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Abstract

The evaluation of the posterior fossa has gained significant pace
and importance in the last 20 years based on the successful progress in
neuroimaging. Nowadays, conventional and advanced neuroimaging techniques
allow a detailed evaluation of the complex anatomical structures within the
compact posterior fossa. A wide spectrum of congenital abnormalities including
malformations and disruptions has been shown. Neuroimaging is mandatory
for the diagnosis of congenital abnormalities of the posterior fossa. Well-
defined diagnostic criteria based on neuroimaging findings are available for the
different disorders. Familiarity with the spectrum of congenital posterior fossa
anomalies and their diagnostic criteria is mandatory for an accurate evaluation.
An accurate and up-to-date classification is important for therapy, prognosis,
and genetic counseling of the affected children and their families. In addition,
neuroimaging provides useful information in elucidating the pathogenesis,
establishing a phenotype (neuroimaging-) genotype correlation, and predicting

the neurological outcome.
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Introduction

In the last few decades, progress in neuroimaging techniques,
genetic analysis and mouse model research has led to a significant
improvement in the definition of congenital cerebellar abnormalities
and henceforth a better understanding of their pathogenesis. New
classifications of congenital posterior fossa abnormalities have been
proposed based on molecular genetics and developmental biology
[1,2].

Neuroimaging plays a key role in the diagnosis of congenital
brain abnormalities. An accurate diagnosis of these complex
abnormalities is important for three primary reasons: 1) to determine
inheritance pattern and risk of recurrence, 2) to evaluate for
multisystem involvement (e.g. kidneys and liver), and 3) to provide
prognostic implications for the child and family. The diagnosis
should include the differentiation between inherited (genetic) and
acquired (disruptive) abnormalities. A Malformation is defined as
a congenital morphologic anomaly of a single organ or body part
due to an alteration of the primary developmental program caused
by a genetic defect [3]. Gene mutations causing malformations may
be “de novo” or be inherited following different patterns that imply
a different recurrence risk for further offspring. A Disruption is
defined as a congenital morphologic anomaly due to the breakdown
of a body structure that had a normal developmental potential [3].
Disruptions may be caused by e.g. prenatal infection, hemorrhage, or
ischemia and commonly involve the cerebellum [4]. Disruptions are
acquired lesions with very low recurrence risk. However, a genetic
predisposition to disruptive lesions may be present. Dominant
mutations in COL4AI lead to change in the basal membrane of
capillaries resulting in microangiopathy [5]. Within the brain, the
microangiopathy may lead to hemorrhage and/or ischemia and
result in porencephaly or unilateral cerebellar hypoplasia [6,7].

Homozygous mutations in NEDI have been shown to cause severe
microcephaly, agenesis of the corpus callosum, scalp rugae, and the
fetal brain disruption-like phenotype [8].

In addition, neuroimaging findings may: 1) allow the definition
of sub-phenotypes within a group of posterior fossa malformations,
2) establish correlations between the neuroimaging phenotype and
genotype, and 3) facilitate a more targeted genetic analysis. Moreover,
the application of conventional and, particularly, advanced Magnetic
Resonance Imaging (MRI) sequences may better define the etiology
and pathogenesis of congenital posterior fossa abnormalities.
Diffusion Tensor Imaging (DTI) provides detailed qualitative and
quantitative information about micro-structure and organization of
the white matter tracts [9]. On DTI and fiber tractography images,
white matter tracts with an abnormal course, failure to decussate, or
in an ectopic location are suggestive of axonal guidance disorders
[9]. Recently, DTI allowed the delineation of possible two new
axonal guidance disorders in single patients [10,11]. Susceptibility-
Weighted Imaging (SWI) is highly sensitive for blood, blood products
and calcifications and may be helpful in supporting a disruptive
pathomechanism [12]. Finally, neuroimaging findings may predict
the neurological outcome. The involvement of selected anatomical
regions on neuroimaging may serve as biomarkers of cognitive
functions and behavior.

