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Objective To demonstrate the utility of Scale for the Assessment and Rating of Ataxia (SARA) for evaluation of
posterior circulation-related features in patients with mild stroke.

Methods Forty-five subjects, diagnosed with acute infarction in the cerebellum, basis pontis, thalamus, corona
radiata, posterior limb of internal capsule, and their National Institutes of Health Stroke Scale (NIHSS) scores <5
were enrolled. SARA scores were graded by the cut-off value of severity in dependency of activities of daily living
(ADL). SARA, Berg Balance Scale (BBS), Timed Up-and-Go (TUG), and Trunk Control Test (TCT) were correlated
in regression analysis with the modified Rankin Scale (mRS) at discharge. Correlation between SARA and other
tools was analyzed. Patients were divided based on mRS at admission (group A, mRS 0-2; group B, mRS 3-5).
Scores between the two groups were compared.

Results Among the subjects, 48.9% (22/45) scored above 5.5 on SARA, and even 11.1% (5/45) scored higher than
14.25, which is the cut-off value of ‘severe dependency’ in ADL. SARA showed significant value for prediction of
mRS at discharge. SARA was correlated with BBS (r=-0.946, p<0.001), TUG (r=-0.584, p<0.001), and TCT (r=-0.799,
p<0.001). The SARA, BBS, TUG, and TCT scores between were lower in group B than in group A patients. SARA as
well as BBS, TUG, and TCT reflect the functional severity of all patients.

Conclusion SARA is a complementary tool for evaluation of the severity of ataxia in mild stroke patients with
features of posterior circulation.
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INTRODUCTION

Ataxia is a neurological dysfunction of motor coordi-
nation, which affects the fundamental activities such as
gaze, speech, gait, and balance [1]. It induces disorders of
limb movement such as dyssynergia, dysmetria, kinetic
or postural tremor and dysdiadochokinesia. Ataxia also
affects trunk control resulting in balance or gait dysfunc-
tion [2]. These manifestations of ataxia interrupt physi-
cal performances and often contribute to poor func-
tional outcome despite relatively well preserved muscle
strength [3].

Although ataxia is caused mostly by cerebellar lesions,
lesion in the basis pontis, corona radiata, thalamus,
posterior limb of internal capsule also cause ataxia with
ipsilateral pyramidal signs, and most of these regions are
associated with posterior circulation [4,5]. This clinical
syndrome is known as ataxic hemiparesis (AH), which
was first defined by Fisher and Cole [4] and later modi-
fied by Fisher [5]. AH was initially described as a lacunar
syndrome correlating with lacunar infarctions, which
resulted from the occlusion of small penetrating arteries.
However, recent studies demonstrated that cardioem-
bolic and large-artery atherosclerosis as well as lacunar
infarctions cause AH [6]. Therefore, AH is not a rare clini-
cal manifestation among ischemic stroke patients.

The National Institutes of Health Stroke Scale (NIHSS)
provides a quantitative measure of key symptoms in
stroke patients and consists of 15 subscales: level of con-
sciousness, questions, commands, visual fields, facial
palsy, left/right arm/leg strength, ataxia, sensation, lan-
guage, dysarthria and extinction/inattention. It is most
widely used as a standard neurologic examination for the
assessment of acute stroke patients, and its reliability, va-
lidity and predictive value is established [7,8]. However,
NIHSS has limited application for features of posterior
circulation stroke such as cranial nerve signs or ataxia
because it mostly focuses on features of anterior circula-
tion stroke [9,10]. NIHSS contains only one item assess-
ing limb ataxia, and none related to trunk function.

