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Neuropsychological Deficits Among  
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Objective  To investigate the anatomical correlates of the neuropsychological deficits in patients with the 
cerebellar stroke.
Methods  We screened patients who were admitted to the National Rehabilitation Center with the cerebellar 
stroke between October 2012 and November 2016. The patients with the cerebellar stroke who underwent 
neuropsychological testing for which the Seoul Neuropsychological Screening Battery (SNSB) or the SNSB-II 
were enrolled. The neuropsychological function capacities were compared in accordance with the stroke type 
(hemorrhagic vs. ischemic) and the location (right/left anterior, right/left posterior intermediate, right/left 
posterior lateral lobe, and vermis). Mean z-scores were computed to compare the patient performances with the 
population averages.
Results  Twenty-six patients (15 with ischemic stroke and 11 with hemorrhagic stroke) with a mean age of 
54.8±16.6 years were assessed 8.8±9.2 months after the stroke. Differences in the neuropsychological functioning 
according to the stroke type were not observed. All of the numerical subtests of the stroke patients showed 
significantly poorer performances compared with the population averages (mean z-score <0), and some of the 
subtests revealed abnormal performances in attention-, visuospatial function-, memory-, and frontal/executive 
function-related tasks (mean z-score <−1). The patients with the presence of a lesion in the right posterior 
intermediate lobe of the cerebellum showed a poorer performance in the subtests evaluating the executive 
function including the Korean-version Stroop Test (p=0.04), the Digit Symbol Coding Test (p=0.01), and the 
Korean-version Trail Making Test (p=0.02) compared with the patients without that lesion.
Conclusion  The present study confirms that the cerebellar stroke affects the neuropsychological functioning 
which is associated with the anatomical site of stroke.
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INTRODUCTION

While the cerebellum is principally associated with 
motor control and coordination, recent research has 
identified a broad range of neuropsychological deficits 
that may occur following a localized cerebellar pathol-
ogy including deficits in attention, the working memory, 
language, visuospatial processing, planning, and abstract 
reasoning [1,2]. This broad range of cerebellar-damage-
associated symptoms have been collectively termed ‘cer-
ebellar cognitive affective syndrome’ [3]. Discrete regions 
of the cerebellum appear to mediate different neuro-
psychological functions, as revealed by both lesion- and 
functional-neuroimaging studies. These studies attribute 
the neuropsychological functions to the posterior region 
of the cerebellar cortex, while the emotional and neuro-
psychiatric functions are attributed to the medial region 
[4]. More specifically, the lesions of the right cerebellar 
hemisphere produce deficits in the verbal memory and 
language, whereas the lesions of the left cerebellar hemi-
sphere lead to visuospatial processing deficits [5-7].

The exact cerebellum-function organization, however, 
is not easily ascertained from clinical cases involving 
extracerebellar pathology or mixed pathology cases in-
cluding cerebellitis, tumors, and arteriovenous malfor-
mations. Although researches on patients with only focal 
cerebellar infarctions have been conducted, the results 
from these studies include inconsistent or limited results 
regarding the frontal executive dysfunction and its loca-
tion in the cerebellum [1,6,8]. Thus, it is necessary to ob-
tain an improved functional neuroanatomy mapping of 
the cerebellum.

The aim of this study is the examination of the neu-
ropsychological deficits in homogenous groups of pa-
tients with the cerebellar stroke using comprehensive 
neuropsychological testing. First, a comparison of the 
neuropsychological functions between the types of stroke 
lesion (hemorrhagic vs. ischemic) was performed. Then, 
the subtest results from the cerebellar stroke patients 
were compared with the population averages. Finally, the 
results of each neuropsychological subtest were analyzed 
based on the presence or absence of a discrete lesion lo-
cation.