In this review article, we will discuss the role of neuroimaging
in selected congenital abnormalities of the posterior fossa including
Dandy-Walker Malformation (DWM), Joubert Syndrome (JS),
Rhombencephalosynapsis (RES), Pontine Tegmental Cap Dysplasia
(PTCD), and Unilateral Cerebellar Hypoplasia (UCH) (Table 1).

Dandy-Walker malformation
Dandy-Walker Malformation (DWM) is the most prevalent
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Table 1: Distinguishing neuroimaging findings in selected congenital abnormalities of the posterior fossa.

Disease Diagnostic finding Cerebellar vermis IV. ventricle P(;ztsesr;or Hydrocephalus
T o . o P
DWM Cystic dilation of the V. ventngle vermian hypoplasia Hypoplastic Enlarged Enlarged MajonFy of the
elevation patients
JS Molar tooth sign Hypoplast.lc/ Mostly enl.arged * upwards Variable Rare

dysplastic displaced

RES Continuity of the cerebellar hemispheres Completely or Key-hole shape Normal 50% of the patients

partially absent

PTCD Tegmental cap Hypoplast.lc / Reduced Normal Rare
dysplastic

UCH Absence of one cerebellar hemisphere Normal o'r Normal Variable Rare
hypoplastic

DWM: Dandy-Walker Malformation; JS: Joubert Syndrome; RES: Rhombencephalosynapsis; PTCD: Pontine Tegmental Cap Dysplasia; UCH: Unilateral Cerebellar

Hypoplasia

human cerebellar malformation (about 1:30.000 live births) [13]. The
vast majority of patients with DWM are sporadic without familial
recurrence or association with consanguinity. The overall empiric
recurrence risk is accordingly low (1-5%). The etiology of DWM is
still poorly understood and most likely multifactorial. DWM is due
to a genetic cause in the majority of patients however. DWM may
occur isolated or be part of a well-defined Mendelian disorder such as
1) Ritscher-Schinzel syndrome or cranio-cerebello-cardiac syndrome
(OMIM 220210) secondary to mutations in KIAA0196 [14,15] or 2)
PHACE(S) syndrome (OMIM 606519) [16,17]. In addition, DWM
has been reported in association with various chromosomal anomalies
which include trisomy 9, 13, 18, triploidy, tetrasomy, and several
other partial duplications and deletions [18]. Finally, mutations in six
genes (ZIC1, ZIC4, FOXCI, FGF17, LAMCI, and NIDI) have been
found in few patients with DWM [19-22]. The function of these genes
suggests that DWM may result from a complex disruption of the
interaction between the developing cerebellum and the developing
posterior fossa mesenchyme with its derivates.

The majority of children with DWM present in the first year of life
secondary to symptoms and signs of increased intracranial pressure
[23]. Macrocephaly is the most common clinical manifestation
affecting 90-100% of children during the first months of life [24].
Nowadays, DWM is increasingly diagnosed prenatally. The outcome
of children with DWM is variable. Overall, at least one third of DWM
patients have normal cognitive functions [25-27]. In DWM associated
with Mendelian syndromes or chromosomal abnormalities, the
presence of systemic involvement (e.g. cardiovascular, urogenital,
and skeletal anomalies) may also influence the prognosis.

In DWM, neuroimaging findings: 1) are required for the
diagnosis, 2) allow differentiation from other cystic malformations
of the posterior fossa, and 3) may predict cognitive outcome. The key
neuroimaging features of DWM are 1) hypoplasia (or rarely agenesis),
elevation, and counterclockwise rotation of the cerebellar vermis and
2) cystic dilatation of the fourth ventricle which extends posteriorly
filling out nearly the entire posterior fossa (Figure 1) [28]. Both
findings are consistently present and required for the diagnosis. The
cerebellar hemispheres are typically displaced rostrally and laterally,
and their volume is often reduced. The brainstem may be hypoplastic.
The posterior fossa is usually enlarged., The tentorium, torcular and
transverse sinuses are commonly elevated, and hydrocephalus may
be present. In 30-50% of patients, DWM is associated with additional
malformations including dysgenesis/agenesis of the corpus callosum,
occipital encephalocele, polymicrogyria, and heterotopia [28].

