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Abstract
Background  Cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL) is 
the most common monogenic form of stroke and is characterised by early onset stroke and dementia. Most strokes are lacunar 
ischaemic strokes, but intracerebral haemorrhage (ICH) has also been reported, although there are limited published data 
on its frequency and characteristics.
Methods  A retrospective review of a prospectively recruited CADASIL register from the British National Referral clinic 
was performed to identify acute ICH cases and their characteristics. In addition, a systematic review of ICH in CADASIL 
was performed. MEDLINE (Pubmed), Embase, and Web of Science were searched for articles published from inception 
until 31/05/2023.
Results  Ten cases of ICH were identified from the National clinic register of 516 symptomatic patients, giving an estimated 
point prevalence of 1.9%. An additional 119 cases were identified from the systematic review, comprising 129 cases and 
142 ICH events in total. Including all identified cases, the mean age at onset of ICH was 56.6 ± 15.7 (SD) years, and 74 
(57.4%) were male. ICH was the first manifestation of the disease in 32 patients (38.1%), and ICH recurrence occurred in 16 
(12.4%). Most ICHs were subcortical, with the thalamus, 58 (40.8%), and basal ganglia, 34 (23.9%), being the commonest 
sites. Anticoagulation, but not antiplatelet agents, was associated with an increased risk of ICH (20.0% vs. 1.9%, p = 0.006).
Conclusions  ICH is a relatively rare manifestation of CADASIL, occurring in about 2% of symptomatic cases. Most of the 
haemorrhages occurred in the subcortical regions.

Keywords  CADASIL · Intracerebral haemorrhage · ICH · Cerebral small vessel disease · Case series · Systematic review

Introduction

Cerebral autosomal dominant arteriopathy with subcortical 
infarcts and leukoencephalopathy (CADASIL) is the most 
common monogenic form of stroke, characterised by the 
early onset of ischaemic stroke and dementia. It is caused 
by a mutation in the NOTCH3 gene, which usually changes 
the number of cysteine residues within the extracellular epi-
dermal growth factor-like repeats (EGFr) in the NOTCH3 
receptor [1]. Common manifestations of CADASIL include 

stroke, usually an ischaemic stroke of lacunar subtype, 
migraine with aura, psychiatric syndromes, vascular cogni-
tive impairment, and dementia.

Until recently, intracerebral haemorrhage had been little 
described in CADASIL. Several ICH cases in CADASIL 
have been reported, especially in Asian populations [2]. 
However, the published data on the prevalence and char-
acteristics of ICH in CADASIL are still limited. Therefore, 
to better understand ICH in CADASIL, we identified cases 
of ICH in a prospective CADASIL register to determine its 
prevalence and characteristics. We also performed a sys-
tematic review to identify previously published cases and 
analysed clinical features, risk factors, and outcomes in our 
case series combined with the previously published cases.
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Methods

Case series

Data acquisition

We performed a retrospective review of a prospectively col-
lected CADASIL register from the CADASIL National Refer-
ral clinic in Cambridge (from 2001 to 2023) and from the UK 
Familial Small Vessel Disease Study (from 2016 to 2023), 
which has been recruiting patients with monogenic small ves-
sel disease (SVD) from 6 stroke centres in the UK. Patients’ 
data were collected at the first study encounter and follow-
up visits using standardized forms. All CADASIL patients 
were diagnosed with a typical cysteine-changing NOTCH3 
mutation, and only symptomatic patients were included in the 
analysis. ICH was defined as an acute neurological syndrome 
with a confirmed presence of intraparenchymal blood by either 
computed tomography (CT) or magnetic resonance imaging 
(MRI).

All available imaging studies were reviewed to identify 
evidence of ICH lesions, complications, and radiological 
changes, including white matter lesions, lacunes, and cerebral 
microbleeds (CMBs). As per STRIVE criteria [3], lacune was 
defined as a subcortical infarct between 3 and 15 mm in diam-
eter. CMB was defined as a small area, not larger than 10 mm 
in diameter, of signal void with associated blooming seen on 
T2*-weighted or susceptibility-weighted MRI sequences. 
Scans at the time of ICH were available in 7 patients and 
were graded individually. ICH details of the remaining 3 were 
extracted from the original radiology reports and, in addition, 
in a post-acute gradient echo sequence in one (A6).

