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Cerebellum—Small Brain But Large Confusion:
A Review of Selected Cerebellar Malformations and Disruptions
Eugen Boltshauser*

Department of Pediatric Neurology, University Children’s Hospital, Zurich, Switzerland

Defining and classifying congenital disorders of
the cerebellum can be difficult and confusing. One
reason is that some abnormalities called ‘‘malfor-
mations’’ are not truly (primary) developmental
malformations. This applies to Chiari I ‘‘malfor-
mations’’ as well as to Chiari II ‘‘malformations.’’
The latter results mainly from a prenatal cere-
brospinal fluid (CSF) leak. Also disruptive cere-
bellar lesions are not uncommon, examples being
the ‘‘vanishing cerebellum’’ in myelomeningocele,
cerebellar lesions in very low birth weight prema-
turely born infants, unilateral cerebellar hypo-
plasia/aplasia, and probably some instances of
cerebellar agenesis (CA). The cerebellar hypopla-
sias consist of a heterogeneous group of inherited
and prenatally acquired conditions. The concept
of pontocerebellar hypoplasias will need to be
expanded beyond the two main types (PCH-1 and
PCH-2), and demonstrate that a classification
system of cerebellar malformations cannot be
based on neuroimaging criteria only. Additional
studies are expected to show that this also applies
to the molar tooth sign, which was initially
described in Joubert syndrome (JS). The JS is
the prototype of midhindbrain malformation, but
its delineation is still unsolved. JS may well be an
overdiagnosed entity; many cases likely not hav-
ing JS are on record. Rhombencephalosynapsis
(RS) has been increasingly diagnosed with the
advent of neuroimaging. No familial cases have
been observed. Although many affected indivi-
duals have variable impairments, RS can be found
in children with normal cognitive function. In this
review, some of the cerebellar anomalies are
briefly discussed. � 2004 Wiley-Liss, Inc.
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INTRODUCTION

In recent years, cerebellar structural abnormalities have
gained considerable interest, prompted by several factors:

* The progress with neuroimaging was a fundamental step
towards better visualization and increasing recognition of
posterior fossa details. Many cerebellar cortical dysplasias
[Demaerel, 2002] and other cerebellar anomalies (e.g.,
rhombencephalosynapsis (RS)) are at present recognizable
in vivo.

* It is now accepted that the cerebellum is not only crucial for
motor co-ordination, but is also involved in a range of
nonmotor (perceptual, linguistic, cognitive, affective) func-
tions [Steinlin et al., 1999]. Therefore, cerebellar malforma-
tions are of greater functional consequence than previously
thought.

* ‘‘New’’ cerebellar syndromes (e.g., pontocerebellar hypopla-
sias) have been reported in the last decade.

* Progress has been made in the understanding of brain-
stem and cerebellar development [Wang and Zoghbi, 2001;
Wurst and Bally-Cuif, 2001], but knowledge applicable to
clinical relevance of cerebellar malformations is not yet
available.

Despite these promising steps, there are still several areas
of poor knowledge, confusion, and controversies. The still
poorly understood pathogenesis and the difficulties in defini-
tions and delineations result in semantic confusion. Even for
the most prevalent malformation, many different terms are
used, such as Dandy–Walker malformation, Dandy–Walker
syndrome, Dandy–Walker variant, Dandy–Walker conti-
nuum, or Dandy–Walker-Blake continuum. In a new classifi-
cation scheme of cerebellar malformations proposed by
Patel and Barkovich [2002], hypoplasias and dysplasias are
categorized in a systematic approach. Although an image-
based classification is most practical, it has clear limitations:
truly developmental malformations are sometimes put in
the same category as disruptions (e.g., unilateral hypoplasia),
and as there is often considerable phenotypic variability
within families and within a single metabolic disorder,
patients with identical genetic abnormalities may fall in
diverse classes. Furthermore, the delineation of many cere-
bellar malformations and syndromes is still somehow arbi-
trary, as long as their pathogenetic mechanism and molecular
genetic knowledge is lacking. Therefore, in my opinion, our
present lack of knowledge and understanding of etiology and
pathogenesis of cerebellar anomalies precludes a complete
classification, but with time this will undoubtedly become
possible.

