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Abstract
Neuropathy is a common associated feature of different types of genetic or sporadic cerebellar ataxias. The pattern of periph-
eral nerve involvement and its associated clinical features can be an invaluable aspect for narrowing the etiologic diagnosis 
in the investigation of cerebellar ataxias. In this review, we discuss the differential diagnosis of the intersection between 
peripheral nerve and cerebellar involvement, and classify them in accordance with the predominant features. Genetics, 
clinical features, neuroimaging, and neurophysiologic characteristics are discussed. Furthermore, a diagnostic approach for 
cerebellar ataxia with neuropathy is proposed according to the different clinical characteristics. This is an Educational and 
Descriptive review with the aim of medical education for the approach to the patients with cerebellar ataxia and neuropathy. 
The diagnostic approach to the patient with cerebellar ataxia with neuropathy requires a detailed medical history, phenotyp-
ing, characterization of disease progression and family history. Neuroimaging features and the neurophysiological findings 
play pivotal roles in defining the diagnosis. Establishing an organized classification method for the disorders based on the 
clinical features may be very helpful, and could be divided as those with predominant cerebellar features, predominant neu-
ropathic feature, or conditions with both cerebellar ataxia and neuropathy. Second, determining the mode of inheritance is 
critical on cerebellar ataxias: autosomal dominant and recessive cerebellar ataxias, mitochondrial or sporadic types. Third, 
one must carefully assess neurophysiologic findings in order to better characterize the predominant pattern of involvement: 
damage location, mechanism of lesion (axonal or demyelinating), motor, sensory or sensory motor compromise, large or 
small fibers, and autonomic system abnormalities.
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Introduction

Cerebellar ataxia is a syndromic diagnosis characterized by 
a group of specific signs and symptoms, such as unsteadi-
ness, incoordination, gait ataxia, nystagmus, dysarthria, 
and dysmetria. The syndrome is caused by a multitude of 
neurological conditions and depending on the etiology of 
the cerebellar ataxia a range of associated extracerebellar 
manifestations may be present, like pyramidal syndrome and 
movement disorders, among others. Peripheral nerve dam-
age is frequently found associated with cerebellar ataxias. In 

fact, the evaluation of the pattern and clinical characteristics 
of the peripheral neuropathy may be invaluable in guiding 
the appropriate investigation of the cerebellar ataxia.

The reason for the association of these two conditions 
varies according to the causative factor. On some occasions 
the same processes that cause cerebellar atrophy will usually 
lead to the peripheral nerve damage. Some clinical features 
of the peripheral nerve involvement are helpful in defining 
the etiology of the cerebellar ataxia. Among those, we could 
highlight (1) the neurophysiologic characterization of the 
nerve involvement, as either axonal or demyelinating; (2) 
and the distribution pattern of the neuropathy, either length-
dependent or diffuse as in a neuronopathy.

The neurophysiologic evaluation, through nerve conduc-
tion studies and electromyography, discloses the primary 
type of nerve damage, whether axonal or demyelinating. 
Axonal nerve damage is the most common pattern associ-
ated with cerebellar ataxias. In degenerative causes, such as 
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Friedreich ataxia and the Spinocerebellar ataxias (SCAs), 
the abnormal protein deposition will cause neural damage in 
central and peripheral cells [1]. The mitochondrial diseases 
also mostly cause axonal damage to the peripheral nerves. 
Demyelinating neuropathy in patients with a cerebellar 
ataxia is particularly uncommon. Very few disorders such as 
Refsum disease and eventually specific subtypes of Charcot-
Marie-Tooth (CMT) patients, like CMT type 4C could lead 
to a marked peripheral demyelination, with severely reduced 
conduction velocities [2].

In conditions with mixed nerve conductions abnormali-
ties, nerve conduction abnormalities may fall either in the 
axonal or in the demyelinating range in the different indi-
viduals, usually with mildly abnormal or borderline values. 
This is usually found in cerebrotendinous xanthomatosis, 
autosomal recessive spastic ataxia of Charlevoix-Saguenay 
(ARSACS), and less frequently in degenerative disorders 
like the SCA3 and mitochondrial disorders.

The distribution of peripheral nerve damage most 
commonly present in the cerebellar ataxias is that of a 
length-dependent polyneuropathy, where the axons are 
supposedly the primary site of involvement. There are, 
however, some causes that lead to a sensory and/or motor 
neuronopathy, involving mainly the cell body. Sensory or 
sensorimotor neuronopathies are found in degenerative 
causes of cerebellar diseases such as SCA3 and SCA2, 
where there is widespread protein deposition that leads 
to degeneration, including central pathways and the cell 
body of peripheral nerves. On the other hand, autoim-
mune and idiopathic sensory neuronopathies are some-
times associated with cerebellar atrophy [3]. In these 
cases, despite the evidence of a defective proprioceptive 
input, there is also prominent appendicular ataxia, dys-
arthria, and nystagmus, indicating a specific cerebellar 
involvement.

In order to discriminate the different patterns of periph-
eral nerve involvement, both clinical evaluation and comple-
mentary exams are critical tools. In sensory ataxia, besides 
the gait ataxia, there will be also signs of large fiber sensory 
involvement, such as loss of vibration and positional senses, 
Romberg sign, and impaired osteotendinous reflexes. Cer-
ebellar ataxia, on the other hand, will have a wide-based 
ataxic gait accompanied by nystagmus, dysarthria, and 
appendicular incoordination.

A distal peripheral involvement may be differentiated 
from neuronopathy through both clinical and neurophysi-
ologic findings. In the distal nerve involvement, the sen-
sory loss usually will be more prominent in distal lower 
limbs and gradually progress proximally. Neuronopathies, 
in contrast, will have sensory and motor loss starting in 
upper limbs (eventually in the bulbar region), followed 
by a diffuse spread of the deficits. The neurophysiologic 
evaluation will disclose diffuse denervation in motor 

neuronopathies, in some cases starting by the bulbar seg-
ments. Sensory neuronopathies will often display sen-
sory nerve action potentials (SNAP) more pronouncedly 
reduced in upper limbs (eventually asymmetric in one 
body-half) and, as disease progresses, a more diffuse sen-
sory involvement ensues. Besides, the neurophysiological 
blink reflex may be useful as it is typically abnormal in 
sensory neuronopathies.

Complementary imaging studies, such as MRI, may 
also display specific patterns that help identify differ-
ent etiologies of cerebellar involvement that may involve 
part of the cerebellum, like the vermis or dentate nucleus. 
For the characterization of the peripheral nerve involve-
ment, MRI is also a useful tool. Sensory neuronopathies 
may present a posterior column involvement on the MRI 
(spinal cord diffusion tensor imaging). Also, hereditary 
demyelinating neuropathies are often accompanied by 
nerve hypertrophy that can be characterized by nerve root 
and plexus imaging.

Based on the most relevant conditions where the periph-
eral nerve damage and the cerebellar involvement intersects, 
we highlight below the possible differential diagnosis, and 
classify them in accordance with the predominant features. 
Genetics, clinical features, neuroimaging, and neurophysi-
ologic characteristics are also discussed in order to guide the 
diagnostic approach.

Methods

A literature search was conducted through MEDLINE and 
LILACS databases using “cerebellar ataxia,” “peripheral 
neuropathy,” “neurophysiology,” and specific disease types 
(derived from the initial search) as search terms identify-
ing hereditary/neurodegenerative and sporadic or secondary 
etiologies.

The search strategy was broadened to include screening 
of reference lists of systematic review articles for additional 
studies initially missed or presented only in abstract, and 
also include original articles, reviews or case reports, Online 
Mendelian Inheritance in Man, and Gene Reviews databases. 
No restrictions were predetermined on the year of the study. 
Only studies in English were included.

Only cases with molecular confirmed diagnosis were ana-
lyzed among the heredodegenerative forms, ranging from 
robust samples to case reports and case series. These arti-
cles were evaluated from a clinical perspective to determine 
if the disorders in fact presented with the combination of 
both ataxia and neuropathy as contributors to the phenotype. 
Identified disorders were classified in the categories listed 
in the results.