MATERIALS AND METHODS

Patients
All of the cerebellar stroke patients who were admitted 

to the Department of Rehabilitation Medicine in the Na-
tional Rehabilitation Center between October 2012 and 
November 2016 were screened as potential candidates of 
the present study. The inclusion criteria are as follows: 
(1) cerebellar stroke confirmed via neuroimaging (brain 
computed tomography [CT] or magnetic resonance im-
aging [MRI]) and a neurological examination; (2) first-
time stroke; and (3) completion of neuropsychological 
testing. The exclusion criteria are as follows: (1) any 
disorder of consciousness (vegetative state or minimally 
conscious state), or (2) history of a neuropsychological 
or neurological disorder that was diagnosed prior to the 
stroke. The study protocol was approved by the Institu-
tional Review Board of the Department of Rehabilitation 
Medicine at the National Rehabilitation Center (IRB No. 
NRC-2017-03-019).

Neuropsychological evaluation
The Seoul Neuropsychological Screening Battery 

(SNSB) or the SNSB-II was used for the neuropsycho-
logical evaluations. These batteries evaluate the five 
neuropsychological domains of attention, language, vi-
suospatial functioning, memory, and frontal executive 
functioning. The SNSB-II includes the following subtests 
in addition to those of the original SNSB: Vigilance Test, 
Clock Drawing Test, Digit Symbol Coding (DSC) test, and 
Korean Trailing Making Test (K-TMT). The SNSB and 
SNSB-II subsets are grouped according to these major 
functional categories [9,10].

The SNSB and/or SNSB-II subtests yielded three dif-
ferent types of data as follows. First, the results with 
numeric continuous values were converted to z-scores. 
This approach was applied to the Digit Span Test (DST; 
forward and backward), the Rey Complex Figure Test 
(RCFT; copy score, copy time, immediate recall, delayed 
recall, and recognition), the Seoul Verbal Learning Test 
(SVLT; immediate recall, delayed recall, and recogni-
tion), the semantic (animal, supermarket) and phonemic 
(ㄱ, ㅇ, ㅅ) components of the Controlled Oral Word-
Association Test (COWAT), the color reading in the Kore-
an Color–Word Stroop Test (K-CWST), the DSC test, and 
the K-TMT. Second, the results with categorical variables 
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were divided based on the percentiles (<5th, 5th–10th, 
10th–15th, and >15th). This approach was applied to the 
Repetition Test, Calculation Test, Ideomotor Praxis Test, 
Clock Drawing Test, Contrasting Program Test, Go/No-go 
task, and the K-CWST word-reading component. Third, 
the categorical dichotomous data were categorized to be 
reflective of a normal or an abnormal performance. This 
approach was applied to a vigilance test, letter cancel-
lation test, spontaneous speech test (fluency and con-
tents), comprehension, reading, writing, finger naming 
test, right-left orientation test, body-part identification 
test, buccofacial praxis test, fist-edge/palm test, alternat-
ing hand-movement test, alternating square and triangle 
test, and the Luria loop test.

For the statistical comparisons, raw scores from 14 pa-
tients who had been evaluated using the SNSB prior to 
the publication of the SNSB-II were converted into novel 
values based on the presented criteria in the SNSB-II. Six 
patients below the age of 45 years were standardized to 45 
years and the education criteria described in the SNSB-II 
[10].

The z-scores were standardized using the age and the 
educational criteria that are presented in the SNSB-
II based on a large, nationwide Korean sample (1,100 
people), thereby making it possible to make comparisons 
with the population averages. A z-score <0 indicates a 
poorer performance relative to the population average, 
while a z-score <–1 indicates an abnormal performance, 
as suggested by the SNSB-II criteria. The categorical re-
sults below the 15th percentile were also considered as 
indicative of an abnormal performance [10]. With these 
conversions, the whole variables were recategorized into 
dichotomous variables (i.e., normal or abnormal perfor-
mance) for a further statistical analysis. 

Stroke types and the lesion localization
Brain CT or MRI findings were reviewed for all of the 

patients. The type of stroke lesion (hemorrhagic or 
ischemic) was recorded, and the lesion location was 
categorized as follows: right anterior, left anterior, right 
posterior intermediate, left posterior intermediate, right 
posterior lateral, left posterior lateral, or vermis (Fig. 1). 
In the patients whose lesions spanned more than one 
location due to the nature of disease progression, each 
lesion location was recorded as a dichotomous variable 
(i.e., presence or absence). 

