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Abstract

Purpose The clinical variability of Blake’s pouch cysts (BPC) may range from asymptomatic via ataxia to sequelae of
decompensated hydrocephalus. On the other hand, Dandy-Walker malformation (DWM) and cerebellar vermis hypoplasia
generally correlate with less favorable neurologic development. The aim was to illustrate the potential of prenatal and
postnatal neuroimaging to distinguish a BPC or persistent BP from other posterior fossa malformations.

Methods This pictorial review addresses the inconsistent nomenclature, clinical features, and magnetic resonance imaging
(MRI) patterns of BPC and five differential diagnoses. The MRI findings of 11 patients, acquired at up to 3T in 3 insti-
tutions, are demonstrated. Furthermore, the literature was searched for recent improvements in genetic and embryological
background knowledge.

Results Posterior fossa malformations often resemble each other and may even be imitated by sequelae of hemorrhagic,
ischemic or infectious disruptions, i.e. congenital anomalies of morphology despite normal developmental potential. Hy-
drocephalus is a typical, albeit not always congenital finding in BPC. It is frequently associated with cerebellar disruptions
and DWM; however, it is also a rare complication of posterior fossa arachnoid cysts. A moderately elevated vermis needs
follow-up to confirm persistent BP versus vermian hypoplasia or DWM. The fetal cerebellar tail, previously assumed to
be specific for DWM, may be imitated in cases of persistent BP.

Conclusion The accurate diagnosis of isolated BPC is not always straightforward, which is especially critical in the
context of fetomaternal medicine. A detailed description of posterior fossa malformations is to be preferred over unspecific
terminology.

Keywords Arachnoid cyst - Mega cisterna magna - Cerebellar hypoplasia - Dandy-Walker malformation - Cerebellar
disruption
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Purpose

While about 90% of fetuses with either isolated Blake’s
pouch cysts (BPC) or mega cisterna magna (MCM) are
reported to have normal developmental outcome, Dandy-
Walker malformation (DWM) and hypoplasia of the cere-
bellar vermis correlate with less favorable neurologic de-
velopment in a high percentage of cases [1, 2]. This arti-
cle aims to illustrate the potential of magnetic resonance
imaging (MRI) to distinguish a BPC or persistent BP from
several differential diagnoses in the fetal period and during
childhood.

Blake’s Pouch Cysts

Blake’s pouch cysts (BPC), first appreciated as a separate
entity by Tortori-Donati et al. in 1996 [3], represents a mid-
line cystic malformation of the posterior fossa [4]. It is at-
tributed to absent fenestration of BP, an embryological ex-
pansion of the posterior membranous area continuous with
the fourth ventricle [3, 4]. The infracerebellar or infraretro-
cerebellar cyst is associated with a lack of communication
between the fourth ventricle and the subarachnoid space,
as also shown by phase-contrast studies [5, 6]. In a recent
study of transvaginal ultrasound in 67 pregnant women, the
fourth ventricular choroid plexus was “down” relative to
the roof of the fourth ventricle in all cases of DWM and
vermian hypoplasia (VH), while it was “up” in all cases of
BPC at a mean gestational age of nearly 24 weeks [7]. Dis-

placement of the choroid plexus to the superior cyst wall
is not consistently visible in clinical MRI [8]. A BPC typi-
cally leads to tetraventricular hydrocephalus (Fig. 1; [3, 9]).
Usually, BPs communicate with the subarachnoid space by
18 weeks gestation to form the foramen of Magendie [4,
10]. In the case of non-perforation, all four ventricles will
enlarge until the foramina of Luschka open (Fig. 1) and
establish a labile equilibrium of cerebrospinal fluid (CSF)
between the ventricles and the cisterns [11].