Considering the selected articles, we have proposed a 
didactic classification shown in Table 1 and a diagnostic 
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approach for the cerebellar ataxias with neuropathy 
based on predominant clinical features, course, brain 
imaging, genetics, and neurophysiology characteris-
tics. The division proposed in Table  1 was partially 
based on the in the predominant clinical presentation, 
whether main cerebellar or predominant neuropathic 
involvement.

Results

The findings of the literature review are discussed in detail. 
We first discourse about cerebellar ataxias presenting with 
neuropathy following inheritance pattern categories: auto-
somal dominant, autosomal recessive, mitochondrial, and 

sporadic ataxias. In parallel, we present the main neuro-
physiology predominant findings: distribution pattern, 
pathology mechanism (axonal or demyelinating), motor, 
sensory or sensory motor compromise, large or small 
fibers, and autonomic system abnormalities. Figure  1 
illustrates findings of cerebellar ataxia and peripheral 
neuropathy.

The classification is organized based on predominant 
feature: main cerebellar features, main neuropathic 
features, or both cerebellar and neuropathy findings as 
significant features as in Table 1. The detailed features 
of each of the most frequent causes are described in 
Table 2.

Thus, the classification was firstly based on the pre-
dominant clinical presentation, whether mostly cerebel-
lar or neuropathic. Also, data obtained by the medical 

Table 1   Proposed classification 
to the different causes of 
diseases approaching the 
intersection between cerebellar 
ataxia and peripheral 
neuropathy findings

AD, autosomal dominant; AOA, ataxia with oculomotor apraxia; AR, autosomal recessive; ARSACS, auto-
somal recessive spastic ataxia of Charlevoix Saguenay; AT, ataxia telangiectasia; CANVAS, cerebellar 
ataxia, neuropathy and vestibular areflexia syndrome; CMT, Charcot-Marie-Tooth; CTX, cerebrotendinous 
xanthomatosis; MELAS, mitochondrial encephalopathy, lactic acidosis and stroke like episodes; MERRF, 
myoclonic epilepsy with ragged red fibers; NARP, neuropathy, ataxia and retinitis pigmentosa; POLG, 
DNA polymerase gamma (POLG) gene disorders; SCA, spinocerebellar ataxia

The cerebellar- neuropathy intersection

Diseases with cerebellar involvement as main feature and associated neuropathy
      Spinocerebellar ataxias (AD)
            SCA3
            SCA2
            Other SCAs (SCA1, 6 and 7)
      AR ataxias
            Friedreich ataxia
            ARSACS
            AOA, AT, AT- like
      Multiple system atrophy

Conditions in which the cerebellar involvement and neuropathy are equally significantfeatures
      Genetic
            CANVAS
            Refsum
            CTX
            Mitochondrial ataxias
                  MELAS
                  MERRF
                  NARP
                  POLG disorders
      Acquired
            Alcoholic cerebellar degeneration
            Vitamin deficiency
            Toxic reaction

Diseases with neuropathy as main feature and associated cerebellar involvement (lessfrequently)
      Immune-mediated sensory neuronopathy
      CMT4C
      CMTX4 (Cowchok syndrome)



	 The Cerebellum

1 3

history such as a possible inheritance pattern or infor-
mation indicating exposure to certain substances were 
also useful in the classification as proposed in Table 1. 
Complementary exams, specially the neurophysiologic 
evaluation, were able to further separate groups of disor-
ders (as in Fig. 2) according to the pattern of peripheral 
nerve involvement, the type of nerve fibers involved, and 
the type of predominant nerve damage (either axonal or 
demyelinating).

Diseases with Cerebellar Involvement 
as Main Feature and Associated Neuropathy

Spinocerebellar Ataxias (Autosomal Dominant)—
SCAs

Spinocerebellar Ataxia Type 3  SCA3 is the most prevalent 
autosomal dominant ataxia worldwide and is caused by an 
unstable CAG trinucleotide repeat expansion in the ataxin-3 
gene (ATXN3). It can be expressed as a cerebellar ataxia 
associated with other symptoms in a heterogeneous manner 
even within the same family. Patients can be categorized 

into different phenotypes according to age of onset, clinical 
course, and predominant features [4].

Earlier onset disease, around the second decade of life, 
is typically associated with severe clinical courses, extrapy-
ramidal and pyramidal sings. Intermediate age of onset—
third decade of life—, the most common presentation 
type, is associated with pyramidal deficits and progressive 
external ophthalmoplegia. The later onset disease, around 
the fourth decade of life, is often less severe and relates to 
pronounced peripheral signs. Other less common symptoms 
includes parkinsonism, spastic paraparesis, amyotrophic 
lateral sclerosis (ALS)-like, or a mixed type of previously 
described symptoms [4, 5].

Reinnervation and ongoing denervation in multiple body 
regions including bulbar, cervical, thoracic, and lumbosa-
cral regions have been reported, resembling motor neuron 
disease (MND) and meeting the neurophysiologic aspects 
of the Awaji criteria for ALS [6]. The sensory abnormali-
ties are also, in most cases, that of a sensory neuronopathy 
[7]. These findings of neuronopathy indicate that the main 
damage is probably in the cell body, either dorsal ganglion 
or anterior horn. Indeed, transactivation-responsive DNA-
binding protein 43 (TDP-43) was reported to accumulate 
in the lower motor neurons, brainstem, and spinal cord in 

Fig. 1   Patient with SCA3 and 
pes cavus. Pes cavus is a com-
mon finding when neuropathic 
damage is present (A, B). Brain 
MRI shows global diffuse atro-
phy, more marked on middle 
and superior cerebellar pedun-
cles, as on cerebellum (C, D). 
Cerebellar atrophy is easier to 
observe when there is advanced 
or pronounced cerebellum 
impairment

A B

C D
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SCA3 [8]. In part of the cases, however, there is a predomi-
nantly distal axonal sensorimotor polyneuropathy and even-
tually there is a moderate slowing of the nerve conduction 
velocities [9].

Data suggest that the degree of peripheral damage in 
SCA3/MJD seems to be related to the time period over 
which the ATXN3 mutation exerts its effect, since the age-
related decline of CMAP and SNAP amplitudes in SCA3 is 
greater than in normal subjects. However, this decline was 
not correlated with the CAG repeat length, age of onset, or 
disease duration [10].

Parasympathetic vagal fibers and postganglionic sym-
pathetic sudomotor fibers can also be affected. Neuro-
physiologic evaluation usually discloses cardiac autonomic 
neuropathy and quantitative sudomotor axonal reflex test 
abnormalities [11].

Spinocerebellar Ataxia Type 2  SCA2 is the second most 
prevalent autosomal dominant ataxia worldwide and it is 
also caused by a CAG polyglutamine expansion, which 
affects ataxin-2 gene (ATXN2). It is characterized by cere-
bellar ataxia, severe saccade slowing, myoclonus, peripheral 
neuropathy, and MND phenotype.

Sensory and motor neuronopathy are present in most of 
the cases, usually more pronounced than in SCA3 individu-
als [9, 12, 13]. Eventually there are signs of ongoing dif-
fuse denervation, resembling MND [12]. Neurophysiologic 
abnormalities may precede the cerebellar syndrome [14]. 
Indeed, ataxin-2 intermediate-length expansion (27–33 

glutamines) was demonstrated as a relatively common ALS 
susceptibility gene [15].

Correlation between the neuropathy and age, disease 
duration, or ataxia severity is controversial [9, 12, 16]. There 
is no significant correlation with CAG repeat length [9]. 
Autonomic neurophysiologic evaluation usually unveil uri-
nary, gastrointestinal, and sweat dysfunction, while cardiac 
neuropathy abnormality is controversial [17].

Other Spinocerebellar Ataxias  SCA1 manifests with pyrami-
dal tract signs, pale discs, and dysphagia, besides cerebel-
lar ataxia. Nerve conduction velocities are generally more 
prolonged than in other SCAs [9]. Neuronopathy is the main 
mechanism of peripheral nerve lesion [12].

