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Abstract

Objective: To investigate the feasibility of the original image of the three-dimensional time of
flight MR angiography (Three dimensional time-of-flight magnetic resonance angiography, 3D-
TOF MRA) assessing cerebral microbleeds (CMBs) in the patients with cerebral infarction, and
further investigate the application value of 3D-TOF sequence in predicting hemorrhagic transfor-
mation from cerebral infarction. Methods: 192 cases of patients with cerebral infarction were
enrolled into this study, and susceptibility weighted imaging (SWI) and 3D-TOF sequence scanning
were performed to assess the ability of SWI and original axial images of 3D-TOF MRA showing
CMBs. We investigated the imaging signal distribution of hemorrhagic transformation with cere-
bral infarction in the original image of CT, T1WI, DWI, SWI and 3D-TOF MRA sequences and the
characteristics of CMBs to clarify the relationship between the number grade of lesions and he-
morrhagic transformation a clear sequence of CMBs based on 3D-TOF sequence, and explored the
application value of 3D-TOF predicting hemorrhagic transformation with cerebral infarction. Re-
sults: 12 cases were excluded for the unclear imaging data. SWI found 264 lesions of CMBs among
180 cases with cerebral infarction. Classification of CMBs: 28 cases of mild, 8 cases of moderate,
and 4 cases of severe. The original sequences of 3D-TOF MRA found 188 lesions of CMBs including
24 cases of mild, four cases of moderate, and four cases of severe. There was statistically signifi-
cant difference in the CMBs lesions detection rate between these two sequences (cortical vs. sub-
cortical, thalamus, cerebellum, p < 0.05). There was no significant difference in CMBs lesions de-
tection rate in the basal ganglia and brainstem between them (p < 0.05). Among 180 patients,
there were a total of 24 cases of hemorrhagic transformation (13.3%). The detection sensitivities
of hemorrhagic transformation of T1WI, DWI, SWI and 3D-TOF MRA sequence were 25.0%, 62.5%,
100% and 83.3%. CMBs lesions number was positively correlated with the incidence of hemorr-
hagic transformation. Conclusion: In the absence of SWI sequence, the original image of 3D-TOF
MRA sequence can effectively display CMBs lesions, which can be used as an effective means of
predicting hemorrhagic transformation of cerebral infarction.
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B i BT =460 CERVERE L IR I 548 (Three dimensional time-of-flight magnetic resonance
angiography, 3D-TOF MRA)JF 4 B 45 PP i BE 5T B 3 i f4 HH IfiL (Cerebral microbleeds, CMBs)J# AL
AATHE, BE—B T 3D-TOF 5 7E UM AR 6 % i1 3 b B SR B . J7vk: ARE 19241 i BT B
NRFXTR, 2 HBATREBUR AR (Susceptibility weighted imaging, SWI)R13D-TOF/F5#33#, P
fSWI1 % 3D-TOF MRAF #5567 Bl B /R CMBs IR 25 - LSRR R 5T H ML M 34K 7ECT . TIWI. DWI., SWI
X 3D-TOF MRAR5 [RGB G F RIRB %R E CMBsHI RS S5 5, BH3E T 3D-TOFF5]CMBs
WHBESHE N MR RE R, HiT3D-TOFF 57 Tl e 5T B i k3 4k b i SR B . 2550
AR ERNERR126], LRAA180FIREIEERE, SWIHERIMHE MLF2641, CMBs$H
% 28BN, 8HIATFE, 4B NEE. 3D-TOF MRAR I F MG EIG RO MwLt1884, H
24BN, APATE, 4BNEE. FRFFIX R MR R AR R R R R G B (R A
B R R /N, p < 0.05); F9E 088 5 A0 T 5 H s koA i B 2 R B 4022 8 X (p < 0.05).
1804 g, 2445 kA i 354k (13.3%), TIWI. DWI. SWIX3D-TOF MRAFFFUAS I 44 i #3564k
RIBURE 2 B925.0%. 62.5%. 100%%83.3%. CMBsEHHE S HMmEZLREREFMRT. &
®: EERZSWIFFMHER T, 3D-TOF MRARIEEG A B/RCMBsFiAL, TT1ER TR RRAE5E & 4
MU ERTFERZ—.

