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Clinical Aspects of the Inherited Cerebellar 
Malformations

Asghar Marzban, Farshid Ghiyamihoor, Mohammad Vafaee-shahi, 
and Kamran Azarkhish

Abstract  Inherited cerebellar malformations cause lifelong disability and are not 
well studied in the newborns because there is a lack of appropriate clinical examina-
tion tools. Recently, inherited cerebellar malformations have been investigated 
using emerging advanced neuroimaging technologies such as magnetic resonance 
imaging (MRI), which has revealed many developmental disorders of the cerebel-
lum. These malformations cause impairments that affect motor and nonmotor func-
tions. Cerebellar hypoplasia (CH), cerebellar dysplasia (CD), Dandy–Walker 
malformation (DWM), Joubert syndrome and related disorders (JSRDs), pontocer-
ebellar hypoplasia (PCH), rhombencephalosynapsis (RES), lissencephaly with cer-
ebellar hypoplasia (LCH), and Lhermitte–Duclos disease (LDD) are examples of 
cerebellar malformations which this chapter will focus on using characteristic 
symptoms and signs. The current approaches for evaluation of the affected patients, 
differential diagnosis, and management of the malformations will be discussed.
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�Introduction

The cerebellar development and structure have been discussed in chapter “The 
Embryology and Anatomy of the Cerebellum”. The cerebellar development begins 
during an early embryonic stage with a complicated developmental process that 
continues well into the first year after birth in human. Recent advances in neonatal 
intensive care and breakthroughs in neuroimaging techniques such as positron 
emission tomography (PET), structural MRI (sMRI), and functional MRI (fMRI) 
have improved our ability to understand the structural and functional anomalies that 
implicate cerebellar involvement in numerous motor and nonmotor functions, rang-
ing from motor/sensory integration and working memory to various higher order 
cognitive processes [1–4]. Despite the advanced technologies, understanding cere-
bellar malformations in children requires additional research regarding their prog-
nosis as well as their lifelong consequences. Because of a lack of an appropriate 
treatment, up to 80% of parents choose to terminate pregnancy after a prenatal diag-
nosis of a cerebellar malformation [1, 5]. The prolonged developmental process in 
the cerebellum makes it more vulnerable to perturbation caused by genetic and 
environmental factors, or a combination of both that occur during development. 
Cerebellar abnormalities range from subtle impairments including cognitive impair-
ments to significant structural defects with life-threatening or lifelong disabili-
ties [6].

Cerebellar dysfunction that disturbs the regulation of muscle tone, motor control, 
and coordination of movement is called ataxia – a broad term that refers to a distur-
bance in the smooth performance of the motor activities. The nonmotor dysfunction 
that results from cerebellar manifestations includes cognitive affective syndrome 
that includes impairment in executive function, spatial cognition, personality 
changes, and language deficits [7–9]. Cerebellar structural and functional abnor-
malities have been reported in psychiatric disorders such as schizophrenia, bipolar 
disorder, depression, anxiety disorders, attention deficit hyperactivity disorder 
(ADHD), and autism [10–15].

The specific constellation of symptoms is sometimes useful for localizing the 
cerebellar lesion, but often there is considerable overlap. Because of a complex 
developmental process during the formation of cerebellum, clinical classification of 
cerebellar neurodevelopmental disorder is difficult; however, there are classification 
that are based on embryological and genetic considerations [16, 17]. Before the 
introduction of MRI, Dandy–Walker variants was a term used to characterize sev-
eral types of cerebellar malformations. Now, cerebellar malformations can be clas-
sified into primary (malformation) and secondary (disruptive) lesions [17].

Secondary disruptive cerebellar defects are secondary to a developmental disor-
der in structures around the cerebellum such as Chiari malformation and vein of 
Galen malformation. Chiari malformations (Fig.  1) are posterior cranial fossa 
defects that range from herniation of the cerebellar tonsils through the foramen 
magnum to complete agenesis of the cerebellum, which are classified into four 
types (I–IV), with type IV being the most severe malformations [18]. Vein of Galen 
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Fig. 1  Chiari malformation type I. (a, b) Sagittal and coronal T2-weighted brain MR images. 
There is slight inferior herniation of cerebellar tonsils through the foramen magnum that is less 
than 5 mm and shows benign tonsillar ectopia that could be a mild variant of Chiari malformation. 
(c, d) Axial and sagittal T2-weighted MR images of the brainstem and cervical spinal cord. Note 
the presence of a large syrinx in association with tonsillar ectopia in Chiari malformation type I

malformation is another secondary cerebellar malformation that results from the 
presence of one or more arteriovenous fistulas, which constitute up to 30% of intra-
cranial vascular malformations presenting among pediatric patients [19, 20]. In 
patients with vein of Galen malformation, the superior cerebellar arteries also dis-
charge into the vein of Galen [21]. It is reasonable to assume that the dilated vein 
causes direct compression of cerebrospinal fluid (CSF) flow, increased intracranial 
pressure, and caudal displacement of the cerebellar tonsils [22], leading to cerebel-
lar signs and symptoms.