SCA6 is a late-onset pure cerebellar syndrome. Extra 
cerebellar signs are mild and infrequent, and include mild 
axonal neuropathy [9, 12]. SCA7 is a cerebellar ataxia asso-
ciated with spasticity, visual impairment due to macular 
degeneration, and peripheral nerve involvement as conse-
quence of neuronopathy or axonopathy [12].

Autosomal Recessive Ataxias

Friedreich Ataxia  Friedreich ataxia (FRDA) is the most 
common inherited ataxia and it is caused by a homozygous 
intronic GAA triplet expansion on frataxin (FXN) gene. It 
manifests as a juvenile onset cerebellar syndrome in associa-
tion with a prominent peripheral neuropathy, which may be 

Cerebellar ataxia plus peripheral nerve 
involvement

Which is the type of nerve damage?

Sensorimotor polyneuropathyNeuronopathy (either motor, sensory 
or both)

Which is the neuropathy pa�ern?

Which is the rate of progression 
of the Neuronopathy?

Demyelina�ngAxonal

• Toxic: 
• Amiodarone
• Organic solvents (toluene, 

paradichlorobenzene)
• Refsum
• CTX (intermediate nerve CV)
• Rare subsets of CMT with 

cerebellar involvement: CMT4 
and CMT4X

• Toxic/Methabolic: 
• Alcoholic intoxica�on
• Vitamin deficiency
• Metronidazole, isoniazid
• Chemotherapeu�c agents
• Heavy metals
• Inse�cides and pes�cides

• FA (young age of onset)
• ARSACS (may display demyelina�ng 

characteris�cs)
• Mitochondrial diseases (may display 

demyelina�ng characteris�cs)
• Other SCAs
• AOA, AT and AT- like disorders

Subacute sensory 
involvement (weeks to 

months)

Slow/indolent sensorimotor 
neuronopathy (months to 

years)

• Autoimmune cerebelar 
ataxia (including paraneoplas�c 
syndrome)

• Idiopathic/imune sensory 
neuronopathy with 
cerebelar 
involvement/atrophy 

• SCA3 and SCA2
Obs.: SCA3 may present distal 
neuropathy
•      FA (young age of onset)
Obs: occasionally present as a sensory 
neuronopathy
• CANVAS (early sensory damage)
• OBS: SCA2 and FA may rarely 

present as a purely motor 
neuronopathy (resembling 
MND)

Fig. 2   Proposed algorithm approach to the diseases that compound intersection between cerebellar ataxia and peripheral neuropathy findings
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associated to pes cavus. There may be associated scoliosis, 
subtle cognitive deficits, left ventricular concentric hyper-
trophy, diabetes mellitus, spasticity, urinary abnormalities, 
and obstructive sleep apnea in advanced stages [1].

Late-onset FRDA presents after 25 years of age and 
very late-onset FRDA initiates symptoms after 40 years of 
age. Both have mild manifestations, less extra neurological 
complications, and commonly present with spasticity and 
retained reflexes [1].

Neurophysiologic evaluation usually shows an axonal 
sensory distal neuropathy, characterized by markedly 
reduced SNAPs in lower limbs. Motor nerve involvement is 
less prominent [18]. These findings have no relation to the 
severity or duration of cerebellar ataxia since neuropathy 
seems to remain stable from an early stage of the disease 
[19]. Severe involvement and degeneration of the dorsal 
rooth ganglia, and progressive damage of dorsal columns 
in the spinal cord, spinocerebellar tracts, and corticospinal 
pathways are marked in FRDA and better explain the pro-
gressive course of the disease [20].

Autonomic nervous system alterations in FRDA appar-
ently correlate with ataxia severity and progression rate [21]. 
Sweat dysfunction due to cholinergic post ganglionic fibers 
lesion is frequent and may even behave as a biomarker of 
FRDA [22].

Autosomal Recessive Spastic Ataxia of Charlevoix‑Sague‑
nay  ARSACS predominantly starts in the first decade of life 
and as suggested by the acronym, its core clinical features 
are spasticity, ataxia, and peripheral neuropathy. Patients 
may have thickening peripapillary retinal nerve fiber layer 
on optical coherence tomography, macular microcysts, inner 
retina dentate appearance, and papillomacular folds. Mag-
netic resonance imaging (MRI) discloses cerebellar atrophy, 
biparietal atrophy, and the classic sign of linear pontine trans-
verse hypointensities. Autonomic features comprise erectile 
dysfunction, urinary urgency, and incontinence [23, 24].

Nerve conduction studies show motor and sensory periph-
eral nerve involvement. Motor nerve conduction velocities 
are within the intermediate range of velocity reductions, 
between demyelinating and axonal nerve involvement. There-
fore, ARSACS is a differential diagnosis with hereditary sen-
sorimotor neuropathy syndromes, such as CMT disease [24]. 
Demyelinating nerve involvement is much more frequent in 
ARSACS than in the others recessive inherited ataxias [24].

Ataxia with Oculomotor praxia, Ataxia Telangiectasia, and 
AT‑like Disorders  Ataxia with oculomotor apraxia (AOA) 
comprises another heterogenous entity that can be subdi-
vided according to its genotypes: types 1, 2, 3 (extremely 
rare and therefore will not be discussed), and 4. Ataxia tel-
angiectasia (AT) or AT-like disease (ATLD) can also present 
as AOA. These disorders manifest early in life [25].

AOA1 is associated with mutations in the aprataxin gene 
(APTX) and earlier onset than AOA2. In type 1, oculomotor 
apraxia correlates with disease severity. Laboratory shows 
hypercholesterolemia and hypoalbuminemia. Sensorimotor 
axonal neuropathy may be associated with dystonia or men-
tal retardation [25].

AOA2 is due to loss of function mutation in the senataxin 
gene (SETX). It presents with elevated immunoglobulins and 
alpha-fetoprotein levels. Diffuse cerebellar atrophy and sen-
sorimotor axonal neuropathy are common—at least one of 
them must be present at diagnosis [26]. Interestingly, SETX 
mutations are also related to dominantly inherited juvenile 
ALS type 4 [27].

AOA 4 results from a polynucleotide kinase 30-phos-
phatase (PNKP) mutation. Dystonia may be the first symp-
tom and a pronounced large fiber polyneuropathy is the most 
prominent sign [28]. PNKP mutations are associated to a 
dominantly inherited infantile onset epileptic encephalopa-
thy with microcephaly, but there are also reports of a reces-
sive axonal CMT-like phenotype with cerebellar ataxia [29].

AT due to mutations in the A-T mutated (ATM) gene is 
associated with chromosomal instability, cell cycle abnormali-
ties, immunodeficiency, lymphoreticular malignancy predis-
position, and acute sensitivity to ionizing radiations. Patients 
may present with oculocutaneous-dilated blood vessels (tel-
angiectasias) and elevated alpha-fetoprotein [30, 31]. Sural 
nerve biopsy also indicates axonal degeneration [32]. Abnor-
malities appear to worsen with age and disease severity [33].

Mutations in meiotic recombination 11 (MRE11) were iden-
tified in ATLD patients, also with chromosomal instability and 
sensitivity to ionizing radiations. They may present with cere-
bellar atrophy and a mild axonal sensorimotor neuropathy [34].

