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Abstract

Objective: It has become evident that the cerebellum plays a role in cognitive function, and Schmahmann et al. have
introduced the term ‘““Cerebellar cognitive affective syndrome (CCAS).” In the present paper we report a patient with
cerebellar hemorrhage who developed CCAS.

Design: A case study.

Methods: The patient was a 61-year-old right-handed man who was admitted to our hospital because of sudden headache,
dizziness and vomiting. The patient showed ataxia of the trunk and the extremities, but no paralysis and disturbance of
sensation. He was disoriented in time and showed recent memory disturbance, disturbance of attention, impairment of
executive functions and reduced volition, and due to these symptoms, his daily living was also severely impaired.

Results: With the aim of returning home, the patient received exercise therapy and cognitive rehabilitation, while home
modification was performed, and living at home under the supervision of his family became possible. Cognitive function
improved, while memory and attention disturbance, impairment of executive function remained.

Conslusion: Cognitive dysfunction in patients with cerebellar damage is assumed to develop from disturbance of the
cerebrocerebellar circuit, and that rehabilitation of these patients must include assessment of not only the motor function,

but also of detailed assessment of cerebral function.
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Introduction

While it is established that the cerebellum is a neural
structure responsible for the co-ordination of move-
ment, there is recent evidence that it is also involved
in cognitive functions such as language and memory.
Language disorder, impairment of visuospatial cog-
nition, impairment of executive function and mood
changes are reported in association with tumours
and vascular disorder of the cerebellum. This
pathological condition, reported and named the
‘cerebellar cognitive affective syndrome (CCAS)’
by Schmahmann et al. [1], is considered to result
from damage in the neural circuit that links
the cerebellum with the cerebral cortex. While
there are reports of cases with this pathological
condition, there have been almost no reports of
CCAS from the viewpoint of rehabilitation therapy.

The present paper reports a case of CCAS after
cerebellar haemorrhage.

Case report

The patient was a 61-year-old right-handed man
with 12 years of educational history. On 24 October
2005, when he was gardening, he was struck by
sudden headache, vomiting and vertigo. A diagnosis
of cerebellar haemorrhage was made by a nearby
physician and the man received craniotomy for
haematoma evacuation. Due to obstructive hydro-
cephaly that developed after the operation, ventri-
cular drainage was also performed. Ventricular
dilatation or convulsion was not found during
hospitalization.
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After several weeks of instability, the condition
improved and the patient was transferred to our
hospital on 10 December, in order to receive
rehabilitation therapy to prepare for recuperation
at home.

At his first presentation, the man showed little
volition and spontaneity. He was lying in the bed all
day long. He did not do anything if there was no urge
from his wife. He was not prudent. Moreover, the
precaution was not observed.

Neurological examination revealed slight nystag-
mus, but no diplopia. No motor palsy was detected
and deep tendon reflex was normal with no
pathological reflex. The sensory system was
normal. Severe ataxia was detected in the left
upper and lower limbs and the trunk and slight
ataxia was detected in the right upper and lower
limbs.

Neuroradiological examination

A cranial CT performed on the day of onset showed
hyperdense areas in the cerebellar hemisphere of the
vermis (Figure 1). A magnetic resonance imaging
(MRI) performed 2 months after onset also showed
lesions at the same site (Figure 2). Single photon
emission CT (SPECT) performed 2 months after
onset showed hypoperfusion not only in the vermis
and hemisphere where the haematoma was found,
but also in a wide area of the cerebral cortex on the
opposite side, especially the frontal lobe and the
temporo-parietal lobe (Figure 3(a)).

Neuropsychological examination

Orientation was severely impaired and he could not
answer questions concerning date and place. Old
memories were relatively well preserved and he
could remember his childhood, his occupation and

having played with his grandchild prior to disease.
No confabulation was found. In the digit span test,
the patient could repeat 8 digits forward but only 2
digits backward. He scored 23/30 in the Mini-
Mental State Examination (MMSE), with declining
performance in orientation, attention and calcula-
tion and reproduction. The WAIS-R scores were
VIQ=89, PIQ=61 and Full scale IQ=76.

TIWI

TIW2

Figure 2. A magnetic resonance imaging performed 2 months
after onset also showed lesions areas in the cerebellar hemisphere
of the vermis.