Primary cerebellar malformations are classified into two broad categories: (1) 
those with hypoplasia and (2) those with dysplasia. Both hypoplasia and dysplasia 
categories have their own subgroups, which are categorized in Diagram 1 [17]. This 
chapter aims to discuss primary cerebellar malformations and the current treatment 
approaches in affected patients. The included primary cerebellar malformations are 
the cerebellar hypoplasia (CH), cerebellar dysplasia (CD), Dandy–Walker malfor-
mation (DWM), pontocerebellar hypoplasia (PCH), Joubert syndrome and related 
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Diagram 1  Classification of cerebellar primary malformations

disorders (JSRDs), rhombencephalosynapsis (RES), lissencephaly with cerebellar 
hypoplasia (LCH), and dysplastic cerebellar gangliocytoma or Lhermitte–Duclos 
disease (LDD).

�Cerebellar Hypoplasia

Cerebellar hypoplasia (CH) is a heterogeneous group of disorders that was first 
reported by Crouzon in 1929. From the embryological aspect, the cerebellar primor-
dium emerges at approximately 28  days after fertilization in human (embryonic 
days 7–8 in the mouse) as a neuroepithelial swelling of the rostral lip of the fourth 
ventricle, which is part of the alar plate of the metencephalon (rhombomere-1) [6, 
23–25]. Therefore, any developmental dysregulation that targets the rhombomere-1 
causes failure to specify the anterior hindbrain and results in cerebellar aplasia/
hypoplasia because of defects in dorsal patterning mechanisms [26–28].

Distinguishing CH from cerebellar atrophy is very important because the treat-
ment approaches are different. CH refers to a cerebellum with reduced volume, but 
with normal shape, which is stable over time and normal interfoliate fissures and 
sulci. On the other hand, cerebellar atrophy represents a progressive loss of cerebel-
lar parenchyma along with secondary enlargement of both interfolial spaces and the 
fourth ventricle (29).
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The causes of the CH are broad and include chromosomal aberrations (such as 
trisomy 9, 13, and 18), metabolic disorders [29], teratogens (drugs and infections: 
see chapter “Hormonal Regulation of Cerebellar Development and Its Disorders”), 
or isolated genetic CH (such as very low density lipoprotein receptor (VLDLR) – a 
reelin receptor [30, 31], dyskerin pseudouridine synthase 1 (DKC1) [32], oligo-
phrenin 1 (OPHN1) [33], pancreas-specific transcription factor 1a (PTF1A) [34], 
and carbohydrate-deficient glycoprotein syndrome Types I and II (CDG 1 and 2) 
[35, 36]). Mutations in CHD7 (chromodomain helicase DNA binding protein 7) and 
retinoic acid exposure during early pregnancy are associated with variable cerebel-
lar CH [31]. Similar to most developmental anomalies, CH may be associated with 
other brain malformations and there may be multi-organ involvement. Based on 
recent studies, CH is classified into three categories: (1) focal hypoplasia which has 
three subgroups – (i) isolated vermis hypoplasia, which is mostly characterized by 
partial absence of the inferior portion of the vermis, (ii) predominantly vermis hypo-
plasia including DWM [37], and (iii) unilateral hemispheric hypoplasia; (2) global 
(diffuse or generalized) hypoplasia (involvement of both vermis and hemisphere), 
which is more common in congenital cytomegalovirus (CMV) infection; and (3) 
CH with brainstem involvement including PCH [17, 38–40].

Clinically, in cerebellar hypoplasia, ataxia and poor motor learning are the most 
common and nonprogressive presentations compared with atrophic cerebellar disor-
ders [41]. In infancy, hypotonia and global developmental delay are present earlier, 
and other signs include ocular motor disorders, dysarthria, intention tremor, and 
microcephaly. Behavioral abnormalities, intellectual disability, and speech and lan-
guage disorders can vary from mild to severe impairment [42].