Multiple System Atrophy—Cerebellar Form

Multiple system atrophy (MSA) is a neurodegenerative 
alpha synucleinopathy that manifest primarily with progres-
sive multidomain autonomic failure and is divided in two 
subtypes according to its associated predominant features: 
parkinsonian type (MSA-P) due to striatonigral degenera-
tion or cerebellar variant (MSA-C) defined by olivopon-
tocerebellar atrophy. It may also present pyramidal signs, 
inspiratory stridor, rapid eye movement sleep behavior 
disorder, bent spine, anterocollis, and hand or foot dysto-
nia [35]. Neuropathy may be present in about 40% of these 
patients and is usually mild or asymptomatic, with a pre-
dominantly motor involvement and more prevalent in MSA-
P. Autonomic tests show severe and widespread anhidrosis 
due to postganglionic sudomotor failure in some patients 
or preganglionic lesion in others. Vagal abnormalities are 
common findings on heart rate variability tests [36, 37].
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Conditions in Which the Cerebellar 
Involvement and Neuropathy are Equally 
Significant Features

Autosomal Recessive Ataxias

Cerebellar Ataxia with Neuropathy and Vestibular Areflexia 
Syndrome  CANVAS presents with the triad of symptoms 
that gives its name and is caused by an intronic expansion in 
the replication factor C (RFC1) gene. It is a slowly progres-
sive adult ataxia in which there is disturbance of the three 
cardinal pillars of human balance: the cerebellum, vestibu-
lar, and sensory systems. Abnormal visually enhanced vesti-
bulo-ocular reflex (VOR) is the clinical hallmark [38]. Clini-
cal features include tinnitus, hearing impairment, chronic 
cough, central oculomotor abnormalities with reduced or 
absent VOR, and autonomic dysfunction. There is atrophy 
of dorsal root ganglion, posterior columns, and cerebellum 
that predominates in the anterior and dorsal vermis and also 
lateral hemispheric atrophy affecting crus I [38, 39]. Cer-
ebellar gait ataxia and incoordination may be present early 
on, while cerebellar atrophy may be a very late feature [38].

Sensory neuronopathy is the most typical electrodiag-
nostic finding, including abnormal blink reflex (indicating 
a trigeminal involvement) in part of the patients. However, 
sensorimotor neuropathy, or a predominantly or pure small 
fiber neuropathy may also be present. According to the elec-
trophysiological criteria, nerve conduction studies should 
include abnormal SNAP in at least one upper and one lower 
extremity to meet the minimum request for clinically pos-
sible CANVAS [38, 39].

Cerebrotendinous Xanthomatosis  Cerebrotendinous xan-
thomatosis (CTX) is a lipid storage disease caused by muta-
tion in the cytochrome P450 family 27 subfamily A member 
1 (CYP27A1) gene. The affected mitochondrial enzyme is 
involved in cholesterol metabolism and bile acid synthesis 
and produces elevated levels of cholestanol and bile alco-
hols in serum and urine. Clinical features comprise diarrhea 
starting from infancy, seizures, intellectual disability, cata-
racts, tendon xanthomas, dystonia, dementia, and psychiatric 
issues. MRI discloses bilateral lesions in the dentate nucleus 
of the cerebellum [40]. Sensorimotor polyneuropathy is pre-
sent but there are controversies about the underlying patho-
genesis (either primarily axonal [41, 42] or demyelinating 
process [43]). Nerve conduction usually discloses velocity 
abnormalities in the intermediate range. There is also evi-
dence of dysautonomia and small fiber compromise [41]. 
Oral chenodeoxycholic acid (CDCA) improves most symp-
toms and nerve conduction velocities [42].

Refsum Disease  Refsum disease is caused by deficiency of 
phytanoyl-CoA 2-hydroxylase encoded by PHYH in 90% of 
patients or deficiency of the peroxisomal biogenesis factor 
7 (PEX7) in fewer than 10%. Symptoms include anosmia 
and early-onset retinitis pigmentosa, with variable combina-
tions of neuropathy, deafness, ataxia, short metacarpals and 
metatarsals, and ichthyosis. Later in life, cardiac arrhythmia 
and heart failure due to cardiomyopathy may develop. High 
levels of plasma phytanic acid and raised cerebrospinal fluid 
protein concentrations are characteristic. Neurophysiologic 
evaluation usually discloses sensorimotor demyelinating 
neuropathy with non-uniform nerve conduction slowing. 
The peripheral nerve involvement is characteristically hyper-
trophic, due to the frequent and repetitive demyelination and 
remyelination along the years. This diffuse thickening of 
nerves may be evidenced by MRI and nerve Ultrasonogra-
phy. High-calorie diet prevents mobilization of phytanic acid 
into the plasma and restriction of phytanic acid intake helps 
resolve ichthyosis, sensory neuropathy, and ataxia [44].

Mitochondrial Ataxias

Mitochondrial diseases constitute a heterogeneous group of 
disorders caused by mutations either in nuclear or in mito-
chondrial DNA. They manifest as systemic disorders and 
may present with a constellation of symptoms such as deaf-
ness, impaired glycemic control/diabetes, short stature, myo-
clonus, neuropathy, or spastic paraparesis. Some of them 
present as a pure progressive ataxia or, more commonly, as 
an ataxia-plus syndrome [45].

MELAS is the acronym for mitochondrial encephalopa-
thy, lactic acidosis, and stroke like episodes, and is caused 
mostly by mutation in m.3243A > G in the mitochondrially 
encoded TRNA-Leu 1 (MT-TL1) gene. Nerve conduction 
studies typically show an axonal or mixed axonal and demy-
elinating sensorimotor neuropathy that seems to relate with 
higher age and male gender. There is also a higher preva-
lence of carpal tunnel syndrome and some evidence of small 
fiber compromise in these patients [46].

MERRF stands for myoclonic epilepsy with ragged red 
fibers and it is mostly caused by an 8344A.G mitochondrial 
DNA mutation. Clinical picture is characterized by muscle 
weakness, ataxia, seizures, hearing loss, cognitive impair-
ment, neuropathy, exercise intolerance and increased cre-
atine kinase levels, among others. Neuropathy is axonal, 
mainly sensory or less frequently sensorimotor [47]. Neu-
rogenic muscle weakness, ataxia, and retinitis pigmentosa 
(NARP) is characterized by proximal neurogenic weakness 
with stocking-glove sensory loss due to axonopathy, ataxia, 
and retinitis pigmentosa. It is caused by mitochondrially 
encoded ATP Synthase Membrane subunit 6 (MT-ATP6) 
mutations [48].
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Mutations in the mitochondrial DNA polymerase gamma 
(POLG) gene encompass a pleomorphic spectrum of disor-
ders which include POLG-related ataxia neuropathy spec-
trum (ANS). Clinical features are characterized mainly by 
overlapping ataxia and neuropathy. Polyneuropathy is an 
early feature. It is almost exclusively a sensory neuropathy 
with an axonal type of nerve involvement. In this group are 
included mitochondrial recessive ataxia syndrome (MIRAS), 
spinocerebellar ataxia and epilepsy (SCAE), myoclonus 
epilepsy myopathy sensory ataxia (MEMSA), and sen-
sory ataxia neuropathy dysarthria and ophthalmoplegia 
(SANDO) [49].

Acquired Ataxias

Alcoholic Cerebellar Degeneration  Chronic alcohol abuse 
can cause damage to the central and peripheral nervous sys-
tems ranging from clinically subtle effects to severe nerv-
ous involvement, usually irreversible. These effects are most 
probably due to a combination of direct alcohol toxicity, 
nutritional deficiencies, and liver dysfunction. Cerebellar 
ataxia is usually associated with long-term heavy alcohol 
abuse. Neuroimage shows anterior–superior vermian atrophy 
clinically accompanied by axial ataxia [50].

Peripheral neuropathy is present in almost 90% of chronic 
alcohol users and is possibly the earliest neurologic compli-
cation of alcoholism, usually more severe with cumulative 
alcohol abuse along the years. The polyneuropathy often 
presents as a length-dependent sensorimotor axonopathy 
affecting both large myelinated and small unmyelinated fib-
ers. Autonomic testing of parasympathetic reflexes is often 
abnormal [51]. Other common complications of alcohol-
ism are compression neuropathies at different sites, such as 
radial lesion at the spiral groove, ulnar neuropathy at the 
elbow, radial or axillary nerve injury in the axilla, and fibular 
neuropathy at the fibular head [52].

Alcohol cessation, vitamins, and symptomatic medica-
tions are the target treatment. Recovery is incomplete if there 
is severe neuropathy at presentation and established cerebel-
lar degeneration is irreversible [50].

