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Spontaneous Intracerebral Hemorrhage in CADASIL: 3 Case Reports LIAN Li-fei', XU Sha-ber',
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Abstract Objective: To evaluate the clinical, radiological, and genetic features of cerebral autosomal
dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL) with intracerebral
hemorrhage (ICH) involvement. Methods: Three patients admitted to our hospital with CADASIL who
presented with ICH symptoms, and additional 25 cases in the Pubmed database using the MeSH terms
CADASIL, intracerebral hemorrhage, leukoencephalopathy, and NOTCH 3 were enrolled. Clinical, radiological,
and genetic features of the 28 cases were analyzed. Results: Of the 28 patients, 9 were female and 19 male, and
the mean age was (54.2+13.4) years. Hypertension was the most common risk factor and was present in 18
patients (64.3% ). Fifty percent of patients received antithrombotics to prevent ischemic events. ICH was the
initial manifestation in 10 patients, and the most frequent sites of ICH were the basal ganglia and brain lobes.
R544C in exonl1 was the most prevalent mutation (46.2%). Cerebral microbleeds varying in number were found
in 18 patients (64.3% ). Conclusion: ICH may present in CADASIL patients and may be the initial clinical
symptom. In addition, strict control of hypertension and cautious use of antithrombotics may be important in the
prevention of ICH in CADASIL patients.

Key words CADASIL; intracerebral hemorrhage; leukoencephalopathy; NOTCH 3

WYL R AR L VR BT N RZEAN BN
Ji (cerebral autosomal dominant arteriopathy
with subcortical infarcts and leukoencephalop-
athy, CADASIL)J&—F 5= UL st A4 P i/ N 1
B L B 195 YL 0 f& NOTCH3 it H 28 4% 1
B CADASIL F it R 3 B 32 2 dife 1f P
e rh R REDROR MURG 1 S, B R AT
P I SR SR I Ry I 1 SO B
KA 5 Skt FrEMER 2 aT 2 SGHi F4
9, A IR AL S G e e T
I PRI, oL B Ay I A5 T LA A
S, HLBE T DL UK IR #E #k W) T (granular

osmiophilic material, GOM) 7F 1L Jz 3 Fll 2
JR BN BT HREAE . CADASIL A i H 1fiL
(intracerebral hemorrhage, ICH) + 43 % Il .
AR A AT 3 AR B T AE & B3 B
CADASIL ¥ ICH & 4 , 45 A HH 5 SCik 7 B
IR BRI GRS R AL R 58 AR 1

1 #BREFE

1.1 —fA& %A
BELE 4758 W REFENG3 A

ABt. BRAE: B 5tz R ee s, A

(| (IWA 7SI ORIN 7SI 9 173 TSI |1 B/ SE b 7 s O 11 DAL

437

A

1EH BB AL

L. ARk K[
T I 2 B B TR %
& et 2e R
I 430030
2. N REEBE
(FRM K22 NRE

B ) J FEE

FRM 450003
E¢UWH

R R R 5F
P 25 e o R 58
SAH A BT T
KW H ;s B
Azt A2 3 H
(No.WJ2019M121);
TR B AR W
Kt H (No.20
18020401)