Statistical analysis

Categorical variables were presented in the number of cases 
and percentage (%), and continuous variables were displayed 
by mean and standard deviation (SD). Baseline characteris-
tics between CADASIL patients with and without ICH were 
compared using Student’s t test and Pearson’s chi-squared test 
as appropriate. A p value of less than 0.05 was considered sig-
nificant. An estimated point prevalence of ICH in CADASIL 
patients was calculated in percentage (%) within the prospec-
tive cohort. All analyses were carried out using the R software 
version 4.3.1.

Systematic review

Search strategy

The study protocol was pre-registered on PROSPERO 
(CRD42023425877), provided by the University of York, 
United Kingdom. We followed the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
Statement guidelines, 2020 [4]. MEDLINE (Pubmed), 
Embase, and Web of Science were searched to identify 
studies published from inception until 31/05/2023. Search 
terms included "cerebral autosomal dominant arteriopathy 
with subcortical infarcts and leukoencephalopathy" OR 
"CADASIL", AND, "hemorrhage" OR "hemorrhages" OR 
"haemorrhage" OR "haemorrhages" OR "bleed", and were 
refined according to each database. In addition, reference 
lists of the relevant articles were also searched.

Study selection and eligibility criteria

Studies were deemed eligible if they met the following crite-
ria: (1) CADASIL diagnosed by one of the following crite-
ria: confirmed NOTCH3 mutation, the presence of granular 
osmiophilic material (GOM) from skin biopsy, or known 
family mutation with clinical features; (2) original human 
data; and (3) availability of acute ICH details from patients’ 
history or scans. Asymptomatic haemorrhagic lesions were 
not included. Quality was assessed using the Joanna Briggs 
Institute (JBI) critical appraisal checklists [5, 6]. Regard-
less of language, all studies that fulfilled the criteria were 
included. In case there was a potential of data overlapping 
between studies, we contacted the corresponding authors to 
get the original patient data.

Data extraction and analysis

Demographic data extracted included age, sex, mutation 
detail, history of any CADASIL features, radiographic 
changes due to CADASIL, vascular risk factors, and 
antithrombotic medication used. Regarding the ICH detail, 
clinical features, radiological characteristics, and location of 
ICH were extracted. The cases, including demographics, risk 
factor details, and clinical and radiographic features identi-
fied from the systemic review, were pooled with the UK case 
series for the combined analysis.



2425Journal of Neurology (2024) 271:2423–2433	

Results

Case series

A total of 544 CADASIL patients were identified from 
the register. Of these, 516 were symptomatic and had 
typical heterozygous cysteine-changing mutations and 
were included in the analysis. We excluded 26 who were 
asymptomatic and diagnosed on predictive testing, one 
with a compound heterozygous mutation, and one with a 
homozygous mutation. The data from 516 symptomatic 
CADASIL patients were available, of whom ten patients 
had suffered from ICH, giving an ICH point prevalence 
of 1.9%. One patient also suffered one ICH recurrence. 
The mean age at ICH was 53.3 ± 7.6 (SD) years. In two 
cases, ICH was the presenting feature of CADASIL. There 
was no difference in the proportion of those with a muta-
tion in EGFr 1–6, which was previously associated with 
increased ischaemic stroke risk [7], between those with 
and without ICH (50.0% vs. 79.4%, p value = 0.112). In 
those cases with ICH, there was a nonsignificant trend 
to a higher history of hypertension (50.0% vs. 23.9%, p 
value = 0.126), and a significant increase of anticoagulant 
use (20.0% vs. 1.9%, p value = 0.006), but not of anti-
platelet agents. Details of individual patients with ICH 
are shown in Table 1. Patients’ mutation details and dif-
ferences in demographic and clinical features of those 
with and without ICH are available in the online resources 
(Table S1, S2).

Six patients recovered to a modified Rankin score 
(mRS) of less than 2, one had a mRS of 4, while two died 
from the ICH. Outcome details were not available in one 
patient (A10). One patient (A7) had a recurrent ICH at 
the left medial temporal cortex, occurred 14 days after he 
had a brain biopsy at that region due to the suspicion of 
a primary brain tumour, which showed gliotic changes.

