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Short Communication
Post-Stroke Cognitive
Impairment is Frequent
After Infra-Tentorial Infarct
Henrik Moliis,a Hanna Jokinen,a
,b

Eeva Parkkonen,a Markku Kaste,a

Timo Erkinjuntti,a and
Susanna Melkasa
Background and purpose: Post-stroke cognitive impairment is a
common and well-known consequence of supra-tentorial
infarct, but its prevalence and severity after infra-tentorial
infarct is unclear. We compared the frequencies and prognos-
tic value of domain-specific cognitive deficits after supra-ten-
torial and infra-tentorial infarct. Methods: In a consecutive
cohort of patients with first-ever stroke (N = 244) admitted to
Helsinki University Hospital, 37 patients had an infra-tento-
rial infarct. Patients were assessed with a comprehensive neu-
ropsychological examination 3 months post-stroke covering 9
cognitive domains and functional disability was assessed at
15 months with the modified Rankin Scale. Results: There
were no statistically significant differences between the fre-
quencies of cognitive deficits in patients with infra-tentorial
vs supra-tentorial infarct. Altogether 73% of patients with
infra-tentorial infarct and 82% of patients with supra-tentorial
infarct had impairment in at least one cognitive domain. Fur-
ther 42% of patients with infra-tentorial infarct and 47% of
those with supra-tentorial infarct had deficits in 3 or more
cognitive domains. In patients with infra-tentorial infarct,
visuo-constructional deficits were significantly associated
with functional disability at 15 months (OR 9.0, 95%CI
1.3�62.5, p = 0.027). In patients with supratentorial infarct,
executive deficits (OR 2.9, 95%CI 1.5�5.8, p = 0.002) and
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visuo-constructional deficits (OR 2.9, 95%CI 1.5�5.7,
p = 0.001) showed associations with functional disability at 15
months. Conclusion: Cognitive deficits are as common in
patients with infra-tentorial infarct as in those with supra-ten-
torial infarct, and it is important to recognize them to meet
the needs of rehabilitation.
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Introduction

In the past, the cerebellum was thought to be a purely
sensory-motoric center, with well-known functions that
have been extensively documented and studied. The typi-
cal clinical picture in cerebellar infarct includes symptoms
such as dizziness, nausea and vomiting, unsteady gait,
and headache.1

In the past three decades, documentation on the cere-
bellum’s role in cognitive functions has been emerging,
and the interest is growing.2

Schmahmann and colleagues proposed the concept of
“cerebellar cognitive affective syndrome” (CCAS) in the
late 1990’s.3 According to Schmachmann, the syndrome is
characterized by disturbance in executive functions (plan-
ning, set-shifting, verbal fluency, abstract reasoning, and
working memory), difficulty in spatial cognition (visual-
spatial organization and memory), personality change
(blunting of affect or disinhibited and inappropriate
behavior) and language deficits (agrammatism and dys-
prosodia). Several studies have also suggested certain
topographic infratentorial areas, mainly the posterior cer-
ebellum, to be responsible for distinct cognitive functions,
since lesions in these areas have been shown to associate
with cognitive impairments.4�8

Despite the possible severity of the syndrome, there has
been only a limited number of studies regarding cognitive
deficits in isolated infra-tentorial infarcts.3,7,9�11 The stud-
ies have been heterogeneous regarding neuropsychologi-
cal test batteries, the timing of post-stroke assessment,
different definitions of cognitive impairment and other
methodological differences. Besides the five cohort
studies,3,7,9�11 the documentation consists of case
reports12�14 and studies with very small patient
groups.5,15
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As the focus has traditionally been on recovery from
motor and clinical symptoms after stroke, the more subtle
cognitive deficits may have remained undetected or be
overlooked. Considering the effects that cognitive decline
has on the quality of life, daily functioning, occupational
abilities, and even long-term survival,16 it is important to
recognize a potential pattern of cognitive deficits in
patients with infra-tentorial infarcts, to meet the needs of
rehabilitation.
In this study, we compared the prevalence of cognitive

impairment between patients with first-ever infra-tento-
rial infarct and patients with first-ever supra-tentorial
infarct. Further, we investigated the association between
cognitive deficits at 3 months post-stroke and functional
dependence at the 15-month follow-up.
Methods

Patients

The Helsinki Stroke Aging Memory (SAM) cohort com-
prised a consecutive series of patients with suspected
stroke admitted to Helsinki University Central Hospital,
as described in detail previously.17 Patients with ischemic
infarct were included, resulting in 486 patients in the final
SAM cohort. Out of these, 409 patients (84%) underwent
neuropsychological examinations, whereas patients with
severe global aphasia, severe sight or hearing disabilities
or a reduced level of consciousness were excluded. In this
study we included only patients with first-ever stroke
(n = 244). Out of these, 37 patients had isolated cerebellar
or pontine infarct.
Patients underwent an extensive evaluation including

brain CT at admission to the hospital; brain MRI at 3
months post-stroke, structured medical, neurological and
laboratory evaluations and survey of risk factors. Previ-
ous infarcts were determined from the medical history
and brain CT and MRI. Also, a person close to the patient
was interviewed.
Table 1. The association between infarct locat

