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Objective To examine the usefulness of the Scale for the Assessment and Rating of Ataxia (SARA) in ataxic stroke
patients.

Method This was a retrospective study of 54 patients following their first ataxic stroke. The data used in the
analysis comprised ambulation status on admission and scores on the SARA, the Korean version of the Modified
Barthel Index (K-MBI) and the Berg Balance Scale (BBS). The subjects were divided into four groups by gait status
and into five groups by level of dependency in activities of daily living (ADLs) based on their K-MBI scores. Data
were subjected to a ROC curve analysis to obtain cutoff values on the SARA for individual gait status and levels of
activity dependency. The correlations between the SARA, K-MBI and BBS scores were also computed.

Results There was significant correlation between the SARA and the K-MBI scores (p<0.001), and this correlation
(r=—0.792) was higher than that found between the BBS and the K-MBI scores (r=0.710). The SARA scores of upper
extremity ataxia categories were significantly related to the K-MBI scores of upper extremity related function
(p<0.001). The SARA scores were also significantly correlated negatively with ambulation status (p<0.001) and
positively with ADL dependency (p<0.001). In the ROC analysis, patients with less than 5.5 points on the SARA had
minimal dependency in ADL, while those with more than 23 points showed total dependency.

Conclusion SARA corresponds well with gait status and ADL dependency in ataxic stroke patients and is

considered to be a useful functional measure in that patient group.
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INTRODUCTION

Ataxia is recognized as one of various signs and symp-
toms, which may occur in a number of neurologic
diseases, including stroke, and often has both clinical
and anatomical diagnostic significance. Smooth and
effective voluntary movement is achieved via the
appropriate coordination and combination of agonist,
antagonist, synergist, and fixator muscles. When such
coordination is lost, ataxia, including defective fixation,
decreased muscle strength, disorder of muscle tension,
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or involuntary movements, occur. In other words,
although muscle strength is relatively well maintained,
appropriate motor functions cannot be performed due to
motor dysfunction and inappropriate motor responses.’
Ataxia is important not only for motor functions but
also for the performance of daily living activities.
Accordingly, accurate assessment of ataxia after a stroke
is required to provide ataxia patients with an appropriate
supplementary tool for walking, to determine the most
effective treatment, and to identify safe and unsafe
activities.”

The International Cooperative Ataxia Rating Scale
(ICARS) has been widely used as a tool for assessing the
severity and treatment effectiveness of cerebellar ataxia.
However, the daily use of this scale in ataxic patients is
difficult due to its many assessment items.’ Accordingly,
Schmitz-Hiibsch et al. recently proposed the Scale for the
Assessment and Rating of Ataxia (SARA) as an alternative.
This new assessment tool has fewer assessment items
than the ICARS and therefore has the advantage of easier
daily assessment of ataxia.’ Studies on the usefulness
of SARA have been conducted to compare it with the
existing ICARS and Barthel Index in cerebellar ataxia
patients, but no study has been yet conducted on
patients with ataxic stroke. Accordingly, this study was
conducted on patients with ataxic stroke to investigate
the usefulness of SARA by examining the correlation of
SARA with the Korean Modified Barthel Index (K-MBI),
the Berg Balance Scale (BBS), and gait status.

MATERIALS AND METHODS

Subjects

This study involved a retrospective review of the medical
records of patients, who were admitted to the author’s
hospital and underwent comprehensive rehabilitation
during the period March 2008 to February 2010. The
patients selected for the study were those with ataxia,
who were grade four or more in the defective area on the
Medical Research Council Scale for assessing manual
muscles strength.

Patients were excluded if they had previous brain
diseases, difficulty in participating due to severe disorder
of cognitive function, severe orthopedic problems such
as loss of their lower extremities, fracture or arthritis, or a
subarachnoid hemorrhage.

