
Clinical Outcome Assessments (COAs) in Ataxias

Thomas Klockgether

AGI Webinar
22 Feb 2021



Learning objectives

By the end of this webinar you will be able

• to apply ataxia staging systems,

• to know the most important properties of two clinical ataxia scales, SARA and 
FARS,

• to discuss the relevance of INAS,

• to understand the use of performance-based tests in ataxia, and

• to assess the importance of patient-related outcome measures in ataxia.



Webinar outline

• Staging systems

• Clinical scales

• Quantitative performance measures

• Patient-related outcome measures



Standard for clinical assessment

https://ataxia-global-initiative.net



Ataxia staging systems

Klockgether et al. Brain 1998;121:589-600

• Stage 0 No gait difficulties

• Stage 1 Gait difficulties

• Stage 2 Loss of independent gait, as 
defined by permanent use of 
a walking aid or reliance on a 
supporting arm

• Stage 3 Confinement to wheelchair

• Stage 4 Death
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Ataxia staging systems

Lynch et al. Neurology 2006;66:1711-6

FARS part I



Ataxia staging systems

Recommendation

• Use the FARS Functional Staging for Ataxia at every 
routine visit 



Multiple choice question (1)

Which of the following statements is correct?

1. The staging system introduced by Klockgether et al. is finer graded than the FARS 
Functional Staging.

2. The FARS Functional Staging can be easily applied by telephone interview. 

3. Staging systems are useful as outcome measures in clinical trials.

4. The staging systems used in ataxia are mainly based on walking disability.

5. Correct use of ataxia staging systems requires longstanding clinical experience.



Clinical ataxia scales

Disease Items Weight (%) Publication

ICARS Ataxia 19

Postural/gait 34
Limb 52
Speech                 8
Oculomotor 6

Trouillas et al. J Neurol Sci. 1997

SARA
SCA, FRDA, 
Sporadic ataxia

8
Postural/gait 45
Limb 40
Speech               15

Schmitz-Hübsch et al. Neurology 2006

FARS 
part III

FRDA 23

Postural/gait 24   
Limb 39   
Speech                 8
Others 29

Lynch et al. Neurology 2006

NESSCA SCA3 18

Postural/gait 10
Limb 8
Speech               10
Oculomotor 10
Others 62

Kieling et al. Eur J Neurol 2008

BARS Ataxia 5

Postural/gait 27
Limb 53
Speech                13
Oculomotor 7

Schmahmann et al. Mov Disord. 2009



The Scale for the Rating and Assess-
ment of Ataxia (SARA) is a clinical rating 
scale based on a standard neurological 
exam. SARA has 8 items (gait, stance, 
sitting, speech, finger-chase, nose-
finger, fast alternating movements, 
heel-shin). 

Five validation trials in 617 ataxia 
patients (SCA, FRDA, sporadic ataxia) 
providing evidence for

- reliability
- validity
- linearity
- sensitivity to change

Scale for the Assessment and Rating of Ataxia (SARA)

Schmitz-Hübsch et al. Neurology 2006;66:1717-20
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Download
http://www.ataxia-study-group.net/html/about/ataxiascales

SARA Online Training Tool
https://ataxia-global-initiative.net/resources/sara-training-tool/
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Item 1: Gait
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Item 2: Stance



Item 3: Sitting
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Item 5: Finger-chase
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Item 6: Nose-finger



012 

Item 7: Fast alternating movements



034 

Item 8: Heel-shin



EUROSCA

Linear mixed and pattern 

mixture modelling

• SARA progression was linear 

in all genotypes.

• SARA progression was fastest 

in SCA1, intermediate in SCA2 

and SCA3, slowest in SCA6.

SCA1 SCA2

SCA3 SCA6

SARA progression in SCAs

Jacobi et al. Lancet Neurol 2015;14:1101-8



Friedreich Ataxia Rating Scale (FARS)

Rummey et al. Neurology Genet 2019;5:371



FRDA: MOXIe trial

Lynch et al. Ann Neurol 2021; 89:212–225 

• Nuclear factor erythroid 2-related factor 2 (Nrf2) is translocated to the nucleus in 

response to oxidative stress and induces expression of antioxidative genes.

• Nrf2 signaling is impaired in Friedreich´s  ataxia.

• Omaveloxolone is a potent Nrf2 activator.



• The Inventory of Non-Ataxia Signs (INAS) is a list of non-ataxia signs that may occur in 
SCAs. 

• As a measure of the non-cerebellar involvement we defined the INAS count which is the 
number of non-ataxia signs in a patient. 

• The  INAS count is a dimensionless number with a range from 0 to 16.

Hyperreflexia Myoclonus Sensory symptoms 

Areflexia Rigidity Urinary symptoms

Extensor plantar response Dystonia Cognitive impairment

Spasticity Dyskinesia Brainstem oculomotor 

Paresis Resting tremor

Amyotrophy

Fasciculations

Jacobi et al. Cerebellum 2013;12:418-28

Inventory of Non-Ataxia Signs (INAS)



EUROSCA

Linear mixed and pattern 

mixture modelling

• INAS progression reached a 

plateau in SCA1, SCA2 and 

SCA3, and was linear in SCA6.