Vitamin Deficiency  Thiamine deficiency is frequently 
observed in chronic alcohol abuse, but may also be present 
in other clinical contexts as in hyperemesis gravidarum, 
acquired immunodeficiency syndrome, and malignancy. 
Cobalamin deficiency risk factors include reduction in 
intrinsic factor, which is common in elderly, gastric or ter-
minal ileum resection, strict vegetarianism, pregnancy, and 
exposure to nitrous oxide [53].

Cerebellar ataxia usually appears before the cognitive 
features in Wernicke encephalopathy due to thiamine defi-
ciency, often along with ophthalmoparesis [54]. Thiamine 

deficiency–related axonal neuropathy can develop rapidly 
in a few months and lead to a severe subacute weakness 
and sensory ataxia, resulting in the classical beriberi 
clinical picture, which may be associated with cardiac 
dysfunction [55].

Vitamin B12 or cobalamin deficiency can result in either 
an axonal or demyelinating neuropathy, affecting predomi-
nantly thick nerve fibers. It often is accompanied by mye-
lopathy (subacute combined degeneration of the spinal cord) 
and hematological manifestations. It may rarely cause cer-
ebellar ataxia or optic neuropathy. MRI demonstrates spinal 
cord, brain (predominantly periventricular white matter), or 
cerebellar demyelination [53, 55].

Diagnosis is based on measurement of serum vitamin lev-
els or substrates such as homocysteine and methylmalonic 
acid, and treatment consists of vitamin replacement [53, 55].

Toxic Causes of Ataxia and Neuropathy  Several external 
agents can cause the combination of cerebellar ataxia and 
neuropathy. Among them, there are antibiotics, antineoplas-
tics, heavy metals, and solvents that can cause intoxication 
from exposure in an occupational setting, clinical/thera-
peutic use of certain medications or recreational substance 
abuse. Most of them ameliorate with removal of exposure. 
Table 3 summarizes some examples [56, 57].

Neurotoxicity is a well-recognized feature of chemothera-
peutic agents, but should be an exclusion diagnosis in those 
individuals with previous neoplastic lesions and new onset 
of central or peripheral signs/symptoms. Primarily a review 
of more common causes must be carried out, such as alcohol 
toxicity or vitamin deficiency or even rarer situations like 
neoplastic nerve infiltration or paraneoplastic syndromes 
[58].

The chemical and physical forms of heavy metals deter-
mine how human exposure occurs. There are well-defined 
acute or chronic clinical features that usually correspond to 
the duration and intensity of the exposure of some agents. 
Organic solvents are lipophilic, volatile, and can be invol-
untarily or voluntarily inhaled causing central nervous 
system intoxication. They are widely used at occupational 
settings such as chemical or plastic industries and as glue 
components (toluene, benzene, acetone, xylene), petrol 
(hydrocarbons, tetraethyl lead), lighter refills (butane), 
acrylic paints (toluene), aerosols (fluorocarbons), and 
cleaning fluids (toluene, halogenated hydrocarbons). Insec-
ticides and pesticides are widely used in agriculture and 
even in low doses; they potentially cause toxic symptoms. 
Exposure can occur by skin contamination, inhalation 
or ingestion, in occupational or suicide attempt settings. 
Intensive support and substance removal (gastric lavage, 
removal of contaminated clothes, and skin wash) are the 
main treatment [56, 57].



	 The Cerebellum

1 3

Ta
bl

e 
3  

D
et

ai
le

d 
cl

in
ic

al
 c

ha
ra

ct
er

ist
ic

s, 
br

ai
n 

M
R

I a
nd

 n
eu

ro
ph

ys
io

lo
gy

 fi
nd

in
gs

 o
f t

he
 m

ed
ic

at
io

ns
 a

nd
 o

th
er

 s
ub

st
an

ce
s 

w
ho

se
 in

to
xi

ca
tio

n 
ca

n 
ca

us
e 

ce
re

be
lla

r a
ta

xi
a 

an
d 

pe
rip

he
ra

l n
eu

-
ro

pa
th

y

Su
bs

ta
nc

e 
cl

as
-

si
fic

at
io

n
Su

bs
ta

nc
e

Ex
po

su
re

 c
on

di
tio

ns
C

lin
ic

al
 p

re
se

nt
at

io
n

Pe
rip

he
ra

l n
er

ve
 in

vo
lv

em
en

t
O

th
er

 e
le

ct
ro

ph
ys

i-
ol

og
ic

al
 fi

nd
in

gs
M

R
I

N
ot

es

Fi
be

r t
yp

e
Pa

th
ol

og
y

D
ist

rib
ut

io
n

A
nt

ib
io

tic
M

et
ro

ni
da

zo
le

Es
pe

ci
al

ly
: h

ig
h 

do
se

s, 
pr

ol
on

ge
d 

us
e

A
ls

o 
at

 d
os

es
 w

ith
in

 
an

d 
ab

ov
e 

th
e 

re
c-

om
m

en
de

d 
ra

ng
e

CA
, e

nc
ep

ha
lo

pa
th

y 
se

iz
ur

es
Se

ns
or

y >
  >

 m
ot

or
A

xo
na

l
D

ist
al

 p
ol

yn
eu

-
ro

pa
th

y
B

ila
te

ra
l s

ym
-

m
et

ric
 le

si
on

s 
hy

pe
rin

te
ns

e 
on

 T
2 

in
 th

e 
su

pr
at

en
to

-
ria

l W
M

, d
en

ta
te

 
nu

cl
eu

s, 
m

id
br

ai
n 

te
ct

um
 a

nd
 c

or
pu

s 
ca

llo
su

m
 sp

le
ni

um

Re
ve

rs
e 

af
te

r f
ew

 
w

ee
ks

 o
f d

is
co

nt
in

u-
at

io
n

A
nt

ia
rr

hy
th

m
ic

A
m

io
da

ro
ne

D
ur

at
io

n 
of

 tr
ea

t-
m

en
t: 

re
la

te
d 

w
ith

 
a 

hi
gh

er
 p

re
va

le
nc

e 
of

 to
xi

ci
ty

CA
, e

nc
ep

ha
lo

pa
th

y,
 re

st 
tre

m
or

, d
ys

ki
ne

si
a,

 m
yo

-
cl

on
us

, r
ar

el
y 

pa
rk

in
so

n-
is

m
/p

ro
xi

m
al

 m
yo

pa
th

y
Pu

lm
on

ar
y 

fib
ro

si
s, 

th
yr

oi
d 

ab
no

rm
al

iti
es

, o
cu

la
r 

se
qu

el
ae

, s
ki

n 
di

sc
ol

-
or

at
io

n,
 e

le
va

te
d 

he
pa

tic
 

en
zy

m
es

Se
ns

or
im

ot
or

A
xo

na
l o

r 
de

m
ye

lin
at

in
g 

(m
im

ic
k-

in
g 

C
ID

P 
if 

ch
ro

ni
c 

us
e)

D
ist

al
 p

ol
yn

eu
-

ro
pa

th
y

R
ar

el
y 

pr
ox

im
al

 
m

yo
pa

th
y

Im
pr

ov
es

 sl
ow

ly
 w

ith
 

di
sc

on
tin

ua
tio

n

Tu
be

rc
ul

os
is

 
ag

en
t

Is
on

ia
zi

d
Re

la
te

d 
to

 in
te

rr
up

-
tio

n 
of

 p
at

hw
ay

s 
re

sp
on

si
bl

e 
fo

r 
py

rid
ox

in
e 

ph
os

-
ph

or
yl

at
io

n

CA
, s

ei
zu

re
s, 

di
zz

in
es

s
Se

ns
or

im
ot

or
A

xo
na

l
D

ist
al

 p
ol

yn
eu

-
ro

pa
th

y
Sy

m
m

et
ric

 h
yp

er
in

-
te

ns
ity

 in
vo

lv
in

g 
bi

la
te

ra
l d

en
ta

te
 

nu
cl

ei
 o

f t
he

 
ce

re
be

llu
m

 o
n 

T2
/

FL
A

IR
 se

qu
en

ce
s 

(r
es

em
bl

in
g 

m
et

ro
-

ni
da

zo
le

 to
xi

ci
ty

)
C

he
m

ot
he

ra
pe

u-
tic

 a
ge

nt
s

C
yt

ar
ab

in
e 

or
 c

yt
o-

si
ne

 a
ra

bi
no

si
de

 
(A

ra
-C

)