Management  It is important to consider that ataxia or other neurological signs in 
cerebellar hypoplasic patients usually do not worsen over time compared with atro-
phic cerebellar disorder. There is no standard course of treatment; therefore, the 
principal treatment is supportive including physical therapy, occupational therapy, 
speech therapy, psychiatric/behavioral medications, and special education (see 
chapters “Clinical Features, Assessment, and Management of Patients with 
Developmental and Other Cerebellar Disorders” and “Rehabilitation in Cerebellar 
Ataxia”).

�Cerebellar Dysplasia

Cerebellar dysplasia (CD) is defined by abnormal pattern in foliation, abnormal 
white matter arborization, heterotopic nodules of gray matter, and abnormal gray-
white matter junction. CD may be associated with cysts resulting from disorganized 
cortical structures and pia matter disruption in which subarachnoid space is abnor-
mally engulfed by dysplastic cerebellar folia [43]. CD can be subdivided into: (1) 
global CD, which has been reported in some posterior fossa malformations such as 
Chudley-McCullough syndrome, α-dystroglycanopathies, GPR56-related 
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polymicrogyria, and Poretti-Boltshauser syndrome; and (2) focal CD including dys-
plasia of the superior cerebellar vermis in Joubert syndrome and increased volume 
of multiple cerebellar folia in Lhermitte-Duclos disease [43]. In addition, it has 
been reported a rare number of isolated unilateral cerebellar hemispheric dysplasia 
[44, 45].

It has been reported that CD with abnormal folia orientation may be a core find-
ing in PROS (PIK3CA-related overgrowth spectrum) patients that show somatic 
mutations in PIK3CA pathway genes, especially in those presenting MCAP 
(megalencephaly-capillary malformation) condition. Brain MRI of PROS patients, 
who are presented in clinics with vascular anomalies (mainly capillary malforma-
tions), segmental overgrowth dysregulation, and distal limb anomalies such as syn-
dactyly and polydactyly, should be focused on cerebellum to detect any cerebellar 
dysplasia, which could be followed by proper genetic testing [46].

Management  Like CH, treatment of CD is symptomatic and supportive.

�Dandy–Walker Malformation

The fundamental structure that is affected in Dandy–Walker malformation (DWM) 
is the cerebellum [47–49]. DWM is a genetic disorder, with the most common and 
severe type being the Dandy–Walker syndrome malformation [47]. Deletion of Zinc 
finger 1 and 4 (ZIC1, ZIC4) genes on chromosome 3q24 [37, 50] and the Forkhead 
Box 1 (FOXC1) gene on chromosome 6p25 are candidates involving in DWM [37, 
51]. It is suggested that ZIC1 and ZIC4 are required for the full responsiveness of 
granule cell precursors (GCPs) to sonic hedgehog (SHH) [28]. It seems that FOXC1 
directly regulates the size of posterior fossa and FOXC1-dependent SDF1α-CXCR4 
(stromal cell derived factor 1α–CXC motif chemokine receptor 4) signaling from 
the surrounding mesenchyme to the developing cerebellar anlage regulates a pleth-
ora of cerebellar developmental programs [37]. Some other congenital abnormali-
ties, especially eye malformations consistent with Axenfeld-Rieger syndrome, are 
seen in FOXC1-related DWM, and sometimes overlap with 3C (cranio-cerebello-
cardiac) syndrome in severely affected patients [31]. Recently discovered mutations 
in CCDC22 (coiled-coil domain containing 22) gene in X-linked cases of 3C syn-
drome indicate that the CCDC22 mutations may be another cause of DWM [31]. 
Deletion of FOXC1 can lead to vermian tail (a common extended and dysplastic 
posterior vermis with an indistinct choroid plexus) in infants of DWM [52]. 
Autosomal dominant mutations in LAMC1 (laminin subunit gamma 1) and NID1 
(nidogen 1) can also be considered as another causes of DWM [31].

DWM is characterized by agenesis or hypoplasia of the cerebellar vermis, 
upwardly rotated vermis, cystic dilatation of the fourth ventricle into the posterior 
cranial fossa, and an enlarged posterior cranial fossa [1, 37, 38, 53]. Enlargement of 
the posterior cranial fossa causes an abnormally high tentorium above the internal 
occipital protuberance and transverse occipital sulcus (location of transverse sinus), 
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as well as a variable degree of hydrocephalus [1, 54]. During cerebellar develop-
ment, the right and left cerebellar primordia are fused at the midline. Any misregu-
lation in this developmental process leads to a lack of cerebellar fusion at the 
midline. The lack of midline fusion causes the extension of membranous area/roof 
plate anteriorly, resulting in a large fourth ventricle. Cerebrospinal fluid pulsations 
cause roof plate expansion posteriorly within the posterior fossa, forming a large 
posterior cyst that represents the fourth ventricle [55].

