations,

Correspondence to: Dr P. Volpe, Fetal Medicine Unit, Di Venere Hospital, Ospedale Di Venere 1, 70100, Bari, Italy
(email: paolo-volpe@libero.it)

Accepted: 16 April 2015

in particular DWM, and/or chromosomal aberrations.
Copyright © 2015 ISUOG. Published by John Wiley &
Sons Ltd.

INTRODUCTION

The role of the first-trimester ultrasound examination has
expanded from screening for aneuploidy to diagnosing
fetal malformations1–4. At 11–14 weeks of gestation, it
is possible to visualize and measure three spaces in the
posterior brain: the brainstem (BS), the fourth ventricle
or intracranial translucency (IT) and the cisterna magna
(CM). Such anatomical spaces are assessed routinely by
ultrasound in the mid-sagittal view of the fetal face as part
of the nuchal translucency (NT) scan at 11–14 weeks.
Irregularities of the posterior brain spaces, including
their measurements, have been proposed as markers of
posterior fossa anomalies5–7. The correlation between
a decreased amount of fluid in the posterior brain and
open spina bifida is well established6–12. More recently,
it has been suggested that increased fluid may indicate
the presence of cystic posterior fossa anomalies such as
Dandy–Walker malformation (DWM) and Blake’s pouch
cyst (BPC)13–18. The aim of our study was to describe the
outcome of fetuses with increased fluid in the posterior
brain at 11–14 weeks.

PATIENTS AND METHODS

We conducted a case–control study in two referral
centers for prenatal diagnosis including patients at low
risk and patients referred because of an increased risk
of chromosomal and/or anatomical defects. The control
group included 233 fetuses with a normal ultrasound

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd. ORIGINAL PAPER
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Figure 2 Brainstem-to-occipital bone (BSOB) diameter in study
group of 17 fetuses with increased intracranial translucency and/or
increased BSOB diameter and in 233 normal fetuses. Boxes
represent median and interquartile range, and whiskers are 5th and
95th centiles.
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Figure 3 Measurements of brainstem-to-occipital bone (BSOB)
diameter in 17 fetuses with increased intracranial translucency
and/or BSOB diameter ( ) and in normal controls ( ), according to
crown–rump length (CRL) and plotted on the median, 5th and 95th

centiles of the control group.

Chromosomal anomalies were found in nine cases, and
in six cases malformations were diagnosed by ultrasound
at 11–14 weeks’ gestation. DWM was present in four
cases (Figure 6), either alone or in combination with other
abnormalities, including chromosomal aberrations and
structural malformations. One fetus with mosaicism of
chromosome 9 identified from chorionic villi was found
to have a BPC and early severe growth restriction at
19 weeks. Overall, 12 couples requested termination of
pregnancy. This was performed within the 14th week of
gestation in eight cases, and it was not possible to obtain
reliable postmortem conclusions at this early gestational
age. In the remaining four cases that were terminated
at a later gestational age, autopsy always confirmed the
antenatal diagnosis. One pregnancy with a fetus affected

5040
0.3

0.4

0.5

0.6

BS
 : 

BS
O

B

0.8

0.7

0.9

80 907060

CRL (mm)

Figure 4 Measurements of brainstem (BS) to brainstem-to-
occipital bone diameter (BS : BSOB) ratio in 17 fetuses with
increased intracranial translucency and/or increased BSOB diameter
( ) and in normal controls ( ), according to crown–rump length
(CRL) and plotted on the median, 5th and 95th centiles of the
control group.

BS

Figure 5 Mid-sagittal ultrasound image of fetal brain at 13 weeks’
gestation in a case with trisomy 18 and a posterior fossa cyst
(Case 9), showing only two posterior brain spaces because the
border between the fourth ventricle and the cisterna magna is not
visible. Measurements of brainstem (BS) diameter and
brainstem-to-occipital bone diameter (lower arrow) are seen.

by isolated DWM continued to term. The infant was
alive and well at the time of writing, but neurological
outcome is uncertain because of the very short follow-up
(4 months old).