With persistent BP, the cerebellar hemispheres and the
variably elevated vermis tend to be compressed and dis-
placed rather than hypoplastic (Fig. 1; [10, 12]). Delayed
vermian rotation may be a pitfall in prenatal imaging
(Fig. 2) and a potential risk of unnecessary pregnancy
interruption [13]. Follow-up in the early third trimester
is recommended (Fig. 2; [12, 13]). Fetal MRI, which is
believed to be safe within accepted specific absorption rate
(SAR) limits at 1.5T and 3T, plays an important role in the
classification of posterior fossa malformations; however,
the discrimination of mild hypoplasia from slight deforma-
tion of the cerebellar vermis remains challenging in fetal
and even postnatal high-field MRI (Fig. 2; [12]).

The clinical and morphological variability of BPC is not
sufficiently documented. According to the literature, it may
range from asymptomatic via ataxia or vertigo to sequelae
of decompensated hydrocephalus [14, 15]. Late onset and
even a secondary form with re-expanding BP remnants have
been described [15, 16]. Treatment of symptomatic BPC is
surgical and the placement of a ventriculoperitoneal (VP)
shunt a well-established method [14]; however, endoscopic

Fig. 1 a—c Preoperative T2-weighted 3 T magnetic resonance (MR) imaging in a 9-month-old female infant with severe tetraventricular hydro-
cephalus. a Marked flow void (white arrowhead) in an open Sylvian aqueduct and turbulent dephasing between the widened fourth ventricle and
Blake’s pouch cyst (asterisk) are demonstrated in the sagittal image. The thin posterior cyst wall (black arrowhead) can be delineated inferior to
the slightly elevated and compressed posterior vermian lobe. b The foramina of Luschka (arrows) are open as inferred from symmetrical flow
voids in axial MR images. This has established a delicate equilibrium of cerebrospinal fluid outflow from the ventricles into the cisterns leading to
concavity of the floor of the third ventricle (a, arrow). ¢ Hydrocephalus is associated with periventricular interstitial edema (arrowheads) indicating
increased intracranial pressure in this axial slice at the level of the perforated septum pellucidum (arrow)
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Fig.2 Slightly off midline
sagittal (a) and axial (b) half-
Fourier acquisition single-shot
turbo spin-echo (HASTE)
T2-weighted 3 T magnetic reso-
nance images of the fetal brain
at 21 weeks gestation suggesting
a slightly hypoplastic cerebellar
vermis with the fastigial point
flattened (a arrowhead) and

a moderately increased tegmen-
to-vermian angle of about 35°.
A lateral septum (b arrow) in
the posterior fossa is considered
to belong to Blake’s pouch (a
asterisk). The follow-up HASTE
image derived from the same
scanner at 31 weeks gestation
shows nearly normal rotation of
the vermis in a slightly enlarged
posterior fossa (¢ asterisk) sug-
gesting delayed fenestration of
Blake’s pouch. Normal torcular
position (¢ arrow) is confirmed.
Mild inferoposterior vermian
hypoplasia may be suspected
from early third trimester gesta-
tional imaging. A similar pattern
is depicted after birth on a sagit-
tal fluid-attenuated inversion
recovery (FLAIR) image (d)
acquired at the age of 12 weeks.
Size and shape of the cerebellar
vermis imply mild hypoplasia
and that its posterior lobe (d,
arrow) has experienced mass ef-
fect due to prolonged persistence
of Blake’s pouch

third ventriculostomy is less invasive and has been advo-
cated as the preferred treatment option by some authors [15,
17]. Fenestration of the cyst may be an insufficient treat-
ment with a higher risk for complications, as previously
reported [14].

Posterior Fossa Arachnoid Cyst

Arachnoid cysts (AC) are lesions filled with cerebrospinal
fluid (CSF) lined by the arachnoid membrane that do not
communicate with the neighboring subarachnoid space or
ventricles [8]. Frequently, they are found posterior or in-
ferior to the vermis but can be located in any positional
relationship to the cerebellum (Fig. 3; [18]). The com-
puted tomography density and MRI signal characteristics
are equivalent to that of CSF (Fig. 4). Follow-up imaging
every 2 weeks has been recommended for posterior fossa

AC detected in the fetal period to evaluate its growth and
space-occupying effect [19].