Clinically, DWM can be defined via the characteristic triad consisting of the fol-
lowing: (1) complete or partial agenesis of the vermis, (2) cystic dilatation of the 
fourth ventricle, and (3) an enlarged posterior cranial fossa with upward displace-
ment of the transverse sinuses [56, 57]. If hydrocephalus is present, it suggests a 
common developmental disorder in which multiple brain regions are affected [58].

The signs and symptoms associated with DWM are broad. DWM patients often 
have global developmental delay (GDD), language delay, intellectual disability 
(ID), hypotonia, motor delay, ataxia, lack of coordination, jerky movements of the 
eyes, and progressive enlargement of the skull. Some patients may have normal 
cognition, whereas others have mild to severe mental retardation, even when hydro-
cephalus is effectively treated. The enlarged head circumference, which may bulge 
at the back of the skull, can increase pressure on the brainstem and nerves and can 
cause difficulties in controlling face and neck, and abnormal breathing patterns. 
Sagittal and axial MR images (Fig. 2) can distinguish DWM from other cerebellar 
malformations. In DWM, it is important to consider mega cisterna magna, retro-
cerebellar cysts, and Blake’s pouch cyst [55, 59]. It should be noted that in addition 
to the absence of the middle part of the cerebellum, midline structures in the fore-
brain such as the corpus callosum may be absent, a condition known as agenesis of 
corpus callosum (ACC). Systemic malformations associated with DWM may 
include cardiac anomalies, urogenital anomalies, and other abnormalities may occur 
collectively in about half of the patients [60–63].

Fig. 2  Dandy–Walker malformation. (a) Sagittal T2-weighted brain MR image showing hypopla-
sia of the inferior vermis. A connection between the cisterna magna and the fourth ventricle is seen. 
(b) Axial T1-weighted brain MR image showing a cerebellum with isolated inferior vermian hypo-
plasia and normal cerebellar hemispheres, which is referred to as part of the Dandy–Walker variant
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Management  If there is hydrocephalous, treatment could include shunting and 
CSF drainage from the lateral ventricles and/or posterior fossa cyst, which is cur-
rently considered the ordinary surgical treatment of choice [49, 64]. Another way of 
shunting is endoscopic method, including (1) endoscopic third ventriculostomy 
(ETV), (2) aqueduct stent with shunt insertion, and (3) trans-tentorial proximal 
catheter insertion with endoscopic shunting [64]. The treatment consists of physio-
therapy, occupational therapy, speech therapy, and specialized education. Although 
diagnosis of DWS during intrauterine development is difficult, if an ultrasound sug-
gests DWS, then amniocentesis should be performed to aid in the diagnosis [65]. It 
is important that the families of affected children be referred for genetic counseling.

�Joubert Syndrome and Related Disorders

Joubert syndrome (JS) was first identified by Marie Joubert in Montreal, Canada 
[66]. JS is a group of autosomal recessive conditions that are characterized by devel-
opmental anomalies, which are caused by defects in the structure or function of the 
primary cilium [67, 68]. Molar tooth sign (MTS) observed on axial images of plain 
MRI (Fig. 3) is one of the gold standards of JS, which is formed by cerebellar ver-
mis hypoplasia and dysplasia (most likely with a cleft in the superior vermis) 
accompanied by long, thick, elevated, and horizontally oriented superior cerebellar 
peduncles, with a deep interpeduncular fossa at the level of a thin midbrain–hind-
brain junction (isthmus) [17, 37, 69]. In addition, diffusion tensor imaging (DTI), an 
MRI technique for white matter tractography, can further demonstrate laterally dis-
placed and dysmorphic cerebellar nuclei, hypoplastic medial lemnisci, absent trans-
verse fibers in vermis, and deficient superior cerebellar peduncle decussation [31]. 

Fig. 3  Joubert syndrome and related disorders. (a) Coronal T2 FLAIR brain image. The cerebellar 
vermis is aplastic and superior cerebellar peduncles are elongated. (b) Axial T2 FLAIR brain 
image. This image shows a deep interpeduncular fossa, elongated superior cerebellar peduncles 
with cerebellar vermis hypoplasia, which are characteristic of the molar tooth sign in Joubert 
syndrome
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When other organs, such as the retina, kidney, and liver are involved, it is called 
Joubert syndrome and related disorders (JSRDs), and these patients also have the 
MTS [67].