KR
REESE, RMCHIIL, bR, =4I TR HRILE R, BB IIBURAR

Copyright © 2017 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5I&
W 1 (Cerebral microbleeds, CMBs) & i /NI 5 AT 00 « LA/ Hh 1 A9 2 BRI 10— i 52
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WG R FE 1], J& T i/ L 955 (Cerebral small vessel disease, CSVD)ITEBE o /E AR5 H LA 1) ) 4k
AN A bR &, B I (Cerebral microbleeds, CMBs)7E £ i v L 975 4 28 K He & IE H 25 %2 3|
P ABIE 5T R PR = AR AR EE AR, g I I 60 A 7 A PR P ) R AR AR L A A K R 4R
IR FEAE i H L, R AEFR K 8.5%~30%, [l CT Al MRI NI & DA Flt 5 A 2500 00 )2 B
R, AR A IR GE A B 8T 2 i [2]. B FE4oR CMBs 5 I SE 1 H Ifi 4% A A0 B & 1 vt 1 52
RN JRUE 1 52 AH 9% [3]. CMBSs 71 eI VA A BT I /MBI F5 H I AU [4], DR s of Pk A 3 n 7
R LR i 2 R Il PR R SRS S A RS . % T T2 INAORR B2 181 38 (T2*GRE) A i BUR N B &
(Susceptibility weighted imaging, SWI)J¥ 4 F3 il A1, H BRES 7 B B 3 K% T2*GRE [ SWI 741
FIRHE A A, GnREIF R AR FH LA F T S0 0098 AR A, A R BR BRI A B LA 5 R A A
CMBs Je ™ H A I AR R O E AT e 77 100, AR T 5w As - 20 B S s #% A %% . H A =4k
5] &K 92 g FE IR 1ML A% (Three  dimensional time-of-flight magnetic resonance angiography, 3D-TOF
MRA) T4 B i A BRI AR S i LA VAl 3 I B, AR 9T B 7E 4R 1 R 3D-TOF MRA J5its 4
PEAS iR SE & I CMBs (AT AT, 33— 25451 3D-TOF MRA J& 46 P45 76 F5 0 fidi 45 78 H 1 % 4k v i 7
A, J9iFAli CMBs Az TN ik RE 58 A& A8 HA LR e AL SR 22 B T A7 R T B, v K R B R 4% FILE
(2 mall kS N Y A2 7 i e

2. MM ERZE
21 ARIR

Wk mti2 175 5 R I s Bt T O R BEA 22 R 192 S kSR i P g A rh =, LR B 116 4,
176 7], fERE 50~89 %, VI 68.2 5. YAINARHE: 1) PrARGIS IR & B SR BRI R N AR 2 s i
Fg 2010 R IbRAE; 2) Kii 48 /NI LA I RESE - s 3) B RO B IBEAE AT A sz, {EURB BY W A e 3
s 4) BRAMEBITERAESE: 5) 5 CT 5 MRI G A FR AN H (AN ELE SWI RS H BRI L) o HERR AR AE -
1) GIFMN L JRGe S S A SERAS; 2) AR IR B DIRE ST B IIRERH; 3) f#4E
FESL AR AG 7 28 S UE (191 A0 4 N A7 AE AR MRG0 o o IR A 48 45 558) s AT U000 H 195 5 MU BRI T LA PR R A
TREARHE ISR T B B SR I R TR

2.2. HBFEMSE

KH GE 2wl i SRR %1% 24 ( 5 : GE MR Discovery 750 3.0T). 4&Ja $R#3BE %A TIWI
J T2WIL RARAZ TIWIL DWIL 3D-TOF MRA 1 SWI El% . $1##iZ %0 y: FLAIR-TIWI(TR/TE, 1750 ms/24
ms, T1780 ms; FOV 24 cm x 24 cm, JifF 320 x 256); FRFSE-T2WI (TR/TE, 4300 ms/95 ms, FOV 24 cm
x 24 cm, %HB% 512 x 512); DWI-EPI (TR/TE, 3000 ms/70 ms; FOV24 cm x 24 cm, %E[% 160x160). H:i
SWI (SWAN)FE 51124 k: 3D T1-FFE, TR Minimum, TE 45.0 ms, Jx# 15°, 25 2 mm, JoIH R4,
FEFE 384 x 320, WUAHREL 1.0 EFANAMBEEAE R MRIE)E 1 2 4 ANRERHERESHEE
MRI “F49 + 3D-TOF MRA (Jn44 SWI).