Methods

In the first neurological examination at the time of the
patients’ hospitalization, screening tests such as the
finger to finger test, nose to finger test, and heel to shin
sliding test were conducted. If abnormal findings were
observed, the patients were suspected as having ataxia.
Subsequently, the SARA, which Schmitz et al. proposed
in 2006, the K-MBI, and the BBS were completed,
and gait status was assessed. All the assessments were
conducted by experienced doctors from the Department
of Rehabilitation Medicine. The patients were divided
into four groups: the independent gait group, the
independent Q-cane gait group, the independent walker
gait group, and the W/C ambulation group. ‘Independent
gait’ was defined as the ability to walk 20 m or further
without assistance.

For the level of independence in performing daily living
activities, the patients were divided into five groups
according to the classification criteria of the K-MBI: total
dependence, severe dependence, maximal dependence,
moderate dependence, and minimal dependence.

In the statistical analysis, receiver operating charac-
teristic (ROC) curves were constructed. The ROC curves
were used to determine the optimal (highest combination
of sensitivity and specificity) cut-off scores on the SARA
for discriminating between the various different levels
of gait status and independence in ADLs. Pearson
correlation coefficients were calculated to investigate the
relationships between the SARA and K-MBI scores, the
SARA and BBS scores, and the BBS and K-MBI scores.
An observed p-value<0.05 was considered statistically
significant.

RESULTS

A total of 54 patients, who had suffered from ataxic stroke
and were hospitalized and underwent rehabilitation
treatment from March 2008 to February 2010, were
eligible for inclusion in this study. The patients’ mean
age was 61.63+15.30 years, and the patients consisted of
32 males and 22 females (Table 1). No differences in the
SARA scores were found in terms of stroke type or lesion
location (p>0.05) (Table 2). In terms of gait status, the
mean SARA scores for independent gait, Q-cane gait,
walker gait, and W/C ambulation were 5.53, 9.89, 14.97,
and 19.60, respectively, and gait status was significantly
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Table 1. Characteristics of Study Participants

Table 2. SARA Scores According to Stroke Type and

Variables Values Lesion

Age (years) 61.63£15.30 Variables Values

Gender (Male:Female) 32:22 Stroke type

Disease duration (days) 51.78+73.89 Ischemic 11.70+6.75

MMSE 23.43+6.46 Hemorrhage 9.30+£5.73

Ambulation Lesion
Independent gait 26 (48.1%) ACA territory 7.00£0.00
Q-Cane gait 8(14.8%) MCA territory 13.42+7.90
Walker gait 12 (22.2%) PCA territory 13.75£1.06
W/C ambulation 8(14.8%) Brainstem 12.91+7.12

Dependent level Cerebellum 8.34+4.45
Total dependent 3(5.6%) Values are mean+SD
Severe dependent 6(11.1%)

Maximal dependent 21 (38.9%) 300 - 19.60+6.65
Moderate dependent 16 (29.6%)
Minimal dependent 8(14.8%) °

Stroke type 20.0 14.97+3.85
Ischemic 49 (90.7%) <
Hemorrhage 5(9.3%) < 9.89£3.78 i

Side @ 5.53+2.72
Right 27 (50.0%) 1007 ‘

Left 17 (31.5%)
Bilateral 10 (18.5%)

Lesion o0 Independent I Q-cane gait I Walker gait I wiC I
ACA territory 2(3.7%) gait ambulation
MCA territory 6(11.1%) Gait
PCA territory 2(3.7%) Fig. 1. SARA score according to gait status. Values are mean
Brainstem 22 (40.7%) +SD. Correlation is significant at the 0.01 level (2-tailed).
Cerebellum 12 (22.2%)

Values are mean+SD or N (%)

correlated with the SARA scores (p<0.01) (Fig. 1). With
regard to level of ADL independence, the mean SARA
scores for total dependence, severe dependence,
maximal dependence, moderate dependence, and
minimal dependence were 26.50, 16.25, 12.29, 10.00, and
3.68 points, respectively, and levels of independence
were also significantly correlated with scores on the SARA
(p<0.01) (Fig. 2).

The analysis of the gait status showed that independent
gait was achieved at a SARA score of 8 or lower, the
Q-cane gait at 11.5 or lower, and the walker gait at 12.25
or lower (Fig. 3). For the performance of daily living
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activities, total dependence were achieved at SARA scores
of 5.5 or lower, minimal dependence at 10.0 or lower,
moderate dependence at 14.25 or lower, and maximal
dependence at 23 or higher (Fig. 4).