Neuroimaging allows differentiating DWM form other cystic

posterior fossa malformations such as Blake’s pouch cyst, posterior
fossa arachnoid cysts, and mega cisterna magna [29,30]. A Blake’s
pouch cyst is caused by lack of fenestration of the Blake’s pouch
resulting in absence of communication between the fourth ventricle
and subarachnoid space [29-31]. The typical neuroimaging findings
include the presence of a cyst that lies in a retrocerebellar or infra-
retrocerebellar location and directly communicates with the fourth
ventricle, which is usually enlarged. The choroid plexus is displaced
along the antero-superior aspect of the cyst and inferior to the vermis,
and is best visualized in a sagittal T1-weighted post-contrast sequence
as an enhancing structure [30]. The absence of communication
between the fourth ventricle and subarachnoid space results in a
tetraventricular hydrocephalus. Mild mass effect from the infra-
retrocerebellar cyst may result in indentation of the inferior vermis or
the caudal and medial aspect of the cerebellar hemispheres, but the size
and shape of the cerebellum is globally normal. The posterior fossa is
typically normal in size. Supratentorial morphological abnormalities
other than hydrocephalus are usually absent. Arachnoid cysts are
duplications of the arachnoid membrane that produce fluid-filled
cysts. 10% of pediatric arachnoid cysts occur in the posterior fossa
and may be located inferior or posterior to the vermis in a midsagittal
location (retrocerebellar), cranial to the vermis in the tentorial hiatus
(supravermian), anterior or lateral to the cerebellar hemispheres, or
anterior to the brainstem [32]. Neuroimaging demonstrates a well-

Figure 1: A: Midsagittal T2-weighted image in a 10-year-old girl with Dandy-
Walker malformation after ventriculo-peritoneal and cysto-peritoneal shunt
in the first year of life shows hypoplasia of the cerebellar vermis which is
elevated and rotated upwards (arrows), cystic dilatation of the fourth ventricle
extending posteriorly filling out nearly the entire enlarged posterior fossa,
and elevation of the tentorium and torcula. B: Axial T2-weighted image of the
same child shows antero-lateral displacement of the cerebellar hemispheres
which are mildly hypoplastic (both images reprinted with permission from
Poretti A, Millen KJ and Boltshauser E, Dandy-Walker malformation, in:
Boltshauser E and Schmahmann, JD., ed. Cerebellar disorders in children.
London: Mac Keith Press, 2012; pp. 140-148).
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Figure 2: A: Axial T2-weighted image of a child with Joubert syndrome shows the molar tooth sign with elongated, thickened and horizontally orientated superior
cerebellar peduncles (arrows) and a deepened interpeduncular fossa. B: Midsagittal T2-weighted image of the same patient demonstrates severe hypoplasia of
the cerebellar vermis with dysplasia of the vermian remnants (arrows), shortening of the ponto-mesencephalic isthmus and enlargement of the fourth ventricle
with upwards displacement of the fastigium (asterisk). C: Axial color-coded fractional anisotropy maps (DTI) of the same patient reveals the superior cerebellar
peduncles (arrows) as encoded in green (green = anterior < posterior orientation), while physiologically the superior cerebellar peduncles are encoded in blue (blue
= superior < inferior orientation); additionally, the midline “red dot” (red = right < left orientation) is missing representing absence of decussation of the superior
cerebellar peduncles (images A and B reprinted with permission from Poretti A et al, Am J Med Genet C Semin Med Genet, 2014;166C:211-226; image C reprinted

with permission from Poretti A et al, AINR Am J Neuroradiol, 2007;28:1929-33).