Tr
ea

tm
en

t o
f l

eu
ke

-
m

ia
 a

nd
 ly

m
ph

om
a

Eff
ec

t i
s r

el
at

ed
 to

 
el

ev
at

ed
 IV

 d
os

es
/

be
gi

ns
 w

ith
in

 a
 

fe
w

 d
ay

s a
fte

r t
he

 
in

fu
si

on

Se
ve

re
 C

A
, c

on
fu

si
on

, 
le

th
ar

gy
, a

no
sm

ia
, l

at
er

al
 

re
ct

us
 p

al
sy

, b
ul

ba
r p

al
sy

, 
H

or
ne

r s
yn

dr
om

e,
 a

se
pt

ic
 

m
en

in
gi

tis
, l

oc
ke

d 
in

 
sy

nd
ro

m
e,

 e
nc

ep
ha

lit
is

, 
ex

tra
py

ra
m

id
al

 sy
m

pt
om

s

Pu
re

 se
ns

or
y 

to
 a

 
G

ui
lla

in
–B

ar
re

-
lik

e

A
xo

na
l

D
ist

al
 p

ol
yn

eu
-

ro
pa

th
y

B
ra

ch
ia

l p
le

xo
pa

th
y

N
or

m
al

 im
ag

e 
or

 c
er

eb
el

la
r 

co
rti

ca
l a

tro
ph

y 
w

ith
 d

iff
us

e 
or

 
m

ul
tif

oc
al

 W
M

 T
2 

ab
no

rm
al

iti
es

N
el

ar
ab

in
e

CA
, c

og
ni

tiv
e 

de
cl

in
e,

 
he

ad
ac

he
, s

ei
zu

re
, t

re
m

or
, 

w
ea

kn
es

s

Ea
rly

 se
ns

or
y 

or
 

m
ot

or
A

xo
na

l
D

ist
al

 p
ol

yn
eu

-
ro

pa
th

y
M

ay
 n

ot
 re

ve
rs

e 
af

te
r m

ed
ic

at
io

n 
w

ith
dr

aw
n

Pr
oc

ar
ba

zi
ne

 
(a

lk
yl

at
in

g 
ag

en
t)

CA
, r

ar
el

y 
en

ce
ph

al
op

at
hy

H
em

at
op

oi
et

ic
 su

pp
re

ss
io

n:
 

le
uk

op
en

ia
, t

hr
om

bo
cy

-
to

pe
ni

a

A
xo

na
l

D
ist

al
 p

ol
yn

eu
-

ro
pa

th
y

Re
ve

rs
ib

le
 a

fte
r 

w
ith

dr
aw

V
in

cr
ist

in
e 

(v
in

ca
 

al
ka

lo
id

)
Tr

ea
tm

en
t o

f h
em

at
o-

lo
gi

c 
m

al
ig

na
nc

ie
s 

as
 le

uk
em

ia
s a

nd
 

ly
m

ph
om

as

Se
ve

re
 P

N
Le

ss
 o

fte
n:

 e
nc

ep
ha

lo
pa

th
y,

 
se

iz
ur

es
, S

IA
D

H
, C

A
, 

tra
ns

ie
nt

 c
or

tic
al

 b
lin

d-
ne

ss
, p

ar
ki

ns
on

is
m

, 
at

he
to

si
s

Se
ns

or
im

ot
or

A
xo

na
l

D
ist

al
 p

ol
yn

eu
-

ro
pa

th
y

C
ra

ni
al

 n
er

ve
 in

vo
lv

e-
m

en
t

A
ut

on
om

ic
 d

ys
fu

nc
-

tio
n

Im
pr

ov
es

 a
fte

r m
on

th
s 

of
 w

ith
dr

aw



The Cerebellum	

1 3

Ta
bl

e 
3  

(c
on

tin
ue

d)

Su
bs

ta
nc

e 
cl

as
-

si
fic

at
io

n
Su

bs
ta

nc
e

Ex
po

su
re

 c
on

di
tio

ns
C

lin
ic

al
 p

re
se

nt
at

io
n

Pe
rip

he
ra

l n
er

ve
 in

vo
lv

em
en

t
O

th
er

 e
le

ct
ro

ph
ys

i-
ol

og
ic

al
 fi

nd
in

gs
M

R
I

N
ot

es

Fi
be

r t
yp

e
Pa

th
ol

og
y

D
ist

rib
ut

io
n

H
ea

vy
 m

et
al

s
M

er
cu

ry
In

ha
le

d 
va

po
r: 

oc
cu

-
pa

tio
na

l a
ct

iv
iti

es
 

as
 g

ol
d 

m
in

in
g

In
ge

ste
d 

(m
et

hy
l-

m
er

cu
ry

): 
se

af
oo

d 
tis

su
es

CA
, g

as
tro

in
te

sti
na

l 
sy

m
pt

om
s, 

im
pa

irm
en

t 
of

 h
ea

rin
g,

 c
on

str
ic

te
d 

vi
su

al
 fi

el
ds

Re
na

l f
ai

lu
re

, p
sy

ch
ia

tri
c 

sy
m

pt
om

s, 
ac

ro
dy

ni
a

Se
ns

or
y 

sy
m

pt
om

s:
 a

ss
o-

ci
at

io
n 

of
 P

N
 a

nd
 c

en
tra

l 
se

ns
or

y 
de

fic
it

Ea
rly

 su
ba

cu
te

 se
n-

so
ry

 >
  >

 m
ot

or
A

xo
na

l
D

ist
al

 p
ol

yn
eu

-
ro

pa
th

y 
or

 p
ol

y-
ra

di
cu

lo
pa

th
y

A
tro

ph
y 

of
 p

os
tc

en
-

tra
l c

or
te

x,
 v

is
ua

l 
co

rte
x,

 c
er

eb
el

la
r 

ve
rm

is
 –

 in
fe

rio
r 

an
d 

m
id

dl
e 

pa
rts

—
an

d 
ce

re
be

lla
r 

he
m

is
ph

er
es

Tr
ea

tm
en

t: 
ch

el
at

or
s 

an
d 

re
m

ov
al

 o
f 

ex
po

su
re

Le
ad

In
ge

sti
on

: p
ai

nt
s

Ex
po

su
re

: c
on

ta
m

i-
na

te
d 

flo
ur

, l
ea

d 
ste

ar
at

e,
 a

llo
ys

, 
ru

bb
er

, p
ig

m
en

ts
 

an
d 

au
to

m
ob

ile
 

ba
tte

rie
s

C
hi

ld
re

n 
ar

e 
m

or
e 

vu
ln

er
ab

le

H
yp

er
te

ns
io

n,
 a

bd
om

i-
na

l p
ai

n 
an

d 
ot

he
rs

 
ga

str
oi

nt
es

tin
al

 e
ffe

ct
s, 

an
em

ia
, p

sy
ch

ia
tri

c 
an

d 
ne

ur
ol

og
ic

al
 sy

m
pt

om
s 

(p
ro

m
in

en
t C

A
, c

og
ni

tiv
e 

de
fic

its
 a

nd
 P

N
)