• In SCA3, INAS progression was 

faster in men than in women.

• INAS progression was slowest 

in SCA6.

INAS progression in SCAs

Jacobi et al. Lancet Neurol 2015;14:1101-8

SCA1 SCA2

SCA3 male

SCA6

SCA3 female



Clinical scales

Recommendation

• Perform a complete neurological examination and 
use SARA at every routine visit

• Use SARA and INAS for observational studies



Multiple choice question (2)

Which of the following statements is wrong?

1. SARA has 8 items.

2. FARS has been specifically developed for use in Friedreich ataxia.

3. SARA has been validated in various ataxia disorders.

4. INAS is useful to assess non-ataxia symptoms in spinocerebellar ataxias.

5. INAS requires specific instrumentation.



Quantitative performance measures

Components Publication

FARS
part IV

9HPT, PATA Lynch et al. Neurology 2006;66:1711-6

SCAFI 8MW, 9HPT, PATA Schmitz-Hübsch et al. Neurology 2008;71:486-92

CCFS 9HPT, Click Test Tezenas et al. Brain 2008;131:1352-61



• The SCA Functional Index (SCAFI) 
is a quantitative and objective 
measure of functional 
performance in ataxia. 

• SCAFI is based on the 
performance in the following 
three timed tests: PATA rate, nine 
hole peg board test (9HPT), and 
8m timed walk (8MW).

• A composite functional score is 
formed after appropriate 
transformation of subtest results 
and compared with a reference 
population or baseline 
performance. 
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• The Composite Cerebellar Functional 
Severity Score (CCFS) is a quantitative and 
objective measure of upper limb functional 
performance ataxia. 

• CCFS is based on the performance in the 
nine hole peg board test (9HPT) and the 
click test with the dominant hand.

• Measurements are combined to a 
composite score for which age-related 
normal values are available.

Composite Cerebellar Functional Severity Score (CCFS)

Tezenas et al. Brain 2008;131:1352-61



Click test

RISCA, ESMI

EFACTS

READISCA



SCAFI and CCFS lack sensitivity to 

change both in the pre-ataxia and 

ataxia stage of SCAs.

Sensitivity to change

Adanyeguh et al. NeuroImage: Clinical 2018;19:858-67
Jacobi et al. Lancet Neurol 2020;19:738-47



Quantitative performance measures

Recommendation

• Consider the use of CCFS and/or SCAFI for clinical 
observational studies



Multiple choice question (3)

Which of the following statements is correct?

1. SCAFI is combined of subtests for walking, speech, fine manual dexterity, and 
writing.

2. SCAFI and CCFS are performance-based timed tests.

3. For SCAFI, an electronic device is available.

4. SCAFI and CCFS are more sensitive to change than clinical scales, such as SARA.

5. CCFS performance is independent of age.



Patient-related outcome measures (PROM)

Type Components Publication

FARS part II Interview
Activities of daily
living (ADL)

Lynch et al. Neurology
2006;66:1711-6

CCAS Cognitive test Cognition
Hoche et al. Brain 
2018;141:248–70

PROM-
Ataxia

Questionnaire
Physical, ADL, 
Mental health

Schmahmann et al. Mov Disord
2022; in press



FARS part II (ADL)

Lynch et al. Neurology 2006; 66:1711-6



FARS part II (ADL)

Reetz et al. et al. Lancet Neurol 2021;20:362-372

EFACTS

• FARS ADL was the most sensitive outcome measure in the EFACTS cohort. 



PROM-Ataxia

Schmahmann et al. Mov Disord 2022

• PROM-Ataxia is a questionnaire developed on the basis of online survey and interviews 
completed by ataxia patients.

• PROM-Ataxia has 70 items that are into three domains: Physical, ADL, Mental health.

• PROM-Ataxia needs to be translated into non-English languages.



Patient-related outcome measures

Recommendation

• Use the FARS-ADL and/or PROM-Ataxia in 
observational studies



Multiple choice question (4)

Which of the following statements is wrong?

1. Patient-related outcome measures are becoming increasingly important in ataxia 
research.

2. In Friedreich ataxia, FARS ADL is highly sensitive to change.

3. There are extensive longitudinal PROM-Ataxia data available.

4. Among others, FARS ADL considers speech, swallowing, dressing, personal 
hygiene, walking, and sitting.

5. PROM-Ataxia was systematically developed starting from patient surveys and 
interviews. 



Key points

• SARA and FARS are the most commonly used clinical scales in ataxia disorders.

• SARA can be applied to all types of ataxia, whereas FARS is specific for Friedreich 
ataxia.

• INAS is a simple instrument to assess non-ataxia symptoms in ataxia disorders.

• SCAFI and CCFS are timed tests to assess the severity of ataxia.

• Patient-related outcome measures are becoming increasingly important in ataxia 
research.