In the four fetuses (Cases 14–17, Table 3) in which three
brain spaces could be seen (Figure 7), IT was increased in
all four and BSOB diameter increased in two. Only one
fetus (Case 16) underwent karyotyping, with a normal
result. This fetus was found at a later stage of gestation
to have a BPC, an interhemispheric cyst (Figure 8) and
unilateral hydronephrosis but was alive and in good
condition at the time of writing, although at a rather
brief follow-up (2 years old). Karyotype was not obtained

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2016; 47: 720–725.
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Figure 1 Case 1 (a and b), case 2 (c and d), case 3 (e and f), and case 4 (g and h). Midsagittal prenatal (a, c, e, g) and postnatal T2-weighted
(b, d, f, h) magnetic resonance images showing limitation in vermian analysis. Note posterior fossa enlargement, global upward displacement
of the tentorium, and small malformed vermis, which are the three anatomical criteria for diagnosing Dandy–Walker malformation (a, f).
Relative to the global displacement of the tentorium in Dandy–Walker malformation, focal tentorium displacement and complete vermis on
postnatal MRI were suggestive of persistence of Blake’s pouch cyst in case 4 (h). Case 3 had subtelomeric deletion (6p deletion)

L. Guibaud et al.188

Prenatal Diagnosis 2012, 32, 185–193 © 2012 John Wiley & Sons, Ltd.
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Figure 1 Case 1 (a and b), case 2 (c and d), case 3 (e and f), and case 4 (g and h). Midsagittal prenatal (a, c, e, g) and postnatal T2-weighted
(b, d, f, h) magnetic resonance images showing limitation in vermian analysis. Note posterior fossa enlargement, global upward displacement
of the tentorium, and small malformed vermis, which are the three anatomical criteria for diagnosing Dandy–Walker malformation (a, f).
Relative to the global displacement of the tentorium in Dandy–Walker malformation, focal tentorium displacement and complete vermis on
postnatal MRI were suggestive of persistence of Blake’s pouch cyst in case 4 (h). Case 3 had subtelomeric deletion (6p deletion)

L. Guibaud et al.188

Prenatal Diagnosis 2012, 32, 185–193 © 2012 John Wiley & Sons, Ltd.

ca
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Figure 4 (a and d) Similarities between Dandy–Walker malformation (DWM) and persistent Blake’s pouch cyst (BPC) regarding the presence
of a thin membrane in continuity with the more distal part of the inferior vermis, as shown on T2-weighted magnetic resonance imaging (a and
c) and sonographic (Figure 3b and d) midsagittal images (arrows). Diagrams of DWM (b) and persistent BPC (d) show that, in both cases, this
membrane is likely to represent the superior part of the BPC (arrow) associated with either a malformed (DWM) or normal vermis (BPC)
(modified from Robinson and Goldstein,15 with permission from Dr A Robinson). Case 1 (a and b) and case 4 (c and d)

ba

Figure 5 Pathological specimen of Dandy–Walkermalformation at 28 to 29weeks’ gestation (a) comparedwith normal vermis (b) at the same stage
of development (courtesy of Dr F. Razavi, Neuropathology, Hôpital Necker, France). Note that the primary (large arrow) and prepyramidal (short
arrow) fissure and lobulation were clearly identified on the normal specimen. Such anatomical landmarks are very difficult to assess with confidence
in pathological specimens. According to F. Razavi, the malformed vermis was very similar to normal vermis at a very early stage of development

Prenatal diagnosis of ‘isolated’ Dandy–Walker malformation 191

Prenatal Diagnosis 2012, 32, 185–193 © 2012 John Wiley & Sons, Ltd.
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• MAR, 1/100000 

• Ciliopathie; plusieurs gènes impliqués 

• manifestations cliniques: hypotonie, ataxie, retard de développement 

• IRM postnatale: signe de la dent molaire (hypoplasie vermienne et 
malformations du mésencéphale et télencéphale).

