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ABSTRACT: Background: We assessed the clinimetric
properties of ataxia rating scales and functional tests, and
made recommendations regarding their use.

Methods: A systematic literature search was conducted to
identify the instruments used to rate ataxia symptoms. The
identified rating scales and functional ability tests were
reviewed and ranked by the panel as “recommended,”
“suggested,” or “listed” for the assessment of patients with
discrete cerebellar disorders, using previously established
criteria.

Results: We reviewed 14 instruments (9 rating scales
and 5 functional tests). “Recommended” rating scales for
the assessment of symptoms severity were: for
Friedreich’s ataxia, the Friedreich’s Ataxia Rating Scale,
the International Cooperative Ataxia Rating Scale
(ICARS), and the Scale for the Assessment and Rating of
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Ataxia (SARA); for spinocerebellar ataxias, ICARS and
SARA; for ataxia telangiectasia: ICARS and SARA; for
brain tumors, SARA; for congenital disorder of
glycosylation-phosphomannomutase-2 deficiency,
ICARS; for cerebellar symptoms in multiple sclerosis,
ICARS; for cerebellar symptoms in multiple system atro-
phy: Unified Multiple System Atrophy Rating Scale and
ICARS; and for fragile X-associated tremor ataxia syn-
drome, ICARS. “Recommended” functional tests were:
for Friedreich’s ataxia, Ataxia Functional Composite
Score and Composite Cerebellar Functional Severity
Score; and for spinocerebellar ataxias, Ataxia Functional
Composite Score, Composite Cerebellar Functional
Severity Score, and SCA Functional Index.

Conclusions: We identified some “recommended”
scales and functional tests for the assessment of
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patients with major hereditary ataxias and other cere-

bellar disorders. The main limitations of these instru-

ments include the limited assessment of patients in the

more severe end of the spectrum and children. Further

research in these populations is warranted. © 2020

PEREZ LLORET

International Parkinson and Movement Disorder

Society
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Cerebellar disturbances are observed in a broad range of
pathological conditions."* The term ataxia is sometimes
used to designate cerebellar diseases in general.'” Heredi-
tary ataxias are a large and complex group of diseases that
affect the cerebellum or its connections.” According to a
meta-analysis, which included 22 studies with a total of
14,539 patients from 16 countries, the most frequent domi-
nant ataxias were spinocerebellar ataxia (SCA) type
3 (SCA3), SCA2, and SCAS6, and the most frequent reces-
sive ones were Friedreich’s ataxia (FA), ataxia with oculo-
motor apraxia, and ataxia telangiectasia (AT).*

Clinical assessment of cerebellar disease symptoms can
be achieved by clinical rating scales.’ Initially, it was
suggested that cerebellar symptoms could be better cap-
tured by semiquantitative rating scales.® Later on, quanti-
tative functional assessment tools were introduced in an
attempt to increase reliability in measures.® Clinimetric
properties of these instruments need to be critically con-
sidered before choosing one for the assessment of patients
during clinical trials or in daily practice. Therefore, we set
out to critically assess the clinimetric properties of avail-
able ataxia rating scales and functional tests, and to issue
recommendations. The International Parkinson’s and
Movement Disorders Society (MDS) Rating Scales Pro-
gram has been conducting clinimetric assessment of rating
scales for more than a decade through the work of the
MDS Rating Scales Review Committee.

Methods

Administrative Organization and Critique
Process

The members of the committee appointed by the MDS
Rating Scale Review Committee began by listing all avail-
able scales for the assessment of ataxia. Then the scales for
further assessment were selected based on the criteria
described later. Finally, each member was charged with
assessing specific scales by using a standardized evaluation
form. Members of the committee involved in the develop-
ment of one of the scales selected for assessment refrained
from participating in the assessment of that scale. The
assessment forms were then reevaluated by a second
reviewer and, finally, by an expert in clinimetric assessment.

After the revision process was finished, members
reviewed results for all scales, and conclusions and rec-
ommendations were proposed. The final report was

reviewed and approved by the MDS Rating Scales
Review Committee.

Literature Search Strategy and Selection of
Instruments

A systematic search was conducted via PubMed on stud-
ies published between January 1960 and January 2020
using appropriate search strings (see Part 2 of Supporting
Information Appendix S1). Eligible papers had to be writ-
ten in English, Spanish, French, or Portuguese.

To be selected, an instrument (ie, a scale or a func-
tional test) had to have been used for the assessment of
ataxia. Only data on the original scale were considered;
that is, data gathered with scales’ translations to other
languages were not considered. Functional tests were
evaluated when sophisticated, specialized equipment
was not required to perform them.

Evaluation of Clinimetric Properties and
Recommendations

All assessments were performed according to the meth-
odology developed by the MDS Rating Scales Review
Committee.”* Recommendations were based on scientifi-
cally sound studies, including populations of patients with
discrete cerebellar disorders. Data from studies including
more than one type of cerebellar disorder were retained
only if results were available for each disorder covered.

An instrument was rated as “recommended” if it had
been used in patients with any kind of ataxia, it had
been used by groups other than the developer, and ade-
quate clinimetrics supported its use. Only “positive”
data (see Part 1 of Supporting Information Appen-
dix S1) without conflicting or incomplete results on fea-
sibility, acceptability, reliability, and validity were
deemed as adequate. Instruments rated as “suggested”
have been used in patients with cerebellar disorders and
have been used by investigators other than the original
developers. Finally, “listed” instruments were used only
in patients with cerebellar disorders.

Results

Of the 16 instruments identified, 14 (9 rating scales,
and 5 functional tests) were selected for further assess-
ment (Table 1). The nine rating scales included in the
assessment were Brief Ataxia Rating Scale (BARS),
Disease Severity Index for Adults with Autosomal
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Recessive Spastic Ataxia of Charlevoix-Saguenay (DSI-
ARSCAS), Friedreich’s Ataxia Impact Scale (FAIS),
Friedreich’s Ataxia Rating Scale (FARS), Fragile X-
associated Tremor Ataxia Syndrome Rating Scale
(FXTAS-RS), International Cooperative Ataxia Rating
Scale (ICARS), Neurological Examination Score for
Spinocerebellar Ataxia (NESSCA), Scale for the Assess-
ment and Rating of Ataxia (SARA), and Unified Multi-
ple System Atrophy Rating Scale (UMSARS) (Table 1).
The five functional tests included for assessment were
Ataxia Functional Composite Scale (AFCS), the APP-
Coo-Test, Composite Cerebellar Functional Severity
Score (CCFS), Hevelius, and SCA Functional Index
(SCAFI) (Table 1). The Inventory of Non-Ataxia Symp-
toms (INAS) and the Cerebellar Cognitive Affective/
Schmahmann syndrome scale were not selected for fur-
ther assessment because they did not target ataxia
symptoms.