Supra-tentorial infarct

Variable Valid n Mean/n SD

Age 207 70.2

Female sex 207 102 4

Low education (<6 years) 204 60 2

Baseline mRS 3-5 207 73 3

Smoking (current or former)

Depression

Myocardial infarction

Hypertension

204

130

207

207

92

51

37

96

4

3

1

4

Diabetes 207 51 2

Age was analyzed with independent samples t-test and dichotomous

Scale.
Neuropsychological assessments were carried out at
approximately 3 months post-stroke (mean 105, SD
14.8 days post-stroke). The test battery included 19 estab-
lished cognitive tests grouped into nine cognitive
domains as described in detail before (table 3).18

Impairment within cognitive domains was determined
according to age-appropriate normative data from a ran-
dom healthy population. Almost all patients with infra-
tentorial infarct were able to complete the whole neuro-
psychological test battery (less than 1% missing in mem-
ory function and in arithmetic). In patients with supra-
tentorial infarct, there were 3�12% missing results per
domain. Missing data in the cognitive tests likely occurred
in part due to inability of patients to complete the entire
test battery.
Psychiatric examination was carried out in a subgroup

of 162 of 244 patients at approximately 3 months post
stroke. Depression was measured using the Montgomery-
A
�
sberg Depression Rating Scale.
At the 15 month follow-up functional disability was

measured with modified Rankin Scale, mRS = 3�5 and
potential association with domain-specific cognitive defi-
cits was analyzed.
The data that support the findings of this study are avail-

able on request from the corresponding author. The data are
not publicly available due to privacy or ethical restrictions.
Statistics

The frequencies of cognitive deficits in the patients with
an infra-tentorial vs supra-tentorial infarct were com-
pared using the Pearson chi-square test. The potential
association between cognitive deficits and functional dis-
ability at the 15-month follow-up was analyzed using
logistic regression and controlling for age, sex and low
education. IBM SPSS Statistics version 25 was used. Statis-
tical significance was set at p < 0.05.
ion and demographic factors/risk factors.

Infra-tentorial infarct Statistics

/% Valid n Mean/n SD/% p-value

7.7 37 71.1 7.8 0.525

9.3 37 15 40.5 0.327

9.4 37 6 29.7 0.969

5.3 37 12 32.4 0.739

5.1

9.2

7.9

6.4

37

32

37

37

18

12

9

22

48.6

37.5

24.3

59.5

0.690

0.513

0.356

0.142

4.6 37 8 21.6 0.693

variables with Pearson Chi�square test. mRS =modified Rankin
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Results

The mean age of the cohort (n = 244) was
70.3 § 7.7 years, 48% (117 of 244) were female, and 27%
(66 of 241) had a low level of education (<6 years). There
were no significant differences between patients with
infra-tentorial (n = 37) and those with supra-tentorial
(n=207) infarct regarding demographic, risk factors and
frequency of depression (Table 1).

Cognitive deficits

The most common post-stroke cognitive deficits in both
groups were in memory, visuo constructional and spatial
functions, and executive functions and attention (Table 2).
Less common cognitive deficits were in abstract reason-
ing, reading and writing, arithmetic skills and language.
Few patients suffered from visual agnosia and neglect in
the supra-tentorial infarct group and none in the infra-ten-
torial infarct group.
No statistically significant difference was found

between patients with infratentorial and supra-tentorial
infarct regarding the frequency of cognitive deficits
(Table 2).
In general, the frequency of cognitive deficits was high

in both groups: 73% of patients with infra-tentorial infarct
and 82% of patients with supr-a-tentorial infarct had defi-
cit in at least one cognitive domain. Moreover, cognitive
deficits often occurred in multiple domain deficits at the
same time. Altogether, 42% of patients in the infra-tento-
rial group and 47% in the supra-tentorial group had defi-
cits in 3 or more cognitive domains.
Association with functional disability after 15-month
follow-up

The three most common domain-specific cognitive defi-
cits (memory functions, executive functions and attention,
and visuo-constructional and spatial functions) were ana-
lyzed one by one for a potential association with func-
tional disability (modified Rankin Scale, mRS = 3�5) after
Table 2. The association between infar

Supra-tentorial i

Impairment Valid n n

Memory functions 187 106

Visuoconstructional and spatial functions 198 102

Executive functions and attention 184 85

Aphasia 199 62

Reading and writing 186 58

Abstract reasoning 178 45

Arithmetic 181 32

Neglect 184 18

Agnosia 190 7

Pearson Chi-square test.
15-month follow-up, using logistic regression controlling
for age, sex and low education.
In patients with infra-tentorial infarct, visuo construc-

tional and spatial deficits were significantly associated
with functional disability at 15 months (OR 9.0, 95%CI
1.3�62.5, p = 0.027).
In patients with supra-tentorial infarct, executive defi-

cits (OR 2,9, 95% CI 1.5�5.8, p = 0.002) and visuo-con-
structional and spatial deficits (OR 2.9, 95% CI 1.5�5.7,
p = 0.001) showed an association with functional disability
at the 15-month follow-up. Memory functions also
showed a trend towards a similar association, but this did
not reach significance (OR 1.9, 95% CI 1.0�3.8, p = 0.053).
Discussion

