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Abstract
Introduction There is increasing interest in understanding cognitive dysfunction before and after Intracerebral haemorrhage
(ICH), given the higher prevalence of dementia reported (ranging from 5 to 44%) for this stroke type. Much of the evidence
to date examining cognitive impairment associated with cerebrovascular disease has tended to focus more on ischaemic stroke.
The aim of this review was to identify and quantify studies that focused on cognitive dysfunction pre and post ICH.
Methods We conducted a systematic search using databases PubMed, Science Direct, Scopus and PsycINFO to identify studies
that exclusively assessed cognitive function pre and post ICH. Studies were included in the review if used a measure of global
cognition and/or a neuropsychological battery to assess cognitive function. Nineteen studies were deemed relevant for inclusion,
where n = 8 studies examined cognitive impairment pre ICH and n = 11 post ICH.
Results Prevalence of cognitive impairment ranged between 9–29% for pre ICH and 14–88% for post ICH. Predictive factors
identified for pre and post ICH were previous stroke, ICH volume and location and markers of cerebral amyloid angiopathy
(CAA). Most common cognitive domains affected post ICH were information processing speed, executive function, memory,
language and visuo-spatial abilities. Most common cognitive assessments tools were the Informant Questionnaire for Cognitive
Decline in the Elderly (IQCODE) for pre-existing cognitive impairment and the Mini-Mental State Examination for global
cognition post ICH and the Trail Making Test where neuropsychological tests were used.
Conclusion Cognitive impairment and dementia affected almost one-third of patients, whether assessed pre or post ICH.

Keywords Intracerebral haemorrhage . Cognitive impairment . Dementia . Neuropsychological assessment . Stroke

Introduction

Spontaneous, non-traumatic intracerebral haemorrhage (ICH)
is defined as bleeding within the brain parenchyma and occurs
without trauma or known bleeding causes such as an

arteriovenous malformation, cerebral aneurysm or tumour
[1]. ICH accounts for 10–15% of all strokes worldwide. The
overall incidence of ICH is reported to range between 15 and
40 cases per 100,000, but might be higher in Asian popula-
tions, and has increased in individuals over 75 years [2]. ICH
can be classified by its location and is referred to as lobar (15–
30%), deep (35–70%) or infratentorial (10–20%) [1, 3]. Lobar
ICH are located in cortical-subcortical areas, while deep ICH
are located within the basal ganglia; infratentorial ICH (some-
times classified under deep ICH) involves the brainstem and
cerebellum. Regarding aetiology, the most frequent cause of
lobar ICH in older people is cerebral amyloid angiopathy
(CAA) [2], which refers to abnormal aggregations of beta
amyloid deposits that form in the walls of cerebral arteries,
arterioles and capillaries, causing an increased risk of intrace-
rebral bleeding and cognitive impairment [4]. By contrast, the
commonest cause of deep ICH is deep perforating vasculop-
athy [5] or “hypertensive arteriopathy” and has range of dif-
ferent pathological features including arteriolosclerosis,
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fibrinoid necrosis and mural thickening or damage [6]; hyper-
tension is an important (but not necessary) risk factor.

Post stroke cognitive impairment and/or dementia

Historically, much attention regarding cognitive impairment as a
result of stroke has tended to focus on ischaemic stroke subtype
[7] because it is more common than ICH, with lower mortality.
In contrast, ICH have been considered methodologically more
challenging to include in studies due to their higher mortality
rates and greater stroke severity. However, regardless of stroke
subtype, cognitive impairment has the greatest impact on indi-
viduals’ lives [8] in terms of coping strategies and adjustment
after stroke [9]. Pre-existing and new dementia have been report-
ed to be frequent in stroke patients with 10% of patients having
dementia before first stroke [10], 10% developing new dementia
soon after first stroke, and more than a third having dementia
after recurrent stroke [11].

Cognitive impairment is one of the most common sequelae
following stroke with 40–75% of stroke survivors experienc-
ing some degree of cognitive deficit [12–14]. For the majority
of patients, some degree of cognitive impairment will be evi-
dent in the acute phase post stroke where associated predictors
include type of stroke, recurrent stroke episodes, site and
laterality of the lesion(s), volume of cerebral infarction, medial
temporal lobe atrophy and coexistent neurodegenerative pa-
thology. Other biological factors known to exacerbate cogni-
tive impairment further are aphasia, diabetes mellitus, atrial
fibrillation and depression [12, 15]. Many of the cognitive
problems resolve over time, but approximately 35% of indi-
viduals will be left with some residual cognitive impairment
and poor long-term outcomes, including survival and disabil-
ity, up to 4 years after stroke [12]. Definitions for post stroke
cognitive impairment and post stroke dementia are sometimes
used interchangeably within studies due to the variety of clas-
sifications and diagnostic criteria for describing post stroke
cognitive problems [16, 17]. Cognitive assessment after stroke
is further complicated by the varying measures used, lack of
measurement of cognition before stroke and the diversity and
variation of measures used post stroke. Vascular cognitive
impairment, inclusive of vascular dementia [18], in ischaemic
and ICH refers to cognitive deficits that result from a range of
vascular lesions and pathologies [19]. However, within the
last decade, there has been an increasing focus on understand-
ing cognitive dysfunctions in patients after ICH given the high
prevalence of dementia, ranging from 5 to 44% reported for
this stroke subtype [19].

Cognitive impairment and ICH

Understanding the underlying mechanisms for cognitive
impairment following ICH is important to improve
knowledge of prognosis and clinical management. The

underlying pathologies associated with ICH are also po-
tential mechanisms determining cognitive impairment
[20], in addition to direct tissue injury from ICH. Small
vessel diseases (SVD; CAA and deep perforating
arteriopathy), the common underlying pathologies in pa-
tients with ICH, are considered to be the underlying de-
terminant for pre-existing cognitive impairment before
ICH, and might also influence the severity and location
of the Index ICH and cognitive deficits observed in the
acute phase [19]. The underlying SVD and/or neuropa-
thology might also contribute, in the chronic phase, for
cognitive decline. There has been extensive evidence
linking SVD disease, in particular cerebral microbleeds
(CMBs) [21] and CAA [22], to vascular cognitive impair-
ment in the aged brain [23]; there are ongoing efforts to
understand the precise nature of these underlying mecha-
nisms [24]. Although previous reviews have aimed to un-
derstand the relationship between ICH and dementia [20,
25], there is growing evidence to suggest that pre-existing
cognitive impairment and dementia are common in pa-
tients with ICH [19] and that cognitive decline after ICH
is part of an ongoing progressive process rather than be-
ing triggered by the ICH event itself [26]. More recent
reviews have highlighted the lack of studies determining
pre-existing cognitive deficits [8, 18] and that studies in
community or hospital settings should identify those pa-
tients who have suffered the cognitive decline before the
stroke in terms of analysis to understand predisposing
associated risk factors better. The aim of this systematic
review is to identify and quantify studies that have fo-
cused exclusively on evaluating cognitive function pre
or post ICH. The review objectives are to identify the
prevalence of cognitive impairment, methods of cognitive
assessment used, and to determine specific cognitive do-
mains affected pre or post ICH.

Method

Search strategy

We conducted a systematic review for studies examining the
assessment of cognitive function pre or post intracerebral
haemorrhage. The computer search was performed on data-
bases PubMed, Science Direct, Scopus and PsycINFO up to
January 30, 2019. Initial searches were carried out to examine
variation in phraseology relating to the research topic. Key
search terms were refined on the basis of MeSH results.
These included “intracerebral haemorrhage”, “cognitive im-
pairment” and “neuropsychological assessment”, and were
combined using Boolean operators (see Table 1 for search
syntax). In addition to the databases’ searches, reference lists
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of selected articles were checked for their included relevant
research papers.

Selection and categorization of articles

The following inclusion and exclusion criteria were used:

(a) Inclusion criteria:

& Studies that focused exclusively on spontaneous intrace-
rebral haemorrhage.

& Descriptive and observational studies that included cogni-
tive assessment pre or post ICH as the primary study aim.

& Peer-reviewed empirical studies.
& Written in English.

(b) Exclusion criteria:

& Study cohorts were traumatic ICH or subarachnoid or oth-
er haemorrhage types.

& Study cohorts that were ischaemic stroke, TIA and mixed
stroke cohorts (cognitive assessment not stratified by
stroke type).

& Animal studies.
& Research articles describing research proposals, reviews

or commentaries.
& Study cohorts with age < 18 years (childhood stroke).
& Single individual case studies.

The publication selection process adhered to the PRISMA
guidelines [27]. Studies that met the inclusion criteria were
then assessed against indicators for methodological quality
in terms of study design and statistical methods employed.
The quality of the included studies in the review were critical-
ly appraised, using the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement
[28] as a checklist of what must be reported and in what part of
a publication, and the Consensus-based Standards for the se-
lection of health status Measurement Instruments (COSMIN)

methodology [29] as an evaluation tool for publication quality
assessment. The lead author (CD) screened all records identi-
fied from the database computer search. Two independent
raters (CD and DW) evaluated the studies at the eligibility
and inclusion phases of the review where there was full agree-
ment for publication selection.

Results

From using the extensive search syntax in Table 1, n = 1715
articles were identified through the database computer search.
Following removal of duplicates and records meeting the ex-
clusion criteria, n = 47 abstracts were then screened for eligi-
bility (see Fig. 1). A further n = 24 records were excluded at
this stage of screening due to articles: only relevant to ischae-
mic stroke (n = 2), were a protocol, review article or correction
(n = 3), no cognitive assessment included (n = 5), assessed risk
of stroke (n = 1), not in English (n = 1), were mixed stroke
cohort and did not report cognitive function stratified by
stroke type (n = 10) or were case studies (n = 2).

Twenty-three full-text articles were then assessed for eligi-
bility to be included in the review. Twelve of these articles
were excluded at this eligibility stage as they did not meet
the inclusion criteria of focusing exclusively on ICH cohorts.
Excluded articles included studies focusing on cognitive as-
sessment in mixed stroke cohorts (ischaemic and
haemorrhagic strokes) where cognitive assessment results
were described or reported by stroke type. Further n = 8 stud-
ies were identified for inclusion from the reference lists of the
identified articles from the initial computer search. Finally,
n = 19 studies were selected to be eligible to be included in
the review (see fig. 1). All studies scored adequate to mostly
good for methodological quality by COSMIN indicating a
lower risk of bias assessment (see Table 2). These studies were
organized into 2 categories for summarizing main neuropsy-
chological assessment, studies’ findings and critical appraisal
of each category. The studies reviewed related to assessment

Table 1 Initial key search terms
and associated words Main search terms Relevant associated words

Intracerebral
haemorrhage

“cerebral amyloid angiopathy” OR “microbleed” OR “microbleeds” OR “small
vessel disease” OR “intracerebral hemorrhage” OR “intracerebral haemorrhage”
OR “cerebral hemorrhage” OR “cerebral haemorrhage” OR “brain hemorrhage”
OR “brain haemorrhage” OR “microhemorrhage” OR “microhaemorrhage” OR
“hemorrhagic stroke” OR “haemorrhagic stroke”

AND

Cognitive impairment (cognitive OR cognition) AND (dysfunction* OR deficit* OR impairment*) OR
dementia OR delirium

AND

Neuropsychological
assessment

assessment OR tool OR tools ORmeasure ORmeasurement OR scale OR scales OR
criteria OR screen OR screens OR screening OR test OR tests
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of cognitive function 1. Pre ICH (n = 8) or 2. Post ICH (n =
11). Table 3 presents a summary of the studies reviewed.

Characteristics of included studies

Overall, all studies (n = 19) included in this review aimed to
identify factors associated with cognitive impairment either
pre or post ICH in order to understand the impact on patients’
outcome (see Table 3). There was wide variation across all
studies regarding cohort sizes, ICH location ratio, neuropsy-
chological and/or cognitive assessment in terms of measures
or tools used, heterogeneous type of study design e.g. prospec-
tive or retrospective studies and timing of assessment post
ICH i.e. acute (within 4 weeks), sub-acute (between 1 and
3 months) and chronic (> 3 months). For the studies assessing
pre ICH cognitive impairment, the study design was mainly
prospective and assessment conducted during the initial acute
period post ICH. For studies post ICH, n = 7 prospective and
n = 3 retrospective and timing of assessment was during the
chronic period (n = 8), whereas only n = 2 studies reported
conducting assessment during the acute period. There was
one study that did not report the study design or timing of
when assessments were conducted [30]. The average age
range of cohorts was between 52 and greater than 80 years

of age and no apparent gender or other socio-demographic
differences were identified with the exception of one study
that aimed to examine ethnic-origin differences [31]. All stud-
ies used CT and/or MRI for assessing volume and location of
ICH. The proportion of deep ICH compared with lobar and
infratentorial was generally higher in all studies that reported
this. The majority of studies reported using the ABC/2method
[32] for determining haemorrhage volume calculation and the
Boston Criteria [33] for studies identifying probable and pos-
sible CAA as an associated variable with cognitive impair-
ment. However, in some studies, haematoma volume was de-
termined [34–36] by other methods such as computerized vol-
umetric analysis [37]. Five studies [36, 38–41] quantified the
amount of white matter hyperintensity, attributed to small ves-
sel disease, using the Fazekas Scale [42]. Two studies reported
using other methods for determining WMH such as the Age-
Related White Matter Changes (ARWMC) Rating Scale [43]
andWMH volume determined on a fluid attenuated Recovery
sequence [44]. Neuroimagingmarkers of cerebral small vessel
disease were defined using the STandards for ReportIng
Vascular changes on nEuroimaging (STRIVE) criteria [45]
in 4 studies [30, 36, 39, 46]. One study included neuropathol-
ogy in addition to radiological assessment of ICH [47].
However, other studies used less precise imaging methods

Records iden�fied through 
database searching

(n = 1715)

gnineercS
dedulcnI

ytilibigilE
noitacifitnedI

Addi�onal records iden�fied 
through other sources

(n = 0)

Records a�er duplicates removed
(n = 1505)

Abstracts screened
(n = 47)

Records excluded 
(n = 24)

Full-text ar�cles assessed 
for eligibility

(n = 23)

Full-text ar�cles excluded
Mixed stroke cohorts 

(n = 12)

Studies included in 
qualita�ve synthesis

(n = 19)

Pre ICH cogni�ve 
assessment studies (n=8)

Post ICH cogni�ve 
assessment studies (n=11)

Full-text ar�cles Included 
- Addi�onal references 

(n=8)

Records excluded 
Met exclusion criteria 

(n = 1458)

Fig. 1 Workflow diagram of
publication selection process
using PRISMA guidelines. n is
the number of articles after each
screening stage
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for describing anatomical atrophy from the resulting ICH and
associated pathology [35, 48].

