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INTRODUCTION
Ataxia is derived from the Greek word taxis
meaning ‘order’. Hence, ataxia can be translated 
as lack of order. A patient with ataxia may have 
either cerebellar ataxia or so-called sensory atax-
ia. In most patients, a relatively common cause 
such as excessive alcohol consumption, drug 
or toxin exposure, stroke or multiple sclerosis 
is easily identifi ed. But when these causes have 
been excluded, it can be diffi cult to know what 
to do next. In particular, there is often confusion 
surrounding the myriad of available tests, both 
genetic and non-genetic. In addition, there is a 
risk that patients with undiagnosed ataxia will 
be ‘forgotten’ after the initial set of tests prove 
unhelpful, although many of them have a slowly 
progressive disorder. But, even though the diag-
nostic yield of further investigation is not high, 
it is wise regularly to revisit the diagnosis (or 
lack of one!) and to consider whether there are 
any tests that have been omitted, or whether any 
helpful new tests have become available.

THE EXTENT OF THE PROBLEM
In practice, how often do we come across a 

REVIEW

Sorting out at
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suspected degenerative ataxia where the diag-
nosis remains uncertain? The National Ataxia 
Foundation (USA) estimates that there are 
150 000 individuals with either inherited or 
sporadic ataxia in the United States, a combined 
prevalence of approximately 60 per 100 000 (cf. 
multiple sclerosis, 100 per 100 000). How this 
estimate was arrived at is unclear, but if the fre-
quency is similar in the UK, one would expect a 
total of about 36 000 patients with ataxia. A key 
question is what proportion have some form of 
genetic ataxia, with or without a family history. 
The most common genetic ataxias worldwide 
are the autosomal dominant cerebellar ataxias, 
and Friedreich’s ataxia (autosomal recessive). 
The prevalence of the former is between 0.2 
and 3.0 per 100 000 and so there might be 1800 
cases in the UK. With a European prevalence of 
Friedreich’s ataxia of 2 per 100,000, one would 
predict a total of 1200 patients in the UK.

Here I will outline a strategy for the investi-
gation of ataxia in adults, with an emphasis on 
genetic causes, when the initial tests have failed 
to reveal the cause. I will not discuss at length the 
common causes of ataxia, nor will I provide an 
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extensive list of rare causes, rather a mental al-
gorithm that should help the reader to consider 
groups of related causes when trying to ‘sort out 
the ataxias’.

POINTS TO CONSIDER IN THE 
HISTORY

Age at onset
Perhaps the most important feature of the his-
tory is the age at symptom onset, although this 
can be diffi cult to determine if the disorder has 
been very slowly progressive. This information 
greatly simplifi es the differential diagnosis, 
particularly when the cause is genetic, because 
the genetic causes can be helpfully divided into 
those starting in infancy, i.e. before the age of two 
years, and those with an early (< 25 years) or late 
(> 25 years) onset (Table 1) (Harding 1993). In 
contrast, most sporadic and acquired causes of 
ataxia (Table 2) tend to present in adulthood, 
although childhood onset is possible. Clearly, 
genetic ataxias do not always present in one or 
other age group, so adult neurologists should 
not only consider those conditions present-
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Table 1  Genetic causes of ataxia and their likely age at onset

SCA,  spinocerebellar ataxia; ARSACS,  autosomal recessive spastic ataxia of Charlevoix-

Saguenay; DRPLA,  dentato-rubro-pallido-luysian atrophy; MERRF,  myoclonic epilepsy 

with ragged red fi bres; MELAS,  mitochondrial encephalopathy with lactic acidosis and 

stroke-like episodes; NARP,  neuropathy, ataxia and retinitis pigmentosa.

+ onset is occasionally seen in this age group

++ onset is most commonly in this age group

– onset does not occur in this age group.

Note that only those SCAs which have been so far identifi ed are included in the table.

  AGE AT ONSET (YEARS)

  < 25 > 25

Autosomal dominant cerebellar ataxias  

 SCA1 + ++

 SCA2 + ++

 SCA3 + ++

 SCA6 – ++

 SCA7 + ++

 SCA10 + ++

 SCA12 + ++

 SCA14 + ++

 SCA17 + ++

Recessive ataxias

 Friedreich’s ataxia ++ +

Ataxia telangiectasia ++ –

 Ataxia with oculomotor apraxia type 1 ++ –

Ataxia with oculomotor apraxia type 2 ++ –

 Abetalipoproteinaemia ++ –

Ataxia with vitamin E defi ciency ++ +

 ARSACS ++ –

Refsum’s disease ++ +

Other autosomal dominant disorders   

Huntington’s disease + ++

 DRPLA + ++

Familial prion disorders – ++

Inborn errors of metabolism

Hexosaminidase A or B defi ciency ++ +

 Leukodystrophies e.g. adrenoleukodystrophy ++ +

Wilson’s disease ++ +

 Neuronal ceroid lipofuscinosis ++ +

Other autosomal recessive disorders

 Hypogonadotrophic hypogonadism (Holmes) + ++

Mitochondrial disease

 MERRF ++ +

MELAS ++ +

 NARP ++ +

Kearns–Sayre syndrome ++ –

 Chronic progressive external ophthalmoplegia + ++

Episodic ataxia

 Episodic ataxia type 1 ++ +

Episodic ataxia type 2 ++ +
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clinical spectrum has widened considerably 
since Friedreich’s original description and the 
diagnostic criteria later proposed by Harding 
(1981a). In particular, onset even in the seventh 
decade has been documented (NW Wood, 
unpublished data). The other less common 
recessive ataxias that should be considered are 
compared in Table 3. These disorders are most 
easily distinguished on the basis of the physical 
examination but there are differences in age at 
onset, and certain symptoms may suggest the 
diagnosis.

A history of intermittent ataxia with discrete 
attacks triggered by stress or exercise, with onset 
in late childhood or early adulthood, suggests 
one of the dominant episodic ataxias (EA). A 
comparison of the main clinical features of EA1 
and EA2 is shown in Table 4. The duration of 
the attacks is perhaps the most helpful. Finally 

ing in adulthood, because the onset in a given 
patient may have occurred in childhood, occa-
sionally even in infancy. Furthermore, a number 
of hereditary conditions which usually present 
in childhood may present in adulthood, namely 
Friedreich’s ataxia and mitochondrial disease. 
Similarly, many of the inborn errors of me-
tabolism including Wilson’s disease, hexosami-
nidase A defi ciency, the leukodystrophies and 
neuronal ceroid lipofuscinosis have adult-onset 
forms (Lamont 2004).