228 Quarello et al.

Table 1 Characteristics of seven fetuses affected by Joubert syndrome and related disorders evaluated between December 2005 and
December 2012

US cerebral findings

Case
Family
history

GA at
referral
(weeks) Reason for referral

GA at
diagnosis
(weeks) 2D US 3D US

Associated
malformations

MRI findings
(GA (weeks)) Outcome

1 No 23 Renal cysts 28 MTS MTS Renal cysts MTS (28) Survived
2 No 22 Kidney enlargement 22 MTS MTS Renal cysts MTS (24) TOP
3 No 22 Communication

between fourth
ventricle and
cisterna magna

27 MTS NP None MTS (27) TOP

4 No 19 Communication
between fourth
ventricle and
cisterna magna

32 MTS NP None MTS (32)* TOP

5 No 24 Polyhydramnios,
facial cleft

24 MTS MTS Unilateral cleft of lip,
maxilla and
posterior palate,
occipital
meningocele,
hyperechoic kidneys

MTS, occipital
meningocele (24)

TOP

6 Yes 32 Previous child
affected

32 MTS,
umbrella sign

NP None MTS (32) TOP

7 Yes 17 Previous child
affected

17 MTS MTS Ventriculomegaly,
hyperechoic kidneys

NP TOP

*MRI also performed at 22 and 28 weeks in Case 4, but MTS was not visualized at these exams. 2D/3D US, two-/three-dimensional
ultrasound; GA, gestational age; MRI, magnetic resonance imaging; MTS, molar tooth sign; NP, not performed; TOP, termination of
pregnancy.

Figure 1 Visualization of the molar tooth sign (arrowheads) in two fetuses with Joubert syndrome and related disorders, in axial views of
the brainstem at the level of the superior cerebellar peduncles: in Case 2, on two-dimensional ultrasound (a) and three-dimensional
sonographic reconstruction with surface rendering mode (b) at 22 weeks and on magnetic resonance imaging at 24 weeks (c), and in Case 4
macroscopically (d). The fourth ventricle is indicated ( ).

Fetal cerebral MRI was carried out in six of the seven
fetuses and in all cases showed evidence of MTS associated
with pathognomonic deformities of the fourth ventricle
with other subtle features as detailed in the Discussion.

After genetic counseling, one patient (Case 1) decided
to continue the pregnancy, and termination of pregnancy
(TOP) was carried out in the other cases. JSRD was
confirmed postnatally by autopsy in all terminated cases
and by imaging findings in Case 1.

DISCUSSION

There have been many reported cases of JSRD,
with visualization of the MTS, associated with meningo-
encepholocele, polydactyly, various ocular malformations

(e.g. coloboma, chorioretinal dysplasia), polycystic kid-
neys with liver fibrosis, tongue tumors, cleft palate
and, in rare cases, cardiac malformations and abnormal
chest movements1,2. Identification of varying degrees of
neuroradiological abnormalities, in particular the MTS,
and malformations of other organs initially led Satran
et al.3 in 1999 to define a large family of disorders as
‘COR’ (cerebello-occulo-renal) syndromes, in which there
were abnormalities affecting the cerebellum, eyes and
kidneys4. In 2004, Gleeson et al.5 defined eight distinct
entities belonging to the category of JSRD. Recently,
Valente et al.2 created a new, simplified nosological
classification of JSRD, and indicated that MTS represents
the unique mandatory feature and primary criterion
for diagnosis of JSRD. Six subgroups of JSRD were