Cognitive assessment pre ICH and associated factors

The Informant Questionnaire for Cognitive Decline in the
Elderly (IQCODE) was the most commonly used measure
for assessing pre-existing cognitive impairment and dementia
[34, 36, 43, 44, 47, 49] pre ICH. The IQCODE is a 26-item
and a shortened version 16-item validated questionnaire ad-
ministered to a patient’s family member or caregiver to assess
pre morbid cognitive function in the past 10 years [50]. Other
approaches to assess pre-existing dementia or cognitive im-
pairment were by patients’ physicians before hospitalization
through formal clinical evaluation [31] and also via medical
records [34, 38, 44]. Prevalence of pre morbid cognitive im-
pairment varied between 9.3 [31] and 29% [47] and for re-
ported dementia between 9.3 [31] and 16% [47]. The preva-
lence rate was between 16 [34] and 29% [47] when assess-
ments were conducted during the acute period and 9.3% [31]
for the chronic period post ICH. The main factors associated
with pre morbid cognitive impairment were neuroimaging
markers of CAA [36], prior stroke or TIA [43], haematoma
volume [34, 43], ICH location, functional independence, age
and Glasgow Coma Scale score [34].

For studies that reported results by ICH classification, for
lobar ICH, factors associated with pre morbid cognitive im-
pairment were mortality [38], increasing age, education [47],
degree of tissue microstructural alteration [44], severe white
matter damage and advanced periventricular hyperintensities
[49]. While some studies reported pre ICH, cognitive impair-
ment was not associated with WMH volume, number of
microbleeds, visible cerebral atrophy [44] and functional out-
come [31]. For deep ICH, factors associated with pre morbid
cognitive impairment were the presence of old territorial vas-
cular lesions and increasing severity of leucoaraiosis [47] but
not mortality [38].

Cognitive assessment post ICH and associated factors

Themajority of studies reviewed post ICH included a measure
of global cognition (n = 8) [30, 35, 39–41, 51–53] while some
studies included more extensive neuropsychological assess-
ments of cognitive function (n = 6) [30, 35, 39, 41, 46, 53]
(see Table 2). Some studies included both a global cognition
and neuropsychological assessments [30, 35, 39, 41, 53] while
others only included a measure of global cognition [40, 51,
52]. One study used a tailored neuropsychological assessment
but did not specify the names of the tests [46] and another
study assessed cognitive status by asking informants to com-
pare the subject’s ability to perform a list of daily cognitive
tasks involving memory, praxis, calculation or reasoning with
his or her baseline 5 to 10 years previous to the Index eventT
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ic
pe
ri
od
)

d.
E
xc
lu
de

pr
e-
ex
is
tin

g
co
gn
iti
ve

de
cl
in
e
(y
es
/n
o)

N
eu
ro
ps
yc
ho
lo
gi
ca
la
ss
es
sm

en
ts

a.
C
o
g
n
it
io
n
d
o
m
ai
n
s
(a
ss
es
sm

en
t

to
ol
s)

b.
O
th
er

co
gn
iti
ve

im
pa
ir
m
en
to

r
de
m
en
tia

di
ag
no
si
s

cr
ite
ri
a

O
th
er

as
se
ss
m
en
t

a.
Im

ag
in
g
m
od
al
ity

b.
IC
H
as
se
ss
m
en
t

c.
O
th
er

va
ri
ab
le
s

R
es
ul
ts
an
d
re
po
rt
ed

fi
nd
in
gs

a.
P
re
va
le
nc
e
of

co
gn
iti
ve

im
pa
ir
m
en
ta
nd
/o
r
de
m
en
tia

b.
O
th
er

re
po
rt
ed

fi
nd
in
gs

Pr
e
IC
H
co
gn
iti
ve

im
pa
ir
m
en
t(
n
=
8)

B
an
er
je
e

et
al
.

(2
01
8)

In
ve
st
ig
at
e
if
ne
ur
oi
m
ag
in
g
ev
id
en
ce

of
C
A
A
an
d
S
V
D
at
pr
es
en
ta
tio

n
w
as

as
so
ci
at
ed

w
ith

co
gn
iti
ve

im
pa
ir
m
en
tb

ef
or
e
IC
H

a.
P
ro
sp
ec
tiv

e
cr
os
s-
se
ct
io
na
l

b.
n
=
16
6
(6
3%

m
al
e,
m
ea
n
ag
e

69
ye
ar
s)

c.
A
cu
te

d.
N
o

a.
Pr
e
m
or
bi
d
co
gn
iti
ve

fu
nc
tio

n
in

th
e
pa
st
10

ye
ar
s
(I
Q
C
O
D
E
)

a.
C
T
or

M
R
I

b.
Pr
ob
ab
le
or

no
n-
pr
ob
ab
le

C
A
A
–B

os
to
n
cr
ite
ri
a,

SV
D
–S

T
R
IV

E
cr
ite
ri
a,

IC
H

vo
lu
m
e–
se
m
i-
au
to
m
at
ed

vo
lu
m
et
ri
c
as
se
ss
m
en
t,

W
M
H
–F

az
ek
as

S
ca
le

a.
25
%

pr
e
IC
H
co
gn
iti
ve

im
pa
ir
m
en
t.

b.
Pr
e
IC
H
co
gn
iti
ve

im
pa
ir
m
en
tw

as
in
de
pe
nd
en
tly

as
so
ci
at
ed

w
ith

ne
ur
oi
m
ag
in
g
m
ar
ke
rs
of

C
A
A
,

co
rt
ic
al
su
pe
rf
ic
ia
ls
id
er
os
is
,l
ob
ar

m
ic
ro
bl
ee
ds

an
d
lo
ba
r
IC
H
lo
ca
tio

n.

N
ak
ag
aw

a
et
al
.

(2
01
8)

[3
1]

C
om

pa
re

fu
nc
tio

na
lo

ut
co
m
e
in

af
te
r

IC
H
be
tw
ee
n
A
si
an
s
an
d
na
tiv

e
H
aw

ai
ia
ns

an
d
ot
he
r
Pa
ci
fi
c

Is
la
nd
er
s
(N

H
O
P
I)
.

a.
Pr
os
pe
ct
iv
e
ob
se
rv
at
io
na
l

lo
ng
itu

di
na
ls
tu
dy
.

b.
n
=
22
0
ac
ut
e
IC
H
(n
=
10
5

de
ep
,n

=
65

lo
ba
r
an
d
n
=
50

in
fr
at
en
to
ri
al
),
(n
=
16
1
A
si
an
s

(m
ea
n
ag
e
65

ye
ar
s)
,n

=
59

N
H
O
P
I
(m

ea
n
ag
e
52
))
.

c.
C
hr
on
ic

d.
N
o

a.
Pr
e-
ex
is
tin

g
de
m
en
tia

or
co
gn
iti
ve

im
pa
ir
m
en
t(
m
ad
e
by

pa
tie
nt
s’

re
sp
ec
tiv

e
ph
ys
ic
ia
ns

be
fo
re

ho
sp
ita
liz
at
io
n
th
ro
ug
h
fo
rm

al
cl
in
ic
al
ev
al
ua
tio

n)
.

a.
C
T

b.
H
ae
m
or
rh
ag
e
vo
lu
m
e

ca
lc
ul
at
io
n
(A

B
C
/2

m
et
ho
d)
,I
C
H
sc
or
e

ca
lc
ul
at
io
n
(b
as
ed

on
ag
e,

C
T
fi
nd
in
gs

an
d
G
C
S
on

ar
ri
va
l)

c.
F
un
ct
io
na
la
bi
lit
y

(m
od
if
ie
d
R
an
ki
ng

Sc
al
e)

a.
9.
3%

A
si
an
s
an
d
0%

N
H
O
PI

pr
e

IC
H
co
gn
iti
ve

im
pa
ir
m
en
t/d

em
en
tia
.

b.
N
H
O
PI

ha
d
be
tte
r
fu
nc
tio

na
l

ou
tc
om

e.
P
re
-e
xi
st
in
g
co
gn
iti
ve

im
pa
ir
m
en
t/d

em
en
tia

w
as

no
ta

pr
ed
ic
to
r
of

fu
nc
tio

na
lo

ut
co
m
e
in

th
e
m
ul
tiv

ar
ia
te
an
al
ys
is
bu
tI
C
H

sc
or
e
w
as
.

L
ai
bl
e
et
al
.

(2
01
6)

[4
3]

D
et
er
m
in
e
pr
ev
al
en
ce

of
pr
em

or
bi
d

co
gn
iti
ve

im
pa
ir
m
en
ti
n
pa
tie
nt
s

w
ith

IC
H
.

a.
Pr
os
pe
ct
iv
e
ob
se
rv
at
io
na
l

cr
os
s-
se
ct
io
na
ls
tu
dy
.

b.
n
=
89

ac
ut
e
IC
H
(n
=
51

de
ep
,

n
=
23

lo
ba
r,
n
=
11

in
fr
at
en
to
ri
al
an
d
n
=
4

in
tr
av
en
tr
ic
ul
ar
)
(m

ed
ia
n
ag
e

70
ye
ar
s)
.

c.
A
cu
te

d.
N
o

a.
P
re
-e
xi
st
in
g
co
gn
iti
ve

im
pa
ir
m
en
t

or
de
m
en
tia

(I
Q
C
O
D
E
).

a.
C
T
or

M
R
I

b.
H
ae
m
or
rh
ag
e
vo
lu
m
e

ca
lc
ul
at
io
n
(A

B
C
/2

or
A
B
C
/3

m
et
ho
ds
),
w
hi
te

m
at
te
r
le
si
on
s
(A

R
W
M
C

R
at
in
g
Sc
al
e)

c.
Fu

nc
tio

na
ld

ep
en
de
nc
y

(m
od
if
ie
d
ra
nk
in
g
sc
al
e.

A
ct
iv
iti
es

of
D
ai
ly
L
iv
in
g)
.

a.
18
%

pr
e
IC
H
co
gn
iti
ve

im
pa
ir
m
en
t,

17
%

lo
ba
r
IC
H
an
d
20
%

de
ep

IC
H

ha
d
so
m
e
fo
rm

of
pr
e
IC
H
co
gn
iti
ve

im
pa
ir
m
en
t.

b.
Fa
ct
or
s
as
so
ci
at
ed

w
ith

pr
e
IC
H

co
gn
iti
ve

im
pa
ir
m
en
tw

er
e
pr
io
r

st
ro
ke

or
T
IA

an
d
ha
em

at
om

a
vo
lu
m
e.

Ja
m
ie
so
n

et
al
.

(2
01
2)

[3
8]

In
ve
st
ig
at
e
ro
le
of

de
m
en
tia

an
d

co
gn
iti
ve

im
pa
ir
m
en
tp
ri
or

to
IC
H
as

a
ri
sk

fa
ct
or

an
d
m
or
ta
lit
y
pr
ed
ic
to
r

in
lo
ba
r
an
d
no
n-
lo
ba
r
IC
H

a.
Pr
os
pe
ct
iv
e
ob
se
rv
at
io
na
l

lo
ng
itu

di
na
ls
tu
dy
.

b.
n
=
13
6
IC
H
pa
tie
nt
s
(n
=
53

lo
ba
r)
(m

ea
n
ag
e
77

ye
ar
s)
.

c.
A
cu
te
,s
ub
-a
cu
te
an
d
ch
ro
ni
c

d.
N
o

a.
H
is
to
ry

of
va
sc
ul
ar

di
se
as
e,
A
D
,

m
ix
ed

de
m
en
tia

or
co
gn
iti
ve

im
pa
ir
m
en
t(
ob
ta
in
ed

fr
om

m
ed
ic
al

re
co
rd

an
d
co
de
d
as

de
m
en
tia
/c
og
ni
tiv

e
im

pa
ir
m
en
t)
.

a.
C
T
or

M
R
I

b.
H
ae
m
or
rh
ag
e
vo
lu
m
e

ca
lc
ul
at
io
n
(A

B
C
/2

m
et
ho
d)
,c
er
eb
ra
lv

as
cu
la
r

di
se
as
e
(F
az
ek
as

S
ca
le
).

a.
12
%

pr
e
IC
H
co
gn
iti
ve

im
pa
ir
m
en
t

or
de
m
en
tia
.

b.
In

lo
ba
r
IC
H
,p
re
va
le
nc
e
of

hi
st
or
y

of
co
gn
iti
ve

im
pa
ir
m
en
to

r
de
m
en
tia
,c
on
fu
si
on

at
pr
es
en
ta
tio

n,
pr
ev
io
us

IC
H
,m

ul
tip

le
ha
em

or
rh
ag
es

an
d
in
iti
al
ha
em

at
om

a
vo
lu
m
e
w
er
e
si
gn
if
ic
an
tly

hi
gh
er

co
m
pa
re
d
w
ith

no
n-
lo
ba
r
IC
H
.