Early onset ataxia
The group of conditions often referred to col-
lectively as the ‘recessive ataxias’ should be con-
sidered fi rst in this age group (Di Donato et al. 
2001). Friedreich’s ataxia is the most common 
recessive ataxia worldwide. The age at onset is 
typically between 8 and 15 years. However, the 

Toxic

– drugs, e.g. phenytoin, lithium

– toxins, e.g. ethanol, acrylamide

Vascular

– stroke (ischaemic, haemorrhagic)

– vasculitis

Infl ammatory

– demyelination (acute disseminated encephalomyelitis, multiple sclerosis)

– sarcoidosis

Endocrine

– hypothyroidism

Infective/transmissible

– viral cerebellitis (e.g. herpes zoster)

– sporadic or variant Creutzfeldt-Jakob disease

Structural

– Arnold-Chiari malformations

Degenerative

– ‘idiopathic’ late onset cerebellar ataxia

– multiple system atrophy – cerebellar type

Neoplastic

– metastases

– primary brain tumours

Paraneoplastic

– paraneoplastic cerebellar degeneration

Metabolic or nutritional

– coeliac disease (‘gluten’ ataxia)

– vitamin E defi ciency (dietary or malabsorption)

– vitamin B1 (thiamine) defi ciency

Table 2  Acquired and sporadic causes of ataxia
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 TYPICAL AGE 

 AT ONSET  GEOGRAPHICAL 

DISEASE IN YEARS (RANGE) DISTRIBUTION MAIN CLINICAL FEATURES DIAGNOSTIC TEST GENE (CHROMOSOME)

Friedreich’s  8–15 (0–60) Worldwide except Skeletal abnormalities,  Genetic analysis X25/FRDA (9q13)

ataxia  north-east Asia pes cavus, absent lower 

   limb refl exes, extensor  

   plantars, axonal neuropathy, 

   cardiomyopathy, impaired 

   glucose tolerance

     

Ataxia  1–6 (0–20) Worldwide Recurrent infection,  Raised serum  ATM (11q22.3)

telangiectasia   susceptibility to malignancy, α-fetoprotein

    oculomotor apraxia, skin  Low IgA and IgG

   and conjunctival   Genetic analysis

   telangiectasia, chorea, 

   dystonia, hypogonadism, 

   memory loss, absent lower   

   limb refl exes, fl exor plantars

    

Ataxia with  2–6 (2–18) Worldwide especially Oculomotor apraxia, chorea,  Hypoalbuminaemia Aprataxin, APTX 

oculomotor   Japan (most common cognitive impairment and  Hypercholesterolaemia (9p13.3)

apraxia type 1  recessive ataxia),  learning diffi culties, arefl exia, Elevated LDL

  Portugal (second  severe sensorimotor axonal Low HDL

  most common after  neuropathy, fl exor plantars Genetic analysis 

  Friedreich’s)

    

Ataxia with  11–22 Pakistan, Japan Oculomotor apraxia, mild  Not available Linkage only (9q34)

oculomotor  (two families) choreoathetosis and dystonia,  

apraxia type 2   absent lower limb refl exes, 

   sensory neuropathy, extensor 

   plantars 

 

Abetalipo- 2–17 Worldwide Like Friedreich’s except   Acanthocytes Microsomal   

proteinaemia   steatorrhoea, retinitis  Absent VLDL/LDL triglyceride

   pigmentosa  Low cholesterol transfer protein, MTP

   Distal amyotrophy common Low Vit A, E, K (4q22-q24)

    

Ataxia with 2–20 (2–52) Worldwide esp. North Like Friedreich’s but head  Low vitamin E α-tocopherol transfer 

 vitamin E   Africa, Mediterranean titubation in 28%, and no  (< 10% of normal) protein, α-TTP

defi ciency   cardiomyopathy or impaired   (8q13.1-q13.3)

   glucose tolerance

     

Autosomal  1–20 Quebec, Tunisia Similar to Friedreich’s, brisk  Genetic analysis SACS (13q12)

recessive    refl exes, extensor plantars, 

spastic ataxia    ankle arefl exia, axonal   

of Charlevoix-   neuropathy.  

Saguenay   Hypermyelinated retinal nerve 

   fi bres more often in Quebec

   families

Table 3  A comparison of the clinical features, geographical distribution and diagnostic tests in the recessive ataxias
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 EA1 EA2

Age at onset (years) 3–20 3–30

Attack duration Minutes Hours to days

Inter-ictal myokimia Yes No

Response to acetazolamide Occasional Frequent

Progressive ataxia No Sometimes

Seizures Sometimes No

Gene Potassium channel Sodium Channel

 (KCNA1) (CACNA1A)

Table 4  A comparison of the main clinical features of the two most common dominant 

episodic ataxias
in this age group, variant Creutzfeldt–Jakob dis-
ease (CJD) should be considered when cerebel-
lar ataxia presents subacutely in combination 
with variable degrees of cognitive impairment 
and psychiatric symptoms.

Late onset ataxia
Ataxia starting over the age of 25 years has the 
broadest differential diagnosis, and most pa-
tients are presenting to the adult neurologist are 
in this group. Causes can be separated into ge-
netic (Table 1) and non-genetic (Table 2), and a 
detailed family history is therefore essential.

The most common hereditary ataxias in this 
age group are known collectively as the auto-
somal dominant cerebellar ataxias, and individ-
ually as spinocerebellar ataxia (SCA) type 1,2,3, 
etc. (Table 5). This is confusing because the 
pathology does not always extend to the spinal 
cord as is implied in the name. Far more com-
monly, dysfunction of other brain structures 
occurs. For a given SCA, the age at onset in indi-
viduals is highly variable, and is not particularly 
helpful in trying to determine the mutation. An 
abnormally expanded CAG repeat sequence 
in the coding region of the gene is responsible 
for the disease in SCA1, SCA2, SCA3, SCA6, 
SCA7 and SCA17. Age at onset tends to fall as 
the length of the expansion increases (Fig. 1). 
Anticipation, that is the tendency for successive 
generations to develop the disease earlier, and 

CLINICAL TYPE CLINICAL FEATURES IDENTIFIED GENES 

ADCA I Ataxia plus one or more of: SCA1

 pyramidal or extrapyramidal signs, SCA2

 dementia, ophthalmoplegia, neuropathy SCA3

  SCA12

  SCA14

  SCA17

ADCA II Complicated ataxia as ADCA I with SCA7

 pigmentary macular dystrophy 

ADCA III Relatively ‘pure’ uncomplicated  SCA6

 cerebellar syndrome SCA10

Table 5  The clinical classifi cation of the autosomal dominant cerebellar ataxias (ADCA) 

after Harding

Twenty-two SCAs have been characterized clinically. For simplicity, only those where the 

gene has been identifi ed are listed in this table. Those in bold are the genes for which routine 

analysis is currently available in most centres.
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Figure 1  Age at onset vs. number 

of CAG repeats for the different 

SCAs. A signifi cant inverse 

correlation between repeat 

number and age at onset has 

been shown for each SCA. Data 

scatter precludes prediction of 

age at onset from knowledge of 

repeat number alone.
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often with increasing severity, is accounted for 
by intergenerational instability of these repeats, 
which is disease-specifi c and tends to be greater 
when the affected father transmits the disease. 
The effect may be so dramatic that children can 
become affected before the transmitting par-
ent. Childhood onset has not been described in 
SCA6, whereas other SCAs, particularly SCA3 
and SCA7, may present before adulthood. It is 
important to remember that no single clinical 
sign is specifi c to a given SCA, although certain 
features may be suggestive (Table 6).