The lesion location is fundamentally based on the cere-
bellar anatomy, as follows: The cerebellum consists of the 
vermis and two large cerebellar hemispheres, which are 
divided into anterior and posterior lobes by the primary 
fissures [11]. The posterior lobe was further subdivided 
based on the presence of deep cerebellar nuclei that 
project to a wider variety of supratentorial regions [12]. 
The location, size, and shape of the deep cerebellar nu-
clei including the dentate nucleus have been described 
in several previous studies [13-15]. Based on the findings 
of these previous reports, the region from the midline to 
the 20-mm lateral to the posterior lobe was designated as 
‘posterior intermediate lobe’; the remaining lateral area 
of the posterior lobe was designated as ‘posterior lateral 
lobe’.

Statistical analysis
SPSS software ver. 21.0 (IBM, Armonk, NY, USA) was 

used for all of the analyses of the present study. Student 
t-tests and the Mann-Whitney U-test were used to com-
pare the continuous variables. Continuous neuropsycho-
logical variables were converted to z-scores to identify 
the poorer performances among the cerebellar-stroke 
patients compared with the population averages (One-
sample t-test). Chi-squared (c2) tests and the Fisher ex-
act test were used to identify the anatomical correlates 
of the neuropsychological deficits. These 2×2 tests were 
used to analyze the dichotomous results of the neuropsy-
chological subtests based on the presence or absence of 
specific lesion locations. The data are expressed as the 
mean±standard deviation. The level of statistical signifi-
cance was set at p<0.05. 

Primary
fissure

Posterior
intermediate

Posterior
lateral

Vermis
Anterior

20 mm

Fig. 1. Schematic representation of the subdivisions of 
the cerebellum.



Neuropsychological Deficits After the Cerebellar Stroke

927www.e-arm.org

RESULTS

Clinical and neuropsychological characteristics
Twenty-six stroke patients (11 patients with the hemor-

rhagic stroke and 15 patients with the ischemic stroke) 
of a mean age of 54.8±16.6 years were enrolled in the 
present study. The neuropsychological functioning was 
assessed over a post-stroke mean duration of 8.8±9.2 
months. Fourteen patients presented with bilateral cer-
ebellar lesions, 7 patients presented with right-side le-
sions, and 5 patients presented with left-side lesions. All 
of the patients were right-handed. The demographics 
and clinical findings are summarized in Table 1.

A comparison between the results of the patient neu-
ropsychological subtests regarding the hemorrhagic and 
ischemic cerebellar strokes was performed to evaluate 
the potential differences in the patterns of the neuropsy-
chological deficits between the two groups. Significant 
intergroup differences, however, are not evident (Table 2).

The mean z-scores from all of the subtests with the con-
tinuous data are <0, indicating poorer performances in 
the cerebellar-stroke patients compared with the popula-
tion averages. The subtest z-scores of the attention (for-
ward DST), visuospatial functioning (RCFT copy score 
and time), memory (immediate- and delayed-recall val-
ues in the SVLT), and frontal executive functioning (se-
mantic and phonemic subtests of the COWAT, K-CWST 
color reading, DSC test, and Trail A of the K-TMT) are 
<–1, indicating an abnormal performance (Table 3). All of 

these results are statistically significant. Table 4 shows the 
results of the categorical dichotomous neuropsychologi-
cal subtests for all of the 26 patients.

Correlations between the cerebellar lesion location and 
the cognitive functioning 

In this study, the presence of a lesion in the right-
posterior-intermediate lobe of the cerebellum is asso-
ciated with poorer performances on the word-reading 
components of the K-CWST (p=0.04), DSC test (p=0.01), 
and Trail A of the K-TMT (p=0.02) that assess the frontal 
executive functioning. The presence of a lesion in the 
right posterior lateral of the cerebellum is associated 
with a poorer performance on the immediate-recall por-
tion of the SVLT (p=0.04) relative to the patients without 
such lesions (Table 5). Significant associations were not 
observed for any of the other neuropsychological subtest 
scores. 