2.3. BRAIB R ER O
T MR 535 H 2 48 SR MM AU 22 EITR HE AL R 8, B4 CT. TIWILL SWI 3%
AR e 5 R AE RS, e R AR &P H KM SH-E. CMBs & XU~ SWI 741 L 50 R 8O

R SRS 51X, EAR 2~5 mm, A BITCKM, 8P 51 ERGESEIR, IF BRIk R 5L (3 1A).
3D-TOF /74 JR i BRI, Al s )k SR A S B ) IR BRI FEARAS 55, Hof5 5 B AS 5 A,
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JE R R A B O R (K] 1B) o MEAEIX /INER K7 B RN SWI P HI_FRANARSE . AZRiRIR(E 5, e
NNERKES, T UAHERR . DWI RIUHRBETEARE 55, DWI SRR A K SWI 551035, Hs
JESRAR NS 1C). MR AL e bRt R0 R 2 (B S CT AT MRIAR R B P S I
FE MRI LG ARG FEIEE SR kN B8 TLAS S hikt, Bi5F T1. %6 T2 /5 54k, SWI /341 & 3D-TOF
FEHMIRAS SRR CT BraMs 1k k) « 2GR 72 [5], CMBs #1850 H 4» %% : & CMBs iy 0; %)%, CMBs
N 1~4 4~ HE: CMBs A 5~9 4, #HE: CMBs>10 4. T 3D-TOF MRA #5465 F G iV
ZIPEAAR B2k, RRE,  AHE TP 7E U 2 AR A b SR P S S L O

24. GtFESH

KM SPSS 17.0 Git#ift, A ERT RIS RUSE + frfEZERIR, PREASEHECR tia
5, VHECBORI AR (] LUK R T KSR, BT CMBs 43 A AN, SR Friedman #5564 7] /7 516 Il CMBs
RENZEF AT, p<0.05 RREFALIFEE L,

Figure 1. Cerebral microbleeds in SWI image (A), original image of 3D-TOF
MRA sequences (B) and DWI image (C)

1. R I SWI % (A). 3D-TOFMRA [RAE1%(B) K DWI % (C)RIFRIN
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3. &R
3.1. B IS msE R

192 il SE B b, Wk SWI P HI R4 52 HilllSE A7 E CMBs, (5 i I8 27.1%. HERR 12
il 8 {51l SWI ¢ %1 &7~ CMBs 7 TBEHIE A L2 A b, 4 B TOF 551 54k G R B 221 Toikvr . HAx
40 I, CMBs %0 H 7rg: 7 BN, 2 B, 1 BPNERE . LRI Mmp i 260 4. 40 i i
FLHEE R, 3D-TOF MRA PR EIE BoR 32 BIAFEmUE i kt, b 24 BIUNREE, 4 BIAHE, 4
BINERE, HRBAL 188 4.

3.2. SWI #1 3D-TOF MRA IR EE® AR EBAL CMBs it H 2 AT LB

SWI PRI LR R BB 2R« BT B /N B i 55 5067 1 4o s k. 1 3D-TOF MRA
FE 5 506 PG o AT S R 5 DO N 2 . T A5 SR, MRS SR i /NI B Bt Xkt
MR 2 RA G (p < 0.01). AT & IR J T X R i -k HE L8 k(R 6 70 22 7 e ge il & L (p >
0.05). MHIKAE, SWI F51E% 7~ CMBs 71 E405 KT 3D-TOF MRA 45 I6E % . LL SWI 5
PP bR, 3D-TOF MRA 751 J5 4G G % CMBs 5 KL kG H 08 72.3%. o B Jst M2 B2 )i T+ i T
AN L RN RS HE 22 N 52.6%. 85.7%. 60.0%. 66.7%. 3D-TOF MRA 541 R 4G EIG X T Ak L JE
X L RE )5 SWI P FIAR Y . 8 I AE 8 75 SWI AR o ik, ife 3D-TOF MRA
FEA R UG AR R T Bor (L€ 1),

3.3.3.0T MR ZFFI A G % H i M4 44 SRE0EL 32

180 ] i35 3k 24 B2 B UE S R AR PR RR Ak, H I A R 2R %0 13.3%. TIWIL. DWI. SWI
J% 3D-TOF J7 51 & 3 H I 14 3 A4 R SRR FE 43 314 25.0% 62.5%- 100% A% 83.3% (L7 2). SWI K 3D-TOF
JF AR H I AR A AR T DWI (p < 0.05).