Impaired trunk control is common in stroke patients
even if limb ataxia is not manifested explicitly. Ataxia
affects trunk control resulting in balance or gait dysfunc-
tion, increased risk of fall, and decline in independence
of activities of daily living (ADL). Studies reported that
the balance status is related to hospitalization period
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[11]. Trunk control in early stages of stroke is a predictor
of comprehensive ADL function at 6 months [12]. Stand-
ing balance is correlated with change in functional state
over the course of acute rehabilitation [13]. Sitting bal-
ance also shows strong correlation with ADL function
[14]. Therefore, appropriate trunk control is fundamental
to motor function and ADL. Apparently, detailed as-
sessment of not only muscle strength but also trunk and
limb control is essential for comprehensive evaluation of
stroke patients.

Among the scales for ataxia, the International Coopera-
tive Ataxia Rating Scale (ICARS) [15] is widely used as a
tool to evaluate the severity and treatment efficacy. Con-
sisting of 19 sub-items divided into 4 subscales, various
ataxic symptoms can be assessed comprehensively with
ICARS [1]. However, its clinical utility is questionable be-
cause of the prolonged duration to complete the test.

Schmitz-Hubsch et al. [16] devised a new scale known
as the Scale for the Assessment and Rating of Ataxia
(SARA) in 2006 to assess cerebellar ataxia. SARA is semi-
quantitative and is a 40-point scale consisting of 8 items:
gait, stance, sitting, speech disturbance, finger chase,
nose-finger test, fast alternating hand movements, and
heel-shin slide. SARA has fewer scoring items than
ICARS, and is therefore, faster than ICARS. SARA is more
efficient than ICARS for the assessment of ataxia of trunk
because it has 3 items related to trunk control (gait,
stance, and sitting). SARA is characterized by high inter-
rater reliability, test-retest reliability and internal consis-
tency in the spinocerebellar atrophy patient group [16].
Further, Kim et al. [17,18] presented that SARA was useful
as a functional measure in stroke patients due to high
intra-rater and inter-rater reliability. However, subjects
in these studies included patients with both ischemic
and hemorrhagic stroke characterized by lesions of either
anterior or posterior circulation and at varying severities
of stroke. Their functional severity was not considered
except for muscle strength measured using the Medical
Research Council (MRC) scale [17,18].

Therefore, we focused on subjects diagnosed with mild
stroke including NIHSS scores ranging from 0 to 5, and
ischemic lesions of cerebellum and AH region. The spe-
cific definition of ‘mild’ has not been agreed upon uni-
versally, and there is variability in the interpretation and
implementation [19]. In this study, we used the definition
of ‘mild’ as NIHSS 0-5, referring to the previous studies
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of Spokoyny et al. [19] and Logallo et al. [20]. We inves-
tigated the need and utility of SARA for assessment of
posterior circulation symptoms related to motor control
function, which can be overlooked during assessment
only based on NIHSS.

MATERIALS AND METHODS

Subjects

This study is a retrospective review of the medical re-
cords of stroke patients who were admitted to the Inje
University Busan Paik Hospital and consulted for reha-
bilitation during the period October 2015 to April 2016.
We sorted ischemic stroke patients with lesions of the
cerebellum and AH region (basis pontis, corona radiata,
thalamus, and posterior limb of internal capsule) con-
firmed via neuro-imaging (computed tomography and
magnetic resonance imaging). In that group, we selected
patients whose NIHSS score ranged from 0 to 5, and who
were evaluated with Berg Balance Scale (BBS), Timed
Up-and-Go (TUG) test, Trunk Control Test (TCT), modi-
fied Rankin Scale (mRS) and SARA. SARA, BBS, TUG, and
TCT were tested immediately after the release from ab-
solute bed rest (within 5 days from admission), and mRS
was scored serially from admission to discharge. A total
of 45 subjects finally met the inclusion and exclusion
criteria. Inclusion criteria were (1) first onset of ischemic
stroke and (2) age above 20 years. Exclusion criteria were
(1) history of previous brain disease; (2) neurologic im-
pairment, not resulting from brain lesion; (3) severe mo-
tor weakness, inability to resist against gravity; (4) severe
cognitive impairment, Mini-Mental State Examination
(MMSE) <26; (5) severe orthopedic problems; (6) history
of visual or vestibular disease; and (7) medically instabil-

ity.