On brain imaging, the location of the ICH was thalamic 
in 3 patients, caudate in 1, basal ganglia in 1, medial tem-
poral cortex in 3, subcortical white matter in 1, cerebellum 
in 1, and brainstem in 1. Intraventricular extension was 
observed in 5 (45.5%), most of which were deep ICHs. 
Figure 1 shows examples of imaging characteristics of ICH 
in two patients. Out of the 8 patients with original gradient 
echo or susceptibility scans available for review, subcorti-
cal and/or infratentorial CMBs were present in 4 patients.

Systematic review

Through the search, a total of 756 articles were identified. 
Fifty-five articles were eligible for full-text assessment 
and 25 were excluded for four reasons, summarised in 

Fig. 2. We contacted the corresponding authors regarding 
possible data overlapping issues in 8 articles [8–15]. Fol-
lowing this, we included 4 of them, two which had been 
confirmed to have no overlapping data [11, 15] and for 2 
where there was overlap but we were provided with the 
individual patient data [13, 14]. We received no reply for 
one potential overlap [8–11] so we omitted smaller stud-
ies from this group [8–10] and only included the larger 
study [11].

Thirty studies were eligible, including 21 case reports 
[16–36], 7 case series [13, 14, 37–41], and 2 observational 
studies [11, 15], comprising 119 CADASIL patients with 
history of ICH. Half of the studies were published in Asia, 
which consisted of 98 cases (76.0%). The details of each 
study are summarised in Table 2. The details of the quality 
assessment and mutation and diagnostic means in each study 
are available in the online resources (Table S3–S6).

Combined analysis of case series and systematic 
review of cases

Combining the result with our case series, 129 CADASIL 
patients with 142 ICH events were identified. Data on 
genetic testing were available in 124 (96.1%). CADASIL 
was diagnosed on the basis of a NOTCH3 mutation in 123 
(95.3%), a known family mutation with clinical features in 
the absence of genetic confirmation in 2 (1.6%) [13, 40], 
GOM in the absence of genetic testing in 3 (2.3%) [16, 17, 
30], and GOM in 1 patient with negative testing in exon 
2–24 [19], Of those with a diagnosed NOTCH3 muta-
tion, 119 (96.7%) were typical cysteine altering, 3 (2.4%) 
were cysteine sparing, and 1 with genetically confirmed 
CADASIL but NOTCH3 mutation detail wasn’t mentioned 
[33].

A summary of the characteristics of all patients is shown 
in Table 3. The mean age at the time of ICH was 56.6 ± 15.7 
(SD), and 74 patients (57.4%) were male. Asian CADASIL 
patients had ICH at an older mean age compared to other 
regions (58.1 ± 15.4 and 51.9 ± 10.6 years, respectively) 
(online resources, Table S7). Of 84 patients with available 
information, 32 (38.1%) had ICH as the first manifestation 
of CADASIL.

Hypertension was the most common vascular risk fac-
tor present in 91 patients (71.1%) and was more commonly 
seen in Asian patients (78.6% vs. 46.7%). Six patients (7.8%) 
were on anticoagulants (warfarin in 3 patients, low molecu-
lar weight heparin (LMWH) in 1, and two, the unspecified 
type).

A total of 142 ICH lesions were identified from brain 
imaging or autopsy studies. Most lesions were subcortical 
haemorrhages (130, 91.5%). The sites of haemorrhages 
were thalamus (58, 40.8%), basal ganglia (34, 23.9%), sub-
cortical white matter (18, 12.7%), cerebellum (12, 8.5%), 