An inverse correlation between age at onset 
and number of CAG repeats also occurs in 
two other conditions that may present with 
prominent ataxia in adulthood – Huntington’s 
disease and dentato-rubro-pallido-luysian at-
rophy (DRPLA). Familial prion disease, such 
as Gerstmann–Straussler–Scheinker disease, 
also presents in adulthood. Other important 
hereditary conditions that may present with a 
late onset predominantly cerebellar syndrome 
include the cerebellar syndrome associated 
with autosomal recessive hypogonadotrophic 
hypogonadism (Holmes ataxia) and Wilson’s 
disease (Table 1).

Finally, acquired causes of late onset ataxia 
such as multiple sclerosis, ‘gluten’ ataxia and vi-
tamin E defi ciency may present at any age. Spo-
radic CJD typically occurs from the age of 50–75. 
Paraneoplastic cerebellar degeneration usually 
begins in the sixth or seventh decade, refl ecting 
the increasing frequency of cancer with age.

Family history
The second key part of the history is the presence 
or absence of a family history, which will help 
direct the priority given to particular investi-
gations. However, it may take several attempts 
to elicit a positive family history. Thorough 
direct questioning of the patient and relatives 
is essential if, for example, the history of an 
elderly father or mother who developed mild 
unsteadiness on their feet at the age of 80 is to be 
obtained. Of course, it can be diffi cult to know 
whether this is relevant, and not simply due to 
normal ageing.

If the family history is not available, for ex-
ample if the patient is adopted, and a hereditary 
ataxia is suspected, a useful guide to likely in-
heritance is that an age at onset below 25 years 
is more likely to be consistent with autosomal 
recessive inheritance, whereas age at onset over 
25 years is usual for those ataxias with dominant 
inheritance. However, as we have seen, the range 

of age at onset of Friedreich’s ataxia is now much 
wider, and many recessive conditions have 
adult-onset forms.

Autosomal dominant inheritance
Clear autosomal dominant inheritance with an 
age at onset over 25 years points strongly towards 
one of the dominant spinocerebellar ataxias. 
However, Huntington’s disease, DRPLA and 
familial prion disease all have autosomal domi-
nant inheritance and should be considered.

In some cases of dominant spinocerebellar 
ataxias, despite vigorous enquiry, there is no 
clear family history. There are various explana-
tions – adoption, genetic non-paternity, and 
anticipation may all preclude the identifi cation 
of an affected relative. In addition, de novo mu-
tations have been documented in SCA2, SCA6, 
SCA7 and SCA17. The key message is that 
absence of a family history does not exclude a 
dominant disorder.

Other modes of inheritance
There are a number of other possible explana-
tions for lack of a family history. Autosomal 
recessive inheritance could be responsible. This 
suspicion should prompt not only a thorough 
enquiry about the extended family but also the 
possibility of parental consanguinity. Another 
possibility is an X-linked recessive disorder 
such as adrenoleukodystrophy where boys are 
affected and females are usually asymptomatic 
carriers. However, approximately 8% of female 
carriers do have some neurological features of 
the condition, and this is an important addi-
tional consideration.

Mitochondrial cytopathies may also account 
for the absence of a family history, depending to 
some extent on the particular condition (Chin-
nery 2003). Here, a matrilineal mode of inherit-

CLINICAL FEATURE SCA SUBTYPE

Pigmentary macular dystrophy SCA7 (only)

Slow ocular saccades, upper limb arefl exia SCA2

Prominent tremor (perhaps only sign) SCA12

Facial myokimia/staring or bulging eyes SCA3

Early onset dystonia or parkinsonism SCA3

Seizures SCA10

Early cognitive impairment SCA17

Table 6  Particular clinical features which suggest but are not specifi c to 

a certain spinocerebellar ataxia
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Autosomal recessive inheritance
Friedreich’s ataxia is the most common recessive 
ataxia worldwide, while ataxia telangiectasia is 
the second most common. However, there are 
important regional variations. In Portugal, 
ataxia with oculomotor apraxia type 1 (AOA1) 
is the second most frequently encountered 
(Moreira et al. 2001). Friedreich’s ataxia has 
never been described in north-east Asia. In 
Japan, AOA1 is the most common recessive 
ataxia (Date et al. 2001). A second genetically 
distinct form of ataxia with oculomotor apraxia 
(AOA2) has been identifi ed in a consanguine-
ous Pakistani family (Nemeth et al. 2000).

Other important points to remember 
in the history

Mode of onset
Acute or subacute onset ataxia usually suggests 
a vascular, infective or demyelinating aetiology. 
Other causes include poisoning or intoxication, 
and cerebellar ataxia is particularly common 
after global hypoxic-ischaemic damage. Domi-
nant episodic ataxias (EA) may also present 
acutely with sudden onset ataxia. In EA2 the 
ataxia may last for several days or even a week. 
Mitochondrial cytopathies may also present 
with episodic ataxia and other neurological 
signs, especially at times of intercurrent infec-
tion or pyrexia.

Rate of progression
Rapid progression is a worrying clinical feature 
and may be associated with an early age at onset 
and therefore a large expanded repeat in some of 
the spinocerebellar ataxias. The rate of disease 
progression is inversely correlated with repeat 
number in SCA7 (Giunti et al. 1999). Converse-
ly, the older the patient at onset, the more likely 
the disease will run a benign course.

Rapid symptom progression over weeks to a 
few months should raise the suspicion of para-
neoplastic cerebellar degeneration, particularly 
in the sixth or seventh decades (Grant 2002). 
Neurological manifestations can precede cancer 
symptoms in more than half of these patients, 
sometimes by as much as 4 years, and in some 
cases the tumour is not found until postmor-
tem. This should prompt consideration of, and 
probably a thorough search for, an underlying 
gynaecological tumour, small cell lung malig-
nancy or Hodgkin’s disease. Sporadic CJD may 
also progress rapidly, but other symptoms and 
signs are likely to point to this diagnosis.

ance may be apparent, although penetrance is 
variable.