A summary of the results of bibliographical searches
is provided in Supporting Information Figure E-1 in
Part 3 of Appendix S1.

Characteristics, clinimetric properties, and strengths
and weaknesses of each instrument will be summarized
in the following section. Clinimetric properties of the
reviewed rating scales and functional tests are summa-
rized in Tables 2 and 3. For the sake of brevity, only
essential aspects of clinimetric assessment will be
described for each scale, but full information can be
found in Part 4 of Supporting Information Appendix S1.
Recommendations can be found in Table 4.

Rating Scales
Brief Ataxia Rating Scale

Description of the Scale. The BARS was developed
to overcome some of the main limitations of other ataxia
scales, such as length and redundancies.” The scale is
completed by a trained health care professional, and it
may take 3 to 5 minutes to complete.'® The scale is not
copyrighted and can be found in the original publication.”

Clinimetric Properties There is no information on
missingness and floor or ceiling effects. Interrater reli-
ability was adequate in healthy children.'"!* Test-retest
reliability was also good in healthy children.'! Internal
consistency was adequate in three groups of patients
with cerebellar disorders.” In healthy children, BARS
correlated significantly with ICARS (r = 0.77) and
SARA (r = 0.68)."" In patients with AT, BARS corre-
lated with ICARS (r = 0.93) and Clinical Global
Impression (r = 0.77)."% In children after surgical re-
section of posterior fossa tumors (ie, glioma, medullo-
blastoma, ependymoma, or schwannoma), BARS
correlated with the Pediatric Evaluation of Disability
Index (r = —0.75)."> BARS correlated with SARA

RATING

SCALES AND FUNCTIONAL TESTS
(r = 0.51) and INAS (r = 0.49) scores in patients with
SCA7.'

Strengths and Weaknesses. BARS is a brief instru-
ment that has shown adequate validity and reliability.
Acceptability and sensitivity of change remain to be
explored.

Conclusions BARS is “suggested” for the assessment
of patients with SCA, brain tumors (BTs), and AT,
because it has been used by groups other than the devel-
oper, but some clinimetric data remain to be explored.

Disease Severity Index for Adults with Autosomal
Recessive Spastic Ataxia of Charlevoix-Saguenay

Description of the Scale. The Disease Severity Index
for Adults with Autosomal Recessive Spastic Ataxia of
Charlevoix-Saguenay (DSI-ARSACS) is the first scale
specifically developed to assess patients with this dis-
ease. It includes eight items, one related to speech, two
to upper limbs function, one to mobility, three to lower
limbs function, and one to bladder dysfunction.'® The
scale is in the public domain and can be obtained online
at: https://savoirs.usherbrooke.ca/handle/11143/15277.

Clinimetric Properties. This scale has been used
only by the original developers, and there is only one
article available with validation data, which included
26 participants.’® No patient achieved minimal or max-
imal scores. Internal consistency was high. There is no
information on missing data and reproducibility. DSI-
ARSACS total score correlated with SARA (r = 0.95),
Barthel index (r = 0.90), 9HPT (9-hole pegboard test)
(r = 0.86), time elapsed in 10 m test at comfortable or
maximum speeds (r = —0.83 and r = —0.75), and SF-12
physical component (r = —0.40).

Strengths and Weaknesses. DSI-ARSACS is the
only disease-specific scale available for ARSACS.
Clinimetric parameters have been insufficiently assessed.

Conclusions. DSI-ARSCAS is “listed” for the assess-
ment of patients with ARSACS because it has been used
only by its original developers.

Friedreich’s Ataxia Impact Scale

Description of the Scale. The FAIS scale was devel-
oped for use in FA.'® The scale is self-administered.
Although there is no record of time taken to complete
the scale, the number of items (ie, 65) suggests that
fatigue might be an issue. The scale is available from
the original publication, and there is no copyright
for use.

Clinimetric Properties. There are no data on mis-
singness, floor or ceiling effects, or reliability. FAIS

Movement Disorders, 2020 3
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TABLE 1. Characteristics of the ataxia rating scales and functional tests included in this revision
Time Frame
Original Target Cerebellar Motor Functional Motor Other Considered for Direction of
Instrument Name Population Symptoms Assessed Tests Used Assessments Assessment Rater Severity
Rating scales
Brief Ataxia Rating All cerebellar Walking capacity, None None Time of HCP Higher values
Scale (BARS)® disorders upper and lower assessment
limb kinetic
function, speech
clarity, and ocular
pursuit
Disease Severity ARSACS Speech, finger to nose None Muscle tone, Time of HCP and Higher values
Index for test, circle with a bladder assessment PtS
ARSACS (DSI- foot, mobility, function, lateral
ARSACS)'® Archimedes spiral malleolus
vibration
Friedreich’s Ataxia FA Speech, body None Physical N/R PtS Higher values
Impact Scale movement functioning and
(FAIS)'® psychological
and social
sequelae
Friedreich’s Ataxia FA Bulbar, upper and PATA rate, 9-hole  Functional staging Time of HCP Higher values
Rating Scale lower limbs pegboard test, of mobility and assessment
(FARS)'® coordination, timed 25-foot activities of
peripheral nervous walk test daily living
system, and
upright/gait
functions
International All cerebellar Posture and gait, limb None None Time of HCP Higher values
Cooperative diseases kinetic function, assessment
Ataxia Rating speech disorders,
Scale (ICARS)® oculomotor
disorders,
Archimedes spiral
Neurological SCA3 Gait and limb ataxia, None Pyramidal Time of HCP and Higher values
Examination nystagmus, and symptoms, assessment PtS
Score for dysarthria sensory loss, (physical
Spinocerebellar dysphagia, examination)
Ataxia fasciculations, and N/R for
(NESSCA)®® dystonia, patient self-
bradykinesia, assessment
eyelid
retraction,
blepharospasm,
distal
amyotrophy,
sphincter
function,
cramps, vertigo
Fragile X— FXTAS Posture and stance, None Facial expression, Time of HCP Higher values
associated limb movement, bradykinesia, assessment
Tremor Ataxia speech, oculomotor, dystonia
Syndrome tremor, postural
Rating Scale stability, gait,
(FXTAS-RS)*2 handwriting,
Archimedes spiral
Scale for the All cerebellar Gait, stance, sitting, None None Time of HCP Higher values
Assessment and diseases speech disturbance, assessment