2426	 Journal of Neurology (2024) 271:2423–2433

Ta
bl

e 
1  

S
um

m
ar

y 
of

 c
lin

ic
al

 a
nd

 ra
di

ol
og

ic
al

 c
ha

ra
ct

er
ist

ic
s o

f i
nd

iv
id

ua
l C

A
D

A
SI

L 
pa

tie
nt

s w
ith

 IC
H

 in
 th

e 
U

K
 c

oh
or

t

CA
D
AS

IL
 c

er
eb

ra
l a

ut
os

om
al

 d
om

in
an

t a
rte

rio
pa

th
y 

w
ith

 s
ub

co
rti

ca
l i

nf
ar

ct
s 

an
d 

le
uk

oe
nc

ep
ha

lo
pa

th
y,

 C
M
B 

ce
re

br
al

 m
ic

ro
bl

ee
d,

 D
M

 d
ia

be
te

s 
m

el
lit

us
, H

LP
 h

yp
er

lip
id

ae
m

ia
, H

T 
hy

pe
rte

n-
si

on
, I
C
H

 in
tra

ce
re

br
al

 h
ae

m
or

rh
ag

e,
 IS

 is
ch

ae
m

ic
 st

ro
ke

, I
VH

 in
tra

ve
nt

ric
ul

ar
 h

ae
m

or
rh

ag
e,

 N
/A

 n
ot

 a
pp

lic
ab

le
, T

IA
 tr

an
si

en
t i

sc
ha

em
ic

 a
tta

ck
a  A

ge
 w

he
n 

th
e 

pa
tie

nt
 h

ad
 IC

H
 w

as
 u

se
d

b  A
 p

at
ie

nt
 w

ith
 g

oo
d 

or
 p

oo
r r

ec
ov

er
y 

w
as

 d
efi

ne
d 

as
 h

av
in

g 
a 

m
R

S 
of

 0
–1

 o
r m

R
S 

≥
 2,

 re
sp

ec
tiv

el
y

c  A
sp

iri
n 

w
as

 a
lre

ad
y 

sto
pp

ed
 a

fte
r h

is
 fi

rs
t h

ae
m

or
rh

ag
e

d  IC
H

 d
et

ai
ls

 o
f t

he
se

 p
at

ie
nt

s w
er

e 
ex

tra
ct

ed
 fr

om
 th

e 
or

ig
in

al
 re

po
rts

C
as

e
A

ge
a

Se
x

Pr
ev

io
us

 C
A

D
A

SI
L 

fe
at

ur
e

IC
H

 sy
m

pt
om

Re
co

ve
ry

b
IC

H
 L

oc
at

io
n

Si
ze

 (c
m

)
IV

H
Im

ag
in

g 
m

ar
ke

r
Va

sc
ul

ar
 ri

sk
A

nt
ith

ro
m

bo
tic

C
M

B
La

cu
ne

A
1

60
F

M
ig

ra
in

e,
 e

nc
ep

ha
lo

pa
-

th
y,

 IS
H

ea
da

ch
e,

 d
ys

ph
as

ia
, 

de
cr

ea
se

d 
le

ve
l o

f 
co

ns
ci

ou
sn

es
s

G
oo

d
Lt

. c
au

da
te

3.
0 ×

 2.
5

 +
 

0
3

Ex
-s

m
ok

in
g

A
sp

iri
n

A
2

60
M

M
ig

ra
in

e
H

ea
da

ch
e,

 v
om

iti
ng

, l
ef

t-
si

de
d 

w
ea

kn
es

s
G

oo
d

R
t. 

ba
sa

l g
an

gl
ia

1.
9 ×

 2.
1

 +
 

3
7

H
LP

, e
x-

sm
ok

in
g

C
lo

pi
do

gr
el

A
3

58
F

M
ig

ra
in

e,
 c

og
ni

tiv
e 

im
pa

irm
en

t
C

on
fu

si
on

Po
or

R
t. 

th
al

am
us

1.
3 ×

 1.
1

−
 >

 80
12

H
T

A
sp

iri
n

A
4

47
M

IS
H

ea
da

ch
e,

 le
ft 

le
g 

w
ea

k-
ne

ss
G

oo
d

R
t. 

su
pe

rio
r p

ar
ie

ta
l W

M
1.

4 ×
 1.

3
−

0
5

H
T,

 D
M

 ty
pe

 1
, e

x-
sm

ok
in

g
C

lo
pi

do
gr

el

A
5

57
F

N
on

e
C

ol
la

ps
e,

 sl
ur

re
d 

sp
ee

ch
, 

le
ft-

si
de

d 
w

ea
kn

es
s

G
oo

d
R

t. 
th

al
am

us
2.

3 ×
 1.