DISCUSSION

The present study confirms that the cerebellar stroke 
affects the neuropsychological functioning based on the 
affected anatomical site. Significant differences in the 
neuropsychological deficits were not observed between 
the patients with the hemorrhagic stroke versus those 
with the ischemic cerebellar stroke. The heterogeneity of 
the cerebellum lesion types has been noted as a limita-
tion in many previous studies [3,16-18], although only 
a few studies have investigated the neuropsychological 
deficits after the cerebellar stroke in accordance with the 
lesion type. The results here suggest that the lesion loca-
tion, rather than the type of stroke, is more important re-
garding the neuropsychological impairments in cerebel-
lar stroke patients. 

Neuropsychological functioning deficits following cer-
ebellar damage have been reported in the literature. Such 
impairments have been noted with regard to the execu-
tive functioning (planning, set-shifting, abstract reason-
ing, verbal fluency, and working memory), visuospatial 
functioning, and language [3]. The results of this study 
are consistent with those previous findings. The z-scores 
that were calculated from the patient subtest results 
showed poorer performances compared with the popu-
lation averages. In particular, the tasks evaluating the 
attention, visuospatial functioning, memory, and frontal 

Table 1. Demographics and clinical findings of the sub-
jects (n=26)

Characteristic Value
Age (yr) 54.8±16.6

Duration after onset (mo) 8.8±9.2

Sex

   Male 17

   Female 9

Type of stroke

   Hemorrhagic 11

   Ischemic 15

K-MMSE score 26.0±4.4

Values are presented as mean±standard deviation or 
number.
K-MMSE, Korean version of Mini-Mental Status Exami-
nation.
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Table 2. Comparison of neuropsychological subtests according to the type of stroke lesion after the cerebellar stroke

Hemorrhagic 
(n=11)

Ischemic
(n=15)

p-valuea)

Attention Digit Span Forward -0.42±1.38 -0.59±1.24 0.76

Backward -0.81±1.51 -0.90±0.96 0.86

Vigilance test  0 15 0.23

Letter cancelation  33 29 0.85

Language and related 
functions

Spontaneous speech Fluency 22 17 1.00

Contents 11 0 0.59

Comprehension 20 0 0.27

Repetition 30 0 0.07

Reading 9 0 0.42

Writing 18 7 0.56

Finger naming 30 25 0.74

Right-left orientation 25 0 0.27

Body-part identification 10 0 0.75

Calculation 40 43 1.00

Praxis Ideomotor 10 31 0.34

Buccofacial 0 0 1.00

Visuospatial functioning Rey Complex Figure Test Copy score -5.85±6.71 -4.17±6.45 0.54

Copy time -0.59±1.41 -0.35±1.40 0.68

Clock Drawing Test  43 50 1.00

Memory Seoul Verbal Learning Test Immediate recall -1.70±1.87 -1.55±1.03 0.79

Delayed recall -1.63±1.35 -1.69±1.32 0.91

Recognition -0.94±1.65 -2.02±1.88 0.14

Rey Complex Figure Test Immediate recall -0.72±1.30 -1.37±1.23 0.26

Delayed recall -0.75±1.50 -1.58±1.55 0.25

Recognition -1.08±1.88 -0.95±1.96 0.88

Frontal/executive  
functions

Controlled Oral  
Word-Association Test

Animal -1.53±1.53 -1.86±1.00 0.53

Supermarket -2.04±0.98 -1.45±0.97 0.17

ㄱ -1.11±1.27 -1.57±0.83 0.41

ㅇ -1.10±1.27 -1.57±0.83 0.29

ㅅ -1.10±1.27 -1.57±0.83 0.29

Phonemic total -1.30±1.43 -1.48±1.48 0.78

Animal + ㄱ -1.54±1.65 -2.12±1.09 0.33

Korean Color–Word Stroop 
Test

Color reading -1.43±1.63 -2.33±1.76 0.30

Digit Symbol Coding  -2.02±1.92 -2.55±1.50 0.60

Korean Trail Making Test Trail A -9.56±15.14 -3.36±3.91 0.30

Trail B -3.41±4.78 -1.98±1.90 0.51

Motor impersistence  0 0 1.00

Contrasting program 22 46 0.38

Go–No Go 33 54 0.42
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Table 2. Continued

Hemorrhagic 
(n=11)

Ischemic
(n=15)

p-valuea)

Fist-edge/palm 30 42 0.45

Alternating hand movement 25 46 0.52

Alternating square & triangle 22 57 0.20

Luria loop 56 64 0.74

Korean Color–Word Stroop 
Test

Word reading 43 50 1.00

Values are presented as the mean±standard deviation (z-score) or the percentage of patients with an abnormal perfor-
mance.
a)p-value by the Student t-test or the Mann-Whitney U-test for the numeric neuropsychological subtests, or the c2 test 
or the Fisher exact test for the categorical dichotomous neuropsychological subtests.