Rating of Ataxia
(SARA)%®

finger chase, nose

to finger test, fast
alternating hand

movements, heel-
shin slide, limb
kinetic function

(Continues)
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TABLE 1. Continued
Time Frame
Original Target Cerebellar Motor Functional Motor Other Considered for Direction of

Instrument Name Population Symptoms Assessed Tests Used Assessments Assessment Rater Severity
Unified Multiple MSA Heel-knee-shin test, None Parkinsonian and Time of HCP and Higher values

System Atrophy body sway, gait, dysautonomia assessment and PtS

Rating Scale dysarthria, action symptoms previous

(UMSARS)%4 tremor, ocular 2 weeks for PtS

motor function items

Functional tests
Ataxia Functional SCA None Low-contrast None Time of PtS Lower values

Composite visual acuity, assessment

Scale (AFCS or 9-hole pegboard

73)"° test, and timed

25-foot walk
test
APP-Coo-Test"" All cerebellar None Upper limbs None Time of PtS Higher values
disorders dexterity assessment

Composite All cerebellar None 9-Hole pegboard None Time of PtS Higher values

Cerebellar diseases test and click assessment

Functional test

Severity Score

(CCFS)™
Hevelius”® All cerebellar None Upper limbs None Time of PtS Higher values

diseases dexterity assessment

SCA Functional SCA None Timed25-foot walk None Time of PtS Lower values

Index (SCAFI)®° test, 9-hole assessment

pegboard test,
PATA rate

Abbreviations: ARSACS, autosomal recessive spastic ataxia of Charlevoix-Saguenay; HCP, health care professional; PtS, patient self-assessment; FA,

Friedreich’s ataxia; N/R, not reported; SCA, spinocerebellar ataxia; MSA, multiple system atrophy; FXTAS, fragile X-associated tremor ataxia syndrome.

subscales on symptoms and physical functioning, but not
psychosocial impact, correlated with FARS score and
disease duration.'” All subscales correlated with the SF-
36 mental and physical component summary scores.'” In
a 2-year natural history study, only the speech subscale
showed significant changes, thus suggesting poor
responsiveness.'”

Strengths and Weaknesses. FAIS is a patient-
reported outcome scale and, as such, provides useful
additional insights into the health status and impact of
patients with FA. It correlates with various relevant dis-
ease measures. The primary limitations include length,
limited use, lack of validation data, and probably lim-
ited responsiveness.

Conclusions. FAIS is “suggested” for the assessment
of patients with FA because the scale has been used by
groups other than the developer, but adequate assess-
ment of clinimetric properties has not been performed.

Friedreich’s Ataxia Rating Scale

Description of the Scale. Friedreich’s Ataxia Rating
Scale (FARS) was created to fill the gap of disease-
specific ataxia rating scales to be used in FA. It was
developed from a more extended scale by the

Cooperative Ataxia Group, to evaluate functional and
neurological deficits with higher weight given to stance
and gait items.'® It assesses bulbar symptoms, upper
and lower limb coordination, peripheral nervous sys-
tem, and upright/gait functions (by neurological exami-
nation). Although mainly a rating scale, the FARS also
includes functional tests (PATA rate, 9HPT, and timed
25-foot walk test [T25FW]). Finally, it includes the
functional staging of mobility and activities of daily liv-
ing. Scores for subsections are I = 6, Il = 36, IIl = 117,
and IV = sum of times taken to perform the tests. Many
authors refer to FARS Part III score as the FARS score,
FARS neurological score, or FARS-n. An expanded
FARS score has been defined as the sum of parts I, II,
and III, with a total possible score of 159.'> A neuro-
logical score excluding facial atrophy and tongue atro-
phy from the bulbar subscore and the peripheral
nervous system subscore is also available, it is called
modified FARS (mFARS), and its total score is 93
points.20

Clinimetric Properties. Ceiling effects were found in
advanced cases.”! Conversely, the mFARS had no floor
or ceiling effects.” Studies on dimensionality of FARS
have revealed conflicting results.'3*%** Conversely, the
mFARS showed four clinically meaningful factors

Movement Disorders, 2020 5
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TABLE 2. Summary of ataxia rating scales and functional tests clinimetric properties

Feasibility Acceptability Internal Consistency Reproducibility Interpretability

Rating scales

BARS + 0 + + 0
DSI-ARSACS + +/— + 0 0
FAIS +/— 0 0 0 0
FARS + + + + 0
FXTAS-RS + 0 0 0 0
ICARS + + + + 0
NESSCA + + + +/— 0
SARA + + + + +2
UMSARS + + + + 0
Functional tests

AFCS + + + + 0
APP-Coo-Test + +/— N/A + 0
CCFS + + + + +°
Hevelius + 0 0 0 0
SCAFI + + + + -

Evidence assessment: +, adequate evaluation; +/—, adequate but incomplete evaluation, mixture of adequate and inadequate findings, or sample size was consid-
ered insufficient; —, negative evaluation; 0, no data available.

Abbreviations: BARS, Brief Ataxia Rating Scale; DSI-ARSCAS, Disease Severity Index for Adults with Autosomal Recessive Spastic Ataxia of Charlevoix-Sague-
nay; FAIS, Friedreich’s Ataxia Impact Scale; FARS, Friedreich’s Ataxia Rating Scale; FXTAS-RS, Fragile X-associated Tremor Ataxia Syndrome Rating Scale;
ICARS, International Cooperative Ataxia Rating Scale; NESSCA, Neurological Examination Score for Spinocerebellar Ataxia; SARA, Scale for the Assessment and
Rating of Ataxia; UMSARS, Unified Multiple System Atrophy Rating Scale; AFCS, Ataxia Functional Composite Scale; N/A, not applicable; CCFS, Composite Cer-
ebellar Functional Severity Score; SCAFI, SCA Functional Index.

2patients with SCA1, SCA2, SCA3, or SCAG.

PPatients with SCA3.