Albeit not typically associated with hydrocephalus, AC
may cause a mass effect depending on size and location.
Increased intracranial pressure and neurodevelopmental im-
pairment have been associated with AC [8]; however, most
posterior fossa AC are asymptomatic and surgery is rarely
needed. In a long-term study of symptomatic posterior
fossa AC shunted in infancy, the authors found a favorable
prognosis for cognitive development and neurological signs
[18].

Mega Cisterna Magna
Just like BPC, MCM has traditionally been associated with
an embryological defect of the posterior membranous area

resulting in late fenestration of BP [3]. Incremental impor-
tance is now attributed to the meninges for the develop-
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Fig.3 a, b Mid-sagittal T2-weighted turbo spin echo (TSE) (a) and coronal triple inversion recovery (TIR) sequence (b) images from 1.5T
magnetic resonance imaging in a 2-month-old female patient scanned for a posterior fossa cyst incidentally found by sonography on the first day
of life. The asterisks indicate a space-occupying infracerebellar arachnoid cyst. Besides being asymmetrically compressed and slightly elevated,
the cerebellum appears normal in structure. The overlying skull shows thinning and scalloping. Within a follow-up period of 5 years, the girl

showed normal neurological development

Fig.4 a, b 3T magnetic res-
onance (MR) imaging of the
brain in an 18-year-old male
patient scanned for posttrau-
matic brain lesions. The axial
T2-weighted MR image (a)
and the contrast-enhanced 3D
magnetization-prepared rapid
gradient-echo (MP-RAGE) im-
age (b) depict a normal shaped
fourth ventricle and a retrocere-
bellar cystic structure (asterisks)
with small veins (arrowheads)
running along its periphery. The
incidental finding in the poste-
rior fossa is compatible with an
arachnoid cyst

ing cerebellum as also shown by animal models [20, 21].
The MCM represents a variably enlarged cisterna magna
(>10mm on midsagittal images) with a normal brain stem
and cerebellum (Fig. 5; [8]). The latter favors the diagno-
sis of MCM compared to AC. The concept of MCM being
a cystic malformation is controversial. Due to free commu-
nication with the fourth ventricle and spinal subarachnoidal
space, it does not lead to hydrocephalus [9]. There is broad
acceptance that MCM is an incidental finding and per se
associated with a good prognosis; however, it has also been
described in association with human filamin A gene mu-
tations along with classical X-linked bilateral periventricu-
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lar nodular heterotopia, cardiovascular malformations and
epilepsy [22, 23].

Cerebellar and Vermian Hypoplasia

Cerebellar hypoplasia (CH) is a nonspecific descriptive term
referring to reduced volume of the cerebellum [24]. For the
purpose of precise evaluation both in MRI and sonography,
biometric reference data have been published for the devel-
oping vermis and posterior fossa [7, 25-27]. Neuroimaging
provides key information for the categorization of congen-
ital cerebellar abnormalities which may be due to malfor-
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Fig.5 Mid-sagittal half-Fourier acquisition single-shot turbo spin-e-
cho (HASTE) image from 3 T magnetic resonance imaging of the fetal
brain at 33 weeks gestation. The enlarged cerebrospinal fluid space (ar-
row) posterior and inferior to a normal cerebellar vermis in the absence
of hydrocephalus suggests mega cisterna magna

mation (primary) or disruption (secondary) [8, 28]. It is
crucial to differentiate the variable etiologies in terms of
prognosis and genetic counseling. Reliable fetal MRI of
the cerebellum starts from 19 to 20 weeks of gestation [24,
28]. Primary conditions include chromosomal aberrations,
metabolic disorders, genetic syndromes (e.g. Joubert), and

other brain malformations (e.g., Dandy-Walker) [8]. Induc-
ing and maintaining the basal lamina and glia limitans, the
meninges are essential for a normal cerebellar development.
Remarkably, heterozygous mutations of FOXCI which en-
codes a transcription factor expressed by meningeal cells
are accompanied by VH [21].