P
re
di
ct
or
s
of

m
or
ta
lit
y
in

lo
ba
r
IC
H

w
er
e
hi
st
or
y
of

co
gn
iti
ve
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c.
A
ss
es
sm

en
t
tim

in
g
po

st
IC
H

(a
cu
te
/s
ub
-a
cu
te
/c
hr
on
ic
pe
ri
od
)

d.
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C
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o
m
ai
n
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es
sm

en
t
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s)

b.
O
th
er

co
gn
iti
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im
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m
en
to
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m
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di
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no
si
s

cr
ite
ri
a

O
th
er

as
se
ss
m
en
t

a.
Im

ag
in
g
m
od
al
ity

b.
IC
H
as
se
ss
m
en
t

c.
O
th
er

va
ri
ab
le
s

R
es
ul
ts
an
d
re
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rt
ed

fi
nd
in
gs

a.
P
re
va
le
nc
e
of

co
gn
iti
ve

im
pa
ir
m
en
ta
nd
/o
r
de
m
en
tia

b.
O
th
er

re
po
rt
ed

fi
nd
in
gs

im
pa
ir
m
en
to

r
de
m
en
tia

(a
t

3
m
on
th
s)
,i
ni
tia
lh

ae
m
at
om

a
vo
lu
m
e
(a
t2

m
on
th
s)
,p
ri
or

an
tip

la
te
le
tu

se
(a
t2

an
d
3
m
on
th
s)
,

ag
e
(a
t1

,2
an
d
3
m
on
th
s)
,m

al
e

ge
nd
er

(a
t1

an
d
2
m
on
th
s)
an
d
lo
w

G
C
S
(a
t7

da
ys

an
d
at
1
m
on
th
).

Pr
ed
ic
to
rs
of

m
or
ta
lit
y
in

no
n-
lo
ba
r

IC
H
w
er
e
in
iti
al
ha
em

at
om

a
vo
lu
m
e,
pr
io
r
an
tip

la
te
le
tu

se
,a
ge

an
d
lo
w
G
C
S
.

C
or
do
nn
ie
r

et
al
.

(2
01
0)

[4
7]

D
et
er
m
in
e
pr
ev
al
en
ce

an
d
m
ec
ha
ni
sm

s
of

pr
e-
ex
is
tin

g
de
m
en
tia

in
pa
tie
nt
s

w
ith

IC
H
.

a.
Pr
os
pe
ct
iv
e
ob
se
rv
at
io
na
l

cr
os
s-
se
ct
io
na
ls
tu
dy
.

b.
n
=
41
7
ac
ut
e
IC
H
(n
=
20
7

de
ep
,n

=
13
8
lo
ba
r,
n
=
53

in
fr
at
en
to
ri
al
)
(m

ed
ia
n
ag
e

72
ye
ar
s)
.

c.
A
cu
te

d.
N
o

a.
P
re
-e
xi
st
in
g
co
gn
iti
ve

de
cl
in
e
an
d

de
m
en
tia

(I
Q
C
O
D
E
).

a.
C
T

b.
H
ae
m
or
rh
ag
e
vo
lu
m
e

ca
lc
ul
at
io
n
(A

B
C
/2

m
et
ho
d)

c.
N
eu
ro
pa
th
ol
og
y
on

pa
tie
nt
s
w
ho

di
ed

a.
29
%

pr
e
IC
H
co
gn
iti
ve

im
pa
ir
m
en
t,

14
%

ha
d
co
gn
iti
ve

im
pa
ir
m
en
tw

ith
no

de
m
en
tia

an
d
16
%

pr
e
IC
H

de
m
en
tia
.

19
%

in
th
e
lo
ba
r
gr
ou
p,
13
%

in
th
e

de
ep

gr
ou
p
an
d
9%

in
th
e
po
st
er
io
r

fo
ss
a
gr
ou
p
co
gn
iti
ve

im
pa
ir
m
en
t

w
ith

no
de
m
en
tia
.

b.
In

lo
ba
r
IC
H
gr
ou
p,
fa
ct
or
s

as
so
ci
at
ed

w
ith

pr
e-
ex
is
tin

g
de
m
en
tia

w
er
e
in
cr
ea
si
ng

ag
e,

ha
vi
ng

<
8
ye
ar
s
of

ed
uc
at
io
n
an
d

in
cr
ea
si
ng

co
rt
ic
al
at
ro
ph
y.
In

de
ep

IC
H
gr
ou
p,
fa
ct
or
s
as
so
ci
at
ed

w
ith

pr
e-
ex
is
tin

g
de
m
en
tia

w
er
e
pr
es
en
ce

of
ol
d
te
rr
ito

ri
al
va
sc
ul
ar
le
si
on
s
an
d

in
cr
ea
si
ng

se
ve
ri
ty

of
le
uc
oa
ra
io
si
s.

R
os
te
ta
l.

(2
00
8)

[3
4]

D
ev
el
op

a
cl
in
ic
al
sc
or
e,
as
se
ss
ed

on
ad
m
is
si
on

to
pr
ed
ic
tp

at
ie
nt
s’

lik
el
ih
oo
d
of

re
ac
hi
ng

fu
nc
tio

na
l

in
de
pe
nd
en
ce

fo
llo

w
in
g
IC
H

a.
Pr
os
pe
ct
iv
e
ob
se
rv
at
io
na
l

lo
ng
itu

di
na
ls
tu
dy
.

b.
n
=
62
9
pa
tie
nt
s
w
ith

IC
H

(4
2%

lo
ba
r,
47
%

de
ep

an
d

11
%

in
fr
at
en
to
ri
al
).

c.
A
cu
te

d.
N
o

a.
Pr
e
IC
H
co
gn
iti
ve

im
pa
ir
m
en
t

(I
Q
C
O
D
E
an
d
m
ed
ic
al
re
co
rd

re
vi
ew

).

a.
C
T
an
d
M
R
I

b.
IC
H
vo
lu
m
e–
co
m
pu
te
ri
ze
d

vo
lu
m
et
ri
c
an
al
ys
is

c.
Fu

nc
tio

na
li
nd
ep
en
de
nc
e

(G
la
sg
ow

O
ut
co
m
e
S
ca
le
).

a.
16
%

pr
e
IC
H
co
gn
iti
ve

im
pa
ir
m
en
t.

b.
Pr
e
IC
H
co
gn
iti
ve

im
pa
ir
m
en
t,
ag
e,

G
C
S,
IC
H
lo
ca
tio

n
an
d
vo
lu
m
e
w
er
e

in
de
pe
nd
en
tly

as
so
ci
at
ed

w
ith

fu
nc
tio

na
li
nd
ep
en
de
nc
e.

V
is
w
an
at
ha
n

et
al
.

D
et
er
m
in
e
w
he
th
er

hi
gh
er
gl
ob
al
m
ea
n

ap
pa
re
nt

di
ff
us
io
n
co
ef
fi
ci
en
tw

ou
ld

a.
Pr
os
pe
ct
iv
e
lo
ng
itu

di
na
ls
tu
dy

b.
n
=
49

pa
tie
nt
s
w
ith

lo
ba
r
IC
H

(n
=
10

w
ith

pr
e
IC
H
co
gn
iti
ve

a.
Pr
e
IC
H
co
gn
iti
ve

im
pa
ir
m
en
t

(I
Q
C
O
D
E
an
d
m
ed
ic
al
re
co
rd
s)
.

a.
C
T
an
d
M
R
I
w
ith

di
ff
us
io
n

w
ei
gh
te
d
se
qu
en
ce
s

a.
20
%

pr
e
IC
H
co
gn
iti
ve

im
pa
ir
m
en
t.

b.
D
eg
re
e
of

tis
su
e
m
ic
ro
st
ru
ct
ur
al

al
te
ra
tio

n
w
as

as
so
ci
at
ed

w
ith

pr
e
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cr
ite
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th
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g
m
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b.
IC
H
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m
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c.
O
th
er

va
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le
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R
es
ul
ts
an
d
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fi
nd
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a.
P
re
va
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e
of

co
gn
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ve

im
pa
ir
m
en
ta
nd
/o
r
de
m
en
tia

b.
O
th
er

re
po
rt
ed

fi
nd
in
gs

(2
00
8)

[4
4]

be
as
so
ci
at
ed

w
ith

ch
ro
ni
c
co
gn
iti
ve

im
pa
ir
m
en
ti
n
C
A
A

im
pa
ir
m
en
t,
m
ea
n
ag
e

76
ye
ar
s
an
d
n
=
39

w
ith

no
pr
e
IC
H
co
gn
iti
ve

im
pa
ir
m
en
t,

m
ea
n
ag
e
73

ye
ar
s)
.

c.
A
cu
te

d.
N
o

b.
C
A
A
di
ag
no
si
s
(B
os
to
n

cr
ite
ri
a,
ch
ro
ni
c
tis
su
e

di
sr
up
tio

n
(m

ea
n
A
D
C
))
,

IC
H
vo
lu
m
e
(s
eg
m
en
ta
tio

n
on

ba
se
lin

e
C
T
at
tim

e
of

ha
em

or
rh
ag
ic
st
ro
ke
).

W
M
H
vo
lu
m
e
(F
L
A
IR

se
qu
en
ce
),
de
gr
ee

of
tis
su
e

m
ic
ro
st
ru
ct
ur
al
al
te
ra
tio

n
(m

ea
n
A
D
C
).

IC
H
co
gn
iti
ve

im
pa
ir
m
en
t

in
de
pe
nd
en
to

f
ag
e,
cl
in
ic
al

va
ri
ab
le
s,
am

ou
nt

of
vi
si
bl
e
ce
re
br
al

at
ro
ph
y
an
d
ot
he
r
M
R
I
m
ar
ke
rs
.P

re
IC
H
co
gn
iti
ve

im
pa
ir
m
en
tw

as
no
t

as
so
ci
at
ed

w
ith

W
M
H
vo
lu
m
e,

nu
m
be
r
of

m
ic
ro

bl
ee
ds

or
vi
si
bl
e

ce
re
br
al
at
ro
ph
y.

Sm
ith

et
al
.

(2
00
4)

[4
9]

In
ve
st
ig
at
e
re
la
tio

ns
hi
ps

be
tw
ee
n

W
M
L
s,
co
gn
iti
ve

im
pa
ir
m
en
ta
nd

ri
sk

of
re
cu
rr
en
th

ae
m
or
rh
ag
e
in

lo
ba
r
IC
H
.

a.
Pr
os
pe
ct
iv
e
lo
ng
itu

di
na
ls
tu
dy

b.
n
=
18
2
IC
H
(n
=
41

w
ith

no
W
M
H
an
d
m
ea
n
ag
e
71

ye
ar
s;

n
=
82

m
ild

W
M
H
an
d
m
ea
n

ag
e
76

ye
ar
s;
n
=
59

se
ve
re

W
M
H
an
d
m
ea
n
ag
e

80
ye
ar
s)
.

c.
A
cu
te
,s
ub
-a
cu
te
an
d
ch
ro
ni
c

d.
N
o

a.
Pr
e
IC
H
co
gn
iti
ve

im
pa
ir
m
en
t

(I
Q
C
O
D
E
).

a.
C
T
(a
tb

as
el
in
e
to

de
te
rm

in
e
el
ig
ib
ili
ty

in
to

th
e
st
ud
y)

an
d
M
R
I
(a
t

3
m
on
th
s
fo
llo

w
-u
p)
.

b.
C
or
tic
al
at
ro
ph
y
(g
ra
de
d
on

C
T
),
W
M
H
(F
L
A
IR

se
qu
en
ce
)

c.
Fu

nc
tio

na
ld

ep
en
de
nc
y

(m
od
if
ie
d
R
an
ki
ng

Sc
al
e)
,

A
po
E
ge
no
ty
pe
.

a.
23
%

pr
e
IC
H
co
gn
iti
ve

im
pa
ir
m
en
t.

b.
Pa
tie
nt
s
w
ith

pr
e
IC
H
co
gn
iti
ve

im
pa
ir
m
en
tw

er
e
m
or
e
lik

el
y
to
ha
ve

se
ve
re

w
hi
te
m
at
te
r
da
m
ag
e
an
d

ha
ve

ad
va
nc
ed

pe
ri
ve
nt
ri
cu
la
r

hy
pe
ri
nt
en
si
tie
s.
T
he

re
la
tio

ns
hi
p

be
tw
ee
n
pr
e
IC
H
co
gn
iti
ve

im
pa
ir
m
en
ta
nd

W
M
H
w
as

si
m
ila
r

in
th
e
su
bs
et
of

pa
tie
nt
s
w
ith

po
ss
ib
le
an
d
pr
ob
ab
le
C
A
A
.

Po
st
IC
H
co
gn
iti
ve

im
pa
ir
m
en
t(
n
=
11
)

B
an
er
je
e

et
al
.