TABLE 3. Convergent construct validity of ataxia rating scales and functional tests by disease

SCA FA AT BT FXTAS MSA MS CDG-PMM2 NPC ST ARSACS
Rating scales
BARS +2 0 + + 0 0 0 0 0 0 0
DSI-ARSACS 0 0 0 0 0 0 0 0 0 0 +
FAIS 0 +— 0 0 0 0 0 0 0 0 0
FARS 0 + 0 0 0 0 0 0 0 0 0
FXTAS-RS 0 0 0 0 +— 0 0 0 0 0 0
ICARS +be + + 0 0 + + + 0 0 0
NESSCA facd 0 0 0 0 0 0 0 0 0 0
SARA +0e + + + 0 +— 0 0 +— + 0
UMSARS +° 0 0 0 0 + 0 0 0 0 0
Functional tests
AFCS 208 + 0 0 0 0 0 0 0 0 0
APP-Coo-Test 0 + 0 0 0 0 0 0 0 0 0
CCFS 430 + 0 0 0 0 0 0 0 0 0
Hevelius 0 0 0 0 0 0 0 0 0 0 0
SCAFI 204 +— 0 0 0 0 0 0 0 0 0

Evidence assessment: +, adequate evaluation; +/—, adequate but incomplete evaluation, mixture of adequate and inadequate findings, or sample size was consid-
ered insufficient; —, negative evaluation; 0, no data available.

Abbreviations: SCA, spinocerebellar ataxia; FA, Friedreich’s ataxia; AT, ataxia telangiectasia; BT, brain tumors; FXTAS, fragile X-associated tremor ataxia
syndrome; MSA, multiple system atrophy (only the cerebellar component was considered); MS, multiple sclerosis with ataxic symptoms; CDG-PMM2, congenital
disorder of glycosylation-phosphomannomutase-2 deficiency; NPC, Niemann-Pick type C; ST, stroke; ARSACS, autosomal recessive spastic ataxia of
Charlevoix-Saguenay; BARS, Brief Ataxia Rating Scale; DSI-ARSCAS, Disease Severity Index for Adults with Autosomal Recessive Spastic Ataxia of Charlevoix-
Saguenay; FAIS, Friedreich’s Ataxia Impact Scale; FARS, Friedreich’s Ataxia Rating Scale; FXTAS-RS, Fragile X-associated Tremor Ataxia Syndrome Rating
Scale; ICARS, International Cooperative Ataxia Rating Scale; NESSCA, Neurological Examination Score for Spinocerebellar Ataxia; SARA, Scale for the Assess-
ment and Rating of Ataxia; UMSARS, Unified Multiple System Atrophy Rating Scale; AFCS, Ataxia Functional Composite Scale; CCFS, Composite Cerebellar
Functional Severity Score; SCAFI, SCA Functional Index.

2SCA7.

PSCA1, SCA2, SCA3, and SCA6.

°SCAS.

9SCA2.

°SCA6.
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TABLE 4. Recommendations for ataxia rating scales and functional tests
Used by Multiple F-A-
Groups I-R? Adequate Validity Recommendation (Condition)
Rating scales
BARS Yes +/— SCA, AT, BT “Suggested” for SCA, AT, and BT
DSI-ARSACS No +/— ARSACS “Listed”
FAIS Yes - FA (+/-) “Suggested” for FA
FARS Yes + FA “Recommended” for FA
FXTAS-RS Yes - FXTAS (+/-) “Suggested” for FXTAS
ICARS Yes + SCA, FA, AT, MSA-C, MS, CDG-PMM2, “Recommended” for SCA, FA, AT, MSA-C, MS, CDG-
FXTAS PMM2, and FXTAS
NESSCA Yes +/— SCA “Suggested” for SCA
SARA Yes + SCA, FA, AT, ST, BT “Recommended” for SCA, FA, AT, ST, and BT
UMSARS Yes + SCA, MSA-C “Recommended” for MSA-C
Functional tests

AFCS Yes + SCA, FA “Recommended” for SCA and FA
APP-Coo-Test No +/— FA “Listed”
CCFS Yes + SCA, FA “Recommended” for SCA and FA
Hevelius No - - “Listed”
SCAFI Yes + SCA “Recommended” for SCA

3F-A-I-R assessment (feasibility, acceptability, item scaling, and reliability): +, positive findings in all parameters; +/—, adequate but incomplete evaluation or a mix-
ture of positive and negative results in most of the parameters; —, inadequate evaluation or relevant assessments were not performed.

Abbreviations: BARS, Brief Ataxia Rating Scale; SCA, spinocerebellar ataxia; AT, ataxia telangiectasia; BT, children with brain tumors; DSI-ARSCAS, Disease
Severity Index for Adults with Autosomal Recessive Spastic Ataxia of Charlevoix-Saguenay; ARSACS, autosomal recessive spastic ataxia of Charlevoix-Sague-
nay; FAIS, Friedreich’s Ataxia Impact Scale; FA, Friedreich’s ataxia; FARS, Friedreich’s Ataxia Rating Scale; FXTAS-RS, Fragile X-associated Tremor Ataxia Syn-
drome Rating Scale; FXTAS, fragile X—-associated tremor ataxia syndrome; ICARS, International Cooperative Ataxia Rating Scale; MSA-C, multiple system atrophy
(only the cerebellar component was considered); MS, multiple sclerosis with ataxic symptoms; CDG-PMM2, congenital disorder of glycosylation-
phosphomannomutase-2 deficiency; NESSCA, Neurological Examination Score for Spinocerebellar Ataxia; SARA, Scale for the Assessment and Rating of Ataxia;
ST, cerebellar stroke; UMSARS, Unified Multiple System Atrophy Rating Scale; AFCS, Ataxia Functional Composite Scale; CCFS, Composite Cerebellar Func-

tional Severity Score; SCAFI, SCA Functional Index.

explaining >70% of variance.?’ Internal consistency,
interrater, and test-retest reliability are good.'®*° FARS
scores correlated with ICARS (r = 0.96),*> SARA
(r = 0.94),* and AFCS (r = —0.92).>° The activities of
daily living item of FARS correlated significantly with
SARA, SCAFI, and INAS.?®*” FARS scores correlated
with the modified version of Barthel index and the
Functional Independence measure,”® as well as with
several scales of health-related quality of life.>>*=27
Interestingly, neuroimaging studies suggest a correla-
tion between cerebellar and spinal atrophy and FARS
Responsiveness statistics are shown in
Supporting Information Table E-1 in AppendixS1.

Strengths and Weaknesses. FARS captures multi-
ple domains of the disease and is frequently used in
clinical practice, observational studies, and clinical tri-
als. Ceiling effect is the main limitation, thus precluding
use in severely affected patients. It has been suggested
that using FARS-n or the mFARS might overcome this
issue.

Conclusions. FARS is “recommended” for the assess-
ment of patients with FA. The scale has been used by
groups other than the developer, and its use is
supported by adequate clinimetric data.

Fragile X-Associated Tremor Ataxia Syndrome
Rating Scale

Description of the Scale. The FTAX-RS was devel-
oped for the assessment of the severity of most signifi-
cant motor signs of fragile X-associated tremor ataxia
syndrome (FXTAS).*>? A shorter version of the scale is
also available and known as mFTAX-RS.>?

