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The correlation study of MR susceptibility and perihematomal brain edema in cerebral hemorrhage CHEN Yao, TIAN Ya-
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[ Abstract] Objective: To investigate the relationship between MR susceptibility and perihematomal brain edema (PH-
BE) in cerebral hemorrhage. Methods: Fifty-two patients who had intracerebral hemorrhage in parenchyma were selected.
MRI and quantitative susceptibility mapping (QSM) scan were performed on the 3rd and 10th day after onset. The MR sus-
ceptibility of hemorrhage was calculated in QSM,and PHBE was measured in T,-FLAIR imaging. Pearson statistical meth-
od was used to analyze the relationship between MR susceptibility and PHBE. Results; The average MR susceptibility of
hemorrhage was (4794, 6 4+420. 4) ppm and PHBE was (7. 49+ 3. 12) mL on the third day. The correlation between them
was significant (r=0. 974, P<C0. 001). On the 10th day, the average MR susceptibility was (7388. 6 £3589. 2) ppm and PH-
BE was (11. 234 3. 79)mL. The correlation was significant (+=0. 901, P<C0. 001). Conclusion: The release of iron ions from

the blood after being dissolved is likely to be an important part in the formation of PHBE. From this point, MR susceptibili-

ty measurement of iron content in hematoma is of help is observing PHBE process.

[Key words] Hematoma,intracranial; Brain edema; Magnetic susceptibility; Iron ion; Magnetic resonance imaging

1 A J&) Bl i 7K B ( perihematomal brain edema,
PHBE) & fix 1. 5 = U ik 1 45 b & 5 5 8 24k
FHNE AR A S R G K T A B S 8 4 AR
ML 25 E Ry B8 P AE T BL B I 40 B o ff I Bk B 1
(Fe' ) BT B0 B It 2o 4804k )2 L A vl g 2 T8 T
JNE PHBE (9 J K5 T 8 1k 2% 58 S e ifi iy Fe'™
EEDT . OARCRTT MR fE AL 5 PHBE [ ) £ 56
P

M 7%

L WF 58X 4

A4 2010 4F 12 H —2013 4 3 H FK B i shFF K
ARHRITIY it CT 812 1 Ikt 1 /8 3 52 6, Hop
5 34 4 18 B AR 41~89 & P 4R S 65.8 %,

" }gﬁﬂﬁ;zomw Vg R R 2 R A PH R R A S R
e AR B

TEHZ BN REE(1960—) . L, LA TLH N, Bl ELEN, FEMNF
i 1L A5 95 95 1) 32 W A

BIAEE % B0 . E-mail: shixinchang@126. com

EEMB : LETRZ IR TE S H (10JC1414600)

2. WH NS

J A B 0 T RIS 3,10 d #1475 M MRI
Lo g & K] (quantitative susceptibility mapping, QSM)
A, ¥ M Siemens Verio 3. 0T @ &M 515 MRI H
A, 8 T8 IE Sk W 1E 58 2k Bl R T AR . A A T ik
T, WI(TR 431 ms, TE 13 ms). T, WI(TR 6300 ms,
TE 86 ms) . T, FLAIR(TR 6400 ms, TE 110 ms, TI
2000 ms) &2 QSM., QSM g I Phid =4 2 [nl . T, " B
FE W ), H S %80 TR 53. 00 ms, TE 16. 26 ~
45,00 ms, 3 8 [, B 24 cm X 22 cm, 2 &
2.0mm, )2 0. 4 mm, Bl M 15°, 182 % 0. 9 mm X
0.9 mm X 2.0 mm, 75 5 240 Hz, 3l ¥ 1, % 5 1 (8]
5 min 23 s,

3. B HE o i

JT A B Y A% 2 G A BT AR, R B oy
FRIZ AT EL A B9 QSM [, Il Jif ~F- 12 1 4k 22 3 3 11
AL A shis B A . 18 T, FLAIR & %K i X
15 5% FOR L8 2 21 246k X (ROD 345 PHBE



AT 22 2015 4 2 A% 30 %45 2 ] Radiol Practice,Feb 2015, Vol 30, No. 2 125

KRR, >R A Pearson %t it 43 #1 i I # ik % 5 PHBE
AR ] 9 A 36, P<<0. 05 WA Giit 24 3.,

5 R

L. 5 P It Ji ) 2 A A L A4 AR

52 1) £ 2 g 2 5 Pt i & AR A ) A 3
T 27 .5 51, 9% i K T A 6 . 5
23. 1% 3 5 6, 4 9.6 %0600k 8 L (5 15. 4%, 1
i ARy 2. 5~22. 94 mL, 45 (8. 9846, 14) mL,

2. I k% 1% 5 PHBE #4871

CT BMR L il Jib T 55 3d I Ny %6 B 56 10d 2
TE % e 8 B (Il La) TR K i Ay A0 %85 B o (R B R0
e T,-FLAIR [&] L ifi Jif 7 30 Y8 215 5o e 301 o IR
5 . M PHBE W3 30k B 8 & (5 5 (& 1b) . 3¢
P3G M7 . QSM [ BE AL I il P Fe' ™ 1 3 . 10w i [X.
G E AR B Fe' T 2 (B 1o, mEE 3.
10d fy Ak % J¢ PHBE (AL 1,

&1 mfp# %5 PHBE & #

B 9] s b BEAL % (ppm) PHBE(mL)
% 3d 4794, 6-+420. 4 7.49+3.12
% 10d 7388. 643589, 2 11.23+3. 79

