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Abstract

Resumo

Ataxia is defined as a lack of coordination of voluntary movement, caused by a variety of factors. Ataxia can be classified by the 
age at onset and type (chronic or acute). The causative lesions involve the cerebellum and cerebellar connections. The correct, 
appropriate use of neuroimaging, particularly magnetic resonance imaging, can make the diagnosis relatively straightforward 
and facilitate implementation of the appropriate clinical management. The purpose of this pictorial essay is to describe the imag-
ing findings of ataxia, based on cases obtained from the archives of a tertiary care hospital, with a review of the most important 
findings. We also discuss and review the imaging aspects of neoplastic diseases, malformations, degenerative diseases, and 
hereditary diseases related to ataxia.
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Ataxia é definida como uma síndrome de falta de coordenação dos músculos de movimentação voluntária. Vários fatores podem 
causar ataxias, as quais podem ser classificadas de acordo com a idade, tipo de evolução (crônica ou aguda), cujas lesões en-
volvem o cerebelo e as conexões cerebelares. Com o uso correto e apropriado da neuroimagem, particularmente da ressonância 
magnética, o diagnóstico pode ser relativamente direito e o manejo clínico pode ser implementado de maneira correta. O objetivo 
deste artigo é descrever os achados de imagem na síndrome atáxica a partir de casos recuperados do arquivo digital de um hos-
pital terciário, com a revisão dos principais achados de imagem. Neste ensaio revisamos e discutimos os aspectos de imagem de 
doenças neoplásicas, malformações, doenças degenerativas e doenças hereditárias relacionadas à ataxia.

Unitermos: Neuroimagem; Ataxia cerebelar; Núcleos cerebelares; Ressonância magnética.

the latter scenario occurring earlier in the development. 
Those conditions may be part of broader syndromes(3).

Among the genetic causes of ataxia, the most com-
mon pattern of inheritance is the autosomal recessive pat-
tern, which typically first appears before 20 years of age. 
Other hereditary types include mitochondrial diseases and 
lysosomal disorders(3). The degenerative causes of ataxia 
constitute a heterogeneous group of conditions, including 
hereditary and non-hereditary conditions, that are associ-
ated with late-onset ataxia and may be accompanied by 
other symptoms, such as parkinsonism and dystonia(4).

The aim of this article is to review various possible 
causes of ataxia, on the basis of magnetic resonance imag-
ing (MRI) studies obtained from the archives of a tertiary 
care hospital. The main imaging aspects of the conditions 
discussed in this article are summarized in Table 1.

INTRODUCTION

Ataxia is defined as a lack of coordination of volun-
tary muscle movement, caused by a variety of factors. Its 
manifestations include gait ataxia, dysarthria, nystagmus, 
sensory and truncal ataxia, dysdiadochokinesia, intention 
tremor, dysmetria, and eye movement disorders(1). In this 
pictorial essay, we discuss and review the imaging aspects 
of neoplastic diseases, malformations, degenerative dis-
eases, and hereditary diseases.

Posterior fossa brain tumors are most common in the 
pediatric population, being the most common solid tumors 
in children, accounting for 54–70% of all central nervous 
system brain tumors in this population(2).

Cerebellar malformations may be now diagnosed in 
pregnancy and may be classified as predominantly involving 
the cerebellum or the cerebellum and brainstem together, 
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NEOPLASTIC DISEASES
Lhermitte-Duclos disease

Lhermitte-Duclos disease, or dysplastic cerebellar 
gangliocytoma, is a rare entity(5–7) associated with the 
phosphatase and tensin homolog, a tumor suppressor 
gene, the alteration of which results in replacement of the 
cerebellar internal granule cell layer(7) with loss of normal 
structure, leading to thickening and enlargement of the 

cerebellar folia(6). Lhermitte-Duclos disease presents as a 
unilateral cerebellar lesion with hemispheric expansion, 
showing parallel linear striations without restricted diffu-
sion and typically no contrast enhancement(5,6), as shown 
in Figure 1. On perfusion imaging, the relative cerebral 
blood volume is elevated in most cases. On MR spectros-
copy, choline and myoinositol peaks are low, whereas the 
lactate peak is elevated(5).