Clinimetric Properties. Information on missingness,
floor and ceiling effects, and dimensionality are not
available. Similarly, there is no information on internal
consistency or reliability. Validity has been insuffi-
ciently studied. Some studies show that FXTAS-RS
scores are higher in patients than in controls or pre-
mutation carriers without the disease.***> FXTAS-RS
correlated with stride length and velocity variability,
the Berg Balance Scale, and Functional Independence
Measure.>® A correlation between this score and CGG
repeat length of the FMR1 gene has been observed in
some studies,***¢ but not in others.>* Finally, age also
correlated strongly with the worsening of FXTAS-RS
scores.>? Responsiveness has not been studied.

Strengths and Weaknesses. FXTAS-RS is the only
available disease-specific rating scale for FXTAS.
Assessment of clinimetric properties is incomplete.
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Conclusions. FXTAS-RS is “suggested” for the
assessment of patients with FXTAS. The scale has been
used by groups other than the developer, but its
clinimetric properties have been poorly studied.

International Cooperative Ataxia Rating Scale

Description of the Scale. ICARS was developed
because of the necessity of a standard tool to evaluate
cerebellar ataxia that could be used to test treatment
efficacy in randomized clinical trials during the 1990s.?
The scale has 19 items and four theoretical subscales
domains: posture and gait, limb kinetic function, speech
disorders, and oculomotor disorders.®> The scale is in
the public domain and can be obtained from the origi-
nal publication.” Time to administer ICARS varied
from 12 to 21 minutes.>’

Clinimetric Properties. Ceiling and floor effects have
been observed in 6% and 10% of patients with
FA.2*383% The posture and gait and kinetic function
subscales showed considerable ceiling effect.>” Further-
more, 9 of 19 items reached their maximum score for
>50% of patients with an ICARS > 60, showing a pla-
teau effect in more severely affected patients.*” There is
no information on missing data, but this is one of the
most frequently used scales and is evaluated by a health
care professional, which suggests that this may not be a
problem. Dimensionality in the ICARS has been studied
in many conditions, including multiple system atrophy
(MSA), SCA, FA, and multiple sclerosis (MS) with
ataxic symptoms.”*3”3*=*% Internal consistency was
greater than 0.90 in MSA, SCA, FA, and MS with
ataxic symptoms,>’>>*=** and 0.72 in congenital dis-
order of glycosylation-phosphomannomutase-2 defi-
ciency (CDG-PMM2).* Interrater and intrarater
reliability could be demonstrated for SCA,*” CDG-
PMM2,* FA*3% MS with ataxic symptoms,** and
focal cerebellar lesions.*! Many studies have assessed
the validity of ICARS. In FA, ICARS correlated signifi-
cantly with FARS (r = 0.96) and with disease dura-
tion.”>** In AT, it correlated with BARS (r = 0.93),
SARA (r = 0.83), and a Clinical Global Impression scale
for AT (r = 0.76)."% In individuals with CDG-PMM2,
ICARS correlated with the Nijmegen Pediatric CDG
Rating Scale (r = 0.90),* while the total and speech
scores also correlated with the PATA rate.*” In SCA,
ICARS correlated with Barthel index (r = —0.70) and
disease duration.>” Other data also suggest validity in
MSA,* MS with ataxic symptoms,** and FXTAS.*®
ICARS was also related to brain atrophy as measured
by neuroimaging techniques.*”=>? Responsiveness statis-
tics are shown in Supporting Information Table E-1 in
Appendix S1.

Strengths and Weaknesses. ICARS is one of the
first ataxia rating scales and has been widely used.

Robust evidence supports its use in many cerebellar dis-
orders. Notwithstanding, the scale has some limitations,
including some redundancy in items and a plateau in
patients with long disease duration.

Conclusions. ICARS is “recommended” for the
assessment of cerebellar symptoms severity in SCA, FA,
AT, MSA-C (MSA cerebellar component), FXTAS, MS
with ataxic symptoms, and CDG-PMM2. It has been
used by groups other than the developer, and its use is
supported by adequate clinimetric data.

Neurological Examination Score for
Spinocerebellar Ataxia

Description of the Scale. NESSCA was developed
as a global and comprehensive inventory for the assess-
ment of SCA, targeting ataxia and nonataxia signs.’>
The time for completion is about 30 minutes. The scale
is available on the original publication, and there is no
copyright.

Clinimetric Properties. No floor and ceiling effects
have been observed.”®>>* There is no information on
missing data, but the use of the scale in many clinical
trials and studies suggests that this may be a minor
issue. Internal consistency was adequate, with a
Cronbach’s alpha of 0.77.°° Interrater reliability was
high,? but there are no data on test-retest reliability. In
patients with SCA3, NESSCA correlated significantly
with SARA (r = 0.86) and Barthel functional disability
index (r = —0.44).>% In patients with SCA2, NESSCA
correlated with SARA (r = 0.62).>* NESSCA score was
significantly higher in patients with SCA7 compared
with control subjects or unaffected mutation carriers.>’
Responsiveness statistics are shown in Supporting
Information Table E-1 in Appendix S1.

Strengths and Weaknesses. NESSCA can be easily
assessed by a neurologist in 30 minutes, mixing objec-
tive and subjective items. Assessment of test-retest has
not been performed yet. The prolonged progression of
extracerebellar symptoms and signs impacts on the
responsiveness of this scale.

Conclusions. NESSCA is “suggested” for the assess-
ment of patients with SCA because it has been used by
groups other than the developer, but clinimetric assess-
ment is not complete.

Scale for the Assessment and Rating of Ataxia

Description of the Scale. SARA was developed as a
reliable and valid clinical scale measuring the severity
of ataxia to be used in all cerebellar disorders.’® It is
one of the most widely used ataxia rating scales. SARA
has eight items that yield a total score of 0 (no ataxia)
to 40 (most severe ataxia), assessing gait, stance, sitting,
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speech disturbance, finger chase, nose to finger test, fast
alternating hand movements, and heel-shin slide. For
the last five items, the arithmetic mean of both sides
should be computed. Time for completion by a trained
health care professional is less than 15 minutes in most
cases. The scale is in the public domain and can be
downloaded from: http://www.ataxia-study-group.net/
html/about/ataxiascales/sara/SARA.pdf.