A strong inverse relationship was found between the
SARA and K-MBI scores (r=-0.792, p<0.01), and the
magnitude of this negative correlation was greater than
that between the BBS and K-MBI scores (r=0.710, p<0.01)
(Fig. 5). The SARA assessment items, which reflected
ataxia of the upper extremities, showed a moderate
negative correlation (r =—0.569, p < 0.01) with the K-MBI
assessment items related to the performance of daily
living activities using the upper extremities (Fig. 6).
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Fig. 2. SARA score according to dependency level of ADL.
Values are meansSD. Correlation is significant at the 0.01
level (2-tailed).
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DISCUSSION

This study was conducted to investigate the usefulness
of the SARA with patients, who had suffered from ataxic
stroke. The K-MBI scores were more highly correlated
with SARA scores than with BBS scores.

The SARA, which Schmitz-Hiibsch presented in 2004,
is a tool for assessing ataxia. It has eight items with total
scores ranging from 0 (no ataxia) to 40 (most severe
ataxia). Scores for the eight items range as follows:
no ataxia, 1: gait (0-8 points), 2: stance (0-6 points), 3:
sitting (0- 4 points), 4: speech disturbance (0-6 points), 5:
finger chase (0-4 points), 6: nose-finger test (0-4 points),
7: fast alternating hand movement (0-4 points), 8: heel-
shin slide (0-4 points), and 40: severe ataxia. For motor
activities of the four extremities (items 5-8), assessments
are performed bilaterally, and the mean values are used
to obtain the total score.”

307 sensitivity: 92.0%

Specificity: 86.2% o
p<0.05 o
o
8
20 1 o
8
i . g
w 8 g
o o
10 g
8
8
0 3 . .
Able Unable

Gait

Fig. 3. The cutoff values measured by ROC curve analysis
for independent gait (A), independent Q-cane gait (B) and
independent walker gait (C) in the SARA. Cutoff values: (A)
independent gait, 8; (B) independent Q-cane gait, 11.5: (C)
independent walker gait, 11.25
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Fig. 4. The cutoff values measured by ROC curve analysis for mild dependent ADL (A), moderate dependent ADL (B), severe
dependent ADL (C) and total dependent ADL (D) in the SARA. Cutoff values: (A) mild dependent ADL, 5.5; (B) moderate
dependent ADL, 10; (C) severe dependent ADL, 14.25; (D) total dependent ADL, 23.

In a study of stroke patients with cerebral, cerebellar
and brainstem lesions, Kim et al.’ reported that, using
a sensory organization test, there were statistically
significant differences in the balance coefficients and
sensory analysis ratios between patients with cerebellar
and brainstem lesions and patients with lobe lesions.
They also found that patients with brainstem lesions
were significantly different on a motor control test. No
differences in the SARA scores were found according to
the lesion location. This result was inconsistent with the
result of a previous study, in which balance and posture
control disorder was observed more in brainstem and
cerebellar stroke patients than in middle cerebral artery
stroke patients.’ This could be because the subjects of this
study were stroke patients, whose ataxia was independent
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of the location of their lesions.

The most widely used assessment tools for the perfor-
mance of daily living activities in current rehabilitation
medicine are the Modified Barthel Index (MBI) and
the Functional Independence Measure (FIM); in the
present study the Korean version of the Modified Barthel
Index (K-MBI), which was developed by Jung et al.’ in
2007, was used to assess the impacts of ataxia on the
performance of daily living activities. A previous study
of stroke patients reported a moderate correlation of the
BBS with the FIM 7 and also a significant correlation of
the SARA with the K-MBI. Thus, the correlation of ataxia
with impaired performance of daily living activities was
confirmed.