Figure 1. A cranial CT performed on the day of onset showed hyperdense areas in the cerebellar hemisphere of the vermis.
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Figure 3. Single photon emission CT (SPECT) performed 2 months after onset showed hypoperfusion not only in the vermis and
hemisphere where the haematoma was found, but also in a wide area of the cerebral cortex on the opposite side, especially the frontal lobe
and the temporo-parietal lobe (a). SPECT performed 4 months after onset showed an improvement of CBF not only in the posterior fossa

but also in the cerebral hemispheres (b).

(see Table 1). Attention was markedly impaired and
distribution of attention was inappropriate so that
when he talked while operating his wheelchair, he
bumped into several places or reversed the wheel-
chair without looking backward. It was also difficult
for him to maintain attention so that he would stop
acting immediately if not encouraged to continue by
somebody. In the auditory verbal learning test, the
immediate recall (5—4—4—5—4/15) and delayed
recall (1/15) were decreased. The score on the
Raven’s Colored Progressive Matrices (RCPM) was

17/36, on Frontal Assessment Battery (FAB) 14/18
and the word fluency test where the patient was
required to produce exemplars from given categories
resulted in scores of 6, 12 and 8 for the categories
‘animal’, ‘fruit’ and ‘vehicle’, respectively, and where
he was required to produce words that begin with
given letters resulted in scores of 6, 8 and 6 for the
letters ‘shi’, ‘I’ and ‘re’, respectively. The Kana
(Japanese syllabary characters)-selection test was
1/2 min. The level of executive functioning was
classified as ‘impaired’ on the basis of the scores of
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Table 1. Results of neuropsychological tests and FIM score in the present case.

Admission Discharge Mid-test (Cut off score) Mean (SD) of healthy adults

Mini-Menial State Examination(/30) 23
Raven’s Colored Progressive Matrix(/36) 17
Digit spam
Forward 8
Backward 2
Revised Wechsler Adult Intelligence scale
Verbel 1Q 89
Performence 1Q 61
Full Scale IQ 76

Auditory verbal learning test(/15)

Recognition
Delayed recall

Revised Wechsler Memory scale
Verbel memory 55

Immediate recall 1st 5
2nd 4

3rd 4

4th 5

5th 4

1

0

Visual memory Under 55
Genaral memory Under 50
Attention/concentation 87
Delayed recall Under 50
Frontal Assessment Batery(/18) 14
Word Fluency Test(/min)
Category animal 6
Fruit 12
Vehicle 8
Letter ‘shi’ 6
b 8
‘re’ 6
Behaviorial Assessment of the Dysexecutive Sydrom
Overall profile 8
Standardized score 51
Age-corrected score 48
Functional independence measure (FIM)
Total FIM(/126) 80
Motoe FIM(/70) 57
Cognitive FIM(/56) 23

26 0-30(23/24) 28.1(1.7)
30 0-36(25/26) 26.8(3.8)
9 6.0(1.4)
3 4.5(1.3)
105 100(15)
69 100(15)
89 100(15)
4 0-15 4.3(1.6)
7 0-15 6.5(2.0)
6 0-15 7.9(1.8)
5 0-15 8.9(1.9)
4 0-15 10.1(2.3)
8 0-15 13.8(2.0)
2 0-15 7.3(2.6)
70 100(15)
70 100(15)
65 100(15)
95 100(15)
Under 50 100(15)
16 0-18(12/13) 14.3(1.5)
10 14.3(4.1)
9 10.7(2.5)
7 8.9(2.5)
8 5.4(2.6)
19 5.6(2.1)
8 3.8(2.0)
15 0-24(14/15) 18.1(3.1)
85
83
106 18-126
81 10-70
25 8-56

*20 healthy subjects expects for the Wechsler’s tests data.
Mean age 64.8(2.5).

Behavioural Assessment of the Dysexecutive
Function (BADS), i.e. overall profile 8, standardized
score 51 and age-corrected score 48. The patient
had difficulty in performing the Wisconsin card
sorting test because he could not understand the task
sufficiently. The scores on the Wechsler Memory
Scale-Revised were 55 for verbal memory, 50 for
visual memory, below 50 for general memory, 87 for
attention/concentration and below 50 for delayed
recall. The total score on FIM (Functional indepen-
dence Measure) was 80 (57 on motor items and 23
on cognitive items).