JSRDs is the most common inherited congenital cerebellar malformation in 
which ciliopathy is a fundamental mechanism. The primary cilia are important in 
neuronal development and function as cellular antenna that are found in nearly all 
cell types. Two main conditions related to defective function of primary cilia are 
retinal dystrophy and nephronophthisis that are found in many patients with JS [70]. 
The function of cilia in cells includes protein trafficking, photoreception, embryonic 
axis patterning, and cell cycle regulation. Therefore, dysfunction of this microtubule-
based extension of cellular membranes can affect a single tissue or manifest as hav-
ing multi-organ involvement, which is called ciliopathy [71]. Within the developing 
cerebellum, primary cilia have been shown to be essential for reception of the cell 
signaling ligand sonic hedgehog, which in turn is essential for proliferation of cer-
ebellar neurons such as granule cells [72, 73].

The causative gene of many ciliopathies in individuals with JSRDs has defined a 
new class of neurological diseases [71]. To date, over 16 causative genes have been 
associated with JSRDs and all encode proteins in the primary cilium or its apparatus 
[67]. For example, mutations in genes such as AHII, INPP5E, CC2D2A, and 
ARL13B cause JS with MTS and retinal blindness [74]. However, mutations in 
TMEM216 and RPGRIPIL genes lead to MTS and renal involvement. In more 
severe cases, mutations in the CEP290 gene causes MTS together with retinal and 
renal involvement and complete situs inversus [70], while mutations in TMEM67 
are the most common cause of MTS with liver involvement [75].

Clinically, JSRDs patients have developmental delay, motor disability, hypoto-
nia, ataxia, dysregulated breathing rhythms such as apnea and tachypnea (that 
results from dysfunction of the respiratory centers in the brainstem or cerebellum 
[69, 76]), abnormal eye and tongue movements, and subsequent mental retardation 
[70]. As ciliopathy interrupts a broad range of developmental process, a defect 
could be seen in other organs such as kidney, retina, and liver, and there were also 
facial abnormalities (cleft lip or palate, tongue abnormalities) and polydactyly 
(extra fingers and toes) [77–79]. In mild JSRDs, ataxic movement lessens with age 
and the ability to walk is delayed to age 4–5 years.

Management  The treatment is symptomatic and supportive such as physical ther-
apy, occupational therapy, and speech therapy. Infants with abnormal breathing pat-
terns should be monitored closely for apnea, and this may be required during the 
first year of life because some neonates have died as a result of apnea. In this case, 
caffeine may be helpful to promote respiratory drive. These patients should be peri-
odically examined for any non-neurological signs and symptoms. Because of the 
heterogeneity of these conditions, genetic testing will show specific gene mutations, 
which can help predict the range of organ involvement such as retina, kidney, and 
liver [6, 80].
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�Pontocerebellar Hypoplasia

Pontocerebellar hypoplasia (PCH) is a group of autosomal recessive neurodevelop-
mental and neurodegenerative disorders with hypoplasia of the cerebellum and ven-
tral pons, followed by atrophy. It is also characterized by variable cerebral 
involvement such as microcephaly, seizures, and a severe delay in cognitive and 
motor development, which in many cases is fatal early in life [17, 38, 81, 82].

Ten different subtypes have been reported based on clinical and genetic features 
(i.e., PCH1–10) [83], and they are summarized in Table 1. Mutations in the follow-
ing genes cause PCH because of molecular malfunctions that are important for nor-
mal development of the neurons and non-neuronal cells. Mutations in the 
vaccinia-related kinase 1 (VRK1) gene on chromosome 14q32.2 cause PCH1A (or 
spinal muscular atrophy with pontocerebellar hypoplasia; SMA-PCH), in which 
there is spinal cord anterior horn cell degeneration [84, 85]. Mutations in the 
EXOSC3 (exosome component 3) gene on chromosome 9p13.2 lead to PCH1B 
[86]. Mutations in three genes, TSEN54, TSEN34, and TSEN2, encoding three of 
four subunits of the tRNA splicing endonuclease (TSEN) complex have been found 
to underlie PCH2, PCH4, and PCH5 [81]. PCH2 is characterized by CH in which 
the hemispheres are more severely affected than the vermis, and in contrast to 
PCH1, there is no anterior horn cell degeneration in the spinal cord. These patients 
have other signs and symptoms such as progressive cerebral atrophy, microcephaly, 
dyskinesia, seizures [81, 82], early hyperreflexia, developmental delay, and feeding 
problems [31]. In brief, it is known that mutations in TSEN54 on chromosome 