circumscribed extra-axial fluid collection or cyst which is isointense
to Cerebrospinal Fluid (CSF) on all pulse sequences. The presence
of proteinaceous content may lead to lack of complete signal
suppression on a Fluid Attenuation Inversion Recovery (FLAIR)
sequence. DTI reveals free water motion or facilitated diffusion
similar to CSF. The cyst walls are usually too thin to be visualized
by MRI. Arachnoid cysts do not communicate with the fourth
ventricle or subarachnoid space. Arachnoid cysts may enlarge during
infancy and produce mass effect on the cerebellum and vermis,
which may cause a secondary obstruction of the ventricular system,
hydrocephalus and/or remodeling/thinning of the overlying occipital
bone. Mega cisterna magna is an enlarged cisterna magna (>10mm
diameter on midsagittal images) with an intact vermis, normal fourth
ventricle, and in some patients an enlarged posterior fossa [29,33,34].
Mega cisterna magna freely communicates with the fourth ventricle
and cervical subarachnoid space, which is confirmed on CSF flow
studies and results in consistent absence of hydrocephalus [34].
Finally, isolated inferior vermis hypoplasia should be differentiated
from DWM. Isolated inferior vermis hypoplasia is defined by partial
absence of the inferior portion of the cerebellar vermis, which is
best demonstrated in the midsagittal images. The rest of the vermis,

Figure 3: A: Posterior coronal T2-weighted with

rhombencephalosynapsis demonstrates continuity of

image of a girl
the cerebellar
hemispheres with an abnormal, transverse orientation of cerebellar folia and
ventriculomegaly. B: Axial T2-weighted image of the same patient reveals
continuity of the cerebellar hemispheres without an intervening vermis and
dilatation of the temporal horns of the lateral ventricles (both images reprinted
with permission from Poretti A et al, Eur J Paediatr Neurol, 2009;13:28-33).

cerebellar hemispheres, fourth ventricle, and posterior fossa have a
normal size and architecture. In the literature, there is some confusion
about isolated inferior vermian hypoplasia and some authors call it
“Dandy-Walker variant” [35]. In addition, some patients show only a
partial neuroimaging phenotype of DWM. To classify malformations
that do not fulfill the criteria of a “true” DWM, other terms such
as “Dandy-Walker complex” or “Dandy-Walker spectrum” have
been introduced. These terms (“Dandy-Walker variant”, “Dandy-
Walker complex”, and “Dandy-Walker spectrum”) have been used
by different authors with variable findings. This has led to a lack of
specificity with regards to the definition of these terms and confusion
over “true”
to distinguish DWM from other posterior fossa malformations, a
detailed anatomical description (e.g. inferior cerebellar vermis or

DWM. If neuroimaging diagnostic criteria do not allow

global cerebellar hypoplasia) is highly recommended and preferable
over non-specific terms such as “Dandy-Walker variant”, which
should be avoided or even better abandoned [28].

Neuroimaging findings of DWM have been shown to correlate
with cognitive outcome. Normal lobulation of the cerebellar
vermis and absence of associated brain abnormalities seem to be
neuroimaging biomarkers of normal cognitive functions in DWM
[26]. Boddaert et al assessed cognitive functions in 20 children
with DWM and correlated them with neuroimaging findings [36].
The authors divided the patients in two groups based on cognitive
outcome (normal vs. impaired). While all patients with normal
cognitive functions had normal lobulation of the cerebellar vermis
and no supratentorial anomalies, three of the six children with
intellectual disability had abnormal vermis lobulation and dysgenesis
of the corpus callosum. Cognitive functions were normal in 82% of
children with normal vermis lobulation and abnormal in all children
with abnormal vermis lobulation. Similar results have been reported
in a study including 26 children with DWM [37]. These studies
suggest that impaired cognitive functions in DWM result most likely
from the cerebellar abnormality and not from increased intracranial
pressure. In addition, the presence of supratentorial abnormalities
may negatively affect cognitive functions [23, 26, 36-38].

Joubert syndrome

Joubert Syndrome (JS) is a rare midbrain-hindbrain malformation
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Figure 4: A: Midsagittal T1-weighted image of a 3-year-old girl with pontine tegmetal cap dysplasia reveals a flat ventral pons and a cap covering dorsal pons
(arrow) and protruding into the fourth ventricle. B: Axial T2-weighted image of the same child demonstrates mild cerebellar hypoplasia with hypoplastic middle
cerebellar peduncles (arrows). C: Axial color-coded fractional anisotropy map (DTI) of the same patient shows an ectopic band of fibers in red (horizontal orientation)
at the dorsal aspect of the pons (arrow) and small middle cerebellar peduncles in green (arrowheads anterior < posterior orientation) (all images reprinted with
permission from Poretti A et al, Am J Med Genet C Semin Med Genet, 2014;166C: 211-226).