Copyright © 2013 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2014; 43: 227–232.
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Figure 3 Axial ultrasound images of normal fetal posterior fossa at 22 gestational weeks (a) and 30 weeks (b) and in two fetuses with
Joubert syndrome and related disorders (JSRD) at 22 weeks (c, Case 2) and at 32 weeks (d, Case 6). In (c) and (d), the fourth ventricle ( ) is
enlarged and the ventricular floor is abnormal, pointing anteriorly due to the lack of normal decussation of the cerebellar peduncles in the
tegmentum. In JSRD, at this level of the brainstem the anteroposterior (AP) diameter of the superior aspect of the fourth ventricle is longer
than is its transverse (T) diameter. The shape of the fourth ventricle in normal (a,b) and JSRD (c,d) conditions can be compared using the
corresponding line drawings. Red and green lines indicate fourth ventricular roof and floor, respectively. post, posterior.

(a)

(b)

Figure 4 (a) Two-dimensional ultrasound images (sagittal view). (a) Normal fetal posterior fossa at 27 weeks. (b,c) In Joubert syndrome and
related disorders, the fourth ventricle ( ) appears to be abnormally enlarged and rounded, lacking the characteristic triangular shape and
posterior ‘fastigial point’ (arrow) (Case 6, 32 weeks). Red and green lines indicate fourth ventricular roof and floor, respectively.

Copyright © 2013 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2014; 43: 227–232.
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Figure 5 Line drawings showing the appearance in sagittal view of the fourth ventricle ( ), in a normal fetus (a) and in a fetus with Joubert
syndrome and related disorders (JSRD) (b). The fourth ventricle of JSRD-affected fetuses appears abnormally enlarged and rounded, lacking
the characteristic triangular shape and ‘fastigial point’, and is displaced upward. Arrow indicates fastigium, double-headed arrow indicates
isthmic portion of the brainstem, which is reduced in cases of JSRD, and red line indicates fourth ventricular roof. H, cerebellar hemisphere;
V, vermis.

(a)

(b)

Figure 6 Two-dimensional ultrasound images (axial view). (a) Fetus with normal posterior fossa at 32 weeks. (b,c) A 32-week fetus with
Joubert syndrome and related disorders (JSRD) (Case 6); the level at which image was obtained is below that in Figures 3c and 3d.
Unusually, in this JSRD fetus, the communication between the fourth ventricle ( ) and the cisterna magna is thin, resulting in a ‘batwing’ or
‘umbrella’-shaped fourth ventricle. The shape of the tegmentum of the fourth ventricle in the normal (a) and JSRD (b) fetuses is compared
using line drawings, in which it appears as a convex line and an umbrella, respectively. Red and green lines indicate fourth ventricular roof
and floor, respectively.

at which the fourth ventricle is assessed in axial view; only
at the upper level of the pons is the floor of the fourth
ventricle seen pointing anteriorly (Figure 6b).

In sagittal view, the fourth ventricle of fetuses
with JSRD appears to be abnormally enlarged and
rounded, lacking the characteristic posterior ‘fastigial
point’ (Figures 4b and 5b), and with a convex roof
(Figures 4b and 5b).

Diagnosis of JSRD in utero usually relies on a positive
family history and/or on the ultrasound finding of
abnormal posterior fossa anatomy or the presence of
associated suggestive features, such as kidney anomalies
or polydactyly. As with other abnormal fetal cerebral
conditions18, the use of 3D ultrasound, especially axial
reconstruction and surface rendering mode, can facilitate
visualization of the MTS at the pontomesencephalic

Copyright © 2013 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2014; 43: 227–232.
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• Thrombose du torcular 

• Elargissement modéré de la grande citerne 
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R H O M B E N C E P H A L O S Y N A P S I S

• Agénésie totale ou partielle du vermis 

• Fusion des hémisphères cérébelleux avec 
diamètre transverse diminué 

• Fusion des noyaux dentelés, des 
pédoncules cérébelleux supérieurs 

• Dilatation ventriculaire, hydrocéphalie

enlargement of the massa intermedia [28,32,33]. The calvarium may
also be affected in a Chiari II malformation,with amesenchymal dyspla-
sia of the calvarial plates, leading to the “luckenschadel” or lacunar skull
(Fig. 7b) [34]. Computed tomography (CT) three-dimensional surface
reformats of the skull nicely depict the numerous pits and thinning of
the inner and outer tables caused by abnormal collagen development
and ossification. This abnormality normalizeswithin the first year of life.