Ethnic origin
The ethnic origin of the patient is of great im-
portance for two main reasons. First, the preva-
lence of different genetic disorders varies widely 
between ethnic groups. And second, genetic 
background appears to exert an infl uence on 
the clinical phenotype and mode of presenta-
tion for a given disease (see examination below). 
Hence, priority may be given to different genetic 
tests depending on ethnic background.

Autosomal dominant inheritance
The prevalence of the different spinocerebellar 
ataxias varies greatly throughout the world. In 
Portugal, SCA3 accounts for 74% of families 
with autosomal dominant inheritance (Sil-
veira et al. 1998), but only for 43% in Japan 
(Takano et al. 1998), and it is virtually unheard 
of in Italy. SCA6 is relatively common in Japan 
(30%) (Matsuyama et al. 1997; Takano et al. 
1998) Germany (13%) (Schols et al. 1998) and 
the United Kingdom (32%) (Leggo et al. 1997), 
but rare in France (Stevanin et al. 1998) and 
Portugal (Silveira et al. 1998). SCA2 is the most 
common mutation in India (Basu et al. 2000; 
Saleem et al. 2000). SCA10 has been described 
only in patients of Mexican origin – in Mexico it 
is second in frequency only to SCA2 (Rasmussen 
et al. 2001). SCA12 has been identifi ed in India 
(Fujigasaki et al. 2001) but, in common with 
SCA17, is currently thought to be rare in Europe. 
Huntington’s disease is much more common in 
Europe than DRPLA, which is more prevalent 
in Asia.

Examination of not only the 

nervous system but a detailed 

systemic examination is 

essential
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Systemic symptoms
Other features of importance include recurrent 
infection (ataxia telangiectasia), autonomic fea-
tures such as postural hypotension or urinary 
frequency (multiple system atrophy – cerebellar 
type), and gastrointestinal problems (dietary 
vitamin E defi ciency and ‘gluten’ ataxia).

Drug history and toxin exposure
A thorough history of drug, alcohol and toxin 
exposure is essential. Chronic phenytoin toxic-
ity is probably the most common culprit drug, 
but other anti-epileptic drugs may be relevant. 
High dose cytosine arabinoside and 5-fl uor-
ouracil may both cause acute reversible ataxia, 
and lithium encephalopathy may resolve to 
leave a persistent cerebellar syndrome. Carbon 
tetrachloride and toluene are the most com-
mon solvents to cause ataxia, and heavy metals 
such as inorganic mercury and thallium are also 

SYSTEM CLINICAL SIGN DISEASE

Skeletal Kyphoscoliosis Friedreich’s ataxia (Fig. 2)

  Ataxia with vitamin E defi ciency

  Abetalipoproteinaemia

 Short stature Mitochondrial cytopathies

  Ataxia telangiectasia

Skin Dry skin/icthyosis Hypothyroidism

  Refsum’s disease

 Telangiectasia Ataxia telangiectasia

 Tendon xanthomata Cerebrotendinous xanthomatosis

 Dermatomyositis Paraneoplastic syndrome

Eyes Cherry red spot at macula Sialidosis

  Tay Sachs disease (Fig. 8)

 Cataracts Mitochondrial cytopathies

  Cerebrotendinous xanthomatosis

  Wilson’s disease (Fig. 9)

 Kayser–Fleischer rings Wilson’s disease (Fig. 9)

 Telangiectasia Ataxia telangiectasia (Fig. 4)

Cardiovascular Cardiomyopathy Friedreich’s ataxia (Fig. 2)

 Conduction abnormalities Mitochondrial cytopathies

 Postural hypotension Multiple system atrophy, 

  cerebellar type

Gastrointestinal Malabsorption Coeliac disease

  Vitamin E defi ciency

 Hepatosplenomegaly Alcohol

  Wilson’s disease

  Tay Sachs disease

  Niemann Pick type C

Table 7  Some systemic features associated with ataxia and possible causes

recognized toxic agents. Acrylamide poisoning 
may give rise to ataxia.

KEY FEATURES IN THE EXAMINATION
Examination of not only the nervous system but 
a detailed systemic examination is essential (Ta-
bles 7 and 8). As with the history, the signs are 
not always specifi c to early or late onset, but are 
mentioned in the context of the group in which 
they are most frequently encountered. 

Ataxia may be sensory or cerebellar in origin, 
or a combination of both, e.g. with vitamin E 
defi ciency. It is often diffi cult to disentangle the 
different components and the signs of cerebellar 
involvement vary considerably from one condi-
tion to another. Large fi bre sensory neuropathy 
and/or dorsal column involvement produce 
a sensory ataxia characterized by absent or 
reduced refl exes, vibration and joint position 
sense loss, and Rombergism.
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Early onset ataxia

Autosomal recessive inheritance
The clinical features of classical Friedreich’s 
ataxia (Harding 1981a) were well known before 
the identifi cation of the gene (denoted FRDA). 
These include autosomal recessive inheritance, 
onset before the age of 25, disease duration of 

SYSTEM CLINICAL SIGN DISEASE

Eyes Oculomotor apraxia Ataxia telangiectasia

  Ataxia with oculomotor apraxia type 1

  Ataxia with oculomotor apraxia type 2

 Supranuclear gaze palsy Hexosaminidase A defi ciency (box)

  Niemann Pick type C

  Spinocerebellar ataxias

 Retinitis pigmentosa Mitochondrial cytopathies

 (Fig. 3) Refsum’s disease

  Abetalipoproteinaemia

  Neuronal ceroid lipofuscinosis

 Optic atrophy Multiple sclerosis

  Friedreich’s ataxia

 Ocular fl utter/opsoclonus Viral cerebellitis

  Paraneoplastic syndromes

 Ptosis/external ophthalmoplegia Mitochondrial disorders

 Downbeat nystagmus Foramen magnum lesions (e.g. Chiari)

  Spinocerebellar ataxias

Cognitive Learning diffi culties, memory Inborn errors of metabolism

 impairment, dementia Ataxia telangiectasia

  Ataxia with oculomotor apraxia type 1

  Ataxia with oculomotor apraxia type 2

  Mitochondrial cytopathies

  Spinocerebellar ataxias esp. SCA17

  Prion disease

Movement Disorders Myoclonus Mitochondrial cytopathies

  Spinocerebellar ataxias

  Neuronal ceroid lipofuscinosis

  Prion disease

  Unverricht Lundborg (Baltic myoclonus)