with an estimated prevalence between 1:80,000 and 1:100,000 live
births [39]. In almost all patients, JS is inherited with an autosomal
recessive pattern and has a 25% recurrence risk in the affected
families. Only mutations in OFDI are exceptional and inherited with
an X-linked pattern. Twenty-seven genes have been associated with JS
so far [40-45]. All genes encode for proteins that localize to primary
non-motile cilia and its basal body which play a key role in the
development and functioning of the brain, retina, kidney, liver and
other organs [46]. Primary cilia mediate various signaling processes
and brain malformations in JS and may result from defects in midline
fusion of the developing vermis or defects in sonic hedgehog (Shh)-
mediated granule cell proliferation [47,48]. In addition, cilia have
been shown to have a repressing role onto the Wnt signaling by
maintaining a discrete range of Wnt responsiveness [47]. Both Wnt
and Shh signaling have been linked to axonal guidance.

About 30-40% of children with JS present during the neonatal
period because of irregular breathing pattern, which include phases
of apnea and tachypnea. Later in life, children with JS present with
muscular hypotonia, cerebellar ataxia and ocular motor apraxia
[40]. Cognitive functions are impaired in almost all patients, but
the degree of impairment ranges between profound and mild [49].
Recently, horizontal head titubation has been reported as a new, early
(presentation within the first 2 months of age), and benign finding of
JSin 13 young affected children [50]. In these children, head titubation
was present only when children were awake and decreased in severity
over time until spontaneous resolution. Systemic involvement may
be present and includes renal (nephronophthisis 25%), eye (retinal
dystrophy 30% and colobomas 20%), liver (congenital hepatic fibrosis
15%), and skeletal (different forms of polydactyly 20%) abnormalities
[40]. Renal and liver involvement may cause high morbidity and
mortality and needs appropriate work-up and regular follow-
up. Based on the systemic involvement, 6 phenotypes have been
described: 1) pure JS (purely neurological involvement), 2) JS with eye
involvement, 3) JS with kidney involvement, 4) JS with involvement
of eyes and kidneys, 5) JS with liver involvement and 6) JS with oral-
facial-digital involvement or the oral-facial-digital syndrome type VI
(OFDVI, OMIM: 277170) [40]. The presence of tongue hamartoma,
additional frenula, upper lip notch, mesoaxial polydactyly of one or
more hands or feet and/or hypothalamic hamartoma differentiates
OFDVI from the other phenotypes [51]. Some degree of correlation
between these clinical phenotypes and the genotype has been shown.

The strongest correlation is between mutations in TMEM67 and liver
involvement [52].

In JS, neuroimaging findings: 1) are required for the diagnosis, 2)
show a weak correlation with the genotype, 3) provide information
about the possible pathogenesis, and 4) do not correlate with the
neurological outcome. The so-called Molar Tooth Sign (MTS) is
the pathognomonic neuro-anatomical and neuroimaging feature of
JS [53-55]. The MTS is characterized by thickened, elongated, and
horizontally orientated Superior Cerebellar Peduncles (SCP) and
an abnormally deep interpeduncular fossa [53-55]. The spectrum
of neuroimaging findings in JS is, however, beyond the MTS and
vermian hypoplasia and dysplasia, confirming the heterogeneity in JS
not only from the clinical and genetic, but also from the neuroimaging
point of view [55]. The degree of vermian hypoplasia, size and
morphology of the cerebellar hemispheres, form of the MTS, size of
the posterior fossa, and shape and size of the cerebellar hemispheres
are variable. Morphological abnormalities of the brainstem are
present in about 30% of the patients. Supratentorial involvement

Figure 5: Unilateral cerebellar hypoplasia. A. Coronal T2-weighted image
shows a total aplasia of the right cerebellar hemisphere in a 4-year-old child
found in investigation of developmental delay (reprinted with permission from
Poretti A et al, Eur J Paediatr Neurol, 2009; 13: 397-407).
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occurs in about 30% of the patients and includes callosal dysgenesis,
cephaloceles, hippocampal malrotation, migrational disorders, and
ventriculomegaly. Differences in neuroimaging findings can be
present in siblings representing intrafamilial heterogeneity.