Whm B H
2019-02-19
BREE

RIETR
zhusuiqiang@
gmail.com



438 Neural Injury And Functional Reconstruction, September 2019, Vol.14, No.9

A A BN R . RS A A - KR 36.6 °C,
1ML 130/80 mmHg (1 mmHg=0.133 kPa) , WA R G fk
BB R, haEREEK . W58 EIT S
(Mini-mental status examination, MMSE )28 73, ¥4 35 A~
T8 ZE M B AR , D0 R i SIS R . el B A M
B BEPUTD- R AR Al XUB s e HUR R
ifie 2B TTHE R . #EILR DWIRISR : 4
RS A G 2 5% 2 M G A AT (&1 1A 1B) , MRA 7R
F2 il ) ik JC W ik e 7 sl R (181 1C) , FLAIR J7 471 i
71N PG 2 ] PR B 4SRRI ERR H R B S ik P g AR A
ZA B2 BT B B G AR S (B 1D (1), S L i 7 il
B 5T 5T DX sk SWT A& S B 22 A4S i (cerebral
microbleeds, CMBs) . & # HIH [R5 17 5z 0k i Al
ST . FAR /NSl DK BE AT DLAFAE Y GOM TE AR
(&l 1TH) , NOTCH3 J A 6 & 3 3 4541 i+ Arg90Cys
FA AR (1D o BE A B B I R E 5, K32 4T
fa] Bt il #4259, & 9% J5 30 d B K Rankin & 3%
(modified Rankin Scale, mRS)¥F43 143 2 HJG, HBH&
PR 8 % R A 22 h” BRI ABE , Sk il CT S 26 Ml 3k
JEE DX I A = (B 1G) o RSFIRIT G,
H AR 5 BT K

B2, 40,43 % A RERFEEE LK 10 h4R”
A BT P VR B A5 A3 2, 11 A S A 7 R BTG £ A
VTS, AR R e O BEPR ISk IR o8, oA
s, RS AY AT 36.0 °C, I 131/84 mmHg., P
PHAKITC % o P4 R G A 1K : MMSE 1143 30 43, W
A e L A5 RS S5 [, A 2 S5 9 6 R A 8 s v, B L
J1 R IIIER  ZEMIETE IS B 25 JE R, 22 M
AR (), DRI JESE TR, i FEERBAE B o i B0 I v
PTG +D- Ak Ak AR e e HURERDIEE i
MAETHEFH o Sk CT 7w Z M/ INGER K 515
i (T 2A) , DSA K oK UL i A0 I 5, Sk
MRI+SWI 7R + /|N i 5] 358 % 2 /0N g 2= 35t i sk 5 o0 qm)
BRIGU BT S B 5 Hhcs S s S e DX LA
FERT X A 22 & i i A E AL R A B AR (T 2B )
U BL IS5 K ik 22 & CMBs (181 2C) . CADASIL %t
Far I % B8 NOTCH3 & A 25 11 5 41 i+ Arg544Cys
IRERABBIFE 3 FTINEF Arg75GIn 2455848 . 3 A
Je A CT, /0N H i B 2 W i (B 2D) o

B3, ,48 % 9K KR 3 d7 AR, ARl
& BRI CoERs i Sk A58 s, JEI AR o, 75k
FWES . RS AR 36.7 °C, IfiLJE 138/93 mmHg,
O il I A 25 TC S %, MMISE 29 43, fisi 5% 3l 354 £iF FH

L ST VN1 R o =2 S A N 1 R TAN L RLT S Lee o SE
WHRDIRE i 2B 254 . LCT A RIK

13k H IR A0 % (T 2B ), Sk 0058 CTA oA UL A . i
Be7g Bl kR sk il 45 i Y (81 2F) , 3k /il MRIHSWI R
A EEAZ S DX I S A AR 5 S A | o
BT B> B (8] e stk (L 2G5 A v 2k
% % CMBs ( Kl 2H) . CADASIL & [H ¥ i % Fi
NOTCH3 N5 11540 i+ Arg544Cys 2 B R4

CTGGCEGT6GTGTC

CGT>TGT

T REFEAR DWISUG R A LR M 2 5% 5 a5
(A.B) ; MRA JCH] i 554 (C) , FLAIR J¥ 3] b 7~ fiki 2 J [ AR 0
AR [ B A8 AN R N AT (D-F ) 5 CT /R ZE MBI X
B A S (G s H: B2 BRIE G , HL B b /s /N KB T DL AR AE 1)
GOM TR 1 KL & 1 3 45 4P - Arg90Cys 42 5 5378

B B ISk fiseqges g S LR i

B 2(A-D) 3K CT 7R A Ml /NG 2Pk Hh I (A 4%
P& FLAIR 741 0] UL B [58 pors 0a) S8 8 I 19 X i 4
(B), SWI/RILJE Y £ & ot ikl (C) , 3 8 /0 H 1 PR S i
(D) ; 845 3(E-H) : 3k Al CT /A7 A% Sk th i il A i == (E) ,
CTA K W B 5% (F) , iR FLAIR 40 nl UL fi T 2015
FUL 22 RIS (G, SWLZRS A7 M T3k 22 % i i (HD)
2 B2 MRS 3 ISk i G e