Here I will review, guided by personal interest and
experience, a selection of cerebellar anomalies, with emphasis
on terms frequently used incorrectly, the presumably high
susceptibility to cerebellar disruptions, which may mimic
true malformations, and the on-going confusion surround-
ing cerebello-oculo-renal syndromes and the molar tooth
malformation.

*Correspondence to: Dr. Eugen Boltshauser, Division of
Pediatric Neurology, University Children’s Hospital, Steinwies-
strasse 75, 8032 Zurich, Switzerland.
E-mail: eugen.boltshauser@kispi.unizh.ch

Received 30 June 2003; Accepted 9 September 2003

DOI 10.1002/ajmg.a.20662

� 2004 Wiley-Liss, Inc.



CHIARI ‘‘MALFORMATIONS’’

Chiari I Malformation

The so-called Chiari I malformation is defined as an
extension of the cerebellar tonsils below the foramen magnum
for at least 3–5 mm. The medulla is not caudally displaced and
supratentorial anomalies are lacking [Madsen et al., 2002].
Previously, several theories were proposed for the pathogen-
esis [for review, see Sarnat, 1992]. The most likely and
plausible explanation argues that Chiari I malformation is
the result of a small posterior fossa, but various processes can
lead to caudal tonsillar displacement. There is a correlation
between posterior fossa size and the degree of tonsillar ectopia.
A high incidence of cranio-vertebral anomalies has been noted
in affected patients. A small posterior fossa is a feature in most
patients with complex craniosynostosis. Progressive secondary
downward displacement of the tonsils can be demonstrated in
such situations. The same applies to children affected by
skeletal dysplasias resulting in posterior fossa/foramen mag-
num encroachment [Boltshauser et al., 1996b]. Tonsillar
displacement can be observed in particular situations with
altered pressure gradients. It is commonly seen in ‘‘benign
intracranial hypertension’’ (‘‘pseudotumor cerebri’’) (Fig. 1) as
well as in intracranial hypotension secondary to chronic CSF
leak. It is worth mentioning that Chiari I malformation is not a
feature in closed spinal dysraphism.

Downward tonsillar displacement is thus usually a second-
ary (acquired) phenomenon and its designation as ‘‘malforma-
tion’’ problematic. The term tonsillar ectopia, in relation to
its likely pathogenesis, would be a preferable designation.

Symptoms arising from tonsillar ectopia are variable, and it
may well be that selection bias is reflected in publications. It
seems that the proportion of asymptomatic (incidental) cases
increases with the increasing access and use of neuroimaging.
The spectrum of associated signs and symptoms includes
chronic headache, neck pain, torticollis, lower cranial nerve
palsies including nystagmus, ataxia, motor and sensory defi-
cits, scoliosis, sleep-apneas, and unexplained episodes of
unconsciousness. Some manifestations result from associated
syringohydromyelia. In all patients with tonsillar ectopia,
spinal MRI for the assessment of concurrent syringohydro-
myelia is, therefore, advocated [Barkovich, 2000].

In a recently published retrospective series of 34 children
with Chiari I malformation, 21% had scoliosis, several children
had sleep apneas or unexplained episodes of unconsciousness,
and 26% were asymptomatic [Chartier et al., 2002]. Tonsillar
ectopia is usually symmetrical, but asymmetrical instances
with unilateral findings do occur [Madsen et al., 2002]. The
indication for surgical decompression will not be discussed in
this context.

Chiari II Malformation: A ‘‘Malformation’’
Secondary to Prenatal CSF Leak?