Table 1  Types of PCH

Gene Chromosome PCH types

VRK1 14q32.2 PCH1A
EXOSC3 9p13.2 PCH1B
TSEN34 17q25.1 PCH2A
TSEN2 3p25.2 PCH2B
TSEN34 19q13.42 PCH2C
SEPSECS 4p15.2 PCH2D
VPS53 17p13.3 PCH2E
TSEN15 1q25 PCH2F
PCLO 7q21 PCH3
TSEN54 17q25.1 PCH4
TSEN54 17q25.1 PCH5
RARS2 6q15 PCH6
? ? PCH7
CHMP1A 16q24 PCH8
AMPD2 1p13 PCH9
CLP1 11p12 PCH10

A. Marzban et al.



509

17q25.1 cause PCH2A; mutations in TSEN2 on chromosome 3p25.2 cause PCH2B; 
mutations in TSEN34 on chromosome 19q13.42 cause PCH2C; mutations in 
SEPSECS (O-phosphoseryl-tRNA:selenocysteinyl-tRNA synthase) on chromo-
some 4p15.2 cause PCH2D (as known as progressive cerebello-cerebral atrophy; 
PCCA); mutations in the gene VPS53, a subunit of the Golgi-associated retrograde 
protein (GARP) complexes, on chromosome 17p13.3 cause PCH2E; and mutations 
in TSEN15 on chromosome 1q25 cause PCH2F [87–89]. PCH3 that seems to be 
associated with optic atrophy is caused by mutations in the gene encoding PCLO 
(piccolo presynaptic cytomatrix protein) on chromosome 7q21 [90, 91]. PCH4 is 
caused by a mutation in the TSEN54 gene on chromosome 17q25.1 [87]. PCH4 is 
associated with polyhydramnios, contractures, severe hyperreflexia, and early death 
because of central respiratory failure [31]. A mutation in the TSEN54 gene on chro-
mosome 17q25 causes PCH5, and mutations in the RARS2 (mitochondrial arginyl-
tRNA synthetase 2) encoding gene on chromosome 6q15 cause PCH6, which is 
associated with elevated CSF lactate level [92]. The gene involved in PCH7 is 
unknown [93, 94]. PCH8 is caused by recessive loss-of-function mutations in the 
CHMP1A (charged multivesicular body protein 1A) encoding gene on chromosome 
16q24 [95]. Mutations in the AMPD2 (adenosine monophosphate deaminase 2) 
gene on chromosome 1p13 cause PCH9, which is associated with severely delayed 
psychomotor involvement, progressive microcephaly, spasticity, and seizures [31, 
96], and mutations in CLP1 (cleavage factor polyribonucleotide kinase subunit 1) 
gene on chromosome 11p12 cause PCH10, which is associated with progressive 
neurodegenerative features or static encephalopathy [31, 97]. Finally, loss-of-
function mutations in SLC25A46 (solute carrier family 25 member 46) cause lethal 
congenital PCH [98].

Disorders presenting with PCH are constantly growing. Some examples are cal-
cium/calmodulin-dependent serine protein kinase (CASK)-related PCH (associated 
with progressive microcephaly, hypoplasia of pons and cerebellum, intellectual dis-
ability, and epilepsy in female), congenital disorders of glycosylation (CDG; associ-
ated with GDD, language delay, eye anomalies, coagulation defects, neuropathy, 
impaired liver function, abnormal fat distribution, and cerebellar and pons atrophy 
imitating PCH), cerebellofaciodental syndrome (BRF1-related PCH; associated 
with microcephaly, short stature, intellectual disability, cerebellar and brainstem 
hypoplasia, and dystrophic features including taurodontism), and osteogenesis 
imperfecta (WNT1-related PCH; associated with developmental defects of the mid-
brain, pons, and cerebellum including variable degree of cerebellar and brainstem 
hypoplasia) [17, 38].

Clinically, PCH patients have hypotonia and difficulty with coordination of 
sucking and swallowing, and problems with handling their oral and respiratory 
secretions [99]. There are no criteria to distinguish precisely between the different 
subtypes based on clinical signs and symptoms, and therefore genetic testing is 
important. The cerebellum and pontine hypoplasia can be revealed by MRI in which 
the cerebellar hemispheres may be more severely affected than the midline vermis. 
Flattened cerebellar hemispheres (the “wings”) and a slightly preserved vermis (the 
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Fig. 4  Pontocerebellar hypoplasia. (a) Sagittal T2-weighted brain MR images. The pons is very 
small but has a relative sparring bulging in its superior part. Vermis hypoplasia predominates at the 
inferior site. (b) Coronal T2-weighted brain MR images. Cerebellar hemispheric hypoplasia with 
vermis relatively spared leading to classic dragonfly image

“body”) together create dragonfly appearance on coronal MRI of PCH patients [17] 
(Fig. 4).