Table 3. Z-scores of numeric neuropsychological subtests in patients with the cerebellar stroke (n=26)

Mean±SD
p-value

z-score <0a) z-score <–1b)

Attention Digit Span Forward -0.52±1.27 0.029* 0.040*

Backward -0.86±1.19 0.001* 0.285

Visuospatial functioning Rey Complex Figure Test Copy score -4.87±6.47 0.001* 0.004*

Copy time -0.45±1.38 0.062 0.032*

Memory Seoul Verbal Learning Test Immediate recall -1.62±0.41 0.001* 0.018*

Delayed recall -1.66±1.30 0.001* 0.008*

Recognition -1.56±1.84 0.001* 0.066

Rey Complex Figure Test Immediate recall -1.12±1.27 0.001* 0.330

Delayed recall -1.26±1.54 0.001* 0.224

Recognition -1.00±1.88 0.012* 0.498

Executive functions Controlled Oral  
Word-Association Test

Animal -1.71±1.24 0.001* 0.004*

Supermarket -1.70±1.00 0.001* 0.002*

ㄱ -1.32±1.02 0.001* 0.075

ㅇ -1.30±0.99 0.001* 0.050*

ㅅ -1.37±1.05 0.001* 0.050*

Phonemic total 
score

-1.40±1.41 0.001* 0.097

Animal + ㄱ -1.86±1.37 0.001* 0.004*

Korean Color–Word Stroop Test Color reading -1.96±1.72 0.001* 0.018*

Digit Symbol Coding -2.26±1.69 0.001* 0.010*

Korean Trail Making Test Trail A: total time -6.67±11.46 0.021* 0.038*

Trail B: total time -2.75±3.17 0.010* 0.056

The z-score is a standardized score of each parameter with an age and an educational level that matches those of the 
general population in Korea.
a)A z-score <0 indicates a poorer performance compared with the population average. 
b)A z-score <–1 indicates an abnormal performance based on the Seoul Neuropsychological Screening Battery (SNSB-II) 
criteria. 
*p<0.05 by the one-sample t-test.
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executive functioning indicated statistically significant 
abnormal performances.

It is thought that a network of reciprocal cerebrocer-
ebellar connections comprising both afferent (corti-
copontine and pontocerebellar) and efferent (cerebel-
lothalamic and thalamocortical) tracts mediates the 
cerebellar neuropsychological functioning [5,12]. Thus, 
neuropsychological deficits that are secondary to cer-
ebellar damage may be the consequence of a disruption 
of these connections between the cerebellar and the ce-
rebrum [3,19,20], and this mechanism may explain the 
different neuropsychological deficits that are indicated 
by the authors’ results. Abnormal performances in the 
attention, memory (i.e., for ongoing events), and frontal 
executive tasks may be associated with the disruption of 
the connections between the cerebellum and the pre-
frontal and premotor areas of the frontal lobes [1]. An 
abnormal visuospatial function performance may be as-

sociated with the disruption of the connections between 
the cerebellum and the posterior parietal, temporal, or 
occipital areas of the brain [1]. Previous studies have also 
suggested that the dissociation of the frontocortical and 
frontosubcortical connections—including the parallel 
circuits that pass through the basal ganglia and the cer-
ebellum—contributes to neuropsychological deficits. 
The dissociation of the connections with the dorsolateral 
and inferior prefrontal cortices results in the dysregula-
tion of the attention and the cognitive/inhibitory control, 
while the connective dissociation regarding the orbital 
and ventromedial structures results in mood and motiva-
tional impairments [21,22]. 