(2
01
8)

[4
6]

D
es
cr
ib
e
co
gn
iti
ve

pr
of
ile

fo
llo

w
in
g

ac
ut
e
IC
H
an
d
ex
pl
or
e
ho
w
C
A
A

m
ay

im
pa
ct
pe
rf
or
m
an
ce
.

a.
R
et
ro
sp
ec
tiv

e
cr
os
s
se
ct
io
na
l

b.
n
=
18
7
(5
6%

m
al
e,
m
ea
n
ag
e

59
ye
ar
s,
lo
ba
r
IC
H
n
=
92
)

c.
A
cu
te

d.
N
o

a.
Pr
e
m
or
bi
d
in
te
lle
ct
ua
lf
un
ct
io
ni
ng
,

cu
rr
en
ti
nt
el
le
ct
ua
lf
un
ct
io
ni
ng
,

ve
rb
al
an
d
vi
su
al
m
em

or
y,
na
m
in
g,

vi
su
o-
sp
at
ia
lp
er
ce
pt
io
n,
in
fo
rm

at
io
n

pr
oc
es
si
ng

sp
ee
d
an
d
ex
ec
ut
iv
e

fu
nc
tio

n
(T
ai
lo
re
d

ne
ur
op
sy
ch
ol
og
ic
al
ba
tte
ry
)

a.
C
T
or

M
R
I.

b.
Pr
ob
ab
le
or

no
n-
pr
ob
ab
le

C
A
A
–B

os
to
n
cr
ite
ri
a,

SV
D
–S

T
R
IV

E
cr
ite
ri
a.

a.
84
%

of
pa
tie
nt
s
w
er
e
im

pa
ir
ed

in
on
e

co
gn
iti
ve

do
m
ai
n
an
d
65
%

in
2
or

m
or
e
do
m
ai
ns
.

b.
M
os
tc
om

m
on

de
fi
ci
ts
w
er
e
in

no
n-
ve
rb
al
IQ

,i
nf
or
m
at
io
n

pr
oc
es
si
ng

sp
ee
d
an
d
ex
ec
ut
iv
e

fu
nc
tio

ns
.M

or
e
de
fi
ci
ts
in

na
m
in
g

an
d
vi
su
al
pe
rc
ep
tio

n
in

lo
ba
r
IC
H

co
m
pa
re
d
w
ith

no
n-
lo
ba
r
IC
H
.

Pr
ob
ab
le
C
A
A
,p
re
di
ct
ed

im
pa
ir
m
en
ti
n
ve
rb
al
IQ

an
d

ex
ec
ut
iv
e
fu
nc
tio

n.

Pl
an
to
n
et
al
.

(2
01
7)

[3
9]

E
st
im

at
e
fr
eq
ue
nc
y
of

va
sc
ul
ar

co
gn
iti
ve

di
so
rd
er
s
(V

C
D
)
in

IC
H

gr
ou
ps

an
d
to

co
m
pa
re

C
A
A
-r
el
at
ed

a.
Pr
os
pe
ct
iv
e,
ob
se
rv
at
io
na
l

lo
ng
itu

di
na
ls
tu
dy

b.
n
=
20

C
A
A
-I
C
H
(m

ea
n
ag
e

71
ye
ar
s)
,n

=
20

de
ep

IC
H

a.
G
lo
ba
lc
og
ni
tio

n
(M

M
SE

),
m
em

or
y

(F
C
S
R
T,

D
el
ay
ed

M
at
ch
ed

S
am

pl
e

te
st
,D

ig
it
S
pa
n
te
st
),
ex
ec
ut
iv
e

fu
nc
tio

n
(F
A
B
,T

M
T,

S
tr
oo
p
te
st
),

a.
M
R
I.

b.
Pr
ob
ab
le
or

no
n-
pr
ob
ab
le

C
A
A
–B

os
to
n
cr
ite
ri
a,

W
M
H
-F
az
ek
as

sc
or
e,

a.
88
%

m
ild

an
d
2.
5%

m
aj
or

va
sc
ul
ar

co
gn
iti
ve

di
so
rd
er
s.

b.
N
o
si
gn
if
ic
an
td
if
fe
re
nc
e
in
co
gn
iti
ve

fu
nc
tio

ni
ng

be
tw
ee
n
C
A
A
-r
el
at
ed
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C
o
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n
d
o
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ai
n
s
(a
ss
es
sm

en
t

to
ol
s)

b.
O
th
er

co
gn
iti
ve

im
pa
ir
m
en
to

r
de
m
en
tia

di
ag
no
si
s

cr
ite
ri
a

O
th
er

as
se
ss
m
en
t

a.
Im

ag
in
g
m
od
al
ity

b.
IC
H
as
se
ss
m
en
t

c.
O
th
er

va
ri
ab
le
s

R
es
ul
ts
an
d
re
po
rt
ed

fi
nd
in
gs

a.
P
re
va
le
nc
e
of

co
gn
iti
ve

im
pa
ir
m
en
ta
nd
/o
r
de
m
en
tia

b.
O
th
er

re
po
rt
ed

fi
nd
in
gs

IC
H
gr
ou
p
co
gn
iti
ve

pr
of
ile

w
ith

de
ep

IC
H
,M

C
I-
A
D
an
d
H
C
gr
ou
ps
.

(m
ea
n
ag
e
66

ye
ar
s)
,n

=
20

M
C
I-
A
D
(m

ea
n
ag
e
72

ye
ar
s)

an
d
n
=
17

he
al
th
y
co
nt
ro
ls

(m
ea
n
ag
e
70

ye
ar
s)
.

c.
C
hr
on
ic
.

d.
Y
es

at
te
nt
io
n
an
d
in
fo
rm

at
io
n
pr
oc
es
si
ng

sp
ee
d
(S
tr
oo
p
te
st
,T

M
TA

),
la
ng
ua
ge

(p
ic
tu
re

na
m
in
g
te
st
)
an
d
pr
ax
is

(M
ah
ie
ux
’s
te
st
).

b.
V
A
SC

O
G
cr
ite
ri
a.

ne
ur
oi
m
ag
in
g
m
ar
ke
rs
of

SV
D
–S

T
R
IV

E
cr
ite
ri
a.

an
d
de
ep

IC
H
pa
tie
nt
s.
M
os
t

im
pa
ir
ed

co
gn
iti
ve

pr
oc
es
s
in

th
e

C
A
A
gr
ou
p
w
as

na
m
in
g,
fo
llo

w
ed

by
pr
oc
es
si
ng

sp
ee
d,
ex
ec
ut
iv
e

fu
nc
tio

ni
ng
,m

em
or
y
an
d
at
te
nt
io
n.

T
he

co
gn
iti
ve

pa
tte
rn

di
ff
er
en
tf
ro
m

M
C
I-
A
D
on
ly

in
ge
st
ur
al
pr
ax
is
an
d

by
co
ns
tr
uc
tio

n
in

m
em

or
y

pr
oc
es
se
s.

X
io
ng

et
al
.

(2
01
6)

[3
0]

In
ve
st
ig
at
e
ne
ur
op
sy
ch
ol
og
ic
al
fe
at
ur
es

of
no
n-
de
m
en
te
d
pa
tie
nt
s
w
ith

C
A
A

an
d
to

an
al
yz
e
th
e
as
so
ci
at
io
n

be
tw
ee
n
C
A
A
-r
el
at
ed

ne
ur
oi
m
ag
in
g

m
ar
ke
rs
an
d
co
gn
iti
ve

do
m
ai
ns
.

a.
Pa
rt
of

a
lo
ng
itu

di
na
lc
oh
or
t

st
ud
y.

b.
n
=
58

no
n-
de
m
en
te
d
C
A
A

(m
ea
n
ag
e
70

ye
ar
s)
,n

=
13
8

co
gn
iti
ve
ly

no
rm

al
su
bj
ec
ts
.

c.
N
ot

in
di
ca
te
d.

d.
Y
es

a.
G
lo
ba
lc
og
ni
tio

n
(M

M
SE

),
ex
ec
ut
iv
e

fu
nc
tio

n
(T
M
T,

FA
S,

D
ig
it
S
pa
n

B
ac
kw

ar
d)
,p
ro
ce
ss
in
g
sp
ee
d

(T
M
TA

),
at
te
nt
io
n
(D

ig
it
S
pa
n

F
or
w
ar
d)
,s
em

an
tic

fl
ue
nc
y
(A

ni
m
al

N
am

in
g)
,e
pi
so
di
c
m
em

or
y

(H
V
LT

-R
D
el
ay
ed

R
ec
al
l)
.

a.
M
R
I.

b.
D
ia
gn
os
is
of

C
A
A
–B

os
to
n

cr
ite
ri
a,
ne
ur
oi
m
ag
in
g

m
ar
ke
rs
of

S
V
D
–S

T
R
IV

E
cr
ite
ri
a.

a.
N
o
pr
ev
al
en
ce

re
po
rt
ed
.

b.
P
at
ie
nt
s
w
ith

C
A
A
ha
d
si
gn
if
ic
an
tly

w
or
se

pe
rf
or
m
an
ce

on
al
l

ne
ur
op
sy
ch
ol
og
ic
al
do
m
ai
ns

te
st
ed

co
m
pa
re
d
w
ith

th
e
co
gn
iti
ve

no
rm

al
gr
ou
p.
C
og
ni
tiv

e
de
cl
in
e
w
as

fo
r

pr
oc
es
si
ng

sp
ee
d,
fo
llo

w
ed

by
ex
ec
ut
iv
e
fu
nc
tio

n,
ep
is
od
ic

m
em

or
y,
se
m
an
tic

fl
ue
nc
y
an
d

at
te
nt
io
n.
To

ta
lb
ra
in
vo
lu
m
e
(l
ow

er
)

of
C
A
A
pa
tie
nt
s
co
rr
el
at
ed

w
ith

pr
oc
es
si
ng

sp
ee
d
an
d
ex
ec
ut
iv
e

fu
nc
tio

n.

B
if
fi
et
al
.

(2
01
6)

[5
2]

D
et
er
m
in
e
ex
te
nt

of
ce
nt
ra
ln

er
vo
us

sy
st
em

in
ju
ry

as
so
ci
at
ed

w
ith

ac
ut
e

ha
em

at
om

a
fo
rm

at
io
n
w
ou
ld

be
st
ro
ng
ly

as
so
ci
at
ed

w
ith

ea
rl
y
po
st

IC
H
de
m
en
tia

(E
P
ID

)
an
d
lim

ite
d

ri
sk

of
de
la
ye
d
po
st
IC
H
de
m
en
tia

(D
P
ID

).

a.
Pr
os
pe
ct
iv
e
lo
ng
itu

di
na
ls
tu
dy
.

b.
n
=
73
8
IC
H
su
rv
iv
or
s
(m

ea
n

ag
e
74

ye
ar
s)

c.
C
hr
on
ic

d.
Y
es

a.
P
re

IC
H
de
m
en
tia

(I
Q
C
O
D
E
),

gl
ob
al
co
gn
iti
on

(M
od
if
ie
d

Te
le
ph
on
e
In
te
rv
ie
w
fo
r
C
og
ni
tiv

e
S
ta
tu
s
te
st
).

a.
C
T
an
d
M
R
I.

b.
H
ae
m
at
om

a
lo
ca
tio

n
an
d

si
ze

(C
T-
de
fi
ne
d)
,W

M
H

an
d
C
M
B
s
bu
rd
en

an
d

lo
ca
tio

n
(l
ob
ar

vs
.

no
n-
lo
ba
r)
(M

R
I
de
fi
ne
d)
.

c.
A
PO

E
ge
no
ty
pe
.

a.
39
%

of
IC
H
su
rv
iv
or
s
de
ve
lo
pe
d

de
m
en
tia

an
d
19
%

de
ve
lo
pe
d

in
ci
de
nt

de
m
en
tia

w
ith

in
6
m
on
th
s.

b.
E
ar
ly

in
ci
de
nt

de
m
en
tia

af
te
r
IC
H

w
as

as
so
ci
at
ed

w
ith

ag
e
at
In
de
x

IC
H
,I
C
H
lo
ca
tio

n,
IC
H
vo
lu
m
e
an
d

A
po
E
ε2

va
ri
an
t.

D
el
ay
ed

in
ci
de
nt

de
m
en
tia

w
as

as
so
ci
at
ed

w
ith

ag
e,
ed
uc
at
io
na
l

le
ve
l,
et
hn
ic
ity
,p
re
vi
ou
s
m
oo
d

di
so
rd
er
,i
nc
re
as
in
g
C
T-
W
M
D

se
ve
ri
ty
,i
nc
re
as
in
g
bu
rd
en

of
lo
ba
r

C
M
B
s
an
d
A
po
E
ε4
.

M
ou
lin

et
al
.

(2
01
6)

[5
3]

D
et
er
m
in
e
in
ci
de
nc
e
an
d
ri
sk

fa
ct
or
s

af
te
r
IC
H
.

a.
Pr
os
pe
ct
iv
e
ob
se
rv
at
io
na
l

st
ud
y.

a.
P
re
-e
xi
st
in
g
de
m
en
tia

(I
Q
C
O
D
E
),

Su
bj
ec
tiv

e
co
gn
iti
ve

co
m
pl
ai
nt
(F
ac
e
a.
C
T
an
d
M
R
I

a.
14
%

de
ve
lo
pe
d
ne
w
-o
ns
et
de
m
en
tia

at
1
ye
ar

an
d
28
%

at
4
ye
ar
s.
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b.
n
=
21
8
IC
H
pa
tie
nt
s
(m

ed
ia
n

ag
e
67

ye
ar
s)
(n
=
77

lo
ba
r

IC
H
)

c.
C
hr
on
ic

d.
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at
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at
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at
ro
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r
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d
ol
de
r

ag
e.
F
in
di
ng
s
in
di
ca
te
th
at

un
de
rl
yi
ng

C
A
A
is
a
co
nt
ri
bu
tin

g
fa
ct
or

to
ne
w
-o
ns
et
de
m
en
tia
.

In
ci
de
nc
e
of

ne
w
-o
ns
et
de
m
en
tia

w
as

tw
ic
e
as

hi
gh

fo
r
pa
tie
nt
s
w
ith

lo
ba
r
IC
H
co
m
pa
re
d
w
ith

no
n-
lo
ba
r

IC
H
.

B
en
ed
ic
tu
s

et
al
.