  Coeliac disease (gluten ataxia)

 Chorea/dystonia Huntington’s disease

  DRPLA

  Ataxia telangiectasia

  Ataxia with oculomotor apraxia type 1

  Ataxia with oculomotor apraxia type 2

  Friedreich’s ataxia

  Wilson’s disease

Seizures – SCA10

  DRPLA

  Huntington’s disease

  Mitochondrial disorders

  Prion disease

Table 8  Some neurological features associated with ataxia, and possible causes

at least 5 years, absent lower-limb refl exes and 
pyramidal signs. In addition, skeletal abnor-
malities such as kyphoscoliosis (Fig. 2) and pes 
cavus are common. Since the identifi cation of 
the gene in 1996, the phenotype of the disease 
has greatly broadened. In one study of 187 pa-
tients with progressive ataxia with likely auto-
somal recessive inheritance, 140 were found to 
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have homozygous GAA expansions in the gene 
(Durr et al. 1996). Of these, 37 had a phenotype 
atypical for Friedreich’s ataxia. A further 10 pa-
tients were classifi ed clinically as having typical 
Friedreich’s ataxia for less than 5 years. The age 
at onset was between 26 and 51 years of age in 
14% of the 140 patients with genetically con-
fi rmed Friedreich’s, extensor plantar responses 
were identifi ed in only 79%, and retained lower 
limb refl exes were found in 12%.

Figure 2  Friedreich’s ataxia. (a) 

Kyphoscoliosis; (b) Chest X-ray 

showing enlarged heart; (c) ECG 

showing widespread T-wave 

inversion.

(a) (b)

(c)

The clinical characteristics of the other re-
cessive ataxias are compared in Table 3. Both 
abetalipoproteinaemia and ataxia with vitamin 
E defi ciency can resemble Friedreich’s ataxia, 
but retinitis pigmentosa (Fig. 3) does not occur 
in the last and skeletal abnormalities are less fre-
quent in the fi rst two. Oculomotor apraxia is the 
inability to perform voluntary saccades while 
spontaneous saccades and refl ex eye move-
ments remain intact – the differential diagnosis 

 on M
ay 17, 2023 by guest. P

rotected by copyright.
http://pn.bm

j.com
/

P
ract N

eurol: first published as on 1 June 2004. D
ow

nloaded from
 

http://pn.bmj.com/


PRACTICAL NEUROLOGY140

© 2004 Blackwell Publishing Ltd

includes ataxia telangiectasia (Fig. 4), and ataxia 
with oculomotor apraxia.

Inborn errors of metabolism may present 
with a complex clinical picture, where ataxia 
is only one of a number of features. Varying 
combinations of dysmorphic features, cogni-
tive impairment, hypotonia or spasticity, myo-
clonus, dystonia and movement disorders may 
be present. For example, a spastic paraparesis, 
with or without axonal neuropathy, and ataxia 
at any age at onset should raise the possibility of 
a leukodystrophy. A vertical supranuclear gaze 
palsy, dystonia and ataxia often associated with 
developmental regression are characteristic of 
Niemann Pick disease type C.

Mitochondrial cytopathies
Mitochondrial cytopathies most commonly 
present in childhood and ataxia is frequent. 
Associated neurological features that suggest 
this diagnosis include ptosis with external oph-
thalmoplegia, retinitis pigmentosa, deafness, 
proximal muscle weakness, myoclonus, periph-
eral neuropathy and seizures. Systemic features 
that should be sought include hypogonadism, 

Figure 4  The characteristic 

appearance of Ataxia 

telangiectasia. Note the 

impassive expression and the 

conjunctival telangiectasia. 

Patients have a tendency to drool, 

and have slow slurred speech. 

The eye movement disorder 

is typically that of oculomotor 

apraxia.

Figure 3  Retinitis Pigmentosa in a patient with abetalipoproteinaemia. The abnormal 

areas of pigmentation are described as like bony spicules. In mitochondrial cytopathies, 

the pigmentation is characteristically said to resemble sprinkled ‘salt and pepper’.
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short stature and possibly cardiomyopathy. The 
clinical phenotype is variable but neurological 
signs tend to accumulate, sometimes in a step-
wise fashion, with increasing disease duration 
(Chinnery 2003).

Autosomal dominant episodic 
ataxias
Examination should be focused on the detec-
tion of residual subtle cerebellar signs between 
attacks that can be encountered in EA2, such 
as gaze-evoked nystagmus or jerky pursuit eye 
movements. The characteristic clinical feature 
of EA1 is the inter-ictal myokimia that may be 
evident from the history (Table 4).

Late onset ataxia

Spinocerebellar ataxias
Harding (1982) proposed a classifi cation of the 
autosomal dominant cerebellar ataxias into 
three main types on the basis of the clinical fea-
tures (Table 5). The relationship of this simple 
classifi cation to the ever-increasing number of 
spinocerebellar ataxia (SCA) genes and genetic 
loci that account for this group of disorders is 
quite complicated. The diffi culty is that the 
numbering system refers to the chronological 
order in which the genes or loci were identi-
fi ed, and gives no idea of the clinical phenotype. 
Remember that only nine (10 including SCA8, 
which remains controversial) SCA genes have 
been identifi ed and, of these, only fi ve are rou-
tinely analysed. It may come as a surprise – and 
relief – that detailed knowledge of the pheno-
type of each SCA is seldom very useful in prac-
tice. This is because no single clinical feature is 
exclusively predictive of a given SCA, other than 
pigmentary maculopathy in SCA7 (Fig. 5).

A further complication is the considerable 
variability in clinical phenotype both between 
families and between members of the same fam-
ily for a given SCA. In general, the phenotype 
tends to become more complicated with longer 
disease duration. Between larger regional or 
ethnic groups, there may be even greater vari-
ability in phenotype. Notwithstanding these 
provisos, it is useful to know that certain clinical 
features are suggestive of certain SCAs and are 
therefore helpful in prioritizing requests for 
individual SCA genetic testing (Table 6).

Other adult onset ataxias
The other major causes of adult onset ataxia 
present with a variable combination of other 

Figure 5  Fundus of a patient with SCA7 (ADCA type II). There is 

extensive pigmentary degeneration involving the macula.

neurological signs. But, like the spinocerebellar 
ataxias, there are few specifi c signs for a particu-
lar disorder. Huntington’s disease and DRPLA 
may present with a predominantly ataxic phe-
notype, but there are likely to be prominent 
extrapyramidal signs and cognitive impair-
ment as well. The clinical presentation of prion 
disease may be similar, often with myoclonus. 
A vertical supranuclear gaze palsy accompany-
ing neurogenic muscle weakness might suggest 
hexosaminidase A defi ciency (Box).