The Chiari II malformation is a complex malformation
involving the spinal cord and hindbrain, often associated with
supratentorial anomalies. All children with Chiari II mal-
formation present at birth with myelomeningocele (MMC). The
primary causes of neural tube defects are multifold and still
debated, but relevant in practical terms is the significant
decrease of MMC by periconceptual supplementation with folic
acid [Botto et al., 1999]. Many theories have been proposed to
explain the hindbrain abnormalities [for review, see Sarnat,
1992]. The experience with fetal MMC repair [Sutton et al.,
1999; Tulipan et al., 1999] has shown that closure of the neural
tube defect is able to reduce and even reverse the hindbrain
herniation, which, therefore, may be considered to result at
least in part from the prenatal CSF leak. As such, Chiari II
malformations can be considered to be secondary and thus
part of the MMC sequence. The supratentorial anomalies (e.g.,
corpus callosum dysplasia, neuronal heterotopias) do not seem
to be influenced by fetal MMC closure, but this is not suffi-
ciently evident from the literature.

CEREBELLAR DISRUPTIONS

Vanishing Cerebellum in Myelomeningocele

In the MMC, hindbrain herniation through the foramen
magnum may result in parenchymal damage. Eventually a
grossly reduced or virtually absent cerebellum may be found.
This observation was called ‘‘vanishing cerebellum in Chiari II
malformation’’ by Sener [1995]. We have seen this phenom-
enon in three children [Boltshauser et al., 2002]. Interestingly
a remarkable asymmetry of tissue damage, affecting mainly
one cerebellar hemisphere, was noted. The prevalence of
vanishing cerebellum in MMC is not documented. Although,
it seems to be infrequent, it is of considerable theoretical
interest as a model of cerebellar tissue damage by presumably
mechanical factors. In addition, one may argue that the
reduced cerebellar volume has an adverse effect on cognitive
development, in analogy to the effects of smaller cerebellar
volumes in very preterm born infants [Allin et al., 2001].

Cerebellar Lesions in Very Low Birth
Weight Premature Infants

Several independent follow-up cohort studies of very
low birth weight premature (VLBWP) babies have revealed
a significant proportion of unexpected cerebellar defects [for

Fig. 1. Sagittal (T2w) MRI. Tonsillar ectopia in a 15-year-old girl with a
protracted course of benign intracranial hypertension subsequent to lateral
sinus thrombosis.
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review, see Boltshauser, 2001; Johnsen et al., 2002]. Most
affected children are born before 28 weeks, but it can also be
found in neonates born before 32 weeks of gestation, and all
have a very low birth weight (less than 1,100 g).

Follow-up MRI reveals mostly symmetric, but also unilateral
asymmetric defects of the lower part of the cerebellar hemi-
spheres. In the series reported by Johnsen et al. [2002], the
vermis was also affected in half of the children. At least mild
atrophy of the pons was seen in all. Cerebral findings
(periventricular leukomalacia) were common, but not consis-
tent. While these late imaging findings are increasingly
recognized and defined, the timing and nature of the causative
events are not. The neonatal courses were not exceptional and
there is no positive evidence for a perinatal posterior fossa
hemorrhage. On balance, the findings may best be interpreted
as infarctions.

Cerebellar tissue loss (irrespective of its origin) seems to be of
great functional importance. As reported by Johnsen et al.
[2002], VLBWP with cerebellar lesions all had mental
retardation. Epilepsy was also a common finding. Even in less
expressed cerebellar lesions, a significant association was
found between cognitive test scores and cerebellar volume in
adolescents who were born very prematurely [Allin et al.,
2001].

Unilateral Cerebellar Aplasia/Hypoplasia

The designation unilateral cerebellar aplasia (UCA) is
problematic. It is a descriptive term (Fig. 2), but lacks patho-
genetic explanation. In addition, it may suggest a primary
developmental process. We assume that UCA is a prenatally
acquired lesion (and, thus, a disruption) and not a true
malformation [Boltshauser et al., 1996a]. Similar observations