(2
01
5)

[4
0]

D
et
er
m
in
e
pr
og
no
st
ic
fa
ct
or
s
fo
r

co
gn
iti
ve

de
cl
in
e
in

IC
H
pa
tie
nt
s.

a.
Pr
os
pe
ct
iv
e
ob
se
rv
at
io
na
l

st
ud
y–
lo
ng
itu

di
na
ls
tu
dy
.

b.
n
=
16
7
pa
tie
nt
s
(m

ed
ia
n
ag
e

64
ye
ar
s)
(n
=
55

lo
ba
r
IC
H
)

c.
C
hr
on
ic

d.
Y
es

a.
P
re

IC
H
de
m
en
tia

(I
Q
C
O
D
E
),

gl
ob
al
co
gn
iti
on

(M
M
SE

)
a.
C
T
an
d
M
R
I

b.
H
ae
m
or
rh
ag
e
vo
lu
m
e

ca
lc
ul
at
ed

us
in
g
A
B
C
/2

m
et
ho
d,
W
M
H
–(
F
az
ek
as

sc
al
e)

c.
D
ep
re
ss
io
n–
(M

A
D
R
S)

a.
37
%

re
po
rt
ed

co
gn
iti
ve

de
cl
in
e

du
ri
ng

fo
llo

w
up
.

b.
Pr
ev
io
us

st
ro
ke

or
T
IA

,p
re
-e
xi
st
in
g

co
gn
iti
ve

im
pa
ir
m
en
t,
se
ve
ri
ty

of
co
rt
ic
al
at
ro
ph
y
w
er
e
pr
og
no
st
ic

fa
ct
or
s
fo
r
co
gn
iti
ve

de
cl
in
e
af
te
r

IC
H
.S

ev
er
ity

of
co
rt
ic
al
at
ro
ph
y

w
as

th
e
on
ly

pr
og
no
st
ic
fa
ct
or

in
pa
tie
nt
s
w
ith

ou
tp

re
-e
xi
st
in
g

co
gn
iti
ve

im
pa
ir
m
en
t.
N
o
di
ff
er
en
ce

in
pr
og
no
st
ic
fa
ct
or
s
fo
r
pa
tie
nt
s

w
ith

lo
ba
r
or

no
n-
lo
ba
r
IC
H
.

T
ve
ite
n
et
al
.

(2
01
4)

[5
1]

A
ss
es
s
cl
in
ic
al
fu
nc
tio

ni
ng

in
cl
ud
in
g

co
gn
iti
on

in
lo
ng
-t
er
m

su
rv
iv
or
s
of

IC
H
.

a.
R
et
ro
sp
ec
tiv

e
ob
se
rv
at
io
na
l

st
ud
y–
cr
os
s
se
ct
io
na
l

b.
n
=
50

fi
rs
t-
ev
er

IC
H
(m

ea
n

ag
e
71

ye
ar
s)

c.
C
hr
on
ic

d.
N
o

a.
G
lo
ba
lc
og
ni
tio

n
(M

oC
A
).

a.
C
T

b.
H
ae
m
or
rh
ag
e
vo
lu
m
e

ca
lc
ul
at
ed

us
in
g
A
B
C
/2

m
et
ho
d.

c.
Fu

nc
tio

na
lo

ut
co
m
e

(M
od
if
ie
d
R
an
ki
ng

Sc
al
e)
.

a.
61
%

ha
d
co
gn
iti
ve

im
pa
ir
m
en
t.

b.
Fa
ct
or
s
as
so
ci
at
ed

w
ith

co
gn
iti
ve

im
pa
ir
m
en
tw

er
e
ag
e
an
d
lo
ba
r
IC
H

lo
ca
tio

n.
32
%

of
pa
tie
nt
s
w
er
e

de
pe
nd
en
ta
nd

fa
ct
or
s
as
so
ci
at
ed

w
ith

de
pe
nd
en
cy

w
er
e
le
uk
ar
ai
os
is
.

N
o
as
so
ci
at
io
n
re
po
rt
ed

be
tw
ee
n

co
gn
iti
ve

im
pa
ir
m
en
ta
nd

fu
nc
tio

na
l

de
pe
nd
en
cy
.

G
ar
ci
a
et
al
.

(2
01
3)

[4
1]

D
et
er
m
in
e
fr
eq
ue
nc
ie
s
of

co
gn
iti
ve

im
pa
ir
m
en
ta
nd

de
m
en
tia

in
a
co
ho
rt

of
pa
tie
nt
s
th
at
w
er
e
ho
sp
ita
liz
ed

fo
r

ac
ut
e
sp
on
ta
ne
ou
s
IC
H
.

a.
R
et
ro
sp
ec
tiv

e
ob
se
rv
at
io
na
l

st
ud
y–
cr
os
s
se
ct
io
na
l.

b.
n
=
78

IC
H
pa
tie
nt
s
(n
=
26

lo
ba
rI
C
H
)(
n
=
30

as
se
ss
ed

by
te
le
ph
on
e
in
te
rv
ie
w
an
d
n
=
48

a.
Te
le
ph
on
e
in
te
rv
ie
w
of

co
gn
iti
ve

as
se
ss
m
en
t(
IQ

C
O
D
E
),
pr
em

or
bi
d

in
te
lle
ct
ua
le
ff
ic
ie
nc
y
(N

at
io
na
l

A
du
lt
R
ea
di
ng

Te
st
),
cu
rr
en
tg

en
er
al

in
te
lle
ct
ua
le
ff
ic
ie
nc
y
(M

M
S
E
,

a.
C
T
or

M
R
I.

b.
H
ae
m
or
rh
ag
e
vo
lu
m
e

ca
lc
ul
at
ed

us
in
g
A
B
C
/2

m
et
ho
d,
Fa
ze
ka
s

sc
al
e–
W
M
H
.

a.
77
%

co
gn
iti
ve

im
pa
ir
m
en
tw

ith
ou
t

de
m
en
tia
,2
3%

de
m
en
tia
.

b.
C
og
ni
tiv

e
di
so
rd
er
s
in
cl
ud
ed

ep
is
od
ic
m
em

or
y
(5
2%

),
ps
yc
ho
m
ot
or

sp
ee
d
(4
4%

),
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T
ab

le
3

(c
on
tin

ue
d)

A
ut
ho
r
an
d

ye
ar

S
tu
dy

ai
m

M
et
ho
d

a.
St
ud
y
de
si
gn

b.
Sa
m
pl
e/
co
ho
rt
(n
)

c.
A
ss
es
sm

en
t
tim

in
g
po

st
IC
H

(a
cu
te
/s
ub
-a
cu
te
/c
hr
on
ic
pe
ri
od
)

d.
E
xc
lu
de

pr
e-
ex
is
tin

g
co
gn
iti
ve

de
cl
in
e
(y
es
/n
o)

N
eu
ro
ps
yc
ho
lo
gi
ca
la
ss
es
sm

en
ts

a.
C
o
g
n
it
io
n
d
o
m
ai
n
s
(a
ss
es
sm

en
t

to
ol
s)

b.
O
th
er

co
gn
iti
ve

im
pa
ir
m
en
to

r
de
m
en
tia

di
ag
no
si
s

cr
ite
ri
a

O
th
er

as
se
ss
m
en
t

a.
Im

ag
in
g
m
od
al
ity

b.
IC
H
as
se
ss
m
en
t

c.
O
th
er

va
ri
ab
le
s

R
es
ul
ts
an
d
re
po
rt
ed

fi
nd
in
gs

a.
P
re
va
le
nc
e
of

co
gn
iti
ve

im
pa
ir
m
en
ta
nd
/o
r
de
m
en
tia

b.
O
th
er

re
po
rt
ed

fi
nd
in
gs

as
se
ss
ed

w
ith

ne
ur
op
sy
ch
ol
og
ic
al
te
st
s)
.

c.
C
hr
on
ic

d.
N
o

M
oC

A
an
d
M
at
tis

D
em

en
tia

R
at
in
g

Sc
al
e)
,l
an
gu
ag
e
ab
ili
tie
s
(T
ok
en

Te
st
),
vi
su
o-
sp
at
ia
la
nd

co
ns
tr
uc
tiv

e
ab
ili
tie
s
(t
es
tn

ot
sp
ec
if
ie
d)
,

sh
or
t-
te
rm

an
d
ep
is
od
ic
m
em

or
y

(t
es
tn

ot
sp
ec
if
ie
d)
,e
xe
cu
tiv

e
fu
nc
tio

ns
(t
es
tn

ot
sp
ec
if
ie
d)

an
d

be
ha
vi
ou
ra
le
xe
cu
tiv

e
di
so
rd
er
s.

A
ph
as
ia
(B
os
to
n
D
ia
gn
os
tic

A
ph
as
ia

E
xa
m
in
at
io
n)
.

b.
D
em

en
tia

di
ag
no
si
s
us
in
g
D
SM

-I
V
,

va
sc
ul
ar

de
m
en
tia

an
d
A
lz
he
im

er
’s

di
se
as
e
di
ag
no
si
s
(N

IN
D
S-
A
IR
E
N

an
d
N
IN

C
D
S
-A

D
R
D
A
).

c.
A
nx
ie
ty
(G

ol
db
er
g
A
nx
ie
ty

Sc
al
e
an
d
H
am

ilt
on

R
at
in
g

Sc
al
e
fo
r
A
nx
ie
ty
)
an
d

de
pr
es
si
on

(M
A
D
R
S)
.

ex
ec
ut
iv
e
fu
nc
tio

n
(3
7%

),
fo
llo

w
ed

by
la
ng
ua
ge

an
d
vi
su
o-
co
ns
tr
uc
tiv

e
ab
ili
tie
s.
H
ae
m
or
rh
ag
e
vo
lu
m
e
an
d

fu
nc
tio

na
ld

ep
en
de
nc
y
at
di
sc
ha
rg
e

w
er
e
th
e
pr
ed
ic
to
rs
of

lo
ng
-t
er
m

de
m
en
tia
.

N
ai
de
ch

et
al
.

(2
01
3)

[4
8]

U
nd
er
st
an
d
pr
og
no
st
ic
si
gn
if
ic
an
ce

of
de
lir
iu
m

sy
m
pt
om

s,
fu
nc
tio

na
l

ou
tc
om

e
an
d
qu
al
ity

of
lif
e
af
te
r

IC
H

a.
Pr
os
pe
ct
iv
e
ob
se
rv
at
io
na
l

st
ud
y–
cr
os
s
se
ct
io
na
l.

b.
n
=
11
4
IC
H
(n
=
16

pe
rs
is
te
nt

co
m
a
an
d
n
=
98

as
se
ss
ed

fo
r

de
lir
iu
m
)(
m
ea
n
ag
e
63

ye
ar
s)
.

c.
A
cu
te

d.
N
o

a.
D
el
ir
iu
m

(C
A
M
-I
C
U
)

a.
C
T.

b.
N
ot

re
po
rt
ed
.

c.
L
ev
el
of

ar
ou
sa
l

(A
gi
ta
tio

n-
Se
da
tio

n
S
ca
le
),

fu
nc
tio

na
ld

ep
en
de
nc
y

(m
od
if
ie
d
R
an
ki
ng

Sc
al
e)
,

qu
al
ity

of
lif
e
(N

eu
ro
-Q

O
L

an
d
P
R
O
M
IS
).

a.
27
%

de
lir
iu
m

sy
m
pt
om

s,
59
%

ha
d

no
sy
m
pt
om

s
an
d
14
%

ha
d

pe
rs
is
te
nt

co
m
a.

b.
D
el
ir
iu
m

sy
m
pt
om

s
w
er
e

hy
po
ac
tiv

e,
fi
rs
td
et
ec
te
d
on

av
er
ag
e

w
ith

in
6
da
ys

af
te
r
IC
H
sy
m
pt
om

on
se
t,
as
so
ci
at
ed

w
ith

po
or
er

fu
nc
tio

na
lo

ut
co
m
e
an
d
w
or
se

qu
al
ity

of
lif
e
in

th
e
do
m
ai
ns

of
ap
pl
ie
d
co
gn
iti
on
-e
xe
cu
tiv

e
fu
nc
tio

n
an
d
fa
tig

ue
.T

he
re

w
as

a
si
gn
if
ic
an
t

di
ff
er
en
ce

be
tw
ee
n
pa
tie
nt
s
w
ith

de
lir
iu
m

sy
m
pt
om

s
an
d
th
os
e

w
ith

ou
to
ri
n
a
co
m
a
an
d
ha
em

at
om

a
vo
lu
m
e
bu
tt
he
re

w
as

no
di
ff
er
en
ce

fo
r
IC
H
lo
ca
tio

n.

Su
et
al
.