7
 +

 
0

1
N

on
e

N
on

e

A
6

42
F

D
ep

re
ss

io
n,

 c
og

ni
tiv

e 
im

pa
irm

en
t, 

m
ig

ra
in

e
Le

ft-
si

de
d 

w
ea

kn
es

s
G

oo
d

R
t. 

th
al

am
us

N
/A

 +
 

6
3

H
T

C
lo

pi
do

gr
el

A
7

51
M

D
ep

re
ss

io
n,

 T
IA

C
on

fu
si

on
, d

ys
ph

as
ia

, 
se

iz
ur

e
Po

or
Lt

. m
ed

ia
l t

em
po

ra
l 

co
rte

x
1.

5 ×
 2.

1
−

2
0

H
T,

 H
LP

, e
x-

sm
ok

in
g

A
sp

iri
n

D
ec

re
as

ed
 le

ve
l o

f c
on

-
sc

io
us

ne
ss

, r
ig

ht
 fa

ci
al

 
dr

oo
p,

 v
om

iti
ng

D
ec

ea
se

d
Lt

. m
ed

ia
l t

em
po

ra
l 

co
rte

x
2.

9 ×
 6.

7
 +

 
N

on
ec

A
8

61
M

N
on

e
H

ea
da

ch
e,

 v
om

iti
ng

, 
sl

ur
re

d 
sp

ee
ch

, a
ta

xi
a

G
oo

d
C

er
eb

el
la

r v
er

m
is

3.
9 ×

 1.
2

−
0

1
N

on
e

N
on

e

A
9

41
F

M
ig

ra
in

e,
 IS

, c
og

ni
tiv

e 
im

pa
irm

en
t

R
ig

ht
-s

id
ed

 w
ea

kn
es

s, 
dy

sp
ha

si
a

D
ec

ea
se

d
B

ra
in

ste
m

d
N

/A
-

N
/A

N
/A

N
on

e
A

nt
ic

oa
gu

la
nt

A
10

56
M

IS
V

is
ua

l d
ist

ur
ba

nc
e

N
A

R
t. 

m
ed

ia
l t

em
po

ra
l 

co
rte

xd
N

/A
−

N
/A

N
/A

H
LP

A
sp

iri
n,

 w
ar

fa
rin



2427Journal of Neurology (2024) 271:2423–2433	

brainstem (8, 5.6%), and cortical (10, 7.0%). One ICH was 
in the parietal lobe but was not specified if it was corti-
cal or subcortical (1, 0.7%), and the remaining case was 
reported as having multiple lesions (1, 0.7%). This trend 
was similarly seen across different ethnicities. All patients 
with brain MRI (128, 99.2%) had widespread white matter 
hyperintensities. CMBs were present in 99 of 105 patients 
(89.3%) of whom information was reported, and lacunes 
86 of 93 patients (92.5%).

Intraventricular extension was observed in 25 patients 
(21.6%), with most being basal ganglia or thalamic haem-
orrhages. Out of 129 cases, 11 patients (8.5%) died acutely 
from the ICH; of these, three patients had large basal 
ganglia or thalamic haemorrhages with intraventricular 
extension, two had brainstem haemorrhages, one had an 
extensive left temporal lobe haemorrhage with severe mass 
effect, one with right frontal subcortical haemorrhage 
developed aspiration pneumonia, and in the remaining 
four details were not specified.

Discussion

In this study, we describe the point prevalence of ICH in 
a large prospectively recruited CADASIL cohort at about 
2%. In a systematic review of published literature, we fur-
ther identified 119 cases, giving a total of 129 patients 
with 142 ICHs when combined with our case series. This 
allowed us to characterise the characteristics of ICH in 
CADASIL. About 92% were subcortical, with the com-
monest locations being the thalamus (40.8%) and basal 
ganglia (23.9%), while 14.1% were infratentorial. Intra-
ventricular extension occurred in 21.6%, and the ICH was 
fatal in 8.5%.