C
la

ss
ic

al
 b

lu
is

h 
gr

ay
 d

is
co

l-
or

at
io

n 
of

 th
e 

gu
m

s

M
ix

ed
 

m
ot

or
 >

  >
 se

ns
or

y
A

xo
na

l
D

ist
al

 p
ol

yn
eu

-
ro

pa
th

y
T2

 h
yp

er
in

te
ns

iti
es

 
in

 b
ot

h 
th

al
am

i, 
pe

riv
en

tri
cu

la
r 

W
M

, p
os

te
rio

r 
th

al
am

us
, a

nd
 p

on
s

Re
po

rte
d:

 se
ve

re
 

ce
re

be
lla

r e
de

m
a 

w
ith

 o
bs

tru
ct

iv
e 

hy
dr

oc
ep

ha
lu

s

C
he

la
tio

n 
th

er
ap

y:
 

di
m

er
ca

pt
os

uc
ci

ni
c 

ac
id

Th
al

liu
m

In
ge

sti
on

: c
on

ta
m

i-
na

te
d 

w
at

er
 o

r f
oo

d
In

ha
la

tio
n 

of
 d

us
t

D
er

m
al

/m
uc

ou
s 

ab
so

rp
tio

n 
or

 b
y 

ho
m

ic
id

e 
at

te
m

pt
s

A
cu

te
 g

as
tro

en
te

rit
is

, 
ta

ch
yc

ar
di

a,
 h

yp
er

te
ns

io
n,

 
ar

rh
yt

hm
ia

 (a
lte

ra
tio

ns
 o

n 
ST

 a
nd

 T
 w

av
e 

on
 E

C
G

)
Lo

ss
 o

f c
on

sc
io

us
ne

ss
, 

se
iz

ur
es

, b
lu

rr
ed

 v
is

io
n,

 
tre

m
or

, C
A

, e
ar

ly
-o

ns
et

 
PN

C
hr

on
ic

al
ly

: a
no

re
xi

a,
 

he
ad

ac
he

, d
iff

us
e 

pa
in

, 
in

fe
rti

lit
y 

an
d 

w
hi

te
 

str
ea

ks
 (M

ee
’s

 li
ne

s)
 o

n 
fin

ge
rn

ai
ls

 a
nd

 to
en

ai
ls

, 
bl

in
dn

es
s a

nd
 d

ea
th

M
ix

ed
 m

ot
or

 >
 se

n-
so

ry
A

xo
na

l
D

ist
al

 p
ol

yn
eu

-
ro

pa
th

y
Es

pe
ci

al
ly

 d
an

ge
ro

us
: 

co
lo

rle
ss

, o
do

rle
ss

, 
an

d 
ta

ste
le

ss
Tr

ea
tm

en
t: 

su
pp

or
tiv

e 
m

ea
su

re
s o

n 
IC

U
t, 

he
m

op
er

fu
si

on
, c

on
-

tin
uo

us
 v

en
o-

ve
no

us
 

he
m

ofi
ltr

at
io

n,
 

fo
rc

ed
 d

iu
re

si
s, 

su
p-

pl
em

en
ta

tio
n 

w
ith

 
po

ta
ss

iu
m

 c
hl

or
id

e
A

nt
id

ot
e:

 P
ru

ss
ia

n 
bl

ue

O
rg

an
ic

 so
lv

en
ts

To
lu

en
e

G
lu

e-
sn

iffi
ng

 sp
e-

ci
al

ly
 in

 te
en

ag
er

s 
an

d 
yo

un
g 

ad
ul

ts

H
ea

da
ch

e,
 h

al
lu

ci
na

-
tio

ns
, c

og
ni

tiv
e 

de
cl

in
e,

 
de

cr
ea

se
d 

ol
fa

ct
io

n,
 h

ea
r-

in
g 

lo
ss

 a
nd

 th
e 

cl
as

si
ca

l 
fe

at
ur

es
: o

pt
ic

 a
tro

ph
y,

 
pr

om
in

en
t g

lo
ba

l C
A

PN
, h

ep
at

ot
ox

ic
ity

, 
he

m
or

rh
ag

ic
 p

ul
m

on
ar

y 
ed

em
a,

 g
as

tro
in

te
sti

na
l 

sy
m

pt
om

s, 
ca

rd
ia

c 
in

ju
ry

, 
ar

rh
yt

hm
ia

, r
ha

bd
om

yo
ly

-
si

s a
nd

 h
yd

ro
 e

le
ct

ro
ly

tic
 

di
stu

rb
an

ce
s

Se
ns

or
im

ot
or

D
em

ye
lin

at
-

in
g:

 p
ro

xi
m

al
 

m
ot

or
 c

on
du

c-
tio

n 
bl

oc
k,

 
pr

om
in

en
t 

sl
ow

in
g 

C
V

D
ist

al
 p

ol
yn

eu
-

ro
pa

th
y

D
iff

us
e 

W
M

 
hy

pe
rin

te
ns

ity
 o

f 
py

ra
m

id
al

 a
nd

 
po

nt
oc

er
eb

el
la

r 
tra

ct
s, 

hy
po

in
te

ns
e 

th
al

am
i a

nd
 b

as
al

 
ga

ng
lia

, a
nd

 d
if-

fu
se

 b
ra

in
 a

tro
ph

y

Re
co

ve
r a

fte
r a

 fe
w

 
m

on
th

s, 
bu

t a
 

pe
rm

an
en

t C
A

 sy
n-

dr
om

e 
ca

n 
re

m
ai

n
Pa

ra
di

ch
lo

ro
be

nz
en

e
H

ou
se

ho
ld

 d
eo

do
ra

nt
 

in
 m

ot
hb

al
l a

nd
 to

i-
le

t b
ow

l f
re

sh
en

er
s



	 The Cerebellum

1 3

Ta
bl

e 
3  

(c
on

tin
ue

d)

Su
bs

ta
nc

e 
cl

as
-

si
fic

at
io

n
Su

bs
ta

nc
e

Ex
po

su
re

 c
on

di
tio

ns
C

lin
ic

al
 p

re
se

nt
at

io
n

Pe
rip

he
ra

l n
er

ve
 in

vo
lv

em
en

t
O

th
er

 e
le

ct
ro

ph
ys

i-
ol

og
ic

al
 fi

nd
in

gs
M

R
I

N
ot

es

Fi
be

r t
yp

e
Pa

th
ol

og
y

D
ist

rib
ut

io
n

In
se

ct
ic

id
es

 a
nd

 
pe

sti
ci

de
s

O
rg

an
op

ho
sp

ho
ru

s
C

ho
lin

er
gi

c 
cr

is
is

 (m
us

-
ca

rin
ic

) f
ol

lo
w

ed
 w

he
n 

in
 

hi
gh

er
 d

os
es

 b
y 

m
us

cl
e 

fa
sc

ic
ul

at
io

n,
 tr

em
or

 
an

d 
fla

cc
id

 p
ar

al
ys

is
 

(n
ic

ot
in

ic
)

CA
: w

ith
in

 a
 w

ee
k 

af
te

r t
he

 
ex

po
su

re
/li

m
ite

d 
co

ur
se

PN
: a

bo
ut

 a
 m

on
th

 o
f t

he
 

ex
po

su
re

Se
iz

ur
e,

 o
ps

oc
lo

nu
s, 

in
so

m
-

ni
a,

 n
ig

ht
m

ar
e,

 d
ro

w
si

-
ne

ss
, d

ys
to

ni
c 

re
ac

tio
ns

 
la

te
-o

ns
et

 sp
as

tic
ity

M
ot

or
A

xo
na

l
D

ist
al

 p
ol

yn
eu

-
ro

pa
th

y
Si

gn
s o

f d
en

er
va

tio
n,

 
in

cr
ea

se
d 

in
se

rti
on

al
 

ac
tiv

ity
, s

po
nt

an
eo

us
 

ac
tiv

ity
 (fi

br
ill

at
io

n 
po

te
nt

ia
ls

, P
SW

) a
nd

 
re

du
ce

d 
in

te
rfe

re
nc

e 
pa

tte
rn

A
tro

pi
ne

 a
nd

 o
xi

m
es

 
ad

m
in

ist
ra

tio
n 

(e
.g

., 
pr

al
id

ox
im

e)
: 

eff
ec

tiv
e 

an
tid

ot
es

 
B

en
zo

di
az

ep
in

es
: 