were contributed by Dilhon et al. [2001] and Mancini et al.
[2001]. There is obviously a spectrum ranging from complete
‘‘aplasia’’ to subtotal or less pronounced (asymmetric) hypo-
plasia [e.g., Fig. 4 in Patel and Barkovich, 2002]. Although
often symmetric, the obviously acquired cerebellar lesions seen
in very prematurely born infants can be unilateral [Johnsen
et al., 2002; personal observations]. The nature and timing of
the presumed disruptive process is not well documented. In
rare instances, the ‘‘hemihypoplasia’’ was detected prenatally
[Robins et al., 1998; F. Cowan, personal communication]. As
prenatal ultrasound shows no evidence of a cerebellar hemor-
rhage, I assume that rather ischemic disruptions are causa-
tive. If one accepts the possibility of a vascular unilateral
disruption responsible for unilateral aplasia, such events could
also occur bilaterally (not necessarily simultaneously). This
could explain at least some forms of clearly asymmetric cere-
bellar hypoplasias, and even instances of cerebellar agenesis
(CA).

One may argue that fetuses with brain malformations are
more susceptible to additional disruption as children with
malformations seem to have an increased risk for unilateral
cerebellar tissue loss [Boltshauser, 2001]. Having argued for
an acquired disruptive process underlying UCA, the classifica-
tion of ‘‘one hemisphere hypoplasia’’ as a cerebellar malforma-
tion in the scheme proposed by Patel and Barkovich [2002]
deserves caution.

Cerebellar Agenesis

Despite its extreme rarity, CA has attracted attention as a
potential malformation allowing to demonstrate central
nervous system plasticity. There is a traditional view that
the cerebellum is not necessary for normal motor and cognitive
function. An attempt to review the relevant literature here
creates confusion, as no clear definition of CA is put forward,
because many patients have insufficient clinical or pathologi-
cal documentation, and many cases with so-called CA have
considerable cerebellar tissue present.

Familial cases (‘‘syndromic’’). In exceptionally rare
instances, CA has been reported in the context of a complex
syndrome, associated with presumably X-linked hydrocepha-
lus [Riccardi and Marcus, 1978], and autosomal recessive
neonatal diabetes mellitus with microcephaly [Hoveyda et al.,
1999]. These affected children died within the first days or
weeks.

Sporadic cases. As judged from the literature, all
patients with ‘‘nonsyndromic’’ CA have been sporadic observa-
tions.

Variability in survival. There is obviously a broad
range of life expectancy documented. Some affected indivi-
duals died as neonates [Leech et al., 1997; van Coster et al.,
1998] or in early childhood [Glickstein, 1994]. On the other
hand, Sener and Jinkins [1993] reported a 58-year-old woman.

Variability in cerebellar remnants. Complete (total)
CA probably does not occur. In ‘‘subtotal’’ CA at least minute
cerebellar tissue corresponding to the anterior quadrangular
lobes were documented with MRI [Sener and Jinkins, 1993;
Velioglu et al., 1998]. In the majority of reports, considerable
amounts of ‘‘rudimentary cerebellum’’ were documented by
neuroimaging or post mortem examination [Glickstein, 1994;
Leestma and Torres, 2000]. The five patients reported by
Gardner et al. [2001] as ‘‘near-total absence of the cerebellum’’
had considerable tissue left, often asymmetric. The inclusion of
such patients is problematic.

Clinical findings in CA. Glickstein [1994] concluded his
literature review by stating that all cases with complete or
near-complete CA had considerable motor deficits. Patients
surviving infancy had variable degrees of cerebellar dysfunc-
tion (truncal and limb ataxia, dysarthria) as well as cognitive

Fig. 2. Coronal (T1w) MRI. Unilateral cerebellar hypoplasia as an
incidental finding in a 3-month-old boy with macrocephaly, but no
hydrocephaly.

378 Boltshauser



impairment. The patient with ‘‘unappreciated agenesis’’ who
died incidentally at 38 years was unemployed with mental
retardation [Leestma and Torres, 2000]. There is only the
Sener and Jinkins [1993] 58-year-old, apparently asympto-
matic, woman remaining.