We observed a similar point prevalence of ICH to that 
previously reported from European CADASIL cohorts, 
which ranged from 0.5% to 2.7% [42–44]; however, ICH 
was more commonly observed in the Asian cohorts. A 
recent meta-analysis reported the pooled prevalence of 

Fig. 1   A–C Brain imaging findings of patient A1. A non-contrast CT 
scan A, B revealed a left caudate haemorrhage with intraventricu-
lar extension. T2-weighted MRI sequences C demonstrated diffuse 
WMH with bilateral temporal pole involvement. D–F Brain imag-

ing findings of patient A4. T2-weighted MRI D demonstrated diffuse 
WMH involving bilateral external capsules. Susceptibility-weighted 
E and T1-weighted F MRI sequences revealed ICH at the subcortical 
white matter of right superior parietal lobule
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ICH in CADASIL of 10.1%, with 17.7% and 2.0% within 
the Asian and European subgroups, respectively [45–47]. 
The mechanism leading to this difference is unknown, 
although the Asian population has been reported to have 
a higher prevalence of hypertension in CADASIL patients 
[48].

In our cohort, there was no difference in the propor-
tion of patients with a mutation in the EGFr 1–6, which 
has been associated with an increased risk of ischaemic 
stroke [7], between those with and without ICH. Whether 
the mutation site is related to the ICH phenotype remains 
to be further explored. Interestingly, the mutation profiles 
in CADASIL patients are slightly different as most of the 
mutations in Far East Asia occur in exon 11 [45, 47], while 
in our cohort, mutations mostly occur in exon 4 (63.6% 

in the whole cohort and 40.0% in ICH patients) (online 
resource Table S2).

We also describe the risk factor profile in patients with 
ICH, although a comparison group without ICH was only 
available in our case series. Hypertension was the most 
common vascular risk factor present in 71.1%. The preva-
lence was higher than those observed in large CADASIL 
cohorts (23.0%–39.4%) [44, 45, 49, 50]. Hypertension has 
been associated with an increased risk of ischaemic stroke 
in CADASIL [12] and has been suggested as a risk factor for 
ICH in CADASIL in previously published studies [15, 51]. 
Our results suggest that CADASIL is associated with ICH 
rather than occurring independently in patients with risk fac-
tors such as hypertension. In support of this, our observed 
ICH point prevalence at 2% is considerably higher than the 

Fig. 2   PRISMA flow diagram of the searching strategy and study selection
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Table 2   Summary of 30 studies included in the systematic review (119 cases)

Study No. of cases Agea Sexb ICH location Died from ICH Imaging marker Vascular risk Antithrombotic

Lacune CMB

Sourander et al. 
[16]

1 29 M Thalamus Yes  −  N/A – Anticoagulant

Baudrimont et al. 
[17]

1 59 F Basal ganglia and 
thalamus

Yes  +  N/A HLP N/A

MacLean et al. 
[18]

1 56 M Subcortical WM Yes N/A  +  Smoking –

Ragoschke-
Schumm et al. 
[19]

1 47 F Cerebellum No  +   +  HT –

Werbrouck and De 
Bleecker [20]

1 45 M Basal ganglia No  +   +  HT, HLP Warfarin

Kotorii et al. [21] 1 72 F – No  +   +  – –
Choi et al. [13] 5 64.4 M (3)

F (2)
Basal ganglia (3),
Thalamus (2),
Cerebellum (1)

No  + (5)  + (5) HT (5), DM (1), 
HLP (1)

Antiplatelet (3)

Oh et al. [22] 1 39 M Temporal cortex No  +   +  HT, smoking Aspirin
Mizuno et al. [23] 1 64 F Thalamus No  +  N/A HT, DM N/A
Lee et al. [37] 4c 53.5 M (3)

F (1)
Thalamus (2),
Basal ganglia (1), 

Subcortical WM 
(1), Parietal 
lobed (1)

No  + (3) N/A HT (4) Aspirin (3)

Delgado et al. [24] 1 55 M Subcortical WM No N/A N/A – –
Sano et al. [25] 1 46 M Basal ganglia No N/A  +  smoking Ticlopidine
Pradotto et al. [26] 1 65 M Subcortical WM No N/A  +  – LMWH
Lian et al. [27] 1 46 M Basal ganglia No  +   +  HLP, smoking –
Mehta et al. [28] 1 55 F Cerebellum No  +   +  – –
Rinnoci et al. [29] 3 67.3 M (2)

F (1)
Thalamus (3),
Cerebellum (1)

No  + (3)  + (3) HT (3), smoking 
(2)

–

Choi et al. [14] 4c 51.8 M (2)
F (2)

Basal ganglia (4) No  + (3)  + (4) HT (3), DM (1), 
smoking (1)

Antiplatelet (2)

Marlen et al. [30] 1 47 M Occipital cortex No  +   +  HT Aspirin
Koutroulou et al. 