(2
00
7)

[3
5]

E
xa
m
in
e
fr
eq
ue
nc
y
an
d
pa
tte
rn

of
co
gn
iti
ve

de
fi
ci
ts
in

pa
tie
nt
s
w
ith

ba
sa
lg

an
gl
ia
ha
em

or
rh
ag
e
an
d
to

id
en
tif
y
cl
in
ic
al
co
rr
el
at
es

of
co
gn
iti
ve

dy
sf
un
ct
io
n

a.
Pr
os
pe
ct
iv
e
ob
se
rv
at
io
na
l

cr
os
s-
se
ct
io
na
ls
tu
dy
.

b.
n
=
30

ba
sa
lg

an
gl
ia

ha
em

or
rh
ag
e
(m

ea
n
ag
e

54
ye
ar
s)
an
d
n
=
37

he
al
th
y

co
nt
ro
ls
(m

ea
n
ag
e
57

ye
ar
s)
.

c.
Su

b-
ac
ut
e
an
d
ch
ro
ni
c

d.
Y
es

a.
A
tte
nt
io
n
(D

ig
ita
lS

pa
n,
V
is
ua
l

M
em

or
y
Sp

an
,M

M
SE

,W
ec
hs
le
r

M
em

or
y
Sc
al
e-
R
ev
is
ed
),
m
em

or
y

(o
ri
en
ta
tio

n
to
tim

e,
pe
rs
on

an
d
pl
ac
e

fr
om

th
e
M
M
SE

,F
or
m

D
of

th
e

B
en
to
n
V
is
ua
lR

et
en
tio

n
Te
st
,v
er
ba
l

m
em

or
y
S
ca
le
fr
om

th
e
C
hi
ne
se

ve
rs
io
n
of

th
e
L
ur
ia
-N

eb
ra
sk
a

a.
C
T
or

M
R
I.

b.
B
as
al
G
an
gl
ia

ha
em

or
rh
ag
e
co
nf
ir
m
ed

by
ne
ur
os
ur
ge
on

fr
om

br
ai
n

im
ag
in
g.

a.
70
%

co
gn
iti
ve

im
pa
ir
m
en
t

b.
Pa
tie
nt
s
w
ith

ba
sa
lh

ae
m
or
rh
ag
e

pe
rf
or
m
ed

w
or
se

in
al
lc
og
ni
tiv

e
do
m
ai
ns

co
m
pa
re
d
w
ith

he
al
th
y

co
nt
ro
ls
.9
7%

of
pa
tie
nt
s
pe
rf
or
m
ed

po
or
ly

on
at
le
as
t3

co
gn
iti
ve

do
m
ai
ns
.
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T
ab

le
3

(c
on
tin

ue
d)

A
ut
ho
r
an
d

ye
ar

S
tu
dy

ai
m

M
et
ho
d

a.
St
ud
y
de
si
gn

b.
Sa
m
pl
e/
co
ho
rt
(n
)

c.
A
ss
es
sm

en
t
tim

in
g
po

st
IC
H

(a
cu
te
/s
ub
-a
cu
te
/c
hr
on
ic
pe
ri
od
)

d.
E
xc
lu
de

pr
e-
ex
is
tin

g
co
gn
iti
ve

de
cl
in
e
(y
es
/n
o)

N
eu
ro
ps
yc
ho
lo
gi
ca
la
ss
es
sm

en
ts

a.
C
o
g
n
it
io
n
d
o
m
ai
n
s
(a
ss
es
sm

en
t

to
ol
s)

b.
O
th
er

co
gn
iti
ve

im
pa
ir
m
en
to

r
de
m
en
tia

di
ag
no
si
s

cr
ite
ri
a

O
th
er

as
se
ss
m
en
t

a.
Im

ag
in
g
m
od
al
ity

b.
IC
H
as
se
ss
m
en
t

c.
O
th
er

va
ri
ab
le
s

R
es
ul
ts
an
d
re
po
rt
ed

fi
nd
in
gs

a.
P
re
va
le
nc
e
of

co
gn
iti
ve

im
pa
ir
m
en
ta
nd
/o
r
de
m
en
tia

b.
O
th
er

re
po
rt
ed

fi
nd
in
gs

N
eu
ro
ps
yc
ho
lo
gi
ca
l

B
at
te
ry
(L
N
N
B
))
,v
is
uo
-s
pa
tia
l

fu
nc
tio

n
(B
lo
ck

D
es
ig
n
fr
om

th
e

W
ec
hs
le
r
A
du
lt
In
te
lli
ge
nc
e

Sc
al
e-
R
ev
is
ed
,H

oo
pe
r
O
rg
an
is
at
io
n

Te
st
,T

es
to

f
V
is
ua
lP

er
ce
pt
io
n

Sk
ill
s)
,l
an
gu
ag
e
(t
he

C
hi
ne
se

ve
rs
io
n
of

th
e
L
ur
ia
-N

eb
ra
sk
a

N
eu
ro
ps
yc
ho
lo
gi
ca
l

B
at
te
ry
(L
N
N
B
))
an
d
ex
ec
ut
iv
e

fu
nc
tio

n
(W

in
co
ns
in

C
ar
d
So

rt
in
g

Te
st
).

G
re
en
be
rg

et
al
.

(2
00
4)

[5
4]

A
dd
re
ss

w
he
th
er

m
ic
ro
ha
em

or
rh
ag
es

an
d
la
rg
er
sy
m
pt
om

at
ic
IC
H
s
sh
ar
e
a

si
m
ila
r
di
st
ri
bu
tio

n
in

th
e
br
ai
n
or

ri
sk

fa
ct
or
s
su
ch

as
A
po
E
ge
no
ty
pe

an
d
w
he
th
er

th
e
nu
m
be
r
of

ol
d

ha
em

or
rh
ag
es

pr
ed
ic
tf
ut
ur
e
ev
en
ts

su
ch

as
re
cu
rr
en
ts
ym

pt
om

at
ic
IC
H
,

co
gn
iti
ve

im
pa
ir
m
en
to

r
fu
nc
tio

na
l

de
cl
in
e.

a.
Pr
os
pe
ct
iv
e
ob
se
rv
at
io
na
l

lo
ng
itu

di
na
ls
tu
dy

b.
n
=
94

lo
ba
r
IC
H
pa
tie
nt
s

(m
ea
n
ag
e
55

ye
ar
s)
.

c.
A
cu
te
an
d
ch
ro
ni
c

d.
N
o

a.
C
og
ni
tiv

e
im

pa
ir
m
en
td

ef
in
ed

as
th
e
pr
es
en
ce

of
de
fi
ci
ts
in

m
em

or
y

or
ot
he
r
co
gn
iti
ve

ar
ea

su
ff
ic
ie
nt

to
af
fe
ct
pe
rf
or
m
an
ce

of
ac
tiv

iti
es

of
da
ily

liv
in
g
(c
og
ni
tiv

e
st
at
us

as
se
ss
ed

by
as
ki
ng

in
fo
rm

an
ts
to

co
m
pa
re

th
e
su
bj
ec
t’s

ab
ili
ty

to
pe
rf
or
m
a
lis
to
fd

ai
ly
co
gn
iti
ve

ta
sk
s

in
vo
lv
in
g
m
em

or
y,
pr
ax
is
,

ca
lc
ul
at
io
n
or

re
as
on
in
g
w
ith

hi
s
or

he
rb
as
el
in
e
5
to
10

ye
ar
s
pr
ev
io
us

to
th
e
In
de
x
ev
en
t)
(I
Q
C
O
D
E
).

a.
M
R
I
w
ith

ax
ia
l

gr
ad
ie
nt
-e
ch
o.

b.
A
po
E
ge
no
ty
pe

a.
36
%

de
ve
lo
pe
d
co
gn
iti
ve

im
pa
ir
m
en
ta
s
w
el
la
s
fu
nc
tio

na
l

de
pe
nd
en
cy

or
de
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[54]. There was one study that specifically assessed delirium
within the acute period post ICH using a symptoms measure
only [48]. The most commonly used global cognition measure
was the Mini-Mental State Examination (MMSE) [30, 39–41,
53] followed by the Montreal Cognitive Assessment (MoCA)
[41, 51]. In studies with more detailed neuropsychological
assessment, the main cognitive domains assessed included
memory, processing speed, executive function, language,
visuo-spatial perception and praxis. Neuropsychological as-
sessment measures used were very varied across studies mak-
ing further analysis regarding their psychometric properties
beyond the scope of this review. The only neuropsychological
measures used in more than one study were the Trial Making
Test (TMT) [30, 39, 53], the Digit Span Test [30, 39] and the
Hopkins Verbal Learning Test (HVLT) [30, 53]. There were 3
studies [39, 41, 53] that adhered to and included a neuropsy-
chological protocol and/or criteria [55–57]. Five of the studies
did not exclude pre-existing dementia and/or cognitive impair-
ment [41, 46, 48, 51, 54].

The prevalence rates of cognitive impairment reported post
ICH ranged from 14 [53] to 88% [39]. The prevalence for
dementia was reported to be as high as 39% [52] with 19%
developing early-onset dementia within 6 months [52] and
28% at 4 years post ICH [53]. The prevalence rate according
to timing of assessment was between 27 [48] and 84% [46]
during the acute period and between 14 [53] and 88% [39]
during the chronic period. In terms of study design, the prev-
alence rate was also between 14 [53] and 88% [39] for pro-
spective studies and between 61 [51] and 84% [46] for retro-
spective studies. There was a trend towards a higher preva-
lence range of 36–84% reported for cognitive impairment in
studies that did not exclude pre-existing cognitive decline [41,
46, 51, 54] and for ICH survivors developing dementia where
only a global measure of cognition was used [52].

For all ICH types, the most common cognitive domain
deficits were reported for non-verbal IQ [46], information
processing speed [41, 46] executive function [41, 46] episodic
memory, language and visuo-constructive abilities [41]. For
lobar ICH, cognitive deficits reported were naming [39, 46],
processing speed [30, 39], executive function [30, 39], mem-
ory [30, 39], attention [30, 39], visual perception [46] and
semantic fluency [30]. The incidence of new-onset dementia
was twice as high for patients with lobar ICH compared with
non-lobar ICH [53]. One study reported lobar ICH patients to
have more deficits in naming and visual perception compared
with non-lobar [46], whereas another study reported no differ-
ences in cognitive functioning between lobar and deep ICH
patients [39]. For studies that compared ICH patients to
healthy controls, ICH patients performed worse in all cogni-
tive domains [30, 35, 39].

Prognostic factors for cognitive decline after ICH were
previous stroke or TIA, pre-existing cognitive impairment,
severity of cortical atrophy [40], age, lobar ICH location

[51] and higher number of haemorrhages at baseline [54].
Prognostic factors for new-onset dementia were disseminated
superficial siderosis, cortical atrophy, a higher number of
CMBs, underlying CAA [53], age [52, 53], ICH location
and volume and ApoE ε2 variant [52]. Predictors of long-
term dementia were haemorrhage volume and functional de-
pendency at discharge [41] and age, educational level, ethnic-
ity, previous mood disorder, increasing white matter disease
severity and burden of lobar CMBs and ApoE ε4 variant [52].
Haematoma volume was associated with delirium symptoms
but not ICH location [48].

Discussion

In this review, we aimed to identify studies that exclusively
evaluated cognitive function pre or post ICH and were inclu-
sive of neuropsychological assessment in addition to global
cognition measures where possible. We included 19 studies: 8
that assessed cognitive function pre ICH and 11 post ICH.
These studies provide supportive evidence for increasing in-
terest in the cognitive status of patients before and after ICH as
a separate pathology from ischaemic stroke types [19]. The
prevalence of cognitive impairment, whether it was existing
impairment prior to ICH or as a direct result of the brain injury
caused by ICH, was common and affected at least one-third of
cohorts examined from reviewing all studies. There was a
broad age range for cohorts included; increasing age was as-
sociated with both pre and post ICH cognitive impairment. All
studies that classified ICH according to location had greater
patient numbers with deep ICH in comparison with lobar and
infratentorial ICH. However, some studies specifically fo-
cused on and recruited CAA-related (lobar) ICH patients only
and findings reported indicated cognitive function to be sig-
nificantly impaired in patients with lobar ICH compared with
healthy controls of similar age. There were mixed findings
from studies that compared cognitive deficits between lobar
and deep ICH patients in that some studies indicated lobar
ICH patients to perform worse in some cognitive domains
compared with deep ICH, whereas other studies reported no
differences by ICH location.

Cognitive assessment pre ICH and associated factors

There was a wide prevalence range reported from the various
studies that assessed pre morbid ICH cognitive impairment
with the rate as high as 30% in one study. There were no
notable differences in prevalence rates based on study design
as the cognitive assessment pre ICH studies were prospective
studies. The prevalence rate pre ICH cognitive impairment
was reported to be lower when assessments were conducted
during the chronic period post ICH. Key predictors of pre ICH
cognitive impairment were neuroimaging markers of CAA,
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previous stroke or TIA, and haemorrhage volume and loca-
tion. These findings are in keeping with a previous review that
highlighted the differences in underlying pathology between
CAA versus deep perforating vasculopathy [19] and also a
previous study that has reported CAA as an important deter-
minant of cognitive decline in the brains of older persons [23].
There were differences between lobar and deep ICH in rela-
tion to factors associated with pre morbid cognitive impair-
ment with mortality been the main factor for lobar ICH but not
deep ICH. The pathological explanations for lobar ICH is that
these patients are reported to have more underlying neurode-
generative disease (e.g. AD pathology) compared with those
with deep ICH, who havemainly deep perforator SVD pathol-
ogy [19]. Consistent with this idea, we found that for deep
ICH patients, old territorial vascular lesions and increasing
severity of leucoaraiosis were associated with pre ICH cogni-
tive impairment. All findings reported for pre morbid ICH
cognitive impairment were based on the use on one assess-
ment measure the IQCODE. For stroke studies, the IQCODE
has been reported to have good specificity but modest sensi-
tivity and has been reviewed in terms of diagnosing dementia
post stroke and other available informant measures for cogni-
tion have not been validated or specifically designed for use in
stroke [58].

Cognitive assessment post ICH and associated factors

The prevalence rates for reported cognitive impairment and/or
dementia whether early- or late-onset were high. According to
study design and timing of assessments, the prevalence range
was wider for prospective studies and when assessments were
conducted during the chronic period post ICH. Prevalence
rates tended to be higher in studies that did not control for
pre-existing cognitive deficits, or used only a global measure
of cognitive function rather than a more detailed neuropsycho-
logical battery. There were no notable differences in cognitive
impairment prevalence rates according to study design or the
specific cognitive domains affected post ICH were reported to
be varied, possibly as a result of the diversity of assessment
batteries used. The common cognitive domains that were re-
ported to be affected irrespective of ICH location were exec-
utive function, processing speed, memory, attention and lan-
guage. However, none of the studies reported associations
between specific cognitive domains affected and ICH volume.
There were mixed findings regarding the specific cognitive
domains affected for lobar versus deep ICH in that one study
reported greater deficits in naming and visual perception for
lobar compared with non-lobar, whereas another study report-
ed no differences between the ICH location types. However,
lobar ICH location was reported as one of the main prognostic
factors for cognitive decline after ICH in addition to cortical
atrophy, age and higher number of macrohaemorrhages at
baseline. Underlying pathology such as superficial siderosis,

cortical atrophy, a higher number of CMBs, underlying CAA
and ApoE e2 variant were all reported as prognostics factors
for early-onset dementia in addition to acute factors such as
ICH location and volume. Prognostic factors for later-onset
dementia also were inclusive of underlying pathology such
as increasing white matter disease, burden of lobar CMBs
and ApoE e4 variant in addition to acute factors and other
socio-demographical factors i.e. age, education and ethnicity.