Pathogenetic considerations. No familial patients with
isolated CA have been published. We have knowledge of a girl
with near-complete CA, who has additional cerebral white
matter loss (periventricular leukomalacia) although she was
born by uneventful delivery (unpublished observation). This is
compatible with an acquired event. We also care for identical
twins discordant for subtotal CA. Discordance of cerebral
malformations in identical twins is well known. This observa-
tion also underlies the relevance of epigenetic contributors to
the discordance of monozygotic twins. Unilateral cerebellar
aplasia can be the result of a unilateral disruptive event—a
bilateral disruptive event could be considered as an explana-
tion for CA.

In our view, patients with CA are symptomatic, ranging from
extreme (neonatal death) to moderate impairment. If CA is
recognized in the prenatal or neonatal period, the course is at
present unpredictable. CA may be an acquired anomaly as a
result of a disruption. The term CA should be restricted to
minute remnants corresponding to the anterior quadrangular
lobes.

CEREBELLAR HYPOPLASIAS

Cerebellar hypoplasia denotes reduced cerebellar volume,
whilst cerebellar shape is (near) normal (Fig. 3). Pragmati-
cally, a separation in global or generalized hypoplasia (affect-
ing hemispheres and vermis) and selective or focal hypoplasia
(affecting either predominantly vermis or hemispheres) can be

suggested. In theory the differentiation between hypoplasia
and atrophy is straight forward: in hypoplasia the fissures are
of normal size compared with the folia, while the fissures are
enlarged in atrophy. In practice the distinction is not always
as clear and atrophy can be superimposed on hypoplasia (e.g.,
in Congenital Disorders of Glycosylation). In addition, some
patients with nonprogressive cerebellar ataxia presumed to be
a static condition have enlarged cerebellar fissures (unpub-
lished observations).

Cerebellar hypoplasia is a heterogeneous condition. As
clearly pointed out by Sarnat [1992] and Barth [1993],
neocerebellar hypoplasia can be seen in:

* prenatal infections (in particular cytomegalic virus),
* prenatal exposure to teratogens,
* chromosomal aberrations,
* metabolic disorders,
* isolated (genetic) cerebellar hypoplasias,
* complex (genetic) malformations,
* (genetic) migration disorders,
* some types of congenital muscular dystrophies,
* pontocerebellar hypoplasias.

As described above, hypoplasia may result from prenatal
vascular disruptions (often asymmetric) and the cerebellar
lesions seen in a proportion of very prematurely born infants
can perfectly mimic cerebellar hypoplasia, [Johnsen et al.,
2002]. In genetically determined cerebellar hypoplasias so far
only a few genes have been mapped, one in a large
consanguineous Lebanese family at chromosome 9q34 [Dela-
gue et al., 2001], another in a genetic isolate (Cayman Island
ataxia) [Nystuen et al., 1996].

Fig. 3. MRI (a: axial T1w, b: coronal T2w). Marked cerebellar hypoplasia in a 2-year-old girl with (otherwise unexplained) congenital ataxia and marked
motor and cognitive impairment.
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In patients with cerebellar hypoplasia, presenting as non-
progressive cerebellar ataxia, the motor deficits tend to prevail
in infancy, but language and cognitive impairments dominate
in later life, supporting the view that the cerebellum is involved
in nonmotor cognitive tasks [Steinlin et al., 1999]. The hetero-
geneous group of congenital ataxias was reviewed by Steinlin
[1998].

The nonrandom combination of the symptoms facial heman-
giomas–cerebellar hypoplasia deserves separate mentioning
(Fig. 4). Depending on possible additional features, various
acronyms have been suggested, the most commonly used being
for Posterior fossa malformation, Hemangiomas, Arterial
anomalies, Coarctation of the aorta and cardiac defects, and
Eye abnormalities (PHACE) [Rossi et al., 2001]. The pheno-
typic spectrum is broad and the pathogenesis of this neurocu-
taneus syndrome poorly understood.