Prenatal assessment with fetal ultrasound will document the
myelomeningocele, which occurs most often in the lumbar region. The
shape of the fetal calvarium is altered, with concave scalloping of the
frontal bones, termed the lemon sign (Fig. 8a). The lemon sign is typically
diagnosed at 16–22weeks, and thefindingmaydisappear after 25weeks
gestational age [35,36]. It is important to be aware that the lemon sign is
not specific tomyelomeningocele andmay also be seen in the context of
encephalocele and even in congenital brain anomalies not involving the
neural tube [37]. Another fetal ultrasound finding in Chiari II is the ef-
faced cisterna magna and the compressed fetal cerebellum, which has
an unusual elongated morphology, referred to as the “banana sign”
(Fig. 8a) [38,39]. An additional finding in the prenatal sonographic diag-
nosis of Chiari II after 25weeks gestational age (GA) is a triangular shape
of the posterior horn of the lateral ventricle in coronal plane imaging

(Fig. 8b) [39]. Ventriculomegaly is easily appreciated by ultrasound.
Fetal MR imaging will show additional key prognostic factors, including
degree of herniation, brainstem dysmorphology, corpus callosal dysgen-
esis, and cerebral cortical or white matter abnormalities [40].

Fetal surgical repair of myelomeningocele has seen many advances
and promising results in the past decade, with reversal of the hindbrain
herniation following surgery [31]. Research in this area is ongoing to de-
termine the long-term effects of this type of prenatal intervention. Post-
natally, myelomeningocele closure, tethered cord release, and
ventriculoperitoneal shunting are typically performed. Posterior fossa
decompression may also be performed in severe cases [41].

10. Early ischemic and/or hemorrhagic abnormalities

Posterior fossa ischemic insult with or without hemorrhage is an
often-overlooked entity. Although not as common as the germinal ma-
trix hemorrhage, it is more prevalent than previously thought [42]. Ad-
vances in sonographic resolution and the recent availability of fetal MRI
have increased the recognition of this condition. Ultrasound reveals in-
creased echogenicity with ill-defined margins in the cerebellar hemi-
spheres (Fig. 9). In the infant, the best sonographic approach is
through the mastoid fontanelle [43]. Small cerebellar bleeds may be
seen in premature infants and are thought to originate in the posterior
fossa germinalmatrix (at the external granular layer of the cerebellum),
with similar pathophysiology to the supratentorial germinal matrix
hemorrhage. Other etiologies of cerebellar ischemia/hemorrhage in-
clude intrauterine infection, coagulopathies, venous sinus thrombosis,
and neonatal alloimmune thrombocytopenia [44].

Fig. 6.RES. Axial T2-weighted image (a) from a postnatalMR of a newbornwith prenatally
identified small cerebellum and ventriculomegaly (not shown) demonstrates absent ver-
mis and fusion of folia and interfoliate sulci across themidline (arrow), confirming the di-
agnosis of RES. Ex-situ (b) view of posterior cerebellum in a different male fetus following
termination of pregnancy at approximately 21weeks shows fusion of right and left hemi-
spheres (RES). The fetus also had aqueductal stenosis and ventriculomegaly.

Fig. 7.MR and CT findings of Chiari II malformation in a neonate with myelomeningocele.
Sagittal T1-weighted image of the brain (a) through the midline shows a small posterior
fossa and pointed morphology of the herniating inferior cerebellar tonsil (white arrow),
cervical cord syrinx (arrowhead), and corpus callosal dysgenesis (black arrow). Calvarial
three-dimensional surface-shaded reconstructions from a CT (b) show clearly the lacunar
skull seen in Chiari II malformation, with numerous calvarial pits and thinning.