Management  There is no known cure for PCH, and treatment is symptomatic and 
palliative and requires the teamwork of health-care professionals. Patients with 
PCH need a gastrostomy tube and airway control, and they may not survive beyond 
1  year of age. It is important to refer families of affected children for genetic 
counseling.

�Rhombencephalosynapsis

Rhombencephalosynapsis (RES) is a neurodevelopmental malformation that is 
characterized by midline fusion of the two cerebellar hemispheres, which is caused 
by failure of the midline structure development in the rhombencephalon. It is sug-
gested that disruption of dorsoventral patterning of the rhombencephalon may cause 
RES [100, 101]. RES is a rare condition with unknown etiology, and the most spe-
cific and key MRI finding is agenesis or hypogenesis of the vermis, in which the 
cerebellar vermis is completely or partially absent with a fused cerebellar hemi-
sphere, a fused superior cerebellar peduncle, and midline dentate nucleus, creating 
a horseshoe-shaped arch across the midline [17, 37, 100]. Coronal T2-weighted MR 
images show horizontal folia pattern and mid-sagittal T1-weighted MR images 
show the dentate nucleus [17].

RES may be associated with other cerebellar abnormalities, such as Purkinje cell 
heterotopias [102]. Although RES is seen most frequently in isolated form, it can 
also be seen together with other developmental malformations in the nervous sys-
tem or other organs. RES is a highly consistent finding in Gomez–Lopez–Hernandez 
syndrome (GLHS), which is also known as cerebellotrigeminal-dermal dysplasia (a 
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neurocutaneous disorder) presenting with parietal/temporal alopecia (focal dermal 
dysplasia or lack of hair), trigeminal anesthesia (loss of sensation in the face), mid-
face hypoplasia with towering skull shape, corneal opacities, mental retardation, 
and short stature. RES is also associated with midline brain structural defects 
including absent olfactory bulbs, dysgenesis of the corpus callosum, absent septum 
pellucidum, and in rare patients, atypical forms of holoprosencephaly [100]. RES 
has also been reported in VACTERL (vertebral anomalies, anal atresia, cardiovascu-
lar anomalies, trachea–esophageal fistula, renal anomalies, limb defects) associa-
tion and hydrocephalus [42, 102–105].

Ishak et al. (2012) proposed four groups based on the severity of cerebellar ver-
mis defect: (1) mild, in which the nodulus, anterior, and posterior vermis are par-
tially absent; (2) moderate, where there is a lack of posterior vermis with some 
anterior vermis but the nodulus is present; (3) severe, which is a lack of posterior 
and anterior vermis with the nodulus partially absent; and (4) complete, where there 
is a lack of the entire vermis [100]. They also divided RES-affected patients into 
four clinical categories using the following criteria: (1) RES in patients with GLHS; 
(2) RES plus at least one of the VACTERL association features without scalp alope-
cia; (3) RES plus a focal or diffuse forebrain midline fusion defect without alopecia; 
and (4) RES in patients with malformations that do not fit into the categories (1)–(3) 
(with abnormal head shape, midface hypoplasia, low-set and/or posteriorly rotated 
ears, telecanthus and/or hypertelorism). Based on other literatures, RES includes 
some specific clinical phenotypes such as biparietal alopecia, craniosynostosis, tri-
geminal anesthesia, and atresia of the fourth ventricle [106].

Clinically, signs and symptoms in patients with the isolated form of RES are 
variable such as developmental delay, in which motor learning and skills develop 
between 3 and 6 years of age, hypotonia, ataxia, abnormal eye movements, and head 
stereotypies [17, 107].

Management  Treatment for RES infants is generally supportive and includes 
physical therapy and occupational therapy. If hydrocephalus is present in patients 
with RES and it is symptomatic, this can be an indication for surgical intervention 
with a ventriculostomy or ventricular shunt. It is important to refer families of 
affected children for genetic counseling.