PONTOCEREBELLAR HYPOPLASIAS

Barth [1993] is credited for his proposal of the concept of
pontocerebellar hypoplasias, representing a group of auto-
somal recessive neurodegenerative disorders with prenatal
onset. He suggested a classification into two main types:

* Type 1 (PCH-1) associated with spinal anterior horn cell
degeneration, resulting in polyhydramnios, congenital
contractures, microcephaly, gross delay of milestones,
peripheral motor system involvement, and resulting in
early death.

* Type 2 (PCH-2) without spinal anterior horn involvement,
dominated by microcephaly, swallowing impairment, early
onset of seizures and extrapyramidal dyskinesia, and lack
of development.

Neuropathological examination and neuroimaging demon-
strate impressive changes in both entities: pontine hypoplasia,
vermis hypoplasia, often with preserved lobulation, and
markedly hypoplastic cerebellar hemispheres, of which the
thin, wing-like remnants are located below the tentorium.
PCH-1 and PCH-2 can not be separated by neuroimaging
findings alone (Figs. 5 and 6).

Subsequent publications have confirmed the distinction
between the two main types [Barth et al., 1995; Uhl et al.,
1998; Muntoni et al., 1999; Coppola et al., 2000; Dilber et al.,
2002; Grosso et al., 2002]. The genetic basis of both types is not
yet elucidated. Some variation in neuroimaging seems to occur,
rendering the diagnosis problematic in some individual
patients. In the series published by Muntoni et al. [1999], the
autopsy proven Patient 5 had a preserved pontine prominence.
The usually preserved vermis lobulation was not recorded in
Patient 2 reported by Grosso et al. [2002]. Apparently the
spectrum of PCH needs to be expanded. Dilber et al. [2002]
observed two siblings with MRI features similar to PCH, but
the clinical phenotype was different. They had microcephaly,
motor and mental retardation, but not extrapyramidal dyski-
nesia, and they were ambulant.

The distinction of the different types of PCH towards
patients with ‘‘subtotal’’ CA and hypoplastic pons may be
problematic. Pontine hypoplasia may also be observed in the
context of the previously described lesions seen in very low
birth weight prematures.

JOUBERT SYNDROME (JS)

JS: A Prototype of Midhindbrain Malformation

JS was first reported as a form of familial agenesis of the
cerebellar vermis in four affected sibs of consanguineous

Fig. 4. MRI (a: axial T1w, b: coronal T1w). Irregular asymmetry of cerebellar hemispheres in a 2-month-old girl with a facial capillary hemangioma.
There was no evidence for a leptomeningeal angiomatosis (Sturge–Weber).

380 Boltshauser



parents [Joubert et al., 1969]. Even this original family forms a
good example of phenotypic variability among siblings. Based
on the mutual experience of a group of investigators, the
following diagnostic criteria have been suggested [Maria et al.,
1999a].

Common and consistent abnormalities seen in all patients
are:

* muscle hypotonia,
* ataxia,
* developmental delay/cognitive impairment, and
* molar tooth sign (see below).

Frequently associated but not consistent abnormalities are:

* abnormal breathing pattern,
* retinal dystrophy, and
* oculomotor apraxia, upgaze palsy, ptosis.

Rarely observed abnormalities are:

* occipital mengingocele,
* polydactyly,
* short stature,
* scoliosis,
* congenital cataract,
* hydrocephalus,
* hepatic fibrosis, and

* nephronophthisis.

Nephronophthisis has been observed in a minority of
patients. It is controversial whether this constellation is part

of JS proper, represents a variant, or constitutes a different
‘‘overlapping’’ cerebello-oculo-renal syndrome [Satran et al.,
1999]. Epilepsy and microcephaly are not features of JS.
Patients tend to have large heads, prominent forehead, high
rounded eyebrows, epicanthal folds, occasionally ptosis,
upturned nose, and an open mouth with irregular tongue
protrusion (in infancy, later rhomboid-triangular shaped
mouth) [Maria et al., 1999a]. A range of behavior problems
(irritability, episodes of crying, aggressive phases, upset at
separation, hypersensitivity to noise) adds to the burden to the
families. Follow-up studies confirmed that all affected patients
had a variable cognitive impairment [Steinlin et al., 1997].