172 T. Chapman et al. / Clinical Imaging 39 (2015) 167–175
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478 Guibaud and des Portes

normal cerebellar anatomy, including a distinct vermis
surrounded by two well-defined hemispheres, with no
communication between the fourth ventricle anteriorly
and the cisterna magna posteriorly. Therefore, we
propose in our algorithm (Figure 1) that the main
abnormalities of the posterior fossa that can be depicted
on routine ultrasound examination (axial plane) include:
(1) increased cisterna magna: the so called ‘cystic’
malformations of the posterior fossa, for which the
wider terminology of ‘increased fluid-filled space of the
posterior fossa’ is preferred, (2) abnormal TCD (most

often decreased) and (3) abnormal cerebellar anatomy.
In such circumstances, a prenatal imaging work-up is
mandatory for an accurate anatomical cerebral check-
up based on further ultrasound planes, especially sagittal
ones, and MRI.

(1) In the setting of an ‘increased fluid-filled space
of the posterior fossa’, the main anatomical land-
mark is the position of the cerebellar tentorium
and torcular. In the case of ascent of the torcular
(Figure 2), the increased fluid-filled retro- or pericere-
bellar space is related to an expansion of the fourth

(1) Increased ‘fluid-filled’
space of the posterior fossa

(2) Decreased biometry
(decreased TCD for GA)

(3) Abnormal cerebellar
anatomy

Decreased biometry
See section (2)

Abnormal anatomy
See section (3)

Normal cerebellar
anatomy

Abnormal

Brain stem

Normal

Pontocerebellar
hypoplasia

Cerebellar
hypoplasia

Routine ultrasound examination

Torcular in place

Cerebellar anatomy / biometry

Elevated torcular

Dandy–Walker
malformation

Normal
rotated vermis?

Megacisterna magna
Arachnoid cyst

Blake pouch cyst

Dysplasia
Ischemia
Hemorrhrage

Barth
OPHN-1
Reelin

Aneuploidy
CMV infection
CDG syndrome

Joubert

Complete Partial

Hydrocephalus?

Focal
reduction

Global
reduction

Vermian agenesis
TCD : decreased / usually normal / increased

Increased / normal
‘fluid-filled’ space of the PF

Chiari II
Neural tube defect?

‘banana sign’ 
Decreased TCD

Cisterna magna = 0

Rhombencephalo-
synapsis

Decreased TCD

CHARGE

Figure 1 Algorithm showing an anatomical approach to classification of abnormalities of the posterior fossa according to main abnormal
routine sonographic findings. CDG, congenital disorders of glycosylation; CMV, cytomegalovirus; GA, gestational age; PF, posterior fossa;
TCD, transverse cerebellar diameter.

Figure 2 Dandy–Walker malformation in a patient referred for an ‘increased fluid-filled space’ in the posterior fossa. (a) Axial ultrasound
image at 24 gestational weeks showing a communication between the fourth ventricle and the cisterna magna suggestive of vermian agenesis.
(b) Median sagittal ultrasound image showing enlargement of the posterior fossa with ascent of the cerebellar tentorium associated with
partial vermian agenesis and cystic dilatation of the fourth ventricle. (c) Fetal magnetic resonance imaging confirmed the sonographic data.

Copyright © 2006 ISUOG. Published by John Wiley & Sons, Ltd. Ultrasound Obstet Gynecol 2006; 27: 477–481.
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E N  P R AT I Q U E …

• Diagnostic souvent au 2ème trimestre, rarement 1er 
trimestre. 

• Caryotype et CGH array. 

• Pronostic parfois seulement au 3ème trimestre. 

• Apport de l’IRM mais examen tardif 

• Examen foetopathologique fondamental car pose le 
diagnostic et permet d’organiser la prise en charge des 
grossesses suivantes.
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