Somatic mutations have been proposed for the PHACE
association consisting of posterior fossa anomalies, he-
mangioma, arterial anomalies, cardiac anomalies, and eye
anomalies [29]. This genetic association comprises pos-
terior fossa anomalies, hemangioma, arterial anomalies,
cardiac anomalies and eye anomalies [30]. In the fetal
period, the cerebellar “tilted telephone receiver sign” is
believed to be a specific imaging feature of PHACE(S)
[31]. Unilateral CH with occasional involvement of the
cerebellar vermis (Fig. 6) has to be expected in PHACE(S)
patients with affection of the posterior fossa [30]. In con-
trast, DWM is infrequently associated with PHACE(S)
[30].

The “molar tooth sign” is a pathognomonic feature of
Joubert syndrome, an autosomal recessive ciliopathy with
the exception of OFDI mutation which is X-linked. It is
accompanied by hypoplasia or dysplasia of the cerebellar
vermis (Fig. 7; [32]). This imaging pattern is composed of
thickened, elongated, and horizontally orientated superior
cerebellar peduncles with an abnormally deep interpedun-
cular fossa [30]. Ultimately, Joubert syndrome comprises
a wide spectrum of imaging findings. Morphology may
rather predict the neurodevelopmental outcome than the ge-
netic cause [33], i.e. VH of a higher grade tends to corre-
late with worse neurodevelopmental outcome. More than
40 genes are currently known to be associated with Joubert
syndrome.

Fig.6 a, b Coronal (a) and axial (b) T2-weighted fast spin-echo (FSE) images of the brain in a 3-week-old patient depicting an abnormal vermis
(arrowheads) and left-sided cerebellar hypoplasia with pronounced cerebrospinal fluid (CSF) space (asterisks). The cerebellum is dysplastic with
cortical anomaly and areas of heterotopia throughout the cerebellar white matter. Associated ipsilateral hemangioma of the head and absence of
the internal carotid artery are not shown. This constellation is characteristic for PHACE association
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Fig.7 a-d Fetal 3T magnetic resonance imaging at 20 weeks ges-
tation following sonographic suspicion of persistent Blake’s pouch.
Thickened, elongated, and horizontally orientated superior cerebellar
peduncles (a, arrows) compatible with “molar tooth sign”, roughly
normal cerebellar hemispheres (b, arrowheads), an enlarged posterior
fossa (c, asterisk), and a hypoplastic, moderately elevated vermis (c,
arrow) are shown in axial (a, b) and sagittal (¢) HASTE images. The
association with enlarged polycystic kidneys (d, asterisks), as depicted
on a coronal HASTE image, suggests a cerebellorenal phenotype
within the Joubert syndrome spectrum

Fig.8 Mid-sagittal (a) and
coronal (b) HASTE 3T mag-
netic resonance images of the
fetal brain at 23 weeks gestation.
a Cystoid dilatation of the fourth
ventricle in an enlarged poste-
rior fossa (asterisk) is associated
with elevation of the hypoplastic
cerebellar vermis (black arrow)
and the torcula (white arrow).
The tegmento-vermian angle
(130°) is markedly increased.

b Moderately displaced cerebel-
lar hemispheres (arrowheads)
appear normal in shape and size.
The findings are compatible with
Dandy-Walker malformation
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Cerebellar dysplasia (CD), defined as abnormal cerebel-
lar foliation and fissuration, white matter arborization, and
abnormal grey-white matter junction has been described
in the context of few posterior fossa malformations with
recessive inheritance [8, 24]. Cortical CD without cysts
is suggestive of tubulinopathies, a group of heterozygous
disorders further characterized by cortical, basal ganglia
and commissural malformations and invariably associated
with intellectual disability [34]. They have to be distin-
guished from other autosomal recessive disorders with CD
associated with different clinical features such as hearing
loss (Chudley-McCullough syndrome), retinal dystrophy
(Poretti-Boltshauser syndrome), muscular dystrophy (dys-
troglycanopathies) and progressive retinal, kidney and liver
disease (Joubert syndrome). Focal CD may also be found
in unilateral cerebellar cleft or hypoplasia on the basis of
prenatal cerebellar disruptions [24, 34]. Secondary causes
of CH include prenatal infections, exposure to teratogens,
and extreme prematurity [8].