Clinimetric Properties. No floor and ceiling effects
for the total score were observed. Conversely, some
items, such as sitting, may display ceiling effects.>*>¢>7
Data missingness is not available, but the wide use of
the scale suggests that this may not be an issue. Confir-
matory factor analysis revealed a single underlying fac-
tor.>*>¢38 TInternal consistency, interrater reliability,
and test-retest reliability were high.'>**°¢=? Regarding
validity, the rate of change in SARA scores correlated
with atrophy rate of the cerebellum (r = —0.81).°°
SARA subscores correlated with volumes of the brain
stem, cerebellar vermis, and cerebellar hemispheres.®'
In patients with SCA, SARA correlated with the Barthel
index (r = —0.80) and the functional component of the
Unified Huntington’s System Atrophy Rating Scale
(UHDRS).>® A correlation with disease duration has
also been observed.®” SARA score was significantly
higher in patients with SCA7 compared with controls
or preclinical mutation carriers.”® In FA, SARA scores
were significantly correlated to ICARS (r = 0.95) and
FARS (r = 0.94).>* SARA was also correlated with
measures of disease severity in other diseases, such as
mild cerebellar stroke,®® children with BTs,!” and
AT."> Responsiveness statistics are shown in
Supporting Information Table E-1 in Appendix S1. The
smallest detectable change for intraindividual score dif-
ferences was <3.5.%7

Strengths and Weaknesses. SARA is a reliable and
valid semiquantitative rating scale of ataxia that
requires only 15 minutes for completion. SARA has less
repetitive items, is less time-consuming to administer,
and is easier to use than ICARS. The primary limita-
tions include the absence of functional tests and lack of
assessment of nonataxia symptoms, thus suggesting
that it should be complemented with other scales. Fur-
thermore, the findings of a significant proportion of
abnormal results in controls (kinetic functions of the
nondominant side) suggests that it may not be an ideal
tool for disease screening. Use in children younger than
12 years has been discouraged by some authors.'"

Conclusions. SARA is “recommended” for assess-
ment of cerebellar symptoms in SCA, FA, AT, cerebel-
lar stroke, and children with BT. The scale has been
used by groups other than the developer, and its use is
supported by adequate clinimetric data.

RATING

SCALES AND FUNCTIONAL TESTS

Unified Multiple System Atrophy Rating Scale

Description of the Scale. MSA is a degenerative dis-
order of the central and autonomic nervous systems
characterized by parkinsonian, cerebellar, and auto-
nomic symptoms.®* The completion time is about 30 to
45 minutes. Part II (motor examination) should be done
by a trained health care professional. The scale is
owned by the MDS and can be accessed online (https://
www.movementdisorders.org/MDS/MDS-Rating-Scales/
Unified-Multiple-System-Atrophy-Rating-Scale-UMSARS.
htm). Here, we will assess the performance of UMSARS-
IT (motor score) only in patients with MSA with predomi-
nant cerebellar ataxia (ie, MSA-C subtype) or other cere-
bellar disorders.

Clinimetric Properties. No floor or ceiling effects
were observed in patients with SCA3.** Data mis-
singness has not been formally assessed by the frequent
use of this scale in observational studies, and clinical
trials suggest that this may not be an issue. Cronbach’s
alpha coefficient of UMSARS-II was 0.90, and most
items showed a high item-to-total correlation.®® Inter-
rater reliability was high for UMSARS-II total score
and at least substantial for most of the scale’s
items.®>°® The test-retest reliability of UMSARS Parts I,
II, and IV, calculated from a sample of 30 patients
assessed twice in a 30-day period in the same
condition,®” was adequate (all Intraclass Correlation
Coefficients (ICCs) > 0.84). Regarding wvalidity, in
patients with MSA-C, UMSARS-II correlated with loss
of connectivity in the thalamus and cerebellum
(P <0.05).® UMSARS-I correlated with ICARS in
patients with MSA (r = 0.93)%° or SCA3 (r = 0.96).*
Higher UMSARS scores were significant predictors of
loss of independent walking and wheelchair use in
patients with MSA-C.®> Responsiveness statistics are
shown in Supporting Information Table E-1 in Appen-
dix S1, indicating that the scale can adequately record
changes in MSA.

Strengths and Weaknesses. UMSARS is the only
disease-specific scale for MSA. Robust evidence sup-
ports its use for the assessment of cerebellar and non-
cerebellar symptoms in MSA.

Conclusions. UMSARS is “recommended” for the
assessment of cerebellar symptoms in MSA because it
has been used by groups other than the developer and
its use is supported by adequate clinimetric data. The
scale was developed for and validated in patients with
MSA; therefore, it cannot be recommended for use in
patients with SCA.
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Functional Tests
Ataxia Functional Composite Scale

Description of the Scale. AFCS was developed to
provide a sensitive and reproducible assessment of
treatment responses in studies of the SCAs based on
functional tests, extending results obtained in MS.”°
The AFCS is a composite of the z scores of three well-
known functional tests: low-contrast visual acuity,
9HPT, and T25FW.”° Tests are widely accessible, and
there is no copyright for use. It takes about 20 minutes
to complete all evaluations.

Clinimetric Properties. A significant proportion of
patients with FA, especially the more severe ones, were
not able to complete all tests.”* High internal consis-
tency and test-retest reliability have been observed in
FA.?* A significant correlation was observed between
ICARS and AFCS in patients with SCA.”® In FA, AFCS
correlated significantly with FARS (r = —0.92)2%%
Responsiveness statistics are shown in Supporting
Information Table E-1 in Appendix S1.

Strengths and Weaknesses. AFCS is an easy-to-
complete set of functional tests with good validity,
test-retest reliability, and responsiveness. The main limi-
tation is that patients at the more severe end of the
spectrum may not be able to complete all tests.

Conclusions. AFCS is “recommended” for the assess-
ment of functional performance in patients with SCA
and FA. It has been used by groups other than the
developer, and its use is supported by adequate
clinimetric data.

APP-Coo-Test

Description of the Scale. The authors aimed at
developing an easy-to-perform test that could be used
in an advanced state of cerebellar diseases, which may
be difficult with other functional tests.”' The 15-White
Dots APP-Coo-Test is a free app that can be down-
loaded for iOS or Android operating systems. It was
developed based on other existing functional tests (eg,
9HPT). Patients are instructed to press with their index
finger on the 15 white dots that will appear on the
screen sequentially in random positions. The quantita-
tive measurement of each upper limb movement is the
motion execution time. A version with 12 red squares
was used in a study with patients with FA.”*

Clinimetric Properties. In a mixed population of
patients with cerebellar disorders, execution times cor-
related significantly with 9HPT (r = 0.81), click test
(r = 0.90), SARA (r = 0.85), and CCFS (r = 0.89).”! In
patients with FA, a modified version of the test corre-
lated with disease duration (r = 0.44, P < 0.02), 9HPT

(r = 0.72), click test (r = 0.83), CCFS (r = 0.87), SARA
total score (r = 0.77), and SARA items 5, 6, and 7
(r = 0.81).”% Regarding precision, the mean detectable
change was 0.482 in the mixed sample of cerebellar dis-
orders and 0.23 in FA.”""? Regarding responsiveness,
95% minimal detectable change (MDC) was 0.482,”!

and for the Twelve-Red-Squares App-Coo-Test was
0.23.72

Strengths and Weaknesses. The APP-Coo-Test is
faster and easier to use than most functional tests used
in ataxia. It is free and runs on any mobile phone or
tablet. Its wuse is not supported by adequate
clinimetric use.