M ShEEE R - 20194F9H - #5144 - HoM]

12 F

R U P AR RIS AL 1 B BT AR AE N 5T
Ja LB LS A T A “NOTCH 37 45 3 i i)
1t Pubmed B3 12 HEAT AR 2, 90 A 25 A BEANIG R %
B AR 2 R AE RN L R 28 45 il 38 1) CADASIL £} ICH
B

439

gy AR 28 1], M A £ (19:9) , -3 &0
AFIE R (54.2413.4) % e IR 2 B i L AA fE G R R
(1815, 64.3%) , 50% 1) S8 5 B4 22 32 HUAR IR 7 L F s e
MAEFE . s WA IR R IR, O A
HA 10 B LAICH i &R, 115485 7 R544C fif
SRR UL SE R 9 AR 07 45 (46.2% ) o 28 Bl E A
18 161] & IR E i AN 4514 CMBs (1~85 4 ), Hir 3 6] s 3%

2 &R A TCH #9047 B i CMBs, L% 1,
#1 CADASILAEICH JB35 Ml IR A5 24 Ik R 58 AR R fiE
ke ok FEH
PR AR RN E R - H LA - CMBs
R ' fbITIRIT ! ST i
Werbrouck 45 5 45 @mifiE,HC  fkdF, CI,ICH / FLFET 4 R182C 6
AR, AT . .
Oh 2§ B 39 o CI,ICH Pty T iy 11 R544C /
= 1L
Sano 5 B 46 AR CI, %%, ICH NI 5ok A332C /
Maclean 251 B 56 ShAR CI,ICH E7N (N it 4 R133C 1
Choi %5 T 68 1 I TIA, i, ICH Pl (3) NI 11 R578C 27
B 69  EIiLE,DM P, ICH / Fefini, T 11 R544C 85
W6l IR, Yol ICH, 3kJF / R 11 R544C 14
LE 48 F= 1IN ICH, TIA / 9 icht] 11 R544C 5
398, ICH,
4 86  IMLE,HC P i / Tl / NA 32
" 175 R
Lee % 5 M s ATERAE, CLICH / FEfii 4 R133C /
& 56 1= 1ML ICH i/ MR (S5) e 11 R544C /
WHooos57 I CI,ICH / it 11 R544C /
W56 5 1L CI,ICH / Fo%, T 11 R544C /
B35 1 1ML ATERNE, ICH / % 11 R544C /
Ragoschke- L
47 L CI,ICH / I 1 NA 25
Schumm 501 £ " DI
Pradotto 2" 5 65 / Fi , ICH ikt Eiilne 13 A680G 3
A7 FME, CT,
Kotorii 25 T 72 / TAE R Al / Hint 18 G975C /
e, ICH
Rinnoci &5 w 4 B ICH / FLRTY 22 A1231C 25
o 67 I, A ICH / LY 22 Al1231C
W77 SR, ICH, #i2r / LR 14 A728C 2
B39 HC,DM o DO T s o L / JiEN ]tk 24 C1298P 25
43 / ICH P/ MRAETT /MK 11 R544C 12
KoutroulouZ£'™ 5 30 / ICH / el 4 A169C /
Zhang 213 & 65 e I CI, i, ICH / ] 11 R544C /
TR IR, A
w56 ICH / m 13 Ce8IF &%k
PRI, ICH
AWF5E B 46 A CI,ICH 3T LR 3 A90C 18
. . o R544C,
v 43 CI ICH Prii/ AT MK 11 12
A75G
Boo48 el ICH / FLFET 11 R544C 5