Our study highlights that the frequency of post-stroke
cognitive impairment in patients with infra-tentorial
infarct is comparable to that of patients with supra-tento-
rial infarct.
The three most commonly impaired domains were

memory functions, executive functions and attention, and
visuo-constructional and spatial functions, which is in
line with previous studies.3,7,9�11 Otherwise, direct com-
parison with previous studies is difficult due to differen-
ces in methodology. Most often the neuropsychological
test batteries have been less comprehensive and the tim-
ing of post-stroke assessment has varied between acute
phase and one year.
In our study visuo constructional and spatial functions

at 3 months were associated with functional disability at
15 months post-stroke in both groups, and in addition,
executive functions and attention showed an association
in the supra-tentorial group. This latter association could
not be separately demonstrated in our study for infra-ten-
torial infarct, probably due to the small group size. For
the same reason, the logistic regression in the infra-tento-
rial group resulted in a wide confidence interval. Never-
theless, the result remained significant regardless of
number of co-predictors.
ct location and cognitive deficits.

nfarct Infra-tentorial infarct Statistics

% Valid n n % p-value

57 36 20 56 0.900

52 37 16 43 0.356

46 37 15 41 0.528

31 37 8 22 0.244

31 37 10 27 0.616

25 37 10 27 0.825

17 35 6 17 0.939

10 37 0 0.0 0.047

4 37 0 0.0 0.236



Table 3. Neuropsychological test battery (Jokinen et al. 2015)

Executive functions and attention

Trail making test, parts A and B

Stroop test, color naming and interference

Wisconsin card sorting test

Verbal fluency, phonemic and semantic

Digit span, forward and backward

Memory

WMS-R logical memory, story A, immediate and delayed

recall

WMS-R visual reproduction, immediate and delayed

recall Fuld object memory evaluation, 10-item learning

test, 5 trials and delayed recall

Visuoconstructional and spatial functions

WAIS-R block design

Figure copying test

Clock drawing test

Abstract thinking

WAIS-R similarities

Aphasia

Token test

Boston naming test

Boston diagnostic aphasia examination, overall speech

evaluation

Reading and writing

Samples

Arithmetic

Arithmetic operations

Neglect

Bells test

Agnosia

Poppelreuter
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Our study also demonstrated that patients suffering
from post-stroke cognitive deficits often have problems in
several different areas of cognition. The most typical find-
ing was the combination of the two most common defi-
cits: deficit in executive functions and attention combined
with deficit in visuo-constructional and spatial functions.
Expectedly there were no patients with neglect in our
infra-tentorial group, since neglect is a cortical deficit typi-
cally associated with supra-tentorial lesions. However,
occurrence of aphasia was similar in both groups. We sug-
gest that this is an indication of complex involvement of
infra-tentorial areas in cognitive functions, especially if
there is potential underlying supra-tentorial pathology
influencing cortico-subcortical networks, for example
white matter lesions. This kind of analysis was not in
focus in our study due to cohort size.
Cognitive deficits may remain undetected in the acute

and sub-acute phase after stroke, especially in the case of
infra-tentorial infarcts. Our study underlines the impor-
tance of cognitive evaluation of these patients. The widely
used MMSE test has been shown to be a poor indicator of
cognitive deficits in stroke patients.18 Although Montreal
Cognitive Assessment (MoCA) is somewhat more
sensitive,19 neuropsychological examination is the golden
rule, especially when assessing milder impairment and
when assessing patients in working age. Defect motor
function and coordination may influence performance in
tests which demand ability to manipulate pen, but this
confounding factor can be controlled in a comprehensive
neuropsychological examination.
A limitation in this study was the small number of

patients with infra-tentorial infarct, which has also been a
challenge in previous studies. In addition, different loca-
tions of the infra-tentorial lesions were not analyzed sepa-
rately. Therefore, our analysis did not aim to give detailed
information on the locations/territories in the infra-tento-
rium responsible for cognitive functions. As stated previ-
ously, we think that the relation between cognition and
infra-tentorial lesions probably is complex, reflecting
integrity of both cortico-subcortical network and supra-
and infra-tentorial network rather than a specific infra-
tentorial location.
The strength of this study was that all patients, both

those with infra-tentorial and supra-tentorial infarct, were
part of the same prospective cohort and were thoroughly
assessed with identical methods. The compared groups
were also similar regarding demographic factors and
there was no confounding effect from earlier infarcts, as
the study group comprised only patients with first-ever
stroke.
In the future, it would be important to study larger

cohorts of infra-tentorial infarct patients and compare
regional differences between territories, taking also net-
work integrity in account. Detailed neuropsychological
assessment, covering the central cognitive domains, is
needed in order to obtain comparable results. Since cogni-
tive deficits appear to be related to persistent functional
disability, it is important to recognize them in patients
with infra-tentorial stroke, to tailor individual rehabilita-
tion.
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