A weak correlation between neuroimaging findings and genotype
has been suggested. In children with JS due to deletions in NPHP]I,
the MTS may appear to be less striking with less extensive cerebellar
vermis hypoplasia, and an elongated but not thickened SCP
[56]. Mutations in KIF7, one of the genes associated with JS, have
also been found in children with acrocallosal syndrome [57-59].
Acrocallosal syndrome is characterized by agenesis or dysgenesis of
the corpus callosum, craniofacial dysmorphism, duplication of the
hallux, postaxial polydactyly, and severe intellectual disability [59].
Accordingly, it is possible that KIF7 may be the major gene in JS
patients with agenesis or dysgenesis of the corpus callosum. Finally,
hypothalamic hamartoma have been reported only in JS patients
with the OFDVT phenotype [51]. Recently, C50rf42 has been shown
to be the major gene associated with the OFDVI phenotype [60].
Accordingly, the presence of hypothalamic hamartoma may correlate
with mutations in C5orf42.

In JS, DTT and fiber tractography shows absence of decussation
of both the SCP and Corticospinal Tracts (CST) at the level of the
ponto-mesencephalic junction and lower brainstem, respectively
[61,62]. The DTI and tractography findings match previous
neuropathological reports by showing an almost complete absence
of decussation of both SCP and CST [63,64]. In addition, it has been
shown that AHI1 mRNA (AHI1 is one the genes associated with JS)
is expressed in the cell bodies that give rise to axonal tracts (CST and
SCP) which fail to decussate in JS [65]. Absence of decussation of SCP
and CST suggests an underlying defect in axonal guidance in JS [66].

Rhombencephalosynapsis

Rhombencephalosynapsis (RES) is a rare, sporadic cerebellar
malformation that is thought to be caused by aberrant dorsal-ventral
patterning [67,68]. The sporadic nature attributes to a low recurrence
risk. The majority of children with RES do not have other syndromic
findings. RES is however a key feature of Gomez-Lépez-Herndndez
syndrome (OMIM 601853). The Gomez-Lopez-Hernandez
syndrome is defined by the presence of RES and bilateral parietal
alopecia [69,70]. In addition, trigeminal anesthesia causing corneal
opacities and craniofacial dysmorphisms such as midface hypoplasia,
low-set posteriorly rotated ears, brachycephaly, and hypertelorism
may be present. Finally, features of VACTERL association (Vertebral
anomalies, Anal atresia, Cardiovascular anomalies, Trachea-
Esophageal fistula, Renal anomalies, Limb defects) are seen in some
patients with RES [71].

Children with RES may present with truncal and limb ataxia,
hypotonia, abnormal eye movements such as strabismus and
nystagmus, and delayed motor development in the first years of
life [67,72]. About 85% of patients have head-shaking stereotypies
(repetitive Figure 8 or side-to-side swinging motion) that may
represent a response to deficits in central vestibular processing [73].
In some patients, the diagnosis of RES is made during the neonatal
period because of the association with hydrocephalus [68,74].
Long-term cognitive outcome varies between normal functions and
severe impairment [72]. Some degree of intellectual disability is

present in the majority of patients. In addition, behavioral problems
such as attention deficits may be present. Systemic involvement is
uncommon.