T DM, BRI s HC, S I IMAE 5 CT, IRRESE ;s TIA , i i e ifn % A



440 Neural Injury And Functional Reconstruction, September 2019, Vol.14, No.9

3 g

AMF5E K B CADASIL 1] H B ICH H: % LI ICH
AR, XiE— Y T CADASIL A9l R AT AR 2
RIS EE ICH AL, CADASIL #8345 9 H i
A5 T] B8 K N Z2 AT AL, SR, B LS 5 AT oA S
5K, Y R AT B R BB H AR 2k
CMBs, H NOTCH3 JE[H55 11 540 i 1~ 544 057 i S
LB AR 15 . CADASIL AT A %] CMBs., faf 2%
— IR 5E R : 47%01) 50 2 LU L) CADASIL 84 7]
P CMBs", 55— IS & B, 69% A CADASIL &
HAFEAE CMBs, H 3247 T [ BRI BT, HAR R K i
BT 06 TR0 Ee i ASBIFFE ) 28 5 8 5 rh A 18 45
(64.3% ) TE1EETE A CMBs, 207 T, 3t 5 ik
WA — IR S AR A, 75 B A J& CMBs I R L
MRI 5 | 7 ISR AT M A SO AR IFE R R4
578 BT FH MR 37558 15 51 55 240, 7T GE 52 M CMBs 1Y
RI ARG A 311 5 E AR5k CMBs 154 3
ICH, $&7~r CMBs 9 1 38 Al GeA B T34 ICH JAURS: 2=
T ICH A4 & 2E 20, CADASIL 2 — /N 4% 22,
AP 0 FE 2R Sk GOM WL FR T I 457 T 9 JUL 4 e
L2, B A BRI = 0 B AR L, AR
F5 i DL A S R 2R R v I (64.3%) L fi i LY
HH IR SR RS Y, 3t A oL M ICH AL, Choi
SEW B, 50 LA B, A = I A9 CADASIL
L0 IR A AT ICH Y E R B I 5, CMBs 1Y 45 i
WA B Z . R, 3™ 4% B9 4% 6] CADASIL 835 (14 1.
JERT g 2 G2 FEAIELE CMBs fE1ERT

CADASIL f7-7E ZFp LR 28 AR o5, RS Z AT 8K
P53 5875 3k PR R 5 s PR AU TG O™ {ELAF: ICH 25 18 95 3L
LI SR S S R s R AT G EARMRR T, 115
AP R544C 7 s 215 5 WL 5B 037 1 (46.2% ) o
I, ICH 5 R544C 58 48 J& 5 A7 DK v A 7 dF — 20 B
5%, FIE HIIFSE i 452 78 7 CADASIL &3 b IR b
YA REHG TN ICH A R A0 ARBFSE Y, 50% 1 /8 3
FEZPrmtinyy . Wik, 1697 CADASIL A5 1), AT
A A e 155 H I A XURS: , MIRT i A& CMBs 1] RE A 1l
F X AR 4 22020, 2[R F ICH 1Y & Bk R AE T
Rk Z UESLH) CADASIL I 7 7%, il fEAS T B ML
it FH ] ) DS bRk B o5 7111 Dk TRy A2 & ekt i P A v

Yo M1k, AN IEHE CADASIL H FLICH J2& 3L [
SR 1 LA 2 FI R 1ML . CMBs B 4% 58 Pk 259 v
AH G B e ot B i IR R RS T BRI B R R
ICH. b, Ak b5 i it — 2 A CADASIL &4

ICH BITEAEAL T4 T ANy BEA T2 R LTS

[1] Joutel A, Corpechot C, Ducros A, et al. Notch3 mutations in
CADASIL, a hereditary adult-onset condition causing stroke and dementia
[J]. Nature, 1996, 6602: 707-710.

[2] Adib-Samii P, Brice G, Martin RJ, et al. Clinical spectrum of
CADASIL and the effect of cardiovascular risk factors on phenotype:
study in 200 consecutively recruited individuals [J]. Stroke, 2010, 4:
630-634.

[3] Werbrouck BF, De Bleecker JL. Intracerebral haemorrhage in
CADASIL. A case report [J]. Acta Neurol Belg, 2006, 4: 219-221.