Methods

We reviewed the subjects’ clinical and demographic
information such as age, gender, site of lesion, stroke
subtype by Trial of ORG 10172 in Acute Stroke Treatment
(TOAST) classification, history of smoking and under-
lying diseases. Subsequently, the diversity of subjects’
SARA scores were graded by the cut-off value of severity
in dependency of ADL proposed in the study of Kim et al.
[18]: (1) minimal <5.5, (2) moderate 5.5-10.0, (3) maximal
10.0-14.25, (4) severe 14.25-23, and (5) total >23.

SARA’s predictive value of functional outcome was
investigated by analyzing mRS at discharge with SARA,
and compared with BBS, TUG, and TCT. We correlated
SARA scores with BBS, TUG, and TCT scores to deter-
mine whether or not SARA reflected the motor control
and balance state adequately. To ascertain whether SARA
reflected the functional severity of mild stroke patients,
subjects were divided into two groups according to their
mRS at admission including (1) group A (mRS 0-2), fa-
vorable outcome group and (2) group B (mRS 3-5), poor
outcome group [21]. SARA, BBS, TUG, and TCT scores of
each group were compared.

We used descriptive statistics to analyze the subjects’
clinical and demographic information. Continuous vari-
ables were expressed as meantstandard deviation or me-
dian. Categorical variables were expressed as number of
patients or ratio (%). The Kolmogorov-Smirnov test was
used to investigate the normality of the distribution of the
continuous variables. Stepwise multiple linear regres-
sion analysis was conducted to investigate the prognostic
value of SARA with the mRS at discharge. A p-value <0.05
was used as the probability criterion for entry into the
regression model and p-value >0.1 excluded from the
model. Relationships between SARA and BBS, TUG, TCT
were compared using Pearson correlation analysis. To
investigate the differences between groups A and B, we
used Student t-test for SARA and Mann-Whitney test for
BBS, TUG, and TCT. The Mann-Whitney test for MMSE
was carried out to determine any significant differences
between the two groups. All the statistical analyses were
performed using SPSS for Windows version 20.0 (IBM,
Armonk, NY, USA), and a p-value less than 0.05 was con-
sidered statistically significant. Floor or ceiling effects
were considered if more than 15% of the subjects had
minimal or maximal scores [22].

RESULTS

Demographic characteristics of the subjects are sum-
marized in Table 1. The mean age was 63.96+11.57 years,
and the participants included 25 males and 20 females.
The meantstandard deviation of subjects’ duration
from onset to admission was 1.64+2.72 days, and that of
hospitalization period was 10.36+£4.46 days. Among the
subjects, 48.9% (22/45) scored SARA above 5.5, and even
11.1% (5/45) scored above 14.25 which is the cut-off value
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Table 1. Patient demographics (n=45)

Table 1. Continued

Characteristic Value Characteristic Value
Sex NIHSS
Male 25 (55.6) Admission 2.18+1.70
Female 20 (44.4) Discharge 1.52+1.57
Age (yr) 63.96+11.57 mRS
BMI (kg/m?) 24.94+2.88 Admission 1.91+1.26
Duration from onset to admission (day) 1.64+2.72 Discharge 1.10+0.88
Hospitalization period (day) 10.36+4.46 Values are presented as number (%) or meanz+standard de-
Side of lesion viation.
Right 19 (42.2) BMI, body mass index; MRI, magnetic resonance imag-
Left 23 (51.1) ing; TOAST, Trial'of ORG 1.0172 in Acute Stroke Treat-
ment; NIHSS, National Institutes of Health Stroke Scale;
Both 3(6.7) mRS, modified Rankin scale.
Location of lesion at MRI
Cerebellum 13 (28.9)

. . 30.0 21.10£3.49
Basis pontis 12 (26.7) 1% (5/45)
Corona radiata 9(20.0) 25.0 1
Thalamus 6(13.3) 20.0 4
Posterior limb of internal capsule 5(11.1) < S