In RES, neuroimaging findings: 1) are required for the diagnosis
and 2) correlate with the neurological outcome. The key neuroimaging
findings in RES are complete or partial absence of the cerebellar vermis
and continuity of the cerebellar hemispheres, superior cerebellar
peduncles, and dentate nuclei, which arch in a horseshoe shape across
the midline, resulting in a keyhole-shaped fourth ventricle [67,68,72].
The posterior coronal sections are crucial to evaluate the horizontal
cerebellar folial pattern. On the midsagittal images, the dentate nuclei
are seen rather than the vermis (if normal anatomy is present, the
vermis separates the dentate nuclei in the midline). Only in the most
severe cases, the entire cerebellar volume is reduced. RES is often
associated with midbrain abnormalities such as midline fusion of the
colliculi [68]. Hydrocephalus is present in about 50% of the patients
and aqueductal stenosis is the most common cause of hydrocephalus
in RES (about 60% of RES with hydrocephalus) [68,74]. Finally,
supratentorial malformations may be associated with RES including
dysgenesis of the corpus callosum, absence of the septum pellucidum,
absent olfactory bulbs, abnormal dysplastic temporal cortex, and,
in rare patients, holoprosencephaly [68]. In RES, DTI 1) confirms
the absence of transversely oriented fibers in the midsection of the
cerebellum, 2) demonstrates the vertical direction of the fibers in
the midportion of the fused cerebellum, and 3) shows that the deep
cerebellar nuclei appear more closely approximated [61].

Neuroimaging findings correlate with the neurological outcome
of patients with RES. A poor neurodevelopmental outcome in
children with RES has shown to be associated with the severity of
RES (children with complete agenesis of the vermis had a poorer
outcome compared to children with partial agenesis), severity of
ventriculomegaly, and presence of aqueductal stenosis, fused colliculi,
abnormal temporal cortex, and holoprosencephaly [67, 68].

Pontine tegmental cap dysplasia

Pontine Tegmental Cap Dysplasia (PTCD) is a rare, sporadic
posterior fossa malformation with unknown genotype and no familial
recurrence and is thought to belong to the group of axonal guidance
disorders [66,75,76]. PTCD is characterized by multiple cranial
nerve involvement. The most commonly affected cranial nerves
are the vestibulocochlear, facial, trigeminal, and glossopharyngeal
nerves with resultant bilateral sensory deafness, bilateral trigeminal
anesthesia causing corneal ulcers, bilateral facial paralysis, and
difficulty in swallowing needing gastrostomy in some children [75-
77]. In addition, ocular movement disorders such as nystagmus and
cerebellar signs such as truncal and limb ataxia and dysarthria are
common in PTCD [75-77]. Finally, global developmental delay and
intellectual disability are features of almost all children with PTCD
and range between mild cognitive delay and severe disability [75-
78]. Systemic involvement with vertebral segmentation anomalies,
rib malformations, and congenital heart defects has been observed in
several patients [75-77, 79].

In PTCD, neuroimaging findings: 1) are required for the
diagnosis, 2) suggest the possible pathogenesis, and 3) correlate with
the neurological outcome. PTCD has a distinct neuroimaging pattern
including a flattened ventral pons, an abnormal curved structure (the
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so called “cap”) covering the middle third of the pontine tegmentum
and projecting into the fourth ventricle, hypoplasia and dysplasia of
the cerebellar vermis, slightly elongated and horizontally orientated
SCP remotely reminiscent of a “molar tooth like” appearance, thin
to almost absent Middle Cerebellar Peduncles (MCP), absence of the
Inferior Cerebellar Peduncles (ICP), a short ponto-mesencephalic
isthmus, an altered shape of the lower brainstem due to hypoplasia
or agenesis of the inferior olivary nuclei, and a slightly enlarged
fourth ventricle [75-77]. Additional neuroimaging findings include
hypoplastic or absent facial and cochlear nerves, duplicated internal
auditory canals, and, in few patients, supratentorial abnormalities
such as dysgenesis of the corpus callosum and mild ventriculomegaly
[80].

In PTCD, DTI shows the absence of the transverse pontine fibers
and presence of an abnormal bundle of ectopic, transverse fibers at the
level of the “cap” in the dorsal pons [75,76]. In addition, DTI revealed
absence of the decussation of the SCP at the ponto-mesencephalic
junction [76]. Finally, Caan et al recently reported extra-axial arcuate
tracts connecting the basal pons to the cerebellar hemispheres and
bypassing the MCP [81]. Both semi-arcs fused in a single midline
trunk, caudally connecting to the region of the internal arcuate
fibers in the medulla oblongata. Absence of transverse pontine fibers,
ectopic transverse fibers in the dorsal pons, absence of decussation of
the SCP, and ectopic prepontine arcuate fibers are highly suggestive
of abnormal axonal guidance and/or neuronal migration. In addition,
DTI shows that long tracts correlating reasonably well with the
location and pathway of the CST were smaller when compared with
those of healthy subjects [76]. The reduction in size of these tracts
may be the cause of mirror movements of hands and feet as shown in
a 5-year-old girl with PTCD [79]. The presence of mirror movements
further supports an axonal guidance disorder as the cause of PTCD
[66].