[31]
1 30 M Thalamus No  −   +  – –

Zhang et al. [32] 2 60.5 M (1)
F (1)

Thalamus (1),
Parietal cortex 

(1), Subcortical 
WM (1),

Temporal lobe (1)

No  + (2)  + (2) HT (1), smoking 
(1)

–

Bersano et al. [38] 1 61 M Basal ganglia No N/A N/A N/A N/A
Chiang et al. [33] 1 57 M Pons Yes  +   +  HT Aspirin
Kim et al. [39] 3 54 M (3) Thalamus (2),

Basal ganglia (1)
No N/A  + (2) HT (1) N/A

Wang et al. [34] 1 38 M Subcortical WM No  +   +  HT N/A
Palazzo et al. [40] 5 45.6 M (4)

F (1)
Parietal cortex 

(1),
Thalamus (2),
Basal ganglia (1),
Subcortical WM 

(1)

Yes (1)  + (5)  + (4) HT (3), HLP (2), 
smoking (1)

Aspirin (2)
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ICH prevalence rate one would expect in the UK population 
(about 185.1 cases per 100,000 or 0.2%) [52]. Furthermore, 
about half of the ICH patients in our cohort did not have 
hypertension at the time of ICH. About half (48.1%) were 
prescribed antiplatelet during the time of ICH, and 7.8% 
were prescribed anticoagulants. In our case series, there was 
a significant increase in ICH in patients taking anticoagu-
lants but not antiplatelets. Concern over this risk of ICH has 
led European Guidelines to suggest anticoagulants should be 
avoided in CADASIL, unless there is an alternative reason 
why they must be given [53].

CMBs were also common in CADASIL cases with ICH, 
occurring in more than 90% of those with appropriate MRI 
sequences performed. CMBs are frequently present in 
CADASIL, being reported in 31–66% [51, 54], but the fig-
ure we found seems higher.

Our study has a number of strengths. The case series 
was identified from large, prospectively recruited 
CADASIL patients, making it possible to estimate point 

prevalence. Furthermore, we identified all other published 
cases from the literature. However, it also has limitations. 
The CADASIL cohort only included patients presenting 
to the UK National CADASIL clinic and other clinical 
stroke services, so there may be a referral bias. Owing 
to the rarity of ICH in CADASIL, most included studies 
were case reports, and there was no control group for the 
systematic review cases. Therefore, it wasn’t possible to 
reliably determine the association between the potential 
risk factors and ICH. In this review, three patients from 
Asian studies had a cysteine-sparing NOTCH3 mutation. 
It is still controversial about the pathogenicity of these 
mutations in CADASIL, which might be different from 
typical CADASIL.

In conclusion, ICH is rare in CADASIL but does occur 
in about 2% of individuals. It is usually subcortical, 
appears more common in Far East Asia, and may be asso-
ciated with hypertension and anticoagulants.

Table 2   (continued)

Study No. of cases Agea Sexb ICH location Died from ICH Imaging marker Vascular risk Antithrombotic

Lacune CMB

Liao et al. [15] 27c 58.9 M (12)
F (15)

Thalamus (12),
Basal ganglia (3),
Corona radiata 

(2),
Subcortical WM 

(2),
Occipital cortex 

(1),
Medial temporal 

cortex (1)
Cerebellum (4),
Pons (4)

No N/A  + (15) HT (20) Aspirin (9), 
Clopidogrel 
(3), Cilostazol 
(1), Aspi-
rin + dipyrida-
mole (1)

Warfarin (1)

Hu et al. [35] 1 60 M Cerebellum (2),
Basal ganglia (1)

No  +   +  HT Clopidogrel

Chen et al. [11] 45 59.1 M (23)
F (22)