se
iz

ur
e 

an
d 

an
xi

et
y 

tre
at

m
en

t

O
rg

an
oc

hl
or

in
e

O
ld

er
 c

la
ss

 o
f i

ns
ec

-
tic

id
es

Tr
em

or
, m

on
th

 a
nd

 fa
ce

 
pa

re
st

he
si

a,
 st

ar
tle

 
re

ac
tio

ns
, s

ei
zu

re
s, 

CA
, 

op
so

cl
on

us
, s

lu
rr

ed
 

sp
ee

ch
, P

N

Ph
en

yt
oi

n,
 b

en
zo

-
di

az
ep

in
es

, a
nd

 
ca

lc
iu

m
 g

lu
co

na
te

: 
sy

m
pt

om
at

ic
 ro

le

M
et

hy
l B

ro
m

id
e

G
as

 m
ai

nl
y 

us
ed

 a
s 

a 
so

il 
fu

m
ig

an
t, 

in
 

ch
em

ic
al

 p
ro

ce
ss

es
, 

as
 a

 re
fr

ig
er

an
t o

r 
as

 a
 c

om
po

ne
nt

 in
 

fir
e 

ex
tin

gu
is

he
rs

A
cu

te
 p

oi
so

ni
ng

: P
an

 C
A

, 
se

iz
ur

es
, m

yo
cl

on
us

, 
en

ce
ph

al
op

at
hy

, p
yr

am
i-

da
l a

nd
 v

es
tib

ul
ar

 si
gn

s
C

hr
on

ic
/s

ub
ac

ut
e 

lo
w

-le
ve

l 
po

is
on

in
g:

 P
N

Se
ns

or
im

ot
or

A
xo

na
l

D
ist

al
 p

ol
yn

eu
-

ro
pa

th
y

Sy
m

m
et

ric
al

 
T2

/F
LA

IR
 

hy
pe

rin
te

ns
ity

: 
de

nt
at

e 
nu

cl
eu

s 
of

 th
e 

ce
re

be
llu

m
, 

pe
riv

en
tri

cu
la

r 
ar

ea
 o

f t
he

 4
th

 
ve

nt
ric

le
, d

or
sa

l 
m

ed
ul

la
 a

nd
 p

on
s, 

pe
ria

qu
ed

uc
ta

l 
G

M
, s

up
er

io
r a

nd
 

in
fe

rio
r c

ol
lic

ul
i, 

po
ste

rio
r p

ut
a-

m
en

, s
ub

th
al

am
ic

 
nu

cl
ei

, c
or

pu
s c

al
-

lo
su

m
 sp

le
ni

um

CA
, c

er
eb

el
la

r 
at

ax
ia

; C
V,

 c
on

du
ct

io
n 

ve
lo

ci
ty

; E
C

G
, e

le
ct

ro
ca

rd
io

gr
am

; G
M

, g
ra

y 
m

at
te

r; 
IC

U
, i

nt
en

si
ve

 c
ar

e 
un

it;
 I

V,
 in

tra
ve

no
us

; P
N

, p
er

ip
he

ra
l n

eu
ro

pa
th

y;
 P

SW
, p

os
iti

ve
 s

ha
rp

 w
av

es
; 

SI
AD

H
, s

yn
dr

om
e 

of
 in

ap
pr

op
ria

te
 a

nt
id

iu
re

tic
 h

or
m

on
e 

se
cr

et
io

n;
 W

M
, w

hi
te

 m
at

te
r



The Cerebellum	

1 3

Diseases with Neuropathy as Main Feature 
and Associated Cerebellar Involvement (Less 
Frequently)

Autoimmune Ataxias with Associated Neuropathy

Autoimmune and idiopathic sensory neuronopathies 
are frequently not clearly differentiated. Even though 
no specific antibody is present in most of the cases, 
in the absence of other causative factor, a neuronop-
athy is eventually considered as immune-mediated 
event, depending on the clinical course and response 
to immunotherapy. Indeed, sensory neuronopathies are 
frequently associated with systemic autoimmune dis-
eases like Sjogren’s syndrome, autoimmune hepatitis 
and celiac disease [59]. In most of the patients with an 
initially idiopathic sensory neuronopathy in which an 
associated cerebellar ataxia was found, evidence of an 
immune defect was eventually diagnosed [60]. Paraneo-
plastic etiology should also be considered in the context 
of autoimmune cerebellar ataxia and subacute sensory 
neuronopathy, and may be associated to autonomic 
changes [61].

Celiac disease is a systemic chronic immune-medi-
ated disorder caused by innate and adaptive immune 
responses to gluten peptides in genetically susceptive 
patients. It may present with diarrhea, malabsorption 
features (iron-deficiency anemia, osteoporosis), dermati-
tis herpetiformis, and neurologic involvement character-
ized mainly by peripheral neuropathy and gluten ataxia. 
The neurologic symptoms onset is around 50  years 
of age and may have no associated enteropathy [62]. 
Neurophysiologic studies usually demonstrate sensori-
motor axonal neuropathy, but there are also reports of 
asymmetrical neuropathy and also sensory neuronopa-
thy, which is particularly characteristic [63]. Cardiac 
autonomic tests may show abnormalities in parasym-
pathetic and sympathetic function [64]. Adherence to 
a gluten-free diet appeared to improve both neuropathy 
and ataxia. Treatment response varies depending on the 
duration and severity of the disease [62, 63].

Ataxia and the Charcot‑Marie‑Tooth–wide 
Phenotypic Spectrum

CMT is a clinically and genetically heterogenous group 
of inherited peripheral neuropathies characterized 
mainly by long-standing motor and/or sensory polyneu-
ropathy in which the nerve damage may be either primar-
ily axonal or demyelinating. In previous times, FRDA 
patients were frequently initially diagnosed as CMT, 

which is much less probably with nowadays diagnostic 
resources [65]. However, late-onset axonal polyneuropa-
thy cases, especially those with additional phenotypic 
features, like pyramidal signs, should be considered for 
FXN gene testing considering the LOFA cases. Besides, 
ARSACS patients also have been described to present 
with isolated sensorimotor neuropathy with mixed 
axonal and demyelinating findings on nerve conduction 
studies, eventually resembling CMT [24]. Therefore, 
careful clinical phenotyping usually unveils subtle cer-
ebellar and/or pyramidal signs [24, 66].

Rarely, specific CMT subtypes may present true cerebel-
lar ataxia. CMT type 4C (CMT4C) is a demyelinating neu-
ropathy caused by a biallelic mutation in the SH3 domain 
and tetratricopeptide repeats 2 (SH3TC2) gene and is char-
acterized by early onset (infancy), slowly progressive severe 
sensorimotor polyneuropathy. It is one of the most prevalent 
recessive CMT. Even though in most cases of CMT4C, the 
polyneuropathy is severe, recent reports showed that abnor-
malities in the SH3TC2 gene may also share some features 
of an areflexic, hypotonic FRDA-like phenotype, including 
cerebellar atrophy and cerebellar ataxia [2].

X-linked recessive CMT-4 (CMTX4) is a mitochondrial 
disorder due to mutation in the apoptosis inducing factor 
mitochondria associated 1 (AIFM1) gene. It is characterized 
by highly variable features. Age of onset range from infancy 
to young adulthood and severity of the neurologic features 
are highly variable too, but most patients present with pro-
gressive sensorimotor axonal neuropathy and deafness due 
to auditory nerve involvement. Other features may include 
cognitive impairment, cerebellar atrophy, and cerebellar 
signs and symptoms [67].

Conclusions

The cerebellar ataxias are a heterogenous group of disorders 
with a vast number of etiologies, which may be accompa-
nied by different multisystemic involvement. Particularly, 
the peripheral nervous system is frequently associated with 
the cerebellar ataxias and should be cautiously characterized 
as it can provide important diagnostic clues. The peripheral 
nerve involvement pattern (e.g., distal polyneuropathy or 
neuronopathy) and the type of nerve damage (i.e., axonal 
or demyelinating) are important aspects to be attentive to, 
along with rate of progression of neuronopathy. Therefore, a 
diagnostic approach for the cerebellar ataxias with neuropa-
thy is proposed on Fig. 2. Besides the clinical neurologic 
evaluation, brain and peripheral nerve imaging, as well as 
neurophysiologic evaluation, are essential tools for char-
acterizing the clinical involvement of the cerebellum and 
peripheral nervous system.
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