Chinical course

To treat his severe ataxia, the patient received
physical therapy consisting mainly of exercise to

improve sitting and standing balance and balance in
movement. Three weeks after admission, he was able
to perform activities of daily life under supervision if
he could hold onto a handrail or touch the wall. In
conjunction with this development, some deliberate
modifications at home were performed to prepare for
his discharge and life at home. As he was not able to
watch out for steps due to his impaired attention, all
steps within his range were eliminated and more
handrails were installed. As he had little volition at
first and needed encouragement from others even for
daily life activities, a schedule was prepared includ-
ing particulars such as grooming after waking up,
dressing, training sessions and self-training in the
ward and strict keeping to the schedule was
demanded in order for him to go about his regular
daily life. Cognitive rehabilitation in occupational



therapy included real orientation therapy and atten-
tion process training (APT) [2], which resulted in
general improvement of mental function including
improvement of attention impairment. At discharge,
the scores on MMSE were 26/30, on RCPM 30/36,
on WAIS-R VIQ 105, PIQ 69 and Full-IQ 89.
However, impaired executive function and orienta-
tion were severe and the trained actions could not be
generalized into activities of daily life. The family
was very cooperative and, after completion of home
modification, the patient repeated sleep-overs to
train himself and, as he gained independence in
going to the toilet, bedroom, living room and
kitchen, etc. and in daily living activities such as
toileting, grooming, dressing and eating, he was
discharged home on 2 February. As he has to be
watched during bathing and moving to the bath-
room, his wife helps him in these activities. For
walking outside, he needs a little help and for
practical purposes he uses a walker for locomotion.
The overall score on FIM at discharge was 106 (81
on motor items and 25 on cognitive items). SPECT
performed 4 months after onset showed an improve-
ment of CBF not only in the posterior fossa but also
in the cerebral hemispheres (Figure 3(b)).

Discussion

Characteristic symptoms of the patient at first
presentation were poor volition and spontaneity.
He showed general cognitive dysfunction, which was
considered to be decreased intellectual functioning
after normal pressure hydrocephalus. However, as
the patient showed good immediate memory and his
remote memory and general knowledge were main-
tained, he was not considered to have dementia. At
the time of transfer to our hospital, he had marked
disturbance of attention so that he had difficulty in
appropriate distribution of attention and mainte-
nance of attention. The large difference between
Digit Span Forward (8 digits) and Backward
(2 digits) and his difficulty to cope with several
instructions at a time in daily life situations
suggested disturbance of working memory. In
addition, he was disoriented in time and place and
had disturbance of recent memory which were
considered to be attributable to anterograde amne-
sia. Because the cognitive decline had decreased
because of the neuropsychological tests such as
RCPM and WAIS-R that reflects the part of the
latter half of the brain, it was supposed that it was
not caused by ventricular drainerge.

After 2 months of physical therapy and occupa-
tional therapy, not only his motor function, but also
his cognitive function improved, i.e. spontaneity
disappeared and the patient’s overall intellectual
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ability improved. Although the cerebral blood flow
in the basal ganglia and parietal lobe improved
slightly, disturbance in executive function and
visual-spatial orientation persisted.

The cerebellum and cognitive function

The role of the cerebellum in cognitive function has
been attracting attention for many years. For
example, Kish et al. [3] reported disturbed learning
of paired-associates and generalized intellectual
slowing in patients with olivopontocerebellar atro-
phy (OPCA). Grafman et al. [4] reported impair-
ment of executive function in patients with cerebellar
cortical atrophy and Appollonio et al. [5] of poor
performance on tests of fluency, initiation and the
perserverance sub-test of the Mattis Dementia Scale,
but all these cases were attributable to neurodegen-
erative  diseases. Visual-spatial deficits were
described in patients with cerebellar hemisphere
tumours [6] and excision of cerebellar tumours is
reported to be accompanied by mutism and sub-
sequent dysarthria [7] and regressive personality
change, emotional lability and poor initiation of
voluntary movement [8]. As seen above, association
of the cerebellum and cognitive function has been
reported on, but many of the underlying causes are
neurodegenerative diseases or tumours and unex-
pectedly few cases of cerebellar vascular disease.