Comparing cognitive impairment between ICH
and ischaemic stroke

It is important to establish whether the cognitive trajectory
may be different for ICH compared with ischemic stroke.
The most comprehensive review of the prevalence and asso-
ciated factors of pre and post stroke dementia to date is a
systematic review and meta-analysis by Pendlebury et al.
(2009) [11]. Findings from their review reported that preva-
lence of pre stroke dementia ranged between 10 and 14% and
between 10 and 30% for post stroke dementia. These figures
are similar to those reported here in the current review exclu-
sively on dementia for pre (9–16%) but are lower for post (37–
88%) ICH. The factors reported to be associated with pre
stroke dementia were medial temporal lobe atrophy, female
gender and a family history of dementia, whereas factors as-
sociated with post stroke dementia were previous and recur-
rent stroke, several stroke lesions, aphasia, stroke severity,
“haemorrhagic stroke”, volume of the infarct and location of
stroke (increased with left hemisphere and decrease with
brainstem) [11]. Although we found that previous stroke,
ICH volume and location were reported to be prognostic fac-
tors for new-onset dementia post ICH, so too were other path-
ological causes such as disseminated superficial siderosis, cor-
tical atrophy, a higher number of CMBs and underlying CAA.
Identifying more pathological prognostic factors in ICH ex-
clusive stroke studies is possible as a result of more detailed
CT and MRI acquisitions and analysis compared with previ-
ous stroke studies that included less neuroimaging data.

Despite our findings of very high rates of both pre and post
ICH cognitive impairment, international stroke consortia con-
tinue to have a greater focus on ischaemic stroke [59]. A more
recent consortium to examine the epidemiology, diagnosis and
treatment of neurocognitive disorders in relation to cerebro-
vascular disease predominantly identified previous strokes
from members’ own research centres and as a result more
representative of more westernized regions [59]. Few of these
studies included comprehensive neuropsychological or neuro-
imaging assessment and analysis. This consortium and a more
recent review on the psychometric properties of cognition
measures used in all stroke types [60] acknowledge the chal-
lenges in harmonizing neuropsychological data where the
criteria for defining cognitive impairment and assessment
measures used remain heterogeneous. Addressing the
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differences in cognitive impairment profiles between ischae-
mic and haemorrhagic stroke is beyond the scope of this re-
view. However, understanding comparing the differences in
cognitive deficits for the presenting pathologies and location
distributions for stroke subtypes (ischaemic and ICH) will be
of great importance for further reviews and empirical studies
and also to facilitate health care professionals to have a com-
prehensive and updated perspective on ICH outcome in acute
and chronic phases [61].

Main limitations in studies reviewed

The prevalence rate of cognitive impairment and/or de-
mentia pre and post ICH was very varied across the stud-
ies that reported these figures. The methodological issues
included limited consistency across neuropsychological
measures used in studies in addition to the timing of as-
sessments. For the studies that focused on post ICH cog-
nitive impairment, almost half of the studies did not ex-
clude pre-existing dementia and/or cognitive impairment,
included modest samples sizes and some studies were of
retrospective design. Although a larger number of the
studies reviewed were longitudinal, the timing and num-
ber of follow-up assessments also varied widely across
studies from in the immediate period post ICH to 3, 6,
12 months and up to 4 years post ICH. Therefore, deter-
mining and defining acute, sub-acute and chronic phases
following ICH was not consistent across studies. Due to
the heterogeneity of the neuropsychological measures
used across the different studies, it was not possible to
conclude or analyze the psychometric properties for each
respective measure used for the various cognitive domains
assessed. Hence, the requirement for greater use of work-
ing group collaborations that have devised specific proto-
cols for the assessment of vascular cognitive impairment
to facilitate greater clarity of comparisons between assess-
ment measures between studies [55]. There was also var-
iation in studies in terms of whether global cognition or
more comprehensive neuropsychological cognitive assess-
ments were used and therefore, interpreting studies’ re-
sults based on global cognition scores versus more de-
tailed neuropsychological assessment may result in issues
concerning prevalence rates, definition and consistency of
cognitive deficits. In addition to the various study design
and methodological issues outlined above, there was also
great diversity in the use of statistical tests and analysis
approaches. Some studies were underpowered in terms of
drawing conclusions based on the sample sizes recruited.
For example, some studies used parametric statistics
where sample sizes were modest and where there was no
reporting regarding the normality of the data distribution.
In other studies, there was elaborate uses of statistical
analyses such the use of the General Linear Model

(GLM) and Structured Equation Modelling where sample
sizes were not deemed large enough for these modelling
approaches. The majority of studies did not correct for
multiple comparisons either apriori or post hoc were con-
ducted e.g. the use of Bonferroni’s or Tukey’s. Despite the
results of quality assessment indicated adequate to mostly
good for the quality grade level of the included studies,
the COSMIN checklist and other quality assessments for
risk of bias will not always necessarily justify capturing
all methodological and design issues.

Future research, recommendations
and conclusions

This systematic review identified studies that assessed cogni-
tive function pre or post ICH and as a result of the wide
variation in the assessment measures employed, there were a
number of gaps or limitations identified in drawing
conclusions.

& For future studies, methodological approaches may be re-
quired to extend beyond using generic measures of cogni-
tion and to assess specific cognitive domains known to be
affected from resulting pathological stroke type and region
involved.

& When assessing cognition following ICH, it is important
to assess the pre-existing cognitive function prior to ICH,
allow immediate delirium to subside and to assess cogni-
tive functions frequently and consistently within the acute
and sub-acute time periods. Standardization of timing of
assessment post ICH would facilitate determining the dif-
ferences in specific cognitive domains affected at early
and late onset of cognitive impairment.

& Further studies are warranted that compared cohorts with
pre-existing cognitive impairment with those with no pre-
existing impairment when determining cognitive status
and deficits post ICH and not only exclude patients with
pre-existing cognitive impairment in order to determine
severity of post ICH cognitive impairment.

& More extensive neuroimaging methods and acquisitions
using recommended protocols and criteria for imaging
analysis are warranted for all stroke type studies and not
only exclusively for ICH studies to facilitate comparisons
of cognitive deficits between different stroke types.
Consistent and standardized neuroimaging methods will
also facilitate comparisons between ICH location and vol-
ume with specific cognitive domains affected, and allow
better understanding of the contribution of different
arteriopathies including CAA.

& Global cognition measures are red flag warnings for un-
derlying cognitive impairments and are mainly highlight-
ing concerns and issues regarding cognitive function. In
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order to preplan and advance rehabilitative interventions,
cognitive assessments following ICH must include mea-
sures that will detect cognitive dysfunctions allowing tai-
lored intervention programmes to address and manage
areas of concern. Cognitive assessment in ICH patients
may need to extend measurement beyond global and other
neuropsychological objective testing and to be inclusive
of disease classifying criteria [62]. In addition, assessing
subjective cognitive complaints may facilitate rehabilita-
tion [63]. Greater assessment and awareness of cognitive
impairments by health professionals, especially the allied
health groups, is also warranted given the interdisciplinary
nature of stroke management and rehabilitative strategic
interventions [64, 65].

& A validated cognitive screening protocol for patients at
risk for and who have diagnosed SVD causing spontane-
ous ICH would allow greater consistency of cognitive
assessment across these patient groups.

This article presented a systematic review of studies that
assessed and evaluated cognitive function either pre or post
ICH and aimed to identify the assessment methods employed.
As a result of reviewing assessment methods for evaluating
cognitive function in studies exclusive to ICH, it was possible
to make some estimations regarding current prevalence rates
for cognitive impairments and/or dementia, the most common
assessment measures used and the cognitive domains affected
as a result of spontaneous ICH.

ADC apparent diffusion coefficient, ApoE apolipoprotein,
ARWMC Age-Related White Matter Changes, CAA cerebral
amyloid angiopathy, CAM-ICU Confusion Assessment
Method Intensive Care Unit, CMBs cerebral microbleeds,
CT computerized tomography, FAB Frontal Assessment
Battery, FAS F-A-S Phonemic Verbal Fluency Test, FCSRT
Free and Cued Selective Reminding Test, HVLT-R Hopkins
Verbal Learning Test–Revised, IQCODE Informant
Questionnaire on Cognitive Decline in the Elderly, MMSE
Mini-Mental State Examination, MoCA Montreal Cognitive
Assessment, MRI magnetic resonance imaging, PITCH
Prognosis of intracerebral haemorrhage, SVD small vessel dis-
ease, STRIVE Standards for Reporting Vascular Changes on
Neuroimaging Consensus Criteria, TMT Trail Making Test,
VASCOGDiagnostic Criteria for vascular cognitive disorders,
WMH white matter hyperintensities

Acknowledgements The authors would like to thankMs. Kate Brunskill,
Deputy Librarian, Queen Square Library, Institute of Neurology and the
National Hospital for Neurology and Neurosurgery for advising on the
review search strategy and criteria.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. Aguilar MI, Brott TG (2011) Update in intracerebral hemorrhage.
Neurohospitalist 1:148–159

2. Domingues R, Rossi C, Cordonnier C (2014) Classification of in-
tracerebral haemorrhages. Eur Neurol Rev 9:129–135

3. Charidimou A, Schmitt A, Wilson D, Yakushiji Y, Gregoire SM,
Fox Z, Jager HR, Werring DJ (2017) The Cerebral Haemorrhage
anatomical RaTing inStrument (CHARTS): development and as-
sessment of reliability. J Neurol Sci 372:178–183

4. DeSimone CV, Graff-Radford J, El-Harasis MA, Rabinstein AA,
Asirvatham SJ, HolmesDR Jr (2017) Cerebral amyloid angiopathy:
diagnosis, clinical implications, and management strategies in atrial
fibrillation. J Am Coll Cardiol 70:1173–1182

5. Moulin S, Cordonnier C (2015) Prognosis and outcome of intrace-
rebral haemorrhage. Front Neurol Neurosci 37:182–192

6. Charidimou A, Pantoni L, Love S (2016) The concept of sporadic
cerebral small vessel disease: a road map on key definitions and
current concepts. Int J Stroke 11:6–18

7. Finocchi C, Balestrino M, Malfatto L, Mancardi G, Serrati C,
Gandolfo C (2018) National Institutes of Health Stroke Scale in
patients with primary intracerebral hemorrhage. Neurol Sci 39:
1751–1755

8. Gottesman RF, Hillis AE (2010) Predictors and assessment of cog-
nitive dysfunction resulting from ischaemic stroke. Lancet Neurol
9:895–905

9. Donnellan C, Hevey D, Hickey A, O’Neill D (2006) Defining and
quantifying coping strategies after stroke: a review. J Neurol
Neurosurg Psychiatry 77:1208–1218

10. Bornstein NM, Brainin M, Guekht A, Skoog I, Korczyn AD (2014)
Diabetes and the brain: issues and unmet needs. Neurol Sci 35:995–
1001

11. Pendlebury ST, Rothwell PM (2009) Prevalence, incidence, and
factors associated with pre-stroke and post-stroke dementia: a sys-
tematic review and meta-analysis. Lancet Neurol 8:1006–1018

12. Donnellan C, Al Banna M, Redha N, Al Jishi A, Al Sharoqi I, Taha
S, Bakhiet M, Abdulla F, Walsh P (2016) Predictors of vascular
cognitive impairment Poststroke in a Middle Eastern (Bahrain)
Cohort: A Proposed Case-Control Comparison. JMIR Res Protoc
5:e223

13. Chung C, Pollock A, Campbell T, Durward B, Hagen S (2013)
Cognitive rehabilitation for executive dysfunction in adults with
stroke or other adult non-progressive acquired brain damage.
Cochrane Database Syst Rev 30:4

14. Vakhnina N, Nikitina L, Parfenov V, Yakhno N (2009) Post-stroke
cognitive impairments. Neurosci Behavioral Physiol 39:719–724

15. Kalaria RN, Ballard C (2001) Stroke and cognition. Curr
Atheroscler Rep 3:334–339

16. Hu G-C, Chen Y-M (2017) Post-stroke dementia: epidemiology,
mechanisms and management. Int J Gerontol 11:210–214

17. MijajlovićMD, PavlovićA, BraininM, HeissW-D, Quinn TJ, Ihle-
Hansen HB, Hermann DM, Assayag EB, Richard E, Thiel A,
Kliper E, Shin Y-I, Kim Y-H, Choi S, Jung S, Lee Y-B, Sinanović
O, Levine DA, Schlesinger I, Mead G, Milošević V, Leys D,
Hagberg G, Ursin MH, Teuschl Y, Prokopenko S, Mozheyko E,
Bezdenezhnykh A, Matz K, Aleksić V, Muresanu D, Korczyn
AD, Bornstein NM (2017) Post-stroke dementia – a comprehensive
review. BMC Med 15:11

18. Sun J-H, Tan L, Yu J-T (2014) Post-stroke cognitive impairment:
epidemiology, mechanisms andmanagement. Ann Transl Med 2:80

19. Xiong L, Reijmer YD, Charidimou A, Cordonnier C, Viswanathan
A (2016) Intracerebral hemorrhage and cognitive impairment.
Biochim Biophys Acta Mol basis Dis 1862:939–944

20. Murao K, Rossi C, Cordonnier C (2013) Intracerebral haemorrhage
and cognitive decline. Rev Neurol (Paris) 169:772–778