[4] Oh JH, Lee JS, Kang SY, et al. Aspirin-associated intracerebral
hemorrhage in a patient with CADASIL [J]. Clin Neurol Neurosurg, 2008,
4: 384-386.

[5] Sano Y, Shimizu F, Kawai M, et al. p.Arg332Cys mutation of
NOTCH3 gene in two unrelated Japanese families with CADASIL [J].
Intern Med, 2011, 22: 2833-2838.

[6] Maclean AV, Woods R, Alderson LM, et al. Spontaneous lobar
haemorrhage in CADASIL [J]. J Neurol Neurosurg Psychiatry, 2005, 3:
456-457.

[7] Choi JC, Kang SY, Kang JH, et al. Intracerebral hemorrhages in
CADASIL [J]. Neurology, 2006, 11: 2042-2044.

[8] Choi JC, Song SK, Lee JS, et al. Diversity of stroke presentation in
CADASIL: study from patients harboring the predominant NOTCH3
mutation R544C [J]. J Stroke Cerebrovasc Dis, 2013, 2: 126-131.

[9] Lee YC, Liu CS, Chang MH, et al. Population-specific spectrum of
NOTCH3 mutations, MRI features and founder effect of CADASIL in
Chinese [J]. J Neurol, 2009, 2: 249-255.

[10] Ragoschke-Schumm A, Axer H, Fitzek C, et al. Intracerebral
haemorrhage in CADASIL [J]. J Neurol Neurosurg Psychiatry, 2005, 1:
125.

[11] Pradotto L, Orsi L, Daniele D, et al. A new NOTCH3 mutation
presenting as primary intracerebral haemorrhage [J]. J Neurol Sci, 2012,
1-2: 143-145.

[12] Kotorii S, Goto H, Kondo T, et al. Case of CADASIL showing
spontaneous subcortical hemorrhage with a novel mutation of Notch3 gene
[J]. Rinsho Shinkeigaku, 2006, 9: 644-6438.

[13] Rinnoci V, Nannucci S, Valenti R, et al. Cerebral hemorrhages in
CADASIL: report of four cases and a brief review [J]. J Neurol Sci, 2013,
1-2: 45-51.

[14] Koutroulou I, Karapanayiotides T, Grigoriadis N, et al. CADASIL
presenting with spontaneous intracerebral hemorrhage: report of a case and
description of the first family in Northern Greece [J]. Hippokratia, 2016, 1:
76-79.

[15] Zhang C, Li W, Li S, et al. CADASIL: two new cases with
intracerebral hemorrhage [J]. Ann Clin Transl Neurol, 2017, 4: 266-271.
[16] van den Boom R, Lesnik Oberstein SA, Ferrari MD, et al. Cerebral
autosomal dominant arteriopathy with subcortical infarcts and
leukoencephalopathy: MR imaging findings at different ages--3rd-6th
decades [J]. Radiology, 2003, 3: 683-690.

[17] Dichgans M, Holtmannspstter M, Herzog J, et al. Cerebral
microbleeds in CADASIL: a gradient-echo magnetic resonance imaging
and autopsy study [J]. Stroke, 2002, 1: 67-71.

[18] Nannucci S, Rinnoci V, Pracucci G, et al. Location, number and
factors associated with cerebral microbleeds in an Italian-British cohort of
CADASIL patients [J]. PLoS One, 2018, 13: ¢0190878.

[19] WEEZ5R, 1706, IASA:, 5. A PERRAESE £ M i b i o oy R 3R 4
o shzitn 5nedE i, 2019, 14: 65-67.

[20] Lee SH, Bae HJ, Kwon SJ, et al. Cerebral microbleeds are regionally
associated with intracerebral hemorrhage [J]. Neurology, 2004, 1: 72-76.
[21] Bokura H, Saika R, Yamaguchi T, et al. Microbleeds are associated
with subsequent hemorrhagic and ischemic stroke in healthy elderly
individuals [J]. Stroke, 2011, 7: 1867-1871.

(ARG £ )