Despite limitations in the ability to distinguish it from
persistent BP with putative compression of the vermis, the
term “inferior VH” is increasingly used [10, 13, 35]. If at all
VH coexists with BPC, with respect to its ventral to dorsal
development it may not necessarily be the inferior vermis
that is abnormal [12, 35]. The position of the choroid plexus
has been suggested to be a discriminator between true VH
and BPC [9, 35]. According to an early fetal MRI study per-
formed on a 1.5T scanner, suspected isolated inferior VH in
second trimester imaging was confirmed postnatally in less
than 70% of cases [36]. Despite a tendency towards lower
behavioral and functional scores as compared to normal
controls, the developmental outcome of infants with con-
firmed inferior VH was reported to be overall good [36].
It has to be kept in mind that even after postnatal revision
based on imaging and clinical tests, the prenatal diagnosis
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Fig.9 Mid-sagittal (a) and axial (b) T2-weighted fast spin-echo (FSE) images of the brain in a 9-month-old patient after shunt (a, black arrow-
head) placement for chronic hydrocephalus in the context of Dandy-Walker malformation. a Occlusion of the Sylvian aqueduct (white arrowhead)
with absent flow void has developed postnatally. Configuration of the folia and lobules of the anterior lobe and the upper portion of the posterior
lobe of the vermis (asterisk) is approximately normal. The lower portion of the posterior lobe is almost completely missing and in continuity
with a “tail” (arrow) that possibly represents ependyma and connective tissue of the extremely enlarged fourth ventricular roof. b The cerebellar

hemispheres (asterisks) appear normal in size and structure

Fig. 10 a, b Magnetic resonance images of the brain in an 8-year-old female patient of short stature primarily sent for evaluation of the pituitary
gland. The coronal T2-weighted turbo spin echo (TSE) image depicts irregular volume reduction at the base of both cerebellar hemispheres with
right-sided predominance (a, arrow). The axial susceptibility-weighted image (SWI) shows bilateral focal signal loss (b, arrows) posterior to the
lateral recess of the enlarged fourth ventricle, most likely representing hemosiderin deposits. The imaging pattern is compatible with cerebellar

disruption due to hemorrhage

of VH may be associated with a persistently elevated level
of parental stress.

Dandy-Walker Malformation

The DWM, initially described by Dandy and Blackfan in
1914 [37], is defined by hypoplasia, elevation, and counter-
clockwise upward rotation of the cerebellar vermis, cystic
dilatation of the fourth ventricle extending posteriorly into
the enlarged posterior fossa (Fig. 8; [8, 28, 38]). Elevation
of the tentorium and torcula (torcula-lambdoid inversion) is

commonly associated but not a consistent finding and there-
fore not included in the diagnostic criteria [8]. The same
is true for hydrocephalus. The prevalence of DWM as an
isolated malformation has been reported to be 1 in 30,000
live births and the risk of recurrence is low [8].

The embryological concept of BPC and MCM originat-
ing from a defect of the posterior membranous area and
DWM from a defect of the anterior membranous area is
nowadays regarded as simplistic [3, 20, 21, 39]. In mice,
the FOXCI gene which encodes a transcription factor ex-
pressed by meningeal cells plays a crucial role in cerebellar
development [21]. Posterior fossa malformations ranging
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Fig. 11 a-c T1-weighted gradient echo sequence images in a 17-year-
old patient with a history of cerebellar disruption following extreme
prematurity. Emergency cesarean section was performed at 27 weeks
gestational age. a The coronal image shows cerebellar hypoplasia with
the vermis (arrow) being less affected, therefore leading to a “dragon-
fly pattern”. Mild colpocephaly (arrowheads) is the result of periven-
tricular leukomalacia. b A sagittal slice through the superior cerebellar
peduncle depicts marked hypoplasia of the cerebellar hemisphere (ar-
rowhead). ¢ The mid-sagittal image shows the vermis (asterisk) to be
relatively preserved. The pontine protuberance (white arrowhead) ap-
pears reduced and an exceptionally pronounced callosal isthmus (black
arrowhead) reflects some white matter loss

@ Springer

from MCM to DWM are a near-constant finding in single
allele deletion of FOXCI gene affecting the p25.3 region
of chromosome 6 in humans [21, 40]. Importantly, DWM
in the narrow sense does not seem to be due to the sole
haploinsufficiency of FOXCI [20].