3.4. EF 3D-TOF MRA FHI[FEiEE % H CMBs I EHE SRS HmMMELN LR

180 fil &7 v, JG CMBs 148 471, Forbr 10 & A4 H PR FE AL B2 CMBs 24 5], 6 15 2F Hh v e 1k
o - HJZ CMBs 8 i, BB MVERAL. B8 CMBs REEENNE,  H PR A S A R XURS: B SR 3 0 (L ¢ 3)

4. 7Fig

CMBs LA I8 S5 H M4k . TG B R @& N RIS DL S R AR 52 BE e R B 2
K 25[6] [71 [8] [9], H Wi A A7 16 T-BLo B T-i%0% Sz it 2, — B 2 A0 N A I R IR AL,
HE S CT A MRS HAUR, AR R DR B EMN . B35 MRI SR S5 R8 A,
T2 T2*GRE 751 & SWI, #kikZ () CMBs H& i1

4.1. SWI 5 3D-TOF FEHIpkig BB B

SWI & — T & Je e R I REAE R i 5 R, GE A FIFR SWI iy ESWAN, &2 ) A 1 48 /K P 1t
RS (L I 8 B 4K ) R 38 A [ 4 R ) i U 1) 22 S T BRI B R o B — A = 4R L S8 AT B A ME I
RN, DL T2XWI INBURE FE (8138 17 51 R kA, 2892 38 2 15 30 1) o P UG R A7 R o X b 41 14
TN ZA ] RG22 57, AR s R A, R (1 50 R AR AN B b B PR A v T RS RORT LG, e
WS S5 S ALY S MG, XTERIK I A A0 /INER K Ao AR IORR A 5 Ak s BE U . Tl 4K,
WA SWI 7371 72 12 Wi ik i 4 o 2 m H L A P e BBURR Y 41 22— [10] [11], 6 h Psxsf e i e st )
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Table 1. Comparison in detection of different parts of microbleeds used by SWI and original image of 3D-TOF MRA sequences
= 1. SWI 1 3D-TOF MRA F5IJR 45 E %S A B ABAL S L MLk 46 1B SR LA

BEs e B i T /N T g B Bt
Swi 76 28 20 84 52 260
3D-TOF 40 24 12 56 56 188

Xt CMBs i % 52.6% 85.7% 60.0% 66.7% 100% 72.3%

SWI: BEBURIIBUSAR: 3D-TOF: =4 0] & BRVEREFLIR 3 AR

Table 2. Comparison of detection rate of hemorrhagic transformation used by 3.0T MR multi-sequence imaging

%2 2.3.0T MR &5 g (&% H i 445 048 HH SR EL 52

]l HT
UK
TN AR
TiWI 6 18 25.0%
3D-TOF 20 4 83.3%

Table 3. The relationship between the number of CMBs lesions and the degree of hemorrhagic transformation based on the
original image of 3D-TOFMRA sequence
# 3. &TF 3D-TOFMRA F3IRE i E1% CMBs Rt BE SRS H I ML X R

CMBs P 151 S B HT RHEEH

x 148 10 6.7%
B 24 6 25.0%
s + R 8 8 100%

JEHE AR S M 3 AT TA B 100% . (B2 I AR _EIndT SWI  BURER R, 180 1 130 4% F f AR AN 2 7 2 o
3D-TOF 7 A AR f&— Mok B [ 7 41, [RIRE LA RERIUBR AN, B8 R 51 R AN Y ST I DR 3R el s o,
B, 3D-TOF FEAIE IR R Sei i F 732, 3D-TOF [F 41 R 4R B b, Ak I ek 2 B i sz ot Y
MR AR E 55, HESRNERGESEK, ABEEEENR . %7 50 008U B &
T2*GRE f SWI T4 B, {HAZFSILEIRIRSL R T2, PR 5 3R IR, R 117415 CMBs
PEAR R AR 2 R B LB

4.2. 3D-TOF FHIfEGRM M 2R BE CMBs & EH &

H 1T CHIESE CMBs Jiikt 5 2 ML E YR AR AEE B V)R &R, KU CMBs PEAk ARSI 7E I R 552 3 i
RAEAZ B IVE . AT R, CMBs A:7E H afn P sl i o 1k i 1 05 £ R fe e A BEFR B T R 2 . T IER
NHEHEFEEZE R, CMBs RAEFEAF FLH A IAFE[12] [13]. ABHFTLH 26.7%H N ARG 1E
CMBs, 5REALATFEHI45 RIEAY)E[14] [15]. AWFFBE SWI K H 2y 100%fE %f b, 3D-TOF MRA
JER 46 FEG BE RS G HY BB 0 i s s K R ) 72%. B4R 3D-TOF MRA JR 1A E 4% CMBs SRR H %
A SWI T, AR A AR e X Ik A BURPE RS = T SWIL RS 25T CMBs TEIG R PEAL o
EE X, 3D-TOF MRA s EG A ZUE R CMBs ikt, Hal 27k = SWI 5t T2*GRE 51| EI% 115
LT, X 3D-TOF MRA JR 46 BRI T AL w] A fibi 4% v 88 2 VR 97 7 VA BRI B AN T s I ke S kA 98, A0 T i
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KPR B ) R AR R 5 R g, RS AR A B AR RN A A - S .
4.3. 3D-TOF %} AR4E3E i i 14 5% 46 B Fuiml ¢ &