Thalamus (25),
Basal ganglia 

(11), Cortico-
subcortical (5),

Brainstem (2), 
Cerebellum (1),

Multiple (1)

Yes (4)  + (43)  + (45) HT (39), DM 
(12), HLP (17), 
smoking (11)

N/A

Chu et al. [36] 1 59 M Thalamus (3),
Basal ganglia (1)

No  +   +   −  –

Nogueira et al. 
[41]

1 40 M Basal ganglia No  +   +   −  Aspirin

CMB cerebral microbleed, DM diabetes mellitus, F female, HLP, hyperlipidaemia, HT hypertension, ICH intracerebral haemorrhage, LMWH 
low molecular weight heparin, M male, N/A not applicable, No number, WM white matter
a Age when the patient had ICH was used. Studies with more than one value were shown in mean
b The number in the parenthesis indicates the number of cases
c Some patients from these studies were excluded due to having only asymptomatic haemorrhage
d The exact location of ICH wasn’t mentioned
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Table 3   Summary of characteristics of all CADASIL patients with 
ICH, including cases from our cohort (129 patients)

Characteristicsa All cases (n = 129)

Age at ICH; y, mean ± SD 56.6 ± 15.7
Male 74 (57.4%)
Study site of reported cases
 Asia 98 (76.0%)
 Europe 26 (20.2%)
 North America 3 (2.2%)
 South America 2 (1.6%)

Diagnosis of CADASILb

 Cysteine-changing NOTCH3 mutation 119 (92.2%)
 Cysteine-sparing NOTCH3 mutation 3 (2.3%)
 GOM 4 (4.6%)
 Known family mutation with clinical features 2 (1.6%)

CADASIL feature
 ICH as the first manifestation 32/84 (38.1%)
 Previous ischaemic stroke 42/129 (32.6%)
 Previous migraine 10/71 (14.1%)
 Previous cognitive impairment 15/71 (21.1%)

Vascular risk factors
 Hypertension 91/128 (71.1%)
 Diabetes mellitus 16/101 (15.8%)
 Hyperlipidaemia 26/101 (25.7%)
 History of smoking 24/94 (25.5%)

Antithrombotic medication
 Antiplateletc 37/77 (48.1%)
  Aspirin 22/32 (68.8%)
  Clopidogrel 7/32 (21.9%)

 Anticoagulant 6/77 (7.8%)
  Warfarin 3/4 (75.0%)
  LMWH 1/4 (25.0%)

Symptom
 Headache 12/37 (32.4%)
 Altered mental status 13/37 (35.1%)
 Weakness 22/37 (59.5%)
 Dysphasia 10/37 (27.0%)
 Seizure 4/37 (10.8%)

Recurrent ICH 16/129 (12.4%)
Intraventricular extension 25/116 (21.6%)
Died from ICH 11/129 (8.5%)
ICH location (142 lesions)d

 Thalamus 58/142 (40.8%)
 Basal ganglia 34/142 (23.9%)
 Subcortical WM 18/142 (12.7%)
 Cortical 10/142 (7.0%)
 Cerebellum 12/142 (8.5%)
 Brainstem 8/142 (5.6%)

Imaging characteristics
 Have CMB 99/105 (94.3%)
 CMBs ≥ 10 66/84 (78.6%)
 Have Lacune 86/93 (92.5%)

Table 3   (continued)
CADASIL cerebral autosomal dominant arteriopathy with subcortical 
infarcts and leukoencephalopathy, CMB cerebral microbleed, GOM 
granular osmiophilic material,  ICH intracerebral haemorrhage, WM 
white matter
a Due to a variety of reported individual-level patient data in different 
studies, the denominators differed in each characteristic
b One patient was reported genetically confirmed CADASIL, but the 
mutation was not mentioned
c Other antiplatelets included cilostazol in 1 patient (3.1%), aspirin 
and dipyridamole in 1 patient (3.1%), and ticlopidine in 1 patient 
(3.1%)
d The exact location was not known in 2 cases. One case reported a 
parietal lobe ICH, but the exact region wasn’t mentioned. Another 
case reported multiple ICH lesions

https://doi.org/10.1007/s00415-023-12177-0
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