TARGETING PARTICULAR 
INVESTIGATIONS TO INDIVIDUAL 
PATIENTS
The key determinants of the investigations are 
the age at onset and the presence or absence of 
a family history. If there is a clear family his-
tory, it makes sense to request the appropriate 
tests for genetic disorders fi rst, contingent on 
the mode of inheritance. If there is no family 
history, attempts to exclude an acquired cause 
should be made before requesting expensive 
genetic tests. However, there are no hard and 
fast rules as to which tests should and should 
not be ordered in a particular case, and often 
a pragmatic approach is required, especially if 
initial investigations do not confi rm the clinical 
diagnosis. For example, until recently, it would 
not have been considered appropriate to test for 
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BOX
This 50-year-old lady had normal early de-
velopment but diffi culty riding a bicycle at 
school. At the age of 35 she became aware 
of unsteadiness and proximal leg weakness. 
At the time of examination she was unable 
to walk without assistance. She was one 
of two siblings of Ashkenazi Jewish parent-
age. Her brother was similarly affected. On 
examination she had a vertical supranuclear 
gaze palsy (fi gs a–e) with a staring gaze and 

(a)

(b) (c)

(d) (e)
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marked upgaze limitation, mild cerebellar 
dysarthria, occasional facial twitching, brisk 
jaw jerk and pout refl exes. Her tongue was 
fi brillating. She had moderate proximal wast-
ing (fi g. f) and weakness worse in the legs, 
normal refl exes but extensor plantars. She 
had an ataxic waddling gait. EMG showed 
chronic partial denervation in proximal mus-
cles. CT brain scan showed marked cerebellar 
atrophy (fi g. g). Her white cell hexosamini-
dase A activity was 5% of normal.

(f)

(g)
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INVESTIGATION DISEASE

Blood fi lm for acanthocytes Abetalipoproteinaemia

Thyroid function Hypothyroidism

Vitamin B12 Vitamin B12 defi ciency (↓)

Cholesterol Ataxia with oculomotor apraxia type 1 (↓)

Vitamin E Vitamin E defi ciency (↓)

 Abetalipoproteinaemia (↓)

 Ataxia with vitamin E defi ciency (↓↓)

Serum VLDL, LDL Abetalipoproteinaemia (↓)

Cholestanol Cerebrotendinous xanthomatosis (↑)

Glucose tolerance test Friedreich’s ataxia/mitochondrial cytopathies

Immunoglobulins Ataxia telangiectasia (↓IgG and IgA)

Phytanic acid Refsum’s disease (↑)

Serum gonadotrophins Hypogonadotrophic hypogonadism (↓)

Alpha fetoprotein Ataxia telangiectasia (↑)

Copper, caeruloplasmin Wilson’s disease

Anti-gliadin/antiendomysial antibodies Coeliac disease/gluten ataxia

Anti-neuronal/anti voltage-gated Paraneoplastic cerebellar syndrome

calcium channel antibodies 

FDG PET scan

Serum and CSF lactate/pyruvate Mitochondrial cytopathies (↑)

Very long chain fatty acids Adrenoleukodystrophy (↑)

Hexosaminidase A/white cell enzymes Sandhoff’s disease (↓)/other leukodystrophies

Chest X-ray/ECG/echocardiogram Friedreich’s ataxia/mitochondrial disease

Table 9  Non-genetic investigations for the ataxiasthe Friedreich’s expansion in 
patients with retained refl exes 
and whose age at onset was 
over 25.

Table 9 lists the investiga-
tions that should be consid-
ered in patients with ataxia, 
and which will confi rm the 
diagnosis in many. Exactly 
which tests should be request-
ed depends to some extent on 
the presence of certain clinical 
features or suspicions. Clinical 
neurophysiology as well as 
neuroimaging can give clues 
to the diagnosis and guide 
further investigations, par-
ticularly if there is doubt as to 
whether the disorder is genetic 
or acquired. I would consider 
these investigations early on, 
perhaps before requesting 
some of the more complex 
tests including genetics.

NEUROPHYSIOLOGY
EMG and nerve conduction 
studies will confi rm or reveal evidence of an 
axonal neuropathy in many of the ataxias dis-
cussed above, including all the recessive ataxias, 
the leukodystrophies, vitamin E defi ciency, and 
many of the dominant ataxias, particularly 
SCA1 and SCA2. In SCA2, the brunt of the neu-
ropathy is borne by the upper limbs. A demyeli-
nating neuropathy is usual in Refsum’s disease. 
Conditions notable for the absence of a promi-
nent neuropathy include SCA6 (in most cases), 
SCA7 and DRPLA. Chronic denervation on 
EMG similar to motor neuron disease is often 
found in juvenile or adult-onset hexosamini-
dase A defi ciency. Patients with mitochondrial 
disorders may have myopathic EMGs and ax-
onal neuropathy. Those with paraneoplastic 
cerebellar degeneration and anti-Hu antibodies 
may have a sensory neuronopathy. External anal 
sphincter EMG and autonomic function tests 
may be useful in the diagnosis of multiple sys-
tem atrophy, and the EEG helps in the diagnosis 
of both sporadic and familial prion disease.

NEUROIMAGING
Early neuroimaging can be particularly use-
ful in deciding which of the many investiga-
tions should be considered (Fig. 6). Structural 
abnormalities, e.g. Chiari malformations are 

Figure 6  A number of typical brain imaging 

appearances. (a) T1 sagittal MR scan showing 

isolated cerebellar atrophy in a patient with SCA6. 