Imaging fi ndings

Alternating layers of isointensity and hypointensity on T1 weighted image (T1WI); hyperintense on T2WI. 
No restricted diffusion; usually no enhancement.

CT: hyperdense posterior fossa masses with contrast enhancement. MRI: isointense to hypointense on 
T1WI; hypointense to hyperintense on T2WI; restricted diffusion; and variable contrast enhancement. 
When desmoplastic, usually heterogeneous (with microcysts). There is earlier meningeal involvement. 

Mandatory investigation of the neuraxis.
Cyst-like lesion with an enhancing mural nodule, isointense to hypointense on T1WI and isointense to 

hyperintense on T2WI. Mandatory investigation of the neuraxis.
Heterogeneous lesion, usually in the posterior fossa: hypointense on T1WI; hyperintense on T2WI; 

intermediate to high intensity on FLAIR, heterogeneous enhancement; restricted diffusion in the solid 
component; hyperperfusion; and elevated choline/NAA ratio. Investigation of the neuraxis is mandatory.

Enlarged posterior fossa with cerebellar vermis malformation, cyst-like appearance of the fourth 
ventricle, and superior displacement of the venous torcula.

Cerebellar and brainstem atrophy; hypertrophic olivary hyperintensity on T2WI/FLAIR images possible in 
the early stages.

Cervical spinal cord, pons, cerebellar peduncles, and cerebellar involvement.
Atrophy of the cerebellum, brainstem, frontal lobe, globus pallidus, and (especially) superior/middle 

cerebellar peduncles.

Table 1—The main imaging aspects of ataxia caused by neoplastic, congenital, degenerative, and hereditary diseases.

Disease

Lhermitte-Duclos disease

Medulloblastoma

Pilocytic astrocytoma

Ependymoma

Dandy-Walker malformation

Progressive ataxia and palatal 
tremor
Friedreich’s ataxia
Machado-Joseph disease

Etiology

Neoplastic

Neoplastic

Neoplastic

Neoplastic

Congenital

Degenerative

Genetic
Genetic

CT, computed tomography; FLAIR, fl uid-attenuated inversion recovery; NAA, N-acetylaspartate.

Figure 1. Contrast-enhanced T1WI 
showing a lesion with a hypoin-
tense signal in the right cerebellar 
hemisphere, featuring alternating 
layers of isointensity and hypoin-
tensity with mass effect (A), with 
no enhancement or high perfu-
sion (relative cerebral blood vol-
ume) on T2* perfusion mapping 
(B), and a heterogeneous hyper-
intense signal, with a striated, 
“corduroy” appearance due to 
widening of the cerebellar folia in 
a fl uid-attenuated inversion recov-
ery sequence (C). Spectroscopy 
shows normal metabolic pattern 
(D). The histopathological diagno-
sis was Lhermitte-Duclos disease.

A B C
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Medulloblastoma

Medulloblastoma is a malignant neuroepithelial mass 
originating from primitive, undifferentiated cells located 
in the superior medullary velum(8,9). There are various 
histological types of medulloblastomas(10): classic; desmo-
plastic/nodular; extensively nodular; large cell; and ana-
plastic. They can also be grouped by molecular pattern—
the Shh pathway; the Wnt pathway (best prognosis); 
group 3 (worst prognosis); and group 4—all with different 
prognoses, anatomical locations, and demographic char-
acteristics(11). Medulloblastomas in the Shh group have 
two peaks of incidence, one in infancy (< 4 years of age) 
and another in adulthood (> 16 years of age). They typi-
cally give rise to the large-cell, anaplastic, or desmoplastic 
histological type(11) and are frequently located lateral in 
cerebellar hemispheres. On computed tomography, clas-
sic medulloblastomas appear as hyperattenuating masses, 
usually located along the midline and with contrast en-
hancement(9,10). On MRI (Figure 2), they show restricted 
diffusion and variable enhancement, a pattern that can 

mimic cerebellar lymphoma(12,13). Intralesional cysts can 
be found(8–11). MR spectroscopy can depict a high choline 
peak(8,10) and a taurine peak at 3.4 ppm(10). The desmo-
plastic type is characterized by atypical features(8,11), such 
as the location in the cerebellar hemispheres and the more 
heterogeneous appearance (with microcysts).