Maria et al. [1999b] has drawn attention to a characteristic
neuroimaging finding—the molar tooth sign (Fig. 7). This was
consistently seen in JS patients and, therefore, considered an
essential diagnostic feature. It is characterized by:

* in an axial view: deep interpeduncular fossa, thickened
superior cerebellar peduncles, batwing shaped forth ven-
tricle, vermis clefting,

* in a coronal view: vermis clefting, rudimentary dysplastic
vermis, and

* in a sagittal view: small dysplastic vermis, thin isthmic
region.

In view of many familial cases, lack of vertical transmission,
and an increased prevalence of consanguineous parents,
autosomal recessive inheritance is generally assumed. How-
ever, in larger patients series, there is a clear male preponder-
ance, for which no good explanation exists. A gene locus was
mapped to 9q34.3 in a large Arab family in 1999 [Saar et al.,
1999]. However, in other Arab families and in many American
and European families linkage to this locus could be excluded,

Fig. 5. MRI (a: sagittal T2w, b: coronal T2w). Pontocerebellar hypoplasia type 2 in a 10-days-old boy with poor spontaneous movement and impaired
swallowing, who developed microcephaly later on and had a severely delayed development.
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implying genetic heterogeneity. Philip Chance and his co-
workers have excluded several candidate genes (e.g., WNT1,
FGF8, EN1, EN2, BARHL1) [Blair et al., 2002].

Judging from personal inquiries over years, it is my
experience that JS is overdiagnosed. In a recent letter, atten-
tion was drawn to a number of wrongly diagnosed cases
[Boltshauser et al., 2002]. In addition, many reports describing
patients with Joubert or related syndromes focus on a special
aspect such as nephrological symptoms and provide only a
vague description of the brain neuroimaging [Keuth et al.,
1996; Apostolou et al., 2001]. The molar tooth sign may be
quoted, but is not depicted or is even absent in provided
illustrations [Coppola et al., 2002]. The delineation of JS from
overlapping syndromes is controversial and needs further
systematic study. It has (rightfully) been argued that the molar
tooth sign (also called molar tooth malformation) is nonspecific
and can be observed in other cerebello-oculo-renal-hepatic
syndromes [Satran et al., 1999; Ando et al., 2002]. These
include, inparticular, COACH syndrome,Arima-Dekaban syn-
drome, Senior-Loken syndrome, and probably other nephro-
nophthisis syndromes, Leber amaurosis, Varadi syndrome,
and Meckel-Gruber syndrome. As long as the molecular basis
for these disorders is not available, splitting or lumping
remains problematic.

A minority of severely affected infants, as judged by lack of
any development, have died in the first months of life, without
known cause for their demise. Nephronophthisis does influ-
ence life expectancy at any age. A number of patients are now in

their third and fourth decade. Whether the frequently docu-
mented retinal dystrophy is progressive in the long run, needs
to be assessed by systematic long-term studies.

RHOMBENCEPHALOSYNAPSIS (RS)

RS is a rare cerebellar malformation, which has recently
attracted increasing attention. A review of 23 earlier published
cases to which 9 unreported patients were added was recently
reported [Toelle et al., 2002]. RS is characterized by dorsal
fusion of the cerebellar hemispheres, agenesis or hypogenesis
of the vermis, and fusion of the dentate nuclei and superior
cerebellar peduncles. A majority of patients has hydrocephalus
or ventriculomegaly, and about half has absent septum pelluci-
dum. A spectrum of additional associated abnormalities has
been reported, for example, fused thalami, tectum and
fornicies, and hypoplastic anterior commisure and temporal
lobes.