4.3.1. CMBs 5iN#E3EH M43 LRI X F

CMBs SURRFE B H LB s PR I, 20N I AR P B L ANS . X T&9F CMBs 2wt
T, VAR N PR R AR, B4 B MR RIE A G— e . BTt iR B G
gL £ 38 CMBs A (38, - i th ofi XU FE 3G N [12] [16] 0 fedls — Wi T 3R B AT 75 &K I, CMBs
MAEAE S H PR A AR TG R [17]. MR S S s I AUERE FEANBRIE A& F CMBs s B 5E & 3 1 4
TRIT AR B0 i AU [18]0 i B ML FRIAETE, KRR 22 R S A8 T ARG I [19] . AHIF T2 R4 5
CMBs [ AR AT 8 7E B Uy 1k R b e A i R A 2K 31 62.5% . KB CMBs I H 5 A4 Hh if 4
AL XS A PE[20], ABEFCH 2 fildh - ¥ CMBs &g B kA 7 itk itk, KRR S TRE
J G CMBs &3 . AR ML RA AN, FREENFHH MATFBA KR, WA CMBs 1Bk
SRR, UK SR A A PR AR R PR A, AR 5T TR 3D-TOF MRA Ji 46 1506 CMIBSs Aol i) Uk A4
BAK, B, —BRIAFEREIES I CMBs, X H H MRS M E A . Bk, —BIA AN TAEAE
Z K CMBs B 1A K Bitin gy B A5 Hh LR 10 AU, A A2 S il A 22 J Mo A S Sk B R 04 o 4 L 52
(IR, WA LE AL G K 54T MRI 4 + 3D-TOF MRA R, —J7 1 AT LIEA £ P I 4590 A2 15
W, W —J7 T AT LALE JRLAA G IRl R TS AEAE) 2 [ CMBs, RHHIE T — B HIGIT i EE S MY

4.3.2. T 3D-TOF FFFIi CMBs fRkt BB 4348 7] 5 3 FUNI f BT 1 I 14 4% 4L

BEAE 8 2 W AR T 2 R 2 A S 1 [21] [22] K %40 [23] [24] [25] [26]IK R . WA B A I
T 2 M DR i S I B /N I A 9 22 ) PR BB R [27 0 3 et i D] 2 25 08 4P R 00 ke 300 A 8 I 2 £
Xof T I PAC S e 1 S i BB AR ) Ak B B TR e Mok o, RIS RERS 9% ), HEEmRREE, HW
PEAEE . DRICARHI AU IR T RESL IR AU 5 R v e BB, R 1 234F 3D-TOF 741 (1) CMBs Jiikt:
TPA TR0 i 458 A A A P 2R RS, W FTIESE, 3D-TOF 5415t CMBs Ji k4G H AU AS B2 SWI
FEH s A H I 4 A 0 TR0 AR S PR s v RSB LA 2R R i PR AL B B R S AME, B TR AN
AR RN A A - Raa b R 3 s B & A R DTk . SR T A U N IR AR D, W U SR 5
W SR KA AT HEIF 720 ATIE SE
5. IhE§

LR PR, 4T CMBs DA FE MR BU I PR SC B b (K EEOK  SC, /R Dl P A 4 v A6 F) i PR 5 LG
#FB, 3D-TOF MRA J546 & AEBUR R I IR A4 _E 2% LUN e 59l 2 BRI 7 I 1) CMBs Jiikt, Wl &L
TR AR SE AR AL I K 2 . JCHORAEBR Z SWI B T2*GRE 7 A BHE RIS LR, 1257 51 R b & mT
NIRESE R T AR B TS IR SR AR 7 BT BoORBRBEAAEH i oI s e i, 32
e AR S D A R S 4 A - 2%k B e %A P R

& H
AR FAF B LN N S IUE B8 K B RARHE k4 T H (81400957).
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