Pilocytic astrocytoma

Pilocytic astrocytoma usually presents in the first two 
decades of life(14) and has been classified as a grade I neo-
plasm by the World Health Organization(15). On imaging, 
pilocytic astrocytoma usually presents with one of three 
patterns(14,15): a large cystic mass lesion with a mural nod-
ule (Figure 3); a mass with a central nonenhancing area; 
or a predominantly solid mass.

Ependymoma

There are two molecular groups of infratentorial ep-
endymomas: type A and type B. Type A ependymomas oc-
cur in very young children and have a poorer prognosis, 

Figure 2. Tumor showing heterogeneous enhancement on gadolinium contrast-enhanced axial T1WI (A), located in the right cerebellar hemisphere and cerebellar 
vermis, with a hyperintense signal on T2WI (B), restricted diffusion on diffusion-WI (C,D) and high relative cerebral blood volume on T2* perfusion mapping (E), 
and a focus with a markedly hypointense signal on susceptibility-WI (F). The histopathological diagnosis was desmoplastic medulloblastoma (the molecular clas-
sification was not available).

A C E
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whereas type B ependymomas occur in older children/ado-
lescents and have good prognosis(2). Imaging can help to 
distinguish between the two types(2): type A ependymomas 
usually arise from the lateral recess of the fourth ventricle; 
and type B ependymomas arise along the midline from 
the obex. On computed tomography, they appear as het-
erogeneous masses with contrast enhancement. The MRI 
fi ndings are demonstrated in Figure 4. They often have 
calcifi cations (50%) and, on T2WI, may show hemorrhage 
foci with very low signal intensity(16,17). Infratentorial ep-
endymomas arise from well differentiated ependymal cells 
lining the fl oor of the fourth ventricle and have a “plastic 
behavior”, passing through the Magendie and Luschka fo-
ramina(16,17).

CONGENITAL DISEASES
Dandy-Walker malformation

A Dandy-Walker malformation is the most common 
posterior fossa malformation(18). It may be associated with 
malformations, including dysgenesis or agenesis of the 

corpus callosum, occipital encephalocele, polymicrogy-
ria, and heterotopia(18). Most patients with Dandy-Walker 
malformation present with signs and symptoms of intra-
cranial hypertension before one year of age(18). Neuroim-
aging shows hypoplasia or, in rare cases, agenesis of the 
cerebellar vermis, which is elevated and upwardly rotated, 
together with cystic dilatation of the fourth ventricle(18,19), 
as depicted in Figure 5. The cerebellar hemispheres are 
typically displaced anterolaterally, although with normal 
size and morphology. The posterior fossa is usually en-
larged, and the tentorium is elevated(18).

DEGENERATIVE DISEASES
Progressive ataxia and palatal tremor

Progressive ataxia and palatal tremor (PAPT) is a rare 
disorder which presents with palatal myoclonus and pro-
gressive cerebellar dysfunction(20). It is most commonly a 
sporadic condition but may also be part of a familial dis-
order(20). Clinical features of PAPT include visual distur-
bances, dysarthria, dysphagia, and arm ataxia(20), as well as 

Figure 3. Heterogeneously enhancing le-
sion on gadolinium contrast-enhanced 
axial T1WI (A), with a hyperintense signal 
on T2WI (B). Spectroscopy (C) showing ele-
vation in the choline/creatine ratio (denot-
ing high cellular turnover), as well as in the 
lipid and lactate peaks. There was no re-
stricted diffusion (not shown). The patient 
was submitted to a biopsy and diagnosed 
with pilocytic astrocytoma.
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diffi culty in walking and standing. When palatal tremor is 
accompanied by synchronous eye movements, it is known 
as oculopalatal tremor(20). The imaging features of PAPT 
include hypertrophy and a hyperintense signal in the infe-

rior olivary nuclei on T2WI and fl uid-attenuated inversion 
recovery imaging, features that regress and can disappear 
in the chronic phases of disease. The disorder is also as-
sociated with cerebellar and brainstem atrophy (Figure 6). 