Neuroimaging findings correlate with the neurological outcome
of patients with PTCD. The degree of brainstem dysplasia seems to
correlate with the developmental disability: mildly affected patients
tend to have a rounded bump (the so-called cap) and those who are
more severely affected tend to have a more angular brainstem kink (a
so-called beak) [2].

Unilateral cerebellar hypoplasia

Unilateral Cerebellar Hypoplasia (UCH) is a relatively rare
neuroimaging finding encompassing a spectrum ranging from
complete aplasia (absence of one cerebellar hemisphere) to mild
asymmetry in the size of the cerebellar hemispheres [82,83]. Minor
asymmetry in thesize of the cerebellar hemispheres is occasionally seen
as an incidental finding without clinical significance, whereas severe
UCH is expected to be of clinical relevance. Increasing experience
with prenatal ultrasound and fetal MRI has proved that UCH is
of prenatal (representing a disruption) origin, with hemorrhage
contributing to the leading fetal cause [4,83]. This is important for
genetic counseling because UCH has a low recurrence risk. However,
a genetic predisposition to disruption such as mutations in COL4A1
may be present [6]. Prenatal cerebellar hemorrhages originate mostly
in the subpial external granular layer, a germinal matrix which is
thickest at 24 weeks of gestation and begins to involute at 30 weeks
of gestation [84]. Accordingly, the majority of reported prenatal

cerebellar hemorrhages have been detected between 18 and 24 weeks
of gestation [85-91]. Follow-up examinations after fetal cerebellar
hemorrhages have shown a gradual reduction in size of the affected
cerebellar hemisphere consistent with UCH [85,90]. UCH may
occur isolated, or be associated with other disruptive lesions such as
schizencephaly, or as part of PHACE(S) syndrome [17,92]. UCH with
or without involvement of the cerebellar vermis is present in about
75% of PHACE(S) patients with posterior fossa involvement, while
its association with DWM is rare (<5% of patients). In PHACE(S),
UCH is almost always associated with abnormalities of the ipsilateral
internal carotid artery or a persistent embryonic carotid-basilar
connection [17]. This association further suggests a disruptive origin.

The most common clinical findings are developmental and
speech delay, hypotonia, ataxia, and abnormal ocular movements
[82,83,93]. The cognitive outcome is variable, ranging from almost
normal development to marked motor and intellectual disability.

In UCH, neuroimaging findings: 1) are required for the diagnosis
and 2) correlate with the neurological outcome. In UCH, there is
variable involvement and volume loss in the cerebellar hemisphere
and vermis [82,83,93]. In the hypoplastic hemisphere, abnormal
foliation and/or clefts may be present. The volume of the posterior
fossa may be variable. In almost all children, brainstem asymmetry
is also observed. Additional supratentorial disruptive lesions such
as porencephalic cysts or clefts may be present and support the
disruptive origin of unilateral cerebellar hypoplasia. Evidence of
hemorrhage may be present and is best visualized on SWI sequences.
The absence of hemosiderin, however, does not exclude hemorrhage
since the blood brain barrier is permeable to hemosiderin laden
macrophages between 24-32 weeks of gestation.

In UCH, neuroimaging findings may correlate with the
neurological outcome. Involvement of the cerebellar vermis is often,
but not consistently associated with a poor cognitive outcome,
whereas an intact cerebellar vermis is associated with normal outcome
and no truncal ataxia [83].

Conclusion

Neuroimaging evaluation is mandatory for the diagnosis of
congenital posterior fossa abnormalities. In addition, neuroimaging
provides useful information in elucidating the pathogenesis,
establishing a phenotype (neuroimaging-) genotype correlation, and
predicting the neurological outcome.
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