It suggested that the cognitive impairment in patients 
with an isolated cerebellar infarct is dependent on the in-
farct location [1]. Consistent with this idea, it was found 
in the present study that the patients with lesions in the 
right posterior intermediate lobe of the cerebellum—

Table 4. Proportion of patients with an abnormal performance on the categorical dichotomous neuropsychological 
subtests in patients with the cerebellar stroke (n=26)

%
Attention Vigilance test  7

Letter cancelation  30

Language and related functions Spontaneous speech Fluency 19

Contents 5

Comprehension 9

Repetition 13

Reading 4

Writing 16

Finger naming 27

Right-left orientation 9

Body-part identification 4

Calculation 42

Praxis Ideomotor 22

Buccofacial 0

Visuospatial functioning Clock Drawing Test  46

Frontal/executive functions Motor impersistence  0

Contrasting program 36

Go–No Go 45

Fist-edge/palm 30

Alternating hand movement 38

Alternating square & triangle 43

Luria loop 60

Korean Color–Word Stroop Test Word reading 47



Neuropsychological Deficits After the Cerebellar Stroke

931www.e-arm.org

Ta
bl

e 
5.

 P
ro

p
or

ti
on

 o
f p

at
ie

n
ts

 w
it

h
 a

n
 a

b
n

or
m

al
 p

er
fo

rm
an

ce
 o

n
 t

h
e 

n
eu

ro
p

sy
ch

ol
og

ic
al

 s
u

b
te

st
s 

ev
al

u
at

in
g 

th
e 

ex
ec

u
ti

ve
 fu

n
ct

io
n

s 
in

 p
at

ie
n

ts
 w

it
h

 
th

e 
ce

re
b

el
la

r 
st

ro
ke

E
xe

cu
ti

ve
 fu

n
ct

io
n

s

Le
si

on
 lo

ca
ti

on

R
ig

h
t a

n
te

ri
or

Le
ft

 a
n

te
ri

or
R

ig
h

t p
os

te
ri

or
 

in
te

rm
ed

ia
te

Le
ft

 p
os

te
ri

or
 

in
te

rm
ed

ia
te

R
ig

h
t p

os
te

ri
or

 
la

te
ra

l
Le

ft
 p

os
te

ri
or

 
la

te
ra

l
Ve

rm
is

+
–

+
–

+
–

+
–

+
–

+
–

+
–

M
ot

or
 im

p
er

si
st

en
ce

0.
13

0
0.

17
0

0.
11

0
0.

13
0

0.
12

0
0.

14
0

0.
14

0

C
on

tr
as

ti
n

g 
p

ro
gr

am
0.

23
0.

56
0.

30
0.

42
0.

21
0.

63
0.

38
0.

33
0.

33
0.

40
0.

45
0.

27
0.

27
0.

45

G
o–

N
o 

G
o

0.
38

0.
56

0.
30

0.
58

0.
36

0.
63

0.
38

0.
56

0.
50

0.
40

0.
45

0.
45

0.
36

0.
54

Fi
st

-e
d

ge
/p

al
m

0.
25

0.
38

0.
40

0.
20

0.
31

0.
29

0.
33

0.
25

0.
27

0.
33

0.
40

0.
20

0.
20

0.
40

A
lt

er
n

at
in

g 
h

an
d

 
  m

ov
em

en
t

0.
33

0.
44

0.
30

0.
45

0.
31

0.
50

0.
38

0.
38

0.
36

0.
40

0.
45

0.
30

0.
30

0.
45

A
lt

er
n

at
in

g 
sq

u
ar

e 
&

 
  t

ri
an

gl
e

0.
38

0.
50

0.
30

0.
54

0.
33

0.
63

0.
31

0.
60

0.
54

0.
30

0.
36

0.
50

0.
27

0.
58

Lu
ri

a 
lo

op
0.

62
0.

60
0.

50
0.

69
0.

60
0.

63
0.

54
0.

70
0.

77
0.

40
0.

45
0.

75
0.

55
0.