Figure 4. T2WI (A) demonstrating a heterogeneous lesion with cystic areas in the fl oor of the fourth ventricle, with hypointense components on susceptibility-WI 
(B) and heterogeneous enhancement on gadolinium contrast-enhanced T1WI (C). On spectroscopy (D), there is an elevated choline peak (high cellular turnover); 
reductions in the peaks of N-acetylaspartate and creatine; and elevated peaks of lipids and lactate (indicative of necrosis and anaerobiosis, respectively). The fi nal 
diagnosis was ependymoma.

D

A B C

Figure 5. Axial T2WI (A) showing hypo-
genesis of the cerebellar vermis, with 
a cyst-like formation. Sagittal T1WI 
(B) showing agenesis of the posterior 
portion of the corpus callosum, an 
enlarged posterior fossa, and an ab-
normally high tentorium. The patient 
was diagnosed with Dandy-Walker 
malformation. A B
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The main differential diagnosis of PAPT is hypertrophic 
olivary degeneration, in which the pathology of the palatal 
tremor is disruption of the Guillain-Mollaret triangle(21,22).

HEREDITARY DISEASES
Friedreich’s ataxia

Friedreich’s ataxia is caused by the expansion of the 
GAA-triplet nucleotide sequence on chromosome 9q(23). 
The length of the triplet repeat sequence determines the 
age at onset and the severity of the disease(23,24). The 
GAA-triplet repeat is responsible for inhibiting transcrip-
tion of the gene that encodes the mitochondrial protein 
frataxin, related to iron homeostasis(23). Friedreich’s ataxia 
is an autosomal recessive multisystemic disorder that af-
fects the central and peripheral nervous systems, the myo-
cardium, the musculoskeletal system, and the endocrine 
pancreas(24). The ataxia is caused by the combination of 
peripheral sensory neuropathy, spinocerebellar tract de-
generation, and cerebellar pathology. The disorder typi-
cally appears before the age of 25 years, usually between 
10 and 16 years of age, although cases of later onset have 
been reported(24). The imaging features consist of atrophy 
of the cervical spinal cord, medulla, cerebellum, dentate 
nuclei, middle cerebellar peduncles, and pons (Figure 7). 
On T2WI, the signal in the lateral and posterior columns 
of the cervical spinal cord can be hyperintense(23,25).

Machado-Joseph disease

Machado-Joseph disease, also known as spinocer-
ebellar ataxia type 3, is a multisystem neurodegenerative 
disorder and the most common type of spinocerebellar 
ataxia(26,27). The condition is caused by an unstable CAG 
repeat expansion at exon 10 of the ATXN3 gene, located 
on chromosome 14(28). This mutation results in cerebel-

Figure 7. Sagittal T1WI showing marked atrophy of the cerebellum, pons, and 
spinal cord. The patient was diagnosed with Friedreich’s ataxia.

lar degeneration(27). Clinical fi ndings include motor and 
non-motor manifestations, such as gait ataxia, ophthalmo-
plegia, hypokinetic/hyperkinetic disorders, parkinsonism, 
dystonia, myoclonus, chorea, dysautonomia, pain, cramps, 
fatigue, psychiatric disorders, olfactory dysfunction, pe-
ripheral neuropathy, and sleep disorders(26,27). As shown 
in Figure 8, the MRI fi ndings of Machado-Joseph disease 
include the following(26,27): cerebellar and brainstem at-
rophy; frontal and temporal lobe atrophy; and marked at-
rophy of the superior cerebellar peduncle (characteristic 
of this condition), middle cerebellar peduncle, and globus 
pallidus.

Figure 6. Marked brainstem atrophy, 
with a hyperintense signal on T2WI (A) 
and on a fl uid-attenuated inversion re-
covery image (B) in the inferior olivary 
nuclei. The patient was diagnosed 
with PAPT.
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CONCLUSION

Ataxia is a syndrome that comprises multiple differen-
tial diagnoses and heterogeneous etiologies. As illustrated 
here, MRI is an important tool for determining the correct 
diagnosis.
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