Neurol Sci

Author's personal copy



21. Lei C, Lin S, Tao W, Hao Z, Liu M, Wu B (2013) Association
between cerebral microbleeds and cognitive function: a systematic
review. J Neurol Neurosurg Psychiatry 84:693–697

22. Viswanathan A, Greenberg SM (2011) Cerebral amyloid
angiopathy in the elderly. Ann Neurol 70:871–880

23. Boyle PA, Yu L, Nag S, Leurgans S, Wilson RS, Bennett DA,
Schneider JA (2015) Cerebral amyloid angiopathy and cognitive
outcomes in community-based older persons. Neurol 85:1930–
1936

24. Smith EE, Beaudin AE (2018) New insights into cerebral small
vessel disease and vascular cognitive impairment from MRI. Curr
Opin Neurol 31:36–43

25. Planton M, Raposo N, Danet L, Albucher JF, Peran P, Pariente J
(2017) Impact of spontaneous intracerebral hemorrhage on cogni-
tive functioning: an update. Rev Neurol (Paris) 173:481–489

26. Wood H (2015) Intracerebral haemorrhage: cognitive decline after
intracerebral haemorrhage might be attributable to pre-existing fac-
tors. Nat Rev Neurol 11:546

27. Moher D, Liberati A, Tetzlaff J, Altman DG, The PG (2009)
Preferred reporting items for systematic reviews andmeta-analyses:
the PRISMA statement. PLoS Med 6:e1000097

28. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC,
Vandenbroucke JP (2008) The Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies. J Clin Epidemiol
61:344–349

29. Mokkink LB, Terwee CB, Patrick DL, Alonso J, Stratford PW,
Knol DL, Bouter LM, de Vet HCW (2010) The COSMIN checklist
for assessing the methodological quality of studies on measurement
properties of health status measurement instruments: an internation-
al Delphi study. Qual Life Res 19:539–549

30. Xiong L, Davidsdottir S, Reijmer YD, Shoamanesh A,
Roongpiboonsopit D, Thanprasertsuk S, Martinez-Ramirez S,
Charidimou A, Ayres AM, Fotiadis P, Gurol E, Blacker DL,
Greenberg SM, Viswanathan A (2016) Cognitive profile and its
association with neuroimaging markers of non-demented cerebral
amyloid angiopathy patients in a stroke unit. J Alzheimers Dis 52:
171–178

31. Nakagawa K, King SL, Seto TB, Mau M (2018) Disparities in
functional outcome after intracerebral hemorrhage among Asians
and Pacific Islanders. Front Neurol 9:186

32. Kothari RU, Brott T, Broderick JP, Barsan WG, Sauerbeck LR,
Zuccarello M, Khoury J (1996) The ABCs of measuring intracere-
bral hemorrhage volumes. Stroke 27:1304–1305

33. Knudsen KA, Rosand J, Karluk D, Greenberg SM (2001) Clinical
diagnosis of cerebral amyloid angiopathy: Validation of the Boston
Criteria. Neurology 56:537–539

34. Rost NS, Smith EE, ChangY, Snider RW, Chanderraj R, SchwabK,
FitzMaurice E, Wendell L, Goldstein JN, Greenberg SM, Rosand J
(2008) Prediction of functional outcome in patients with primary
intracerebral hemorrhage: the FUNC score. Stroke 39:2304–2309

35. Su CY, Chen HM, Kwan AL, Lin YH, Guo NW (2007)
Neuropsychological impairment after hemorrhagic stroke in basal
ganglia. Arch Clin Neuropsychol 22:465–474

36. Banerjee G, Wilson D, Ambler G, Osei-Bonsu Appiah K,
Shakeshaft C, Lunawat S, Cohen H, Yousry TD, Lip GYH, Muir
KW, Brown MM, Al-Shahi Salman R, Jager HR, Werring DJ
(2018) Cognitive impairment before intracerebral hemorrhage is
associated with cerebral amyloid angiopathy. Stroke 49:40–45

37. Flibotte JJ, Hagan N, O’Donnell J, Greenberg SM, Rosand J (2004)
Warfarin, hematoma expansion, and outcome of intracerebral hem-
orrhage. Neurology 63:1059–1064

38. Jamieson EI, Newman D, Metcalf AK, Naguib MF, Saada J, Potter
JF, Myint PK (2012) Dementia is strongly associated with 90-day
mortality in lobar cerebral amyloid angiopathy related intra-cerebral
haemorrhage. J Neurol Sci 322:161–165

39. Planton M, Saint-Aubert L, Raposo N, Branchu L, Lyoubi A,
Bonneville F, Albucher J-F, Olivot J-M, Péran P, Pariente J
(2017) High prevalence of cognitive impairment after intracerebral
hemorrhage. PLoS One 12:e0178886

40. Benedictus MR, Hochart A, Rossi C, Boulouis G, Hénon H, van
der FlierWM, Cordonnier C (2015) Prognostic factors for cognitive
decline after Intracerebral hemorrhage. Stroke 46:2773–2778

41. Garcia PY, Roussel M, Bugnicourt JM, Lamy C, Canaple S, Peltier
J, Loas G, Deramond H, Godefroy O (2013) Cognitive impairment
and dementia after intracerebral hemorrhage: a cross-sectional
study of a hospital-based series. J Stroke Cerebrovasc Dis 22:80–86

42. Fazekas F, Chawluk JB, Alavi A, Hurtig HI, Zimmerman RA
(1987) MR signal abnormalities at 1.5 T in Alzheimer’s dementia
and normal aging. AJR Am J Roentgenol 149:351–356

43. Laible M, Horstmann S, Mohlenbruch M, Schueler S, Rizos T,
Veltkamp R (2017) Preexisting cognitive impairment in intracere-
bral hemorrhage. Acta Neurol Scand 135:628–634

44. Viswanathan A, Patel P, Rahman R, Nandigam RN, Kinnecom C,
Bracoud L, Rosand J, Chabriat H, Greenberg SM, Smith EE (2008)
Tissue microstructural changes are independently associated with
cognitive impairment in cerebral amyloid angiopathy. Stroke 39:
1988–1992

45. Wardlaw JM, Smith EE, Biessels GJ, Cordonnier C, Fazekas F,
Frayne R, Lindley RI, O’Brien JT, Barkhof F, Benavente OR,
Black SE, Brayne C, Breteler M, Chabriat H, DeCarli C, de
Leeuw F-E, Doubal F, Duering M, Fox NC, Greenberg S,
Hachinski V, Kilimann I, Mok V, Rv O, Pantoni L, Speck O,
Stephan BCM, Teipel S, Viswanathan A, Werring D, Chen C,
Smith C, van Buchem M, Norrving B, Gorelick PB, Dichgans M
(2013) Neuroimaging standards for research into small vessel dis-
ease and its contribution to ageing and neurodegeneration. Lancet
Neurol 12:822–838

46. Banerjee G, Summers M, Chan E, Wilson D, Charidimou A,
Cipolotti L, Werring DJ (2018) Domain-specific characterisation
of early cognitive impairment following spontaneous intracerebral
haemorrhage. J Neurol Sci 391:25–30

47. Cordonnier C, Leys D, Dumont F, Deramecourt V, Bordet R,
Pasquier F, Hénon H (2010) What are the causes of pre-existing
dementia in patients with intracerebral haemorrhages? Brain 133:
3281–3289

48. Naidech AM, Beaumont JL, Rosenberg NF, Maas MB, Kosteva
AR, Ault ML, Cella D, Ely EW (2013) Intracerebral hemorrhage
and delirium symptoms. Length of stay, function, and quality of life
in a 114-patient cohort. Am J Respir Crit CareMed 188:1331–1337

49. Smith EE, Gurol ME, Eng JA, Engel CR, Nguyen TN, Rosand J,
Greenberg SM (2004) White matter lesions, cognition, and recur-
rent hemorrhage in lobar intracerebral hemorrhage. Neurology 63:
1606–1612

50. Jorm AF (1994) A short form of the Informant Questionnaire on
Cognitive Decline in the Elderly (IQCODE): development and
cross-validation. Psychol Med 24:145–153

51. Tveiten A, Ljøstad U, Mygland Å, Naess H (2014) Functioning of
long-term survivors of first-ever intracerebral hemorrhage. Acta
Neurol Scand 129:269–275

52. Biffi A, Bailey D, Anderson CD, Ayres AM, Gurol EM, Greenberg
SM, Rosand J, Viswanathan A (2016) Risk factors associated with
early vs delayed dementia after intracerebral hemorrhage. JAMA
Neurol 73:969–976

53. Moulin S, Labreuche J, Bombois S, Rossi C, Boulouis G, Henon H,
Duhamel A, Leys D, Cordonnier C (2016) Dementia risk after
spontaneous intracerebral haemorrhage: a prospective cohort study.
Lancet Neurol 15:820–829

54. Greenberg SM, Eng JA, Ning M, Smith EE, Rosand J (2004)
Hemorrhage burden predicts recurrent intracerebral hemorrhage af-
ter lobar hemorrhage. Stroke 35:1415–1420

Neurol Sci

Author's personal copy



55. Hachinski V, Iadecola C, Petersen RC, Breteler MM, Nyenhuis DL,
Black SE, Powers WJ, DeCarli C, Merino JG, Kalaria RN, Vinters
HV, Holtzman DM, Rosenberg GA, Wallin A, Dichgans M, Marler
JR, Leblanc GG (2006) National Institute of Neurological
Disorders and Stroke-Canadian Stroke Network vascular cognitive
impairment harmonization standards. Stroke 37:2220–2241

56. Román GC, Sachdev P, Royall DR, Bullock RA, Orgogozo J-M,
López-Pousa S, Arizaga R, Wallin A (2004) Vascular cognitive
disorder: a new diagnostic category updating vascular cognitive
impairment and vascular dementia. J Neurol Sci 226:81–87

57. Sachdev P, Kalaria R, O’Brien J, Skoog I, Alladi S, Black SE,
Blacker D, Blazer DG, Chen C, Chui H, Ganguli M, Jellinger K,
Jeste DV, Pasquier F, Paulsen J, Prins N, Rockwood K, Roman G,
Scheltens P (2014) Diagnostic criteria for vascular cognitive disor-
ders: a VASCOG statement. Alzheimer Dis Assoc Disord 28:206–
218

58. McGovern A, Pendlebury ST, Mishra NK, Fan Y, Quinn TJ (2016)
Test accuracy of informant-based cognitive screening tests for di-
agnosis of dementia and multidomain cognitive impairment in
stroke. Stroke 47:329–335

59. Sachdev PS, Lo JW, Crawford JD, Mellon L, Hickey A, Williams
D, Bordet R, Mendyk A-M, Gelé P, Deplanque D, Bae H-J, Lim J-
S, Brodtmann A, Werden E, Cumming T, Köhler S, Verhey FRJ,
Dong Y-H, Tan HH, Chen C, Xin X, Kalaria RN, Allan LM,
Akinyemi RO, Ogunniyi A, Klimkowicz-Mrowiec A, Dichgans
M, Wollenweber FA, Zietemann V, Hoffmann M, Desmond DW,
Linden T, Blomstrand C, Fagerberg B, Skoog I, Godefroy O,
Barbay M, Roussel M, Lee B-C, Yu K-H, Wardlaw J, Makin SJ,
Doubal FN, Chappell FM, Srikanth VK, Thrift AG, Donnan GA,
Kandiah N, Chander RJ, Lin X, Cordonnier C, Moulin S, Rossi C,

Sabayan B, Stott DJ, Jukema JW, Melkas S, Jokinen H, Erkinjuntti
T, Mok VCT, Wong A, Lam BYK, Leys D, Hénon H, Bombois S,
Lipnicki DM, Kochan NA (2017) STROKOG (stroke and cogni-
tion consortium): an international consortium to examine the epi-
demiology, diagnosis, and treatment of neurocognitive disorders in
relation to cerebrovascular disease. Alzheimers Dement (Amst) 7:
11–23

60. Rodrigues JC, Becker N, Beckenkamp CL, Miná CS, de Salles JF,
Bandeira DR (2019) Psychometric properties of cognitive screen-
ing for patients with cerebrovascular diseases a systematic review.
Dement Neuropsychol 13:31–43

61. Pinho J, Costa AS, Araujo JM, Amorim JM, Ferreira C (2019)
Intracerebral hemorrhage outcome: a comprehensive update. J
Neurol Sci 398:54–66

62. American Psychiatric Association (2013) Diagnostic and statistical
manual of mental disorders. American Psychiatric Association,
Arlington

63. Al Banna M, Redha NA, Abdulla F, Nair B, Donnellan C (2016)
Metacognitive function poststroke: a review of definition and as-
sessment. J Neurol Neurosurg Psychiatry 87:161–166

64. Hayes S, Donnellan C, Stokes E (2013) Associations between ex-
ecutive function and physical function poststroke: a pilot study.
Physiotherapy 99:165–171

65. Hayes S, Donnellan C, Stokes E (2015) Executive dysfunction
post-stroke: an insight into the perspectives of physiotherapists.
Disabil Rehabil 37:1817–1824

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Neurol Sci

Author's personal copy


	Cognitive impairment before and after intracerebral haemorrhage: a systematic review
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Post stroke cognitive impairment and/or dementia
	Cognitive impairment and ICH

	Method
	Search strategy
	Selection and categorization of articles

	Results
	Characteristics of included studies
	Cognitive assessment pre ICH and associated factors
	Cognitive assessment post ICH and associated factors

	Discussion
	Cognitive assessment pre ICH and associated factors
	Cognitive assessment post ICH and associated factors
	Comparing cognitive impairment between ICH and ischaemic stroke
	Main limitations in studies reviewed

	Future research, recommendations and conclusions
	References