The brainstem and supratentorial structures 

are spared in this disorder, which is usually 

characterized by a relatively uncomplicated 

cerebellar syndrome. This scan would do equally 

well for a patient with SCA10, SCA14, GSS, coeliac 

disease or paraneoplastic cerebellar degeneration; 

(b) T2 axial MR scan of an 18-year-old boy with 

Wilson’s disease, showing generalized cerebral 

atrophy and patchy high signal in the putamen 

and head of caudate; (c) T2 axial MR of 15-year-old 

boy with adrenoleukodystrophy, showing diffuse 

high signal in the posterior white matter of both 

cerebral hemispheres; (d) T2 axial MRI of a 37-year-

old man showing the pulvinar sign of variant CJD; 

note the presence of high signal in the pulvinar of 

the thalamus (arrow); (e) T2 axial MRI of a 59-year-

old woman with sporadic CJD showing the ‘hockey 

stick’ sign (arrow), a result of abnormal high signal 

in the caudate and putamen; (f) T2 axial section 

through the brain stem of a 64-year-old woman 

showing pontine and cerebellar atrophy and the 

characteristic ‘hot cross bun’ sign of multiple system 

atrophy in the brain stem (arrow).
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(a) (b)

(c)
(d)

(e) (f)
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easily visualized. Isolated cerebellar atrophy is 
a common fi nding, consistent with some of the 
genetic ataxias, both dominant such as SCA6, 
episodic ataxia type 2, SCA10 and SCA14, and 
recessive disorders such as ataxia telangiectasia 
and ataxia with oculomotor apraxia. Isolated 
cerebellar atrophy may also be encountered 
in Gerstmann–Straussler–Scheinker disease, 
coeliac disease and paraneoplastic cerebellar 
degeneration. Other brain regions, most com-
monly the brainstem and cerebral cortex, are 
atrophic in the more complicated SCAs, DRPLA 
and mitochondrial cytopathies. MRI in Friedre-
ich’s usually shows a normal cerebellum but an 
atrophic spinal cord.

OTHER SPECIAL TESTS
Taken together with the clinical features, the 
results of MRI and neurophysiology may help 
guide which further special investigations 
should be performed.

Blood tests
A raised serum alpha-fetoprotein is found in 
90% of patients with ataxia telangiectasia, while 
serum immunoglobulins IgA and IgG (particu-
larly IgG2) are reduced. Hypoalbuminaemia is 
present in approximately 85% of ataxia with 

Figure 7  Peripheral blood 

fi lm showing the typical 

appearances of acanthocytes in 

abetalipoproteinaemia.

Figure 8  Macular cherry-red spot in Tay Sachs disease. This is caused 

by accumulation of ganglioside GM-2 in the ganglion cell layer of the 

retina producing a white ring or halo around the reddish macula. This 

is present in 95% of children with this disorder who accumulate GM-2 

ganglioside, as a result of a severe defi ciency of Hexosaminidase 

A, and tends to fade with age. A similar appearance may be a 

feature of sialidosis. Juvenile and adult types have some residual 

Hexosaminidase A function and do not usually develop cherry-red 

spots.

The absence of a 

cardiomyopathy, or impaired 

glucose tolerance, distinguish 

ataxia with vitamin E defi ciency 

from Friedreich’s ataxia
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oculomotor apraxia type 1, and cholestanol is 
raised in cerebrotendinous xanthomatosis. Go-
nadotrophins should be considered in selected 
cases, particularly where there is evidence of 
hypogonadism. Refsum’s disease is easily diag-
nosed by measurement of serum phytanic acid, 
which is characteristically raised.

End-organ vitamin E defi ciency is common 
to abetalipoproteinaemia, ataxia with primary 
vitamin E defi ciency, and vitamin E defi ciency 
secondary to poor diet or malabsorption 
(Table 3). The serum vitamin E is low or very 
low in all three conditions. Acanthocytes in the 
blood fi lm (Fig. 7), and absent, very low and low 
density lipoproteins are central to the diagnosis 
of abetalipoproteinaemia. The absence of a 
cardiomyopathy, or impaired glucose tolerance, 
distinguish ataxia with vitamin E defi ciency 
from Friedreich’s ataxia.

The diagnostic test for adrenoleukodystro-
phy is serum very-long-chain fatty acids, which 
are characteristically raised. Hexosaminidase A 
and other white cell enzymes including arylsul-
phatase A (metachromatic leukodystrophy) and 
galactosylceramide beta-galactosidase (Krab-
be’s disease) can be assayed on white blood cells 
or skin fi broblasts. Screening tests for metabolic 
and mitochondrial disorders include serum 
ammonia, lactate and pyruvate, organic acids, 
and urinary and serum amino acids.

Figure 9  Characteristic eye signs of Wilson’s 

disease. (a) The Kayser-Fleischer ring caused by 

copper deposition in Descemet’s membrane. 

It is present in 85% of children with a hepatic 

presentation, and in all patients with a neurological 

presentation; (b) sunfl ower cataract.

(a)

(b)

Antibody studies
Anti-gliadin and antiendomysial antibod-
ies may be requested if gluten sensitivity is 
suspected (Tengah & Wills 2003), although 
certain authors argue that the presence of IgG 
antigliadin antibodies alone is suffi cient for the 
diagnosis of ‘gluten ataxia’ as a marker of host 
hypersensitivity, in the absence of overt small 
bowel damage.

A number of different antibodies have been 
identifi ed as markers of paraneoplastic cerebel-
lar degeneration; the most common is anti-Yo, 
and is most commonly found in association 
with gynaecological malignancies (Grant 2002). 
A number of other antibodies have now been 
identifi ed including anti-Hu and antivoltage-
gated calcium channel in lung cancer, antim-
GluR1 and anti-Tr in Hodgkin’s lymphoma, and 
anti-Ri in breast cancer (Shams’ili et al. 2003). It 
is important to bear in mind that the sensitivity 
of antineuronal antibodies in a variety of para-
neoplastic syndromes ranges from 46% (Rees 
et al. 2001) to 82% (Molinuevo et al. 1998).

Cerebrospinal fl uid
Examination of the cerebrospinal fl uid (CSF) 
may give helpful clues in certain cases. Routine 
tests should include cytology and oligoclonal 
IgG bands. CSF lactate and pyruvate may be 
raised in mitochondrial cytopathies. CSF 14-3-3 
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yet easily available; these mutations are likely to 
be rare in the population at large, and should 
only be considered in certain ethnic groups or 
patients with specifi c clinical features. Contro-
versy still surrounds the validity of SCA8 as a 
cause of ataxia (Schols et al. 2003). As yet, the 
genes that cause SCA4, SCA5, SCA11, SCA13, 
SCA15, SCA16 and SCA18–SCA22 have not 
been identifi ed. These loci each refer to a dis-
order that has been identifi ed in only one or at 
most two families. Analysis of the prion protein 
gene is now routinely available and may be in-
dicated if there is a suspicion of familial prion 
disease.

Autosomal recessive inheritance
Bearing in mind the expanded phenotype of 
Friedreich’s ataxia, it is wise to have a low thresh-
old for testing for the Friedreich’s gene even in 
ataxic patients without the typical phenotype, 
unless a clear dominant mode of inheritance is 
apparent. The vast majority (98%) of Friedre-
ich’s chromosomes contain expanded GAA re-
peats (Pandolfo 2001). However, the remaining 
2% have point mutations that affect the coding 
sequence of the gene. Thus, a patient may have 
one expanded copy and one normal length copy 
with a point mutation.