TOAST classification x 15.01 1% (5/45)
. ) 7.1741.47
Large artery atherosclerosis 4(8.9) 10.0 4 27% (12/45) %l
Cardioembolism 6(13.3) 5%521(213':1%) Q
Small artery occlusion 25 (55.6) 5.01 é
Other etiology 0(0) 0.0 4
Undetermined 10(22.2) <55 55-10,  10-14.25,  >14.25,
Smoking minimal mild moderate  severe to total
Yes 14 (31.1) SARA grade, ADL dependency
No 31(68.9) Fig. 1. Scale for the Assessment and Rating of Ataxia
Cardiovascular disease (SARA) score graded by the cut-off value of severity in
Yes 3(6.7) dependen‘cy of ac.tivities of daily livir%g (A]?L). SARA was
No 42 (93.3) assessed 1mmed1at(.ely. after the patlents‘ r(?lease from
absolute bed rest (within 5 days from admission). Values
Left ventricular hypertrophy are presented as meanz*standard deviation, ratio (%), and
Yes 10 (22.2) number of patients.
No 35(77.8)
Hypertension of ‘severe dependency’ in ADL (Fig. 1).
S5 32(71.1) The stepwise multiple linear regression analysis showed
No 13 (28.9) that SARA and TCT scores were significant predictors of
Diabetes mellitus mRS at discharge in patients with mild ischemic stroke
Yes 14 (31.1) (Table 2). Other variables (BBS and TUG) were originally
No 31(68.9) included in analysis but not presented because of insig-
Atrial fibrillation nificant relationships with mRS at discharge after control-
Yes 4(8.9) ling for the variables. The largest variance inflation factor
No 41 (91.1)
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was 1.194, indicating lack of multi-collinearity among
variables. Residual error showed normal distribution. In
predicting mRS at discharge, the regression coefficient
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Table 2. Stepwise multiple linear regression analysis of variables predicting functional outcomes related to ‘mRS at
discharge’ in patients diagnosed with mild ischemic stroke with acute ataxia

Unstandardized coefficient Standardized coefficient

p-value  F-value Adjusted R*
B SE B
SARA 0.223 0.030 0.873 7.399 <0.001 27.376%** 0.615
TCT 0.064 0.022 0.345 2.927 0.006

Variables are based on their order of listing in stepwise multiple linear regression analysis. Measuring tools were as-
sessed immediately after patients’ release from absolute bed rest (within 5 days from admission).
mRS, modified Rankin scale; SE, standard error; SARA, Scale for the Assessment and Rating of Ataxia; TCT, Trunk

Control Test.
**¥p<0.001.

®

60 1 Correlation coefficient
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of SARA was 0.223, which was statistically significant
(p<0.001). The SARA score was the strongest predictive
variable among the four functional outcome measures
(standardized B coefficient: SARA=0.873, TCT=0.345).
The coefficient of determination was 61.5%.

The SARA score showed strong negative correlation
with BBS in mild ischemic stroke patients (r=-0.946,

307 Correlation coefficient
=0.584**%
25
20
(O]
>
F 15
10
0 -
T T T T T 1
0 5.0 10.0 15.0 20.0
SARA

Fig. 2. Pearson correlation analysis between the SARA
total scores and BBS (A), TUG (B), and TCT (C). Measur-
ing tools were assessed immediately after the patients’
release from absolute bed rest (within 5 days from ad-
mission). SARA, Scale for the Assessment and Rating of
Ataxia; BBS, Berg Balance Scale; TUG, Timed Up-and-
Go; TCT, Trunk Control Test. ***p<0.001.

p<0.001) (Fig. 2A). It also indicated that SARA showed
strong negative correlation with TCT (r=-0.799, p<0.001)
(Fig. 2C). However, the ceiling effect should be consid-
ered for accurate interpretation because 85.7% of sub-
jects obtained complete scores on TCT. The SARA score
showed positive correlation with TUG (r=-0.584, p<0.001)
(Fig. 2B). The subjects were assigned to groups A and B
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Table 3. Comparison of SARA, BBS, and TCT between
groups A and B