Reports by Silveri et al. [9] on impaired linguistic
processing in patients with right cerebellar infarction
and by Gottwald et al. [10], who had studied
cognitive function in 21 patients with cerebellar
haemorrhage and cerebellar tumour and 21 control
subjects, found impaired executive function and
attention (working memory, divided attention). In
these cases, cognitive function was more severely
impaired in association with lesions in the right
hemisphere than in the left, which was also true for
the marked decline in verbal fluency. Logical
memory and visual memory were also found to be
impaired, which the authors attributed to impair-
ment of executive function. In this patient, recent
memory disturbances also persisted, while he
showed marked difference between digit span
forward and digit span backward, with the digit
span forward being normal. These findings suggest
that decline in working memory may be involved in
the memory disturbance of this patient.

Emotional disturbance posed no problem in the
patient, while impairment of visual-spatial cognition,
attention and executive function caused serious
behavioural abnormalities. The impairment of
visual-spatial cognition was considered to be attri-
butable to the decreased function of the paired
right hemisphere caused by the left cerebellar
haemorrhage.
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Cerebellar lesion and cognition

According to Schmahmann et al. [1], who reported
20 cases of CCAS, the syndrome is produced by
lesions of the cerebellum and cognitive dysfunction
and behavioural abnormalities develop more
strongly when the posterior region of the cerebellum
is damaged, whereas emotional disturbance is
associated with lesions in the vermis. Regarding the
mechanism of CCAS, it is thought that not only the
coordination of movement, but also the coordination
of behaviour is impaired when the neural circuit
between the cerebral cortex and the cerebellum is
damaged. Anatomical studies have shown that there
are connections that link the cerebellum with
the cerebral association areas, in particularly with
the prefrontal dorsolateral area [11], and that the
afferent fibres through the thalamus have projections
not only to the motor area, but also to the prefrontal
dorsolateral area (area 46).

In the present case, SPECT showed hypoperfu-
sion not only in the hemisphere of the vermis where
the haematoma was found, but also in a wide area
of the cerebral cortex on the opposite side, especially
the frontal lobe and the temporo-parietal lobe.
Studies using PET/SPECT show that hypoperfusion
in the frontal lobe of the opposite side considered as
reversed crossed cerebellar diaschisis is involved in
cerebellar damage [12]. On the other hand, a
functional magnetic resonance imaging study invol-
ving a verbal fluency task showed that the left
frontoparietal cortex and right cerebellar hemisphere
were activated in right-handed subjects [13]. From
these studies, the cerebellum is considered to have
close connections with the cerebral hemispheres
which fulfil their functions and, once the network is
damaged, various disorders of higher-order func-
tions of the brain seem to develop.

Rehabilitation of the patients with CCSA

There is no established rehabilitation for patients
with CCSA. This patient suffered from ataxia of the
extremities and the trunk in addition to the above
described impairment of cognitive function and was
seriously disabled in ADLs. Therefore, as in cases of
other cerebellar damage, the patient was treated with
physical therapy and occupational therapy to regain
the ability to perform ADLs. Patients with cerebellar
stroke are said to improve their mobility 3-8 months
after the event and that the ability of walking and
stopping is necessary before they can start living at
home [14]. Kelly et al. [15] report that, in cases of
cerebellar stroke, patients suffering from headache
and dizziness, vomiting and ataxia especially have
bad prognosis. While this patient did not have
headache and dizziness, he showed ataxia of the
extremities and the trunk and, therefore, although

he became able to perform ADLs such as dressing
and grooming, he could not stop moving in a room
without anything to hold on to. After home
modification, the patient was able to live at home
using bars and walls as support. At the same time,
cognitive rehabilitation for CCSA is considered
necessary, too. In patients with CCSA, emotional
disturbance and behavioural abnormalities can
become factors that lead to disability in ADLs. It is
important to know that emotional disturbance and
behavioural abnormalities exist from an early stage
of the disease and have to be dealt with appropriately
from early on while there is no established treatment
to deal with these disturbances and abnormalities
[16]. This patient received cognitive rehabilitation,
but he could not apply the training to daily
life situations. His family was cooperative and, as
at home he had gained the ability to perform ADLs
independently such as transferring, toileting and
grooming after home modification and repeated
sleep-overs, he was discharged home.
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