67

C
on

tr
ol

le
d

 O
ra

l 
  W

or
d

-A
ss

oc
ia

ti
on

 T
es

t

   
   

 A
n

im
al

0.
63

0.
78

0.
58

0.
77

0.
65

0.
75

0.
69

0.
67

0.
73

0.
60

0.
64

0.
73

0.
57

0.
81

   
   

 S
u

p
er

m
ar

ke
t

0.
79

0.
56

0.
40

0.
92

0.
73

0.
63

0.
57

0.
89

0.
85

0.
50

0.
58

0.
82

0.
75

0.
64

   
   

 ㄱ
0.

79
0.

56
0.

67
0.

73
0.

73
0.

63
0.

60
0.

88
0.

79
0.

56
0.

62
0.

80
0.

75
0.

64

   
   

 ㅇ
0.

71
0.

67
0.

67
0.

73
0.

73
0.

63
0.

67
0.

75
0.

79
0.

56
0.

62
0.

80
0.

67
0.

72

   
   

 ㅅ
0.

79
0.

56
0.

67
0.

73
0.

73
0.

63
0.

67
0.

75
0.

71
0.

67
0.

69
0.

70
0.

75
0.

64

   
   

 P
h

on
em

ic
 

0.
79

0.
56

0.
67

0.
73

0.
73

0.
63

0.
60

0.
88

0.
79

0.
56

0.
62

0.
80

0.
75

0.
64

   
   

 A
n

im
al

 +
 ㄱ

0.
86

0.
63

0.
75

0.
80

0.
80

0.
71

0.
71

0.
88

0.
86

0.
63

0.
75

0.
80

0.
83

0.
70

K
or

ea
n

 C
ol

or
–W

or
d

 
  S

tr
oo

p
 T

es
t

   
   

 W
or

d
 r

ea
d

in
g

0.
56

0.
38

0.
63

0.
33

0.
70

*
0.

14
*

0.
45

0.
50

0.
67

0.
25

0.
33

0.
63

0.
50

0.
44

   
   

 C
ol

or
 r

ea
d

in
g

0.
67

0.
75

0.
63

0.
78

0.
70

0.
71

0.
73

0.
67

0.
78

0.
63

0.
67

0.
75

0.
50

0.
89

D
ig

it
 S

ym
b

ol
 C

od
in

g
0.

86
0.

50
0.

75
0.

75
0.

90
*

0*
0.

80
0.

33
0.

88
0.

40
0.

75
0.

60
0.

75
0.

60

K
or

ea
n

 T
ra

il 
M

ak
in

g 
Te

st

   
   

 T
ra

il 
A

0.
88

0.
43

0.
70

0.
60

0.
83

*
0*

0.
73

0.
50

0.
80

0.
40

0.
78

0.
50

0.
78

0.
50

   
   

 T
ra

il 
B

0.
57

0.
67

0.
67

0.
50

0.
70

0.
33

0.
70

0.
33

0.
75

0.
40

0.
63

0.
60

0.
63

0.
60

*p
<0

.0
5 

by
 t

h
e 
c2  t

es
t 

or
 t

h
e 

Fi
sh

er
 e

xa
ct

 t
es

t 
(c

om
p

ar
is

on
s 

of
 t

h
e 

n
or

m
al

 v
s.

 a
b

n
or

m
al

 p
er

fo
rm

an
ce

s 
b

et
w

ee
n

 p
at

ie
n

ts
 a

cc
or

d
in

g 
to

 t
h

e 
p

re
se

n
ce

 o
f 

sp
ec

if
ic

 c
er

eb
el

la
r 

le
si

on
s)

.



Min A Shin, et al.

932 www.e-arm.org

which contains the deep cerebellar nuclei, including the 
dentate nuclei—more frequently showed abnormal per-
formances on the executive-function neuropsychological 
subtests than the patients without such lesions. Executive 
dysfunction has been proposed as the core symptom of 
a cerebellar lesion [3,8]. Functional neuroimaging inves-
tigations have demonstrated that a variety of cognitive 
tasks such as articulatory and phonological processing 
tasks and the pegboard-puzzle task are associated with 
metabolic increases, mainly in the cortex of the lower 
lateral areas and the central parts of the dentate nuclei of 
the cerebellum [23-26]. Other studies have suggested that 
the dentate nuclei are associated with neuropsychologi-
cal processes, particularly the executive functioning [27]. 
The finding that dentate activation is associated with the 
activation of the thalamic, striatal, and dorsolateral pre-
frontal regions also supports the results of this study [28]. 
Other studies also support the laterality of this effect; 
that is, damage to the right cerebellar hemisphere pro-
duced more pronounced working memory deficits than 
the damage of the left hemisphere [16,29]. Functional 
MRI and lesion studies have also demonstrated that the 
working memory and the sequencing that are dependent 
on the executive processing are associated with the right 
cerebellar hemisphere [17,30,31]. Therefore, the right 
posterior intermediate lobe of the cerebellum is thought 
to play a role in executive function.