Despite important clinical distinctions, several genes
have been associated both with CH subtypes and with
DWM suggesting that these entities may each represent
one end of a wide spectrum [41]. Not only have many
key mechanisms controlling cerebellar development been
preserved between mouse and human, but also the partially
formed posterior lobule in hypomorphic FOXCI mutant
mice has been shown to resemble the neuroradiological
“tail sign” observed in human DWM [40]. Based on a ret-
rospective study of 31 fetal MRI examinations including
one Blake’s pouch cyst, four “vermian malrotations”, and
15 DWM cases, Bernardo et al. referred to the Dandy-
Walker tail as a specific marker for DWM [42]. Indeed,
there is a pathoanatomical equivalent that represents an
underdeveloped posterior vermian lobule in continuation
with a membrane consisting of ependyma and connective
tissue [43]. It has recently been shown in a small number
of cases that the molecular diagnostic rate is even lower in
DWM with what has been called “unpaired caudal lobule”
compared to DWM without this tail [41]. With respect to
a case of delayed rupture of Blake pouch (Fig. 2), there
are concerns about the specificity of this neuroradiolog-
ical sign (Fig. 9). In our opinion, it may be misleading
only because there is no unequivocal imaging correlate
for a “tail” in the context of posterior fossa malforma-
tions. Furthermore, since terms like Dandy-Walker variant,
complex or spectrum lack specificity and sometimes cause
confusion, a detailed description of the imaging pattern is
to be preferred [8, 28]. The semantic dilemma may arise
with a variably abnormal vermis, inconsistent size of the
CSF space, and difficulty in relating the torcular level to
the lambdoid [38].

In the context of DWM, VH consistently affects the in-
ferior part. The cerebellar hemispheres, typically displaced
anterolaterally, may be normal in size and shape, hypoplas-
tic and/or dysplastic (Fig. 8; [8]). In contrast to BP (Fig. 2a)
or isolated VH, the tegmento-vermian angle is >45° in
DWM (Fig. 8; [8, 44]). In severe cases, the vermis may
become attached to the tentorium or even be absent. De-
spite being a frequent complication, hydrocephalus is not
usually present at birth and, therefore, not a constant part
of the malformation [45]. The inconsistent presence and
degree of communicating hydrocephalus is more due to
a variable patency of the foramina of Luschka and Ma-
gendie [8]. The brain stem may or may not appear thin [8].
Once the prenatal diagnosis of DWM is suspected during
the second trimester, associated supratentorial malforma-
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Table1 Key neuroimaging features of BPC and its differential diagnoses
Malformation Posterior Fossa Vermis Cerebellar “tail Tegmento-vermian  Fourth Hydrocephalus Torcula
sign” Angle Ventricle
BPC Normal Normal Possible Usually <30° Enlarged Very fre- Normal
quent
AC Normal Normal No Normal Normal or Rare Normal
reduced
MCM Inconsistently Normal No Normal Normal No Normal
enlarged
CH/VH Normal Hypoplastic No Usually 30-45°in  Enlarged No Normal
VH
DWM Enlarged Hypoplastic Yes >45° Enlarged Frequent Elevated
CD Normal Normal or No Normal or en- Enlarged Occasional Normal
reduced larged

BPC Blake’s pouch cyst; AC arachnoid cyst; MCM mega cistern magna; CH/VH cerebellar hypoplasia/vermian hypoplasia; DWM Dandy-Walker

malformation; CD cerebellar disruption [37, 51]

tions have to be taken into account for the estimation of
cognitive outcome.