Group A Group B

(n=26) (n=19) BRI
SARA 4.81+3.64 10.16+7.36 0.007**
BBS 45.73+10.14 33.53%15.17 0.000***
TUG 12.31+4.49 15.67+4.56 0.026*
TCT 99.04+4.90 92.11+16.34 0.031*

Values are presented as meantstandard deviation.
Measuring tools were assessed immediately after the pa-
tients’ release from absolute bed rest (within 5 days from
admission). Groups were divided according to the mRS
score at the date of admission (group A, mRS 0-2; group B,
mRS 3-5).

SARA, Scale for the Assessment and Rating of Ataxia;
BBS, Berg Balance Scale; TUG, Timed Up-and-Go; TCT,
Trunk Control Test.

*p<0.05, **p<0.01, ***p<0.001.

based on the mRS at admission (group A, mRS 0-2; group
B, mRS 3-5). Group A included 26 subjects and group B
included 19 subjects. The group B showed weaker results
in all assessments compared with group A. Significant
differences were found in SARA as well as BBS, TUG and
TCT scores between groups A and B (Table 3). No sig-
nificant difference in cognitive function (Mann-Whitney
test of MMSE, p=0.677) existed between the two groups.
Other complications that affected the functional status
were not detected.

DISCUSSION

The term, ‘mild’ ischemic stroke suggests possible
favorable outcomes. However, several previous studies
demonstrated otherwise. Schlegel et al. [23] reported
that not all (81%) of mild stroke patients were discharged
home, which suggests that 19% of mild stroke patients
required long-term medical support such as rehabilita-
tion or nursing facilities after acute period. Another study
showed that a third of all mild stroke patients were not
functionally independent after 90 days from the onset
[19]. This mismatch was attributed to other symptoms
not focused by NIHSS. Even patients scoring zero on NI-
HSS often presented with other stroke symptoms, espe-
cially trunk ataxia (45%) [24]. In this study, SARA played
an adjunct role in differentiating the presence of ataxic
symptoms and grades. Subjects in this study had homo-
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geneous scores of NIHSS (0-5) and all were graded as
mild stroke. However, their SARA scores were distributed
across a wide range (Fig. 1). Mild ischemic stroke patients
should evaluated with SARA as well as NIHSS and an in-
dividualized treatment plan should be developed.

Especially in patients carrying a posterior circulation
lesion, the initial NIHSS score is often lower. In a recent
cohort study, 76% of patients with posterior circulation
stroke presented with baseline NIHSS scores <5 [25].
Again, lower NIHSS scores are often interpreted as assur-
ance of a favorable outcome. However, in one retrospec-
tive study, death or disability occurred in 15% of patients
with posterior circulation stroke with NIHSS scores <4
at 3-month follow-up as a direct consequence of their
stroke [26]. In subjects enrolled in this study, who had
mild ataxic hemiparesis, 48.9% of subjects (22/45) scored
above the cut-off value suggesting ‘moderate dependent’
and 11.1% (5/45) showed that they needed maximal as-
sistance in ADL. It is clear that NIHSS cannot be used as
an independent and comprehensive evaluation tool for
posterior circulation stroke. Other tools such as SARA are
required for concurrent evaluation and reliable predic-
tion with NIHSS.