Conclusions. The APP-Coo-Test is “listed” for the
assessment of the functional performance because it has
been used only by its original developers.

Composite Cerebellar Functional Severity Score

Description of the Scale. The CCFS was developed
as a single composite functional score for assessing
cerebellar ataxia in the upper limbs over a wide range
of severity.”> The CCFS total score is calculated as a
combination of the time to perform the 9HPT and the
click test (ie, the time taken by a patient to press alter-
natively on two counters placed 39 cm apart for
10 times) and is corrected for responders’ age, thus all-
owing for age group comparisons.”® It takes less than
5 minutes to complete both tests. There is no copy-
right, and a full description of tests and formulas for
obtaining the final score can be found in the original
publication.”?

Clinimetric Properties. As in the case of AFCS, not
all patients may be able to complete all tests, especially
the most severely affected ones.”* Test-retest reliability
was good in healthy individuals.”> Pegboard and click
scores correlated significantly between each other
(r = 0.74).”> CCFS correlated significantly with
UHDRS-IV disability score (r = —0.78) and EQ-5D
Visual Analog Scale score (r = —0.41) in patients with
autosomal dominant cerebellar ataxias.”> CCFS scores
were higher in control subjects than in patients with
SCA and FA, and correlated significantly with
SARA.”>"*7¢ CCFS has been shown to discriminate
between patients with SCA1, SCA2, SCA3, and SCA7
(but not SCA6) and control subjects.””>’” Responsive-
ness statistics are shown in Supporting Information
Table E-1 in Appendix S1. The responsiveness of the
scale can be improved if a writing score of the domi-
nant arm is included (ie, the CCFSw). Notwithstanding,
the validity of the CCFSw has not been tested. Finally,
CCFS, but not NESSCA or SCAFI, discriminated
patients with SCA3 considered worse according to
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Patient Global Impression from stable/better on receiver
operating characteristic curve analysis.”®

Strengths and Weaknesses. CCFS is a quantitative
test of upper limb ataxia that has shown adequate
validity and reliability for some cerebellar disorders,
independently of age. Its main limitation is the presence
of ceiling effects.

Conclusions. The CCEFS is “recommended” for the
assessment of functional performance in SCA and FA
because it has been used by groups other than the
developer and its use is supported by adequate
clinimetric data.

Hevelius

Description of the Scale. Hevelius was developed to
complement existing assessment methods with a stan-
dardized, objective, reliable tool that could characterize
motor performance in the arm across several disorders
of human movement.”” Participants are instructed to
use the mouse to click on a target (a red circle) on a
computer screen as soon as it appears. Each evaluation
takes between 2 and 6 minutes. There is no information
on how to access the test.

Clinimetric Properties. Acceptability, item scaling,
reliability, responsiveness, and interpretability have not
been assessed. Regarding validity, parameters calcu-
lated from tests results correlated significantly with
BARS total score and dominant arm score in a mixed
population of patients with cerebellar disorders.””

Strengths and Weaknesses. Hevelius might repre-
sent a reliable proxy measure of arm motor function
that may be used outside the clinic setting and may
allow comparisons of patients with ataxia and other
movement disorders. Full clinimetric evaluation is
needed.

Conclusions. Hevelius is “listed” for the assessment
of functional performance because it has been used only
by its original developers.

SCA Functional Index

Description of the Scale. SCAFI was developed
under the hypothesis that continuous quantitative data
might provide higher interrater reliability than subjec-
tive clinical rating scales.®® The three tests included
(T25FW, 9HPT, and PATA rate) are widely used in
ataxia and other neurological conditions. The comple-
tion time is 8 minutes or less. Tests are not subjected to
copyright, and their description can be found in the
original publication.

RATING

SCALES AND FUNCTIONAL TESTS
Clinimetric Properties. Missing data were less than
10% in SCA and FA.?*%° Ceiling and floor effects
were not present.’”"*" Internal consistency was ade-
quate.’? Test-retest reliability was good.”” In SCA1,
SCA2, SCA3, and SCA6, SCAFI correlated signifi-
cantly with disease duration (r = —0.41), SARA scores
(r = —0.87), UHDRS-IV (r = 0.81), and cognitive
impairment (r = 0.81).%° In patients with SCA2,
SCAFI  correlated significantly with NESSCA
(r = —=0.65).>* In these patient groups, SCAFI could
differentiate patients from controls or nonaffected
mutation carriers.’>’” In patients with FA, it corre-
lated significantly with disease progression.*®
Precision was not considered high enough.>” Respon-
siveness statistics are shown in Supporting Informa-
tion Table E-1 in Appendix S1. SCAFI was not
accurate enough to identify patients with SCA2 who
worsened or not during follow-up (area under the
curve of the receiver operating characteristic curve =
0.49, 95% confidence interval: 0.23-0.75), thus fail-
ing to show interpretability.>*

Strengths and Weaknesses. SCAFI offers the possi-
bility of gathering quantitative, objective data. It is easy
to perform and devoid of floor or ceiling effects. Results
may be easily compared with other diseases assessed by
the same tests. Interpretability may be inadequate.

Conclusions. SCAFI is “recommended” for the
assessment of functional performance in SCA because it
has been used by groups other than the developer and
its use is supported by adequate clinimetric data.

Discussion

We reviewed the clinimetric parameters of ataxia rat-
ing scales and functional tests by using a highly stan-
dardized methodology developed by the MDS Rating
Scales Committee. Results from the assessment allowed
us to issue recommendations for the use of ataxia rating
scales and functional tests, which will be discussed in
the following subsections.

Rating Scales for Ataxia

As shown in Table 5, FARS,'® ICARS,> SARA,*® and
UMSARS®® could be recommended for use in SCA, FA,
and other less frequent cerebellar diseases. Regrettably,
validation data are lacking for many cerebellar disor-
ders. It is therefore mandatory that validation of rating
scales be conducted in conditions for which such data
are missing.