The correlation of SARA with K-MBI was shown to
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Fig. 5. (A) Correlation between SARA and K-MBI scores (r=-0.792, p<0.01). (B) Correlation between BBS and K-MBI scores

(r=0.710, p<0.01).
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Fig. 6. Correlation between SARA-UE and K-MBI-UE scores
(r=-0.569, p<0.01).

be stronger than the correlation of the BBS with the
K-MBI. The K-MBI assessment items related to daily
living activities involving use of the upper extremities
were observed to be moderately correlated with those of
SARA. Berg et al.’ developed the BBS in 1989 to assess the
severity of falls among the elderly. The scale is composed
of 14 items related to special movements, such as main-
taining a standing posture with various degrees of diffi-
culty and standing up from chair, and it can be used
to measure the balance status and prognosis of stroke

> It cannot, however, reflect problems in the

patients.
performance of daily living activities, which are caused
by the effects of ataxia on the upper extremities, because

none of the items are designed to do this. In contrast,

the SARA can reflect disorders of coordinated movement
caused by ataxia in both the upper and lower extremities.
To establish treatment goals and predict the prognosis
for stroke patients during rehabilitation treatment, their
status before the initiation of the rehabilitation treatment
must be accurately assessed. If the degree of ataxia is
pronounced without a correspondingly marked decrease
in muscle strength, there is a risk of falls, and this risk is
greater than for patients with decreased muscle strength.

Patients and their guardians are particularly interested
in the recovery of gait and independence in the
performance of daily living activities. In this study, the
SARA was used in the assessment of ataxic stroke patients
to provide the minimum SARA score for four gait-related
activities and various degrees of independence in the
performance of daily living activities. Independent gait,
Q-cane gait, and walker gait were achieved at SARA
scores of 8 or lower, 11.5 or lower, and 12.25 or lower,
respectively. The analysis of the performance of daily
living activities showed that minimal dependence,
moderate dependence, maximal dependence, and total
dependence were achieved at the SARA scores of 5.5
or lower, 10.0 or lower, 14.25 or lower, and 23 points or
higher, respectively.

The results of this study can be used as a reference
standard for assessing the gait ability of ataxic stroke
patients and for setting rehabilitation treatment goals by
indicating the appropriate gait status so that the risk of
falls can be reduced.

This study had several limitations, such as the small
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sample size of patients and the lack of a standardized
Korean version of the SARA. A further study is required
to develop and standardize a Korean version of SARA. In
addition, even though a significant statistical difference in
the SARA scores was observed among the five daily living
activity groups, there were no significant differences in
the SARA scores between the severe and the maximal
dependent group (p=0.06) nor between the maximal and
the moderate dependent group (p=0.09). Further studies
investigating the reference value of SARA in these K-MBI
activity dependent groups will be necessary.

CONCLUSION

The SARA, which has been introduced as a new instru-
ment for the assessment of ataxia, was found to be
significantly correlated to the BBS and the K-MBI,
and cutoff values were obtained for the four basic gait
abilities and the five levels of independence in the
performance of daily living activities. The use of the SARA
with ataxic stroke patients as a rehabilitation index for
gait ability and independence in the performance of daily
living activities can be clinically valuable for both the
assessment of ataxia and for rehabilitation planning.
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Rater: date:

patient:

Scale for the Assessment and Rating of Ataxia (SARA)

1) Gait

Proband is asked (1) to walk at a safe distance parallel
to a wall including a half-turn (turn around to face the
opposite direction of gait) and (2) to walk in tandem
(heels to toes) without support.

0 Normal, no difficulties in walking, turning and
walking tandem (up to one misstep allowed)

1 Slight difficulties, only visible when walking 10
consecutive steps in tandem

2 Clearly abnormal, tandem walking >10 steps not
possible

3 Considerable staggering, difficulties in half-turn, but
without support

4 Marked staggering, intermittent support of the wall
required

5 Severe staggering, permanent support of one stick or
light support by one arm required

2) Stance

Proband is asked to stand (1) in natural position, (2)
with feet together in parallel (big toes touching each
other) and (3) in tandem (both feet on one line, no
space between heel and toe). Proband does not wear
shoes, eyes are open. For each condition, three trials are
allowed. Best trial is rated.