BBS, TUG, and TCT are typical tools for assessment of
overall motor control function, and they include items
for evaluation of trunk control as well. Since these tools
do not entail additional cost or equipment, and are rapid
and easy to use, they are widely used in the clinical set-
ting. BBS is a simple clinical tool for assessing static and
dynamic balance in sitting or standing positions. Validity,
reliability and sensitivity of BBS are well established in
stroke patients. BBS consists of 14 subscales with a total
score of 56, and a higher score suggests better functional
state [27,28]. If the patient can walk, TUG test is reliable
and applicable for the measurement of functional mo-
bility based on the time taken by a patient to rise from a
chair, walk 3 m, turn around and back to the chair and sit
down [29-31]. TCT is not only reliable and valid, but also
sensitive for the assessment of the progression of stroke.
It consist of 4 items of functional movement (rolling to
weak side, rolling to strong side, balance in sitting posi-
tion, and sitting up from lying down) [32-34]. Based on
the certainty and universality of these tools in assessing
the overall limb and trunk motor function, we analyzed
their correlation with SARA to determine the value of
SARA in motor functional assessment of patients with
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mild ataxic hemiparetic stroke.

In regression analysis, SARA showed statistically sig-
nificant results for prediction of mRS at discharge. Com-
pared with BBS, TUG and TCT, SARA showed the highest
standardized B coefficient (=0.873), which suggests that
SARA has the strongest predictive value for functional
prognosis. There are many factors for predicting the
stroke patient’s functional outcome, and the strongest
and most consistent predictor is the functional ability at
admission. [35]. In a patient with mild stroke manifest-
ing impaired limb or trunk control associated with ataxia,
SARA is a sound tool for the prediction of functional out-
come at discharge.

SARA showed a strong correlation with BBS and sig-
nificant correlation with TUG and TCT (p<0.001) in mild
stroke patients. However, most of the subjects scored
complete TCT scores, and the result showed a ceiling ef-
fect. TCT comprises items of movement with relatively
low level of functional activity compared with BBS or
TUG, which contributed to the emergence of ceiling ef-
fect in mild (NIHSS 0-5) stroke patients. In the compari-
son between group A with group B, SARA as well as BBS,
TUG and TCT showed statistical significance in function-
al severity.

Until now, few studies investigated the utility of SARA
in assessing posterior circulation in patients with mild
(low NIHSS) stroke. Kim et al. [18] reported the benefit of
SARA in that it corresponded with the gait status and ADL
dependency. However, no criteria were available to de-
termine the severity excluding MRC or criteria for stroke
lesions. Accordingly, this study represents an advance
over previous studies.

The study limitation relates to the small sample size
of subjects and non-standardized hospital period for
follow-up of mRS. Several patients were excluded during
screening due to failure to undergo SARA, BBS, TUT, TCT,
and mRS testing. As a retrospective study, the hospital-
ized period and test duration were not controlled. As the
study of Jorgensen et al. [36] which showed that 95% of
239,886 patients diagnosed with stroke attained optimal
neurological recovery in 3 months, scores of long-term
follow-up are needed. Furthermore, most of the subjects
were not transferred to rehabilitation units so that their
medical records did not sufficiently cover the data re-
lated to functional ability such as Modified Barthel Index
(MBI) or Functional Independence Measure (FIM). To

investigate the predictive value of functional outcome us-
ing SARA, only mRS was included in this study. Further,
the correlation between SARA and TCT showed a ceil-
ing effect suggesting that the result was of limited value.
A prospective study design with sufficient sample size
and controlled follow-up period is needed. Functional
outcome assessment with more detailed and universal
tools used in rehabilitation, such as MBI or FIM, is also
needed.

Considering limited resources and patients’ clinical
frustration, efficient selection of measurement tools is
essential. Carefully selected tools of assessment facilitate
the most appropriate and critical evaluation rapidly and
cost-effectively, eliminating redundancy. SARA is a more
efficient and complementary evaluation tool compared
with other conventional tools such as BBS, TUG, and TCT
for the assessment of mild stroke patients manifesting
symptoms of posterior circulation.

In conclusion, SARA represents a useful tool for evalua-
tion of severity of deficit and prediction of functional out-
come in patients with mild ischemic stroke characterized
by symptoms of posterior circulation. SARA is recom-
mended as an adjunct to NIHSS in the initial evaluation
of patients with mild ischemic stroke.
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