�Lissencephaly with Cerebellar Hypoplasia

Lissencephaly with CH is a neurodevelopmental malformation in which cellular 
migration is severely impaired. The cerebellum in patients with lissencephaly is 
underdeveloped with prominent vermis hypoplasia or aplasia [108–111]. Mutations 
in the gene encoding reelin (RELN), which is mapped on chromosome 7q22, cause 
lissencephaly with severe abnormalities of the cerebellum, hippocampus, and brain-
stem. Reelin is a large extracellular matrix-associated protein [112] that is involved 
in migration of neurons through binding to its receptors (VLDLR), the 
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apolipoprotein E receptor 2 (ApoER2) [113–115], and also α3β1 integrin and pro-
tocadherins [116]. In a mouse model of lissencephaly, mutations in RELN and 
DAB1 prominently cause neuronal migration defects in the brain with accompany-
ing cerebellar hypoplasia, and there is also abnormal circuitry development [117, 
118]. Mutations in RELN also show abnormal developmental disorders outside the 
brain such as neuromuscular connectivity and congenital lymphedema [110]. It is 
also reported that mutations in α-dystroglycan may result in lissencephaly and cen-
tral nervous system developmental malformations [119].

Clinically, the important approach to diagnose is MRI of the cerebellum, which 
shows severe vermis and CH and cerebellar peduncle malformation.

Management  Treatment of patients who have lissencephaly with CH are support-
ive care and symptom management. In case of difficulties with feeding, a gastros-
tomy tube may be considered. If seizures are present, anti-seizure medications are 
administered, and in the case of hydrocephalus, shunting is performed. It is impor-
tant to refer families of affected children for genetic counseling.

�Dysplastic Cerebellar Gangliocytoma or Lhermitte–
Duclos Disease

The first case of the Lhermitte–Duclos disease (LDD) was reported by Lhermitte 
and Duclos in 1920 as a cerebellar ganglion cell tumor or dysplastic cerebellar gan-
gliocytoma [120, 121]. LDD is a rare developmental disorder of the cerebellum and 
features both malformation and benign neoplasm. Most patients with LDD appear 
to have mutations in the phosphatase and tensin homologue (PTEN) gene [121–
123]. Most frequently, LDD occurs in young adults in the third and fourth decades 
of life [124, 125]. Because LDD presents in previously healthy children with fea-
tures of a unilateral cerebellar mass, the main considerations are the posterior fossa 
tumor and secondary hydrocephalus. LDD is not diagnosed as medulloblastoma in 
most patients because of differences in the age group, medical history, and unique 
imaging features. Neuroimaging with MRI is sufficient and important in the diag-
nostic process. Long-standing unilateral space-occupying skull lesions in the poste-
rior fossa leads to thinning of the skull in the occipital region [126, 127]. 
Histopathological findings show dysplastic gangliocytoma of the cerebellum in 
front of a hamartoma lesion with widening of the molecular layer occupied by 
abnormal ganglion cells, absence of the Purkinje cell layer, and hypertrophy of the 
granular layer [128].

Clinically, patients with LDD present with headache, nausea, cerebellar signs, 
hydrocephalus, and increased intracranial pressure. Patients may have symptoms 
for many years, such as cranial nerve palsies and cerebellar symptoms, because of 
the slowly progressive nature of this disease [126]. LDD patients may show mental 
retardation. LLD is commonly associated with other disorders of cortical formation, 
megalencephaly, gray matter heterotopia, polymicrogyria, polydactyly, 
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macroglossia, localized gigantism, and other congenital malformations such as 
familial hamartoma–neoplasia syndrome and Cowden’s disease (CD), an inherited 
cancer/hamartoma syndrome involving the breast, thyroid gland, and other organs 
[17, 129]. Widened cerebellar folia with striated appearance can be seen on 
T2-weighted MRI [17]. Elevated lactate, slightly reduced N-acetyl aspartate (NAA), 
reduced myoinositol, reduced choline, and reduced choline/creatine ratio are com-
mon on MR spectroscopy (MRS) [17].

Management  Decompressive surgery for symptomatic patients is the accepted 
choice of treatment. The risk of performing surgery is the lack of clear tumor mar-
gins. Symptomatic and supportive treatments such as physical therapy and occupa-
tional therapy should be offered.

�Summary

In this chapter, cerebellar malformations and current treatment approaches were 
summarized. Based on available knowledge and our clinical experience, there is no 
curative treatment and most of the patients are managed using conservative 
approaches (see chapters “Clinical Features, Assessment, and Management of 
Patients with Developmental and Other Cerebellar Disorders” and “Rehabilitation 
in Cerebellar Ataxia”). Treatment is in response to symptoms and requires a team of 
specialists (neonatologists, pediatricians, neurologists, and therapists), health-care 
professionals, and genetic counselors.
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