0 Normal, able to stand in tandem for >10 s

1 Able to stand with feet together without sway, but not
in tandem for >10s

2 Able to stand with feet together for >10 s, but only
with sway

3 Able to stand for >10 s without support in natural
position, but not with feet together

4 Able to stand for >10 s in natural position only with
intermittent support

5 Able to stand >10 s in natural position only with
constant support of one arm

6 Unable to stand for >10 s even with constant support

6 Walking >10 m only with strong support (two special of one arm
sticks or stroller or accompanying person)
7 Walking < 10 m only with strong support (two special
sticks or stroller or accompanying person)
8 Unable to walk, even supported
Score Score
3) Sitting 4) Speech
Proband is asked to sit on an examination bed without Disturbance speech is assessed during normal
support of feet, eyes open and arms outstretched to the | conversation.
front.
0 Normal, no difficulties sitting >10 s 0 Normal
1 Slight difficulties, intermittent sway 1 Suggestion of speech disturbance
2 Constant sway, but able to sit >10 s without support 2 Impaired speech, but easy to understand
3 Able to sit for >10 s only with intermittent support 3 Occasional words difficult to understand
4 Unable to sit for >10 s without continuous support 4 Many words difficult to understand
5 Only single words understandable 6 Speech

unintelligible/anarthria

Score

Score

WWWw.e-arm.org
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Rater: date:

patient:

5) Finger chase

Rated separately for each side

Proband sits comfortably. If necessary, support of feet
and trunk is allowed. Examiner sits in front of proband
and performs 5 consecutive sudden and fast pointing
movements in unpredictable directions in a frontal
plane, at about 50 % of proband’s reach. Movements
have an amplitude of 30 cm and a frequency of 1
movement every 2 s. Proband is asked to follow the
movements with his index finger, as fast and precisely
as possible. Average performance of last 3 movements is
rated.

No dysmetria
Dysmetria, under/overshooting target <5 cm
Dysmetria, under/overshooting target < 15 cm

w N = O

Dysmetria, under/overshooting target > 15 cm
4 Unable to perform 5 pointing movements

6) Nose-finger test

Rated separately for each side

Proband sits comfortably. If necessary, support of

feet and trunk is allowed. Proband is asked to point
repeatedly with his index finger from his nose to
examiner’s finger which is in front of the proband

at about 90 % of proband’s reach. Movements are
performed at moderate speed. Average performance of
movements is rated according to the amplitude of the
kinetic tremor.

No tremor
Tremor with an amplitude <2 cm
Tremor with an amplitude <5 cm

w N = O

Tremor with an amplitude >5 cm
4 Unable to perform 5 pointing movements

Score | Right Left

Score | Right Left

mean of both sides (R+L)/2

mean of both sides (R+L)/2

7) Fast alternating hand movements

Rated separately for each side

Proband sits comfortably. If necessary, support of feet
and trunk is allowed. Proband is asked to perform 10
cycles of repetitive alternation of pro-and supinations
of the hand on his/her thigh as fast and as precise as
possible. Movement is demonstrated by examiner at
a speed of approx. 10 cycles within 7 s. Exact times for
movement execution have to be taken.

0 Normal, no irregularities (performs <10 s)

1 Slightly irregular (performs <10 s)

2 Clearly irregular, single movements difficult to
distinguish or relevant interruptions, but performs
<10s

3 Very irregular, single movements difficult to
distinguish or relevant interruptions, performs >10 s

4 Unable to complete 10 cycles

8) Heel-shin slide

Rated separately for each side

Proband lies on examination bed, without sight of his
legs. Proband is asked to lift one leg, point with the heel
to the opposite knee, slide down along the shin to the
ankle, and lay the leg back on the examination bed.

The task is performed 3 times. Slide-down movements
should be performed within 1 s. If proband slides down
without contact to shin in all three trials, rate 4.

0 Normal
Slightly abnormal, contact to shin maintained

2 Clearly abnormal, goes off shin up to 3 times during
3 cycles

3 Severely abnormal, goes off shin 4 or more times
during 3 cycles

4 Unable to perform the task

Score | Right Left

Score | Right Left

mean of both sides (R+L)/2

mean of both sides (R+L)/2
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