A DWM may occur isolated or as part of a Mendelian
syndrome, aneuploidies, or other chromosomal abnormali-
ties [8]. Macrocephaly is very common and the majority of
affected children present with signs of increased intracra-
nial pressure within their first year of life [8]. Muscular
hypotonia and developmental delay are frequent features,
while ataxia and nystagmus present in half of the patients,
typically later in life [8]. At least one third of children with
DWM show normal cognitive development [8, 46]. Normal
vermian lobulation and exclusion of associated abnormal-
ities, such as callosal dysgenesis have been reported to be
favorable factors [47].

Cerebellar Disruptions

Disruption in this context is defined as a congenital mor-
phological defect resulting from an extrinsic breakdown
of originally normally developed tissue [24]. Malformative
hypoplasia of the cerebellum or, more specifically, of the
vermis may be imitated by the morphologic sequelae of
a disruptive event such as prenatal infection (in particular
cytomegalovirus and Zika virus), hemorrhage, or ischemia
[24, 36]. Thus, in cases of cerebellar disruption, the affected
structure shows a congenital anomaly in size and shape de-
spite its normal developmental potential [24].

According to a large retrospective MRI study, isolated
cerebellar hemorrhagic lesions occur within the first two
trimesters with a prevalent origin peripherally or caudally
in the hemispheres and either unilateral or bilateral involve-
ment ([48]; Fig. 10). Symmetric volume reduction of the
cerebellum may also occur as a consequence of extreme
prematurity ([49]; Fig. 11). In combination with perinatal
risk factors, such as hemosiderin deposition, this selective
vulnerability often leads to parenchymal destruction and

arrested development [50]. Ontogenetically, the germinal
matrix of the cerebellum is located in highly vascularized
regions both adjacent to the fourth ventricle and in the exter-
nal granular layer. Perinatal factors that increase the risk for
supratentorial intraventricular hemorrhage also play a role
in the cerebellum [51].

Long-term outcome will most probably differ between
cases of primary dysgenetic versus acquired disruptions,
albeit there is a lack of evidence for this suggestion [24].
Disruptions are acquired lesions with very low recurrence
risk, although a genetic predisposition may be present [24,
52].

Conclusion

A neuroradiologist confronted with a case of supposed BPC
is facing two dilemmas: First, posterior fossa malformations
variably involving the vermis, the fourth ventricle, and the
cisterna magna may resemble each other and distinguishing
different diagnoses based on the imaging patterns is not al-
ways straightforward (Table 1). Second, until recently, not
only embryological uncertainties but also terms like Dandy-
Walker variant or Dandy-Walker spectrum have led to an
inconsistent and sometimes confusing nomenclature. Gen-
erally, a detailed description is to be preferred over unspe-
cific terminology and the main focus should be on the brain
parenchyma rather than on cystoid components. Phase-con-
trast cine imaging for CSF flow evaluation may potentially
enhance the specificity of MRI in the differentiation of pos-
terior fossa malformations.

The genetic literature has further enriched the under-
standing of hindbrain development. Therefore, it is now
known that cerebellar and posterior skull development are
linked through inductive interactions between the mes-
enchyme and rhombic lip; however, cerebellar malforma-
tions may be imitated by imaging patterns attributable to
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hemorrhagic, ischemic, or infectious disruptions. Congen-
ital and postnatally developing hydrocephalus has to be
appreciated for diagnostic, prognostic, and management
reasons. It is a typical finding in BPC, frequently asso-
ciated with cerebellar disruptions and DWM, and a rare
complication of posterior fossa AC. On the other hand, the
diagnosis of MCM or primary CH has to be questioned if
associated with hydrocephalus.

Establishing accurate diagnoses is especially critical in
the context of fetomaternal medicine. Delayed vermian ro-
tation, for example, may be an imaging pitfall demanding
follow-up in the early third trimester to confirm persistent
BP versus VH or DWM. The cerebellar “tail sign” in as-
sociation with vermian hypoplasia/dysplasia should not be
viewed as a specific imaging marker for DWM since a sim-
ilar pattern may be distinguished in second trimester MRI
of delayed BP rupture. Magnetic resonance imaging has
gained acceptance as a potential problem solver in fetal
neuroimaging and scanning at field strengths up to 3T is
believed to be safe within specific absorption rate limits.
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