All the genes for the recessive ataxias, apart 
from ataxia with oculomotor apraxia type 2, 
have been identifi ed and are summarized in 
Table 3. However, as they are usually only avail-
able on a research basis, the diagnosis is often 
more easily made on the basis of clinical signs, 
along with the haematological and biochemical 
tests described above.

Mitochondrial cytopathies
Analysis of mitochondrial DNA may be in-
dicated in the context of appropriate clinical 
signs and/or matrilineal inheritance. Requests 
are usually for analysis of the three most com-
mon point mutations associated with MERRF 
(A3243G), MELAS (A8344G) and NARP 
(T8993G), although other mutations have been 
described that produce both the MELAS and 
MERRF phenotypes. All these mutations can 
usually be easily identifi ed in leucocyte DNA 
from peripheral blood.

Kearns–Sayre syndrome is most commonly 
due to deletions of varying sizes, detectable only 
in the patient’s mitochondrial DNA and not in 
their relatives and offspring (Moraes et al. 1989). 
In addition, the deletion may only be detected 
in muscle mitochondrial DNA, necessitating 

protein and neuron-specifi c enolase are not spe-
cifi c for prion disease but may be suggestive. In 
paraneoplastic cerebellar degeneration, the CSF 
may be normal or show a few excess white blood 
cells, a mildly increased protein concentration, 
an increased IgG concentration, and oligoclonal 
bands in 50% (Rees et al. 2001).

Tissue biopsy
There are particular clinical features of mito-
chondrial cytopathies that should encourage 
more invasive investigations such as muscle 
biopsy, but the diagnostic yield will be low in 
the absence of suggestive features. Trichrome 
stain may reveal ‘ragged red’ muscle fi bres, and 
immuno-stain for cytochrome oxidase (COX, 
complex IV) and succinic dehydrogenase (SDH) 
are the easiest tests to perform – an increase in 
the number of COX-negative fi bres may be the 
sole abnormality. Further studies include respi-
ratory chain enzyme assays using homogenized 
muscle tissue. If the index of suspicion is still 
high, and all these investigations are normal, 
functional mitochondrial studies with an elec-
trode that measures oxygen consumption can 
be performed on fresh muscle samples to detect 
respiratory chain enzyme abnormalities. Other 
invasive tests include tonsillar biopsy for vCJD, 
and skin biopsy for fi broblast culture for Nie-
mann Pick disease type C.

Other imaging studies
Early diagnosis of an underlying malignancy is 
important, as effective tumour treatment can 
sometimes lead to improvement or stabiliza-
tion of neurological symptoms. In patients with 
suspected paraneoplastic disorders, whole body 
fl uoro-2-deoxyglucose (FDG) positron emis-
sion tomography (PET) scan has a sensitivity of 
37% (Rees et al. 2001).

GENETIC TESTS

Autosomal dominant inheritance
Genetic tests for an expanded CAG trinucle-
otide repeat in spincerebellar ataxia genes SCA1, 
SCA2, SCA3, SCA6 and SCA7 are readily avail-
able in most centres. These can be requested 
separately, although it may be cheaper and easier 
to request all fi ve than a series of individual tests. 
These fi ve genes account for about half of all pa-
tients with a clear autosomal dominant family 
history. A further four genes, specifi cally SCA10, 
SCA12, SCA14 and SCA17, have been identifi ed 
but, for various reasons, routine analysis is not 
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muscle biopsy to make the diagnosis. Very oc-
casionally, external ophthalmoplegia and ataxia 
may be inherited in an autosomal dominant or 
recessive fashion (Kaukonen et al. 2000).

Autosomal dominant episodic 
ataxias
Episodic ataxia types 1 and 2 are both chan-
nelopathies, i.e. they are caused by point mu-
tations in the human potassium channel gene 
KCNA1 (Browne et al. 1994) and the cerebral 
P/Q-type calcium channel alpha 1 subunit gene 
CACNL1A4 (Ophoff et al. 1996), respectively. 
It should be noted that EA2 and SCA6 are al-
lelic disorders – SCA6 results from expansions 
in the CAG repeat at the C-terminal end of the 
CACNL1A4 gene (Jodice et al. 1997). Interest-
ingly, some patients with SCA6 may present 
with discrete episodes of unsteadiness similar 
to those of EA2; conversely patients with EA2 
may develop a progressive ataxia after initially 
displayed the typical episodic phenotype. Ge-
netic testing is not routinely available for sus-
pected EA1 or EA2, as sequencing the genes 
is labour intensive, and the diagnosis usually 
depends on the clinical history, examination 
and responsiveness to acetazolamide. Hence it 
is worth requesting analysis of the SCA6 expan-
sion in cases of suspected episodic ataxia with 
the EA2 phenotype, although usually this will 
be normal

Sporadic ataxia
How common are the existing SCA mutations 
or the Friedreich’s expansion in individuals 
where there is no family history, and where 
acquired causes of ataxia have been excluded? 
SCA6 has been the most common dominant 
mutation detected with between 6% and 13% 
of patients having an expanded allele but it is 
not clear whether any were true new muta-
tions. Two studies each identifi ed one de novo 
SCA2 expansion (Futamura et al. 1998; Schols 
et al. 2000). The frequency of the Friedreich’s 
expansion among cases of adult-onset ataxia 
without a family history and without the typi-
cal Friedreich’s phenotype was between 4 and 
8% in three studies (Moseley et al. 1998; Schols 
et al. 2000; Abele et al. 2002). Overall, a genetic 
explanation for ‘sporadic’ ataxia was obtained 
in 4–22%. As discussed previously, the absence 
of a family history does not exclude a genetic 
diagnosis. Hence, I would advocate testing for 
recessive ataxias including Friedreich’s and for 
the SCAs in all patients with sporadic ataxia if 

Hence, I would 

advocate testing 

for recessive 

ataxias including 

Friedreich’s and 

for the SCAs in 

all patients with 

sporadic ataxia if 

initial investigations 

for sporadic causes 

prove inconclusive
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• Many recessive diseases normally presenting 
in childhood have adult-onset variants.

• A number of autosomal dominant disorders 
that normally present in adulthood may also 
present in childhood.

• The clinical phenotype, including age at 
onset, of a given disorder usually broadens 
when the disease gene is identifi ed (e.g. Frie-
dreich’s ataxia).

• There is no single physical sign that is specifi c 
for a single disorder, with the possible excep-
tion of SCA7 (pigmentary macular dystro-
phy).

• Order genetic and other tests in a logical 
order, rather than requesting all the tests at 
the same time, after all there is usually no 
great hurry.
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