Clinical findings are quite variable. There is not a clear
correlation between neurological findings and neuroimaging.
It seems that associated cerebral abnormalities are mainly
responsible for the neurological and cognitive impairments.
Symptoms of severely affected children include mental
retardation, epilepsy, spasticity, and hydrocephalus. On the
favorable side of the clinical spectrum, children with isolated
RS may have normal cognitive and language function, at least
in early school age [Toelle et al., 2002]. A particular, but
only occasionally observed, finding is involuntary lateral

Fig. 6. MRI (a: sagittal T1w, b: coronal T1w). Marked cerebellar hypoplasia with wing-like hemisphere remnants, pontine hypoplasia, and vermis
hypoplasia without preserved lobulation in a 1-week-old girl with microcephaly and absent swallowing. Pontocerebellar hypoplasia type 2 is the most likely
diagnosis, but patient is lost to follow-up.
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Fig. 7. MRI (a: sagittal T1w, b: axial T2w). Joubert syndrome (JS) in a 4-month-old boy. The sagittal view illustrates the thin isthmic region, an
unusually shaped fourth ventricle as well as vermis dysplasia. The axial view illustrates the molar tooth sign with deep interpeducular fossa and stretched,
and thickened superior cerebellar peduncles.

Fig. 8. MRI (a: axial T2w, b: coronal T2w). Rhombencephalosynapsis in a 9-year-old, normal intelligent girl with truncal ataxia and intermittent
lateral head nodding. A: Fusion of the cerebellar hemispheres. B: Horizontal orientation of posterior cerebellar folia without intervening vermis.



movements (‘‘head rolling’’) [Hottinger-Blanc et al., 2002]. This
phenomenon was also present in a recently diagnosed girl who
follows a special class for children with above average
intelligence (Fig. 8).

A reliable neuroimaging diagnosis is not possible on mid-
sagittal views. It is best confirmed on posterior coronal MRI
demonstrating abnormal horizontal folial orientation. This
aspect is not sufficiently evident from anterior coronal cuts. A
key-hole appearance of the fourth ventricle is an inconsistent
finding in the axial plane.

RS results from a disturbed development of the cerebellum at
28–41 days of gestation, and should be considered as a
developmental disorder mainly affecting mid-line structur-
es. All cases published until now have been sporadic [Toelle
et al., 2002]. Mendelian inheritance seems almost certainly
excluded.

RS may be part of the Gomez–Lopez–Hernandez (cerebello-
trigeminal-dermal dysplasia) syndrome [Brocks et al., 2000].
The combination of RS and myelomeningocele was previously
reported [Leiz et al., 2000]. However, a diagnosis of RS should
only be made with great caution in this context, as the posterior
fossa is small and cerebellar distortion may mimic the
appearance of RS. In a fetus a complex malformation of the
cerebral (telencephalosynapsis) and cerebellar hemispheres
(RS) with a Dandy–Walker-like posterior fossa cyst was
described [Sergi et al., 1997]. This constellation has also been
observed by Sener (personal communication).

CONCLUSIONS

Classifying the different congenital cerebellar abnormalities
remains difficult. It is expected that at least part of the present
confusion and uncertainty will be cleared by progress in the
understanding of cerebellar embryology, identification of the
complex array of genes involved in brainstem and cerebellar
development, insight gained from animal studies, and identi-
fication of genes responsible for human cerebellar malforma-
tions, such as JS and pontocerebellar hypoplasia. A careful,
pattern recognition approach considering clinical, neuroima-
ging, genetic, and other possible variables is the basis for
further delineation of cerebellar anomalies. Pooling of data of
the often rare anomalies and evaluation in expert working
groups may prove successful.
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Coppola G, Muras I, Pascotto A. 2000. Pontocerebellar hypoplasia type 2
(PCH2): Report of two siblings. Brain Dev 22:188–192.

Coppola G, Vjaro P, De Virgiliis S, Ciccimarra E, Boccone L, Pascotto A.
2002. Cerebellar vermis defect, oligophrenia, congenital ataxia, and
hepatic fibrocirrhosis without coloboma and renal abnormalities: Report
of three cases. Neuropediatrics 33:180–185.

Delague V, Bareil C, Bouvagnet P, Salem N, Chouery E, Loiselet J,
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