In the present study, the authors also observed that 
the patients with the lesions of the right posterior lateral 
lobe of the cerebellum more frequently exhibited an 
impaired immediate recall on the SVLT that reflects the 
holding capacity of the working and verbal memories [32]. 
This finding is consistent with those of previous studies, 
thereby demonstrating that the damaging of the right cer-
ebellar hemisphere produces deficits in the working and 
verbal memories [4].

The present study, however, is affected by a number 
of noteworthy limitations. First, the approach that was 
utilized for the lesion localization is somewhat arbitrary. 
The blood vessel territory in the cerebellum, however, is 
less appropriate for the lesion localization, as the rela-
tive irrigated sizes and territories are not constant, and 
anastomoses may occur between the terminal branches 
[33,34]; furthermore, a lesion localization that is based 
on the known cerebellar lobules (lobules I to X) [35] is 
suboptimal for the capturing of CT images [33]. For these 

reasons, a subdivision of the cerebellum based on the 
functional neuroimaging results was performed, thereby 
demonstrating a wider variety of projections from the 
deep cerebellar nuclei to the supratentorial regions [12]. 

The findings of the present paper fail to demonstrate 
the relationships between the other lesion locations in 
the cerebellum and specific neuropsychological deficits. 
The reason for this might be related to the small sample 
size and the presence of mixed lesions in a majority of 
the patients. Furthermore, the statistical framework (c2 
test and the Fisher exact test) that was used in the present 
study for the detection of significant neuropsychological 
deficits cannot achieve a satisfactory statistical power due 
to the limited assessment of the differential spatial distri-
butions [36]. However, as the locations of the brain dam-
age are not randomly distributed throughout the brain 
due to the nature of causative disease processes [37], the 
lesion coverage is inevitably heterogeneous [36]. In ad-
dition, it was difficult to perform a voxel-wise analysis in 
the present study, as the lesion images were obtained via 
both MRI and CT. For these reasons, the inferential statis-
tics that were used to identify the anatomical correlates of 
the neuropsychological deficits are the statistical frame-
work in the effective coverage maps, which were defined 
based on the possible detection of specific deficits (i.e., 
maps of the maximal lesion-deficit relationships) [36].

Previous studies have indicated that the cerebellum ex-
hibits an ability to recover from pathological insults, with 
favorable post-lesion neurological and functional out-
comes noted at 12 months [38,39]. Considering this re-
covery pattern, the great variability of the duration from 
the stroke onset to the assessment of the neuropsycho-
logical functioning (8.8±9.2 months) represents another 
relevant limitation. Further studies are required to more 
accurately delineate the neuropsychological function do-
mains in the cerebellum.

Nevertheless, to the best of the authors’ knowledge, the 
present study is the first to demonstrate that the pres-
ence of stroke lesions in the right-posterior-intermediate 
lobe of the cerebellum—containing the deep cerebellar 
nuclei—likely results in executive function impairments. 
The authors’ findings also suggest that the location of 
the stroke lesions is correlated more to the specific types 
of neuropsychological deficit than the stroke pathology 
(hemorrhagic vs. ischemic). Moreover, the present study 
is the first to utilize a Korean language neuropsychologi-
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cal screening battery for the identification of the cerebel-
lar neuropsychological characteristics.

In conclusion, it is suggested that the neuropsycho-
logical deficits in patients with the cerebellar stroke may 
differ depending on the location of the discrete lesions. 
Thus, these patients should undergo careful monitoring 
for specific neuropsychological deficits during the reha-
bilitation process in order to facilitate the management 
and the recovery of the deficits. 
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