SARA and ICARS are probably the most used ataxia
scales in the literature. ICARS did better than SARA in
terms of responsiveness in patients with SCA or FA (see
Supporting Information Table E-1 in Appendix S1),
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TABLE 5. “Recommended” rating scales and functional
tests by cerebellar disorder

PEREZ LLORET

Functional
Cerebellar Disease Rating Scales Tests
Ataxia telangiectasia ICARS, SARA —
Brain tumors (cerebellar SARA —
symptoms)
Congenital disorder of ICARS —
glycosylation-
phosphomannomutase-2
deficiency (cerebellar
symptoms)
Fragile X—associated tremor ICARS —
ataxia syndrome
Friedreich’s ataxia FARS (disease specific), AFCS, CCFS
ICARS, SARA
Multiple sclerosis with ataxia ICARS —
symptoms
Multiple system atrophy UMSARS (disease —
(cerebellar symptoms) specific), ICARS
Spinocerebellar ataxia ICARS, SARA AFCS, CCFS,
SCAFI
Stroke (cerebellar symptoms) SARA —

Abbreviations: ICARS, International Cooperative Ataxia Rating Scale; SARA,
Scale for the Assessment and Rating of Ataxia; FARS, Friedreich’s Ataxia
Rating Scale; AFCS, Ataxia Functional Composite Scale; CCFS, Composite
Cerebellar Functional Severity Score; UMSARS, Unified Multiple System
Atrophy Rating Scale; SCAFI, SCA Functional Index.

which may be the result of some redundancy in items
of the former. SARA has less redundant items and may
offer other advantages, including better dimensionality
and better reproducibility. Its shortness could also be
an advantage for patients with behavioral comorbidities
or fatigue.®! We did not assess the usefulness of ataxia
scales and functional tests for clinical trials because the
methodological framework we used was not designed
for this purpose. This is an important issue that
deserves further attention.

Ceiling effects were observed for some of the most fre-
quently used scales (ie, FARS, ICARS, and some items of
the SARA), limiting their utility in patients on the more
severe end of the spectrum. These patients are not easy
to assess, and there is no ideal instrument that may be
applied to them. Further research is warranted. A similar
problem is observed in children, who may become easily
fatigued after extensive testing. This is not a problem for
scales that were developed for the assessment of disease
that typically affects childhood, such as FA. The BARS
has been successfully applied to children.'! This scale
could only be “suggested” because data on acceptability
were absent; thus, further research is needed. SARA has
been used in children with BT,'? but its use in children
younger than 12 years has been discouraged.'' More
data are needed for the rest of the scales.

Another problematic aspect is the assessment of
patients in prodromal stages of cerebellar diseases. Our
results cannot be extrapolated to this context, and thus

each scale should be validated in these populations of
patients. This has been the case with ICARS, which has
been shown to differentiate men carrying a small CGG
repeat expansion (ie, premutation carriers) in the
FMR1 gene compared with control subjects.*®8%83
SARA could also differentiate SCA1 and SCA2 non-
affected mutations carriers from noncarriers.””

For this review, we worked under the assumption
that results on the acceptability, internal consistency, or
reproducibility of a scale may not be specific for a given
disease, and thus they could be applied more generi-
cally. Notwithstanding, studying these parameters in
each cerebellar disorder might give more precise esti-
mates. This task force believes that there is no need to
develop more generic ataxia rating scales but recom-
mends validation of the available ones for cerebellar
disorders not covered at present.

Cerebellar disorders are a very heterogeneous group
of diseases that may have many symptoms besides
ataxia.>%*8% Therefore, whenever available, disease-
specific scales should be used to capture better all
dimensions of the disease under study. Several disease-
specific scales have been developed for cerebellar disor-
ders, including the DSI-ARSACS, FAIS, FARS, FXTAS-
RS, NESSCA, and UMSARS. FARS is the scale of
choice for the assessment of patients with FA, and
UMSARS should be used for the assessment of patients
with MSA. Conversely, clinimetric data for DSI-
ARSCAS, FAIS, FXTAS-RS, and NESSCA were not
strong enough to recommend them for use. NESSCA,
which has been mostly used for the assessment of
patients with SCA2 and SCA3, could only be
“suggested” because data on test-retest reliability were
not available. Further research is warranted.

Finally, the use of disease-specific scales for assess-
ment of cerebellar disorders other than the originally
targeted disease is discouraged. As mentioned earlier,
these scales have been developed to cover disease-
specific dimensions, which may not be relevant for
other disorders.

Functional Tests

The AFCS™ and CCFS” could be recommended for
the assessment of patients with FA, whereas both of
these tests and the SCAFI®® were recommended for
patients with SCA (Table 5). CCFS allows for compari-
sons with control populations, which is not possible
with the other instruments.”?

Functional tests were originally developed to obtain
better reliability in the assessment of patients, which
has never been demonstrated. Furthermore, they may
share some of the limitations of rating scales, namely,
the difficulties in evaluating patients at the more severe
end of the spectrum, as observed for AFCS and CCFS.
Conversely, they may be more easily applied to children
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than rating scales. Indeed, CCFS has been successfully
used in children older than 7 years.®® Further research
is warranted for the other instruments. Regarding the
use of a functional test to differentiate nonaffected
mutation carriers from control subjects, SCAFI score
was lower in nonaffected SCA2 mutation carriers com-
pared with control subjects.”” CCFS score was higher
in nonaffected SCA1, SCA2, and SCA3 mutation car-
riers compared with control subjects.””

Some recently developed tests, such as APP-Coo-Test
and Hevelius, offer the exciting possibility of measuring
upper limb dexterity outside the clinical setting.”"””
These tests could complement the assessment of patients
in the clinic. More validation studies are needed before
the use of these tools can be recommended.

It must be noteworthy that the bibliographical search
was conducted only in PubMed. This is one of the larg-
est bibliographical databases, but including other data-
bases might have yielded some extra references.

Assessment of Nonataxia Features in Patients
with Cerebellar Disorders

In this review, we focused on the assessment of
ataxia. Notwithstanding, patients with cerebellar disor-
ders are frequently affected by other cerebellar and
noncerebellar symptoms.>***° Such symptoms can be
assessed within disease-specific ratings scales, such as
the FAIS, NESSCA, and UMSARS, or by the INAS.%”
Neuropsychological and psychiatric disorders may be
explored by means of the cerebellar cognitive affective/
Schmahmann syndrome scale.®®
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