3. WAL 5 PHBE R B iy AH 5 1k

Wi 5 P 18] 1% SE K o I i A A0 40 6 Al O 5 A 34 22 4 1
i A R 2 O Rl i, PHBE AR BURZ#73E K . i
T2 3 d AT A R 5 PHBE (BR8] ) A 5 1k

5 1Gor
P80 px Value: -1002.00

HH £k ULIE 2, Pearson i1/ 1 8. W 3 0] 2 835 PEAH
K (r=0.974,P<<0.001), % 10d M fl#EfLR 5 PH-
BE (AR [a] 6 A1 &4 iy 6 UL & 3, 9 & 1] 7R 5 BH & 1E A
F(r=0.901,P<C0.001),

o

1. PHBE 7= 4 f HIL il 6 15F

PHBE JE 5% (1) 9 B2 AR BEAL 42 55 O I 47 5 1 - 1
B [ml 4 5| S 0 3 AR 198 Y s O FEE T 8 495 - i i
PG 41 232 I HE BTG 3 X O 5 35040 i 7 K b L 7
FE T3 I B PHBE 5 % il B 1 B 5« 125 K% 1 e
DAY 14 i i D 3 5k A B A I G 5 PR ( BBB) , 28 12 B ik
) . fof ) R )ik, PHBE™ 5 % 1L 2% 556 S0« 3E 1. 1 S
FH 35 AL 8 ™ A ) — b 22 S R 2R 1 L AE O R
#7425 PHBE E - s ©@ BBB 35 : BBB 1)
1 RS 0t i ] L X3 5 P TR AR 39 i 5 © #MAR B R
I 14 4135 . BBB 1) il U8 4l 40 1A R % 32F A Bl 52 5%, b
PR S 19 i 453 405 0 B T8 8 2 6 5 | e 40 o S L 1 T
T A0 A 0 v R s O L R 4 IR AR 1 il (MMPs)
(1 - MMPss [ fif 36 5L 380 6 40 1 45 i aE 5 ®
1L 40 % 7 S R I T 10 AR - AT AN MV R S
Fe' [R5 BN o b Ak I i, 7= 28 K B
Bk 38 BRIE 1 RIBE I 45 A 5 ) R A% . A 2
Fe' " Ay IO 2012 ) 20 41 M 15 ik 5 80kl 4 o0 fn 2
TE I J5 40 B 40 3K 6 A B P AP IR B R S R Y .

B1 %.,56%,HMmM%K

WX e fb . KRG F 3d
AR — & @49 CT,MRI &
QSM H, a) CT F 42+
B2 &% E G b) T,

FLAIR +& & }f 2 1K 15 5

18 - 25
16 | |
ul 20

S 12t ~ -

E 0} P

m 2]

x 8F 2 10

= 6f =
4} 51
2 -

0 s A - ; 0
0 5000 10000 15000 20000
Mgt % (ppm) @

0 2000 4000 6000 8000 10000 12000
Ik EAL 2% (ppm) @

(B#H) . AMHREZEHES
(¥#)5 ©) QSM = de it 2

Fe''" 555, & 2

% 3d A EiL R 5 PHBE AR Reg AL, B3

HafE TG . RFHEA
% 10d s i AE AL 5 5 PHBE 4k £ 49 48 X 1 o



126 Tt 2R S 2015 4F 2 A48 30 8% 2 ) Radiol Practice,Feb 2015, Vol 30, No. 2

ALK Y2 5 /58 5 5 PHBE #4772 & hn & , 1 1
MM R G Fe' o IR iA W] BE & PHBE JE i 5 %
JEHZ—.

2. iy Fe' " B 5 PHBE JE i 2 [A] ) AH G M

T A — T 5% % B AR K - 119 3. 2% (0. 2 mmol/ L)
BERFESIBG . ML205E A R Fe' Bk,
Fe' " R A m ik 10 mmol /L, B4 A Fe' A% 5]
K K i, IF B Fe® RE i e i A 75 S 00 1K i i
FoRR M A — PR A R RE A8 DB I N R R Y S g
J NS 985 PHBE K25 45 . Ui ] Fe'™ #£ PHBE [ JE
B R EE AR .

HY T 40 it PN i £ R St 194 R RS ECRIMAR R G 0 S
B G AT B i b P 2T A0 T b A s AR O
7R 2T R SRR AR 0 I 2T 3R AR B P 2R e i
LI E N1 B AR AR R Fe' ™ L — & ki (CO) i fiH 2k
o W — I T A B P AL 21 1 ECE
BT~ e 24h Py 23 5]k I K BB L BE 2 o B G
fift » 1021 2K [ B HL B A P R i £ L i i & 2B I 10d
#i47 PHBE B4k ) i 0, SR F T A 1 2k 1 oF
FEARGHMI N Fe'' & &t 5 PHBE &1 8] (4 #6 5¢
P A AR TR Ik A R G B R Fe'T 7 PHBE JE
JS % 1 72 i JRe v B AR T S A I PR YA T B HEAR A

3. T A Fe' g it 4G I AR X PE 4y PH-
BE {25 ik £ 1) 1 i

Fe™ J — i IR 1 11 40 5 o LR 1 19 i Y8 i 73
AR 7= 4 B 455 O R I 21 28 1 v Ak O 21 R 1R
MEsE ., W& M Fe' " BB, B3~ B U
RN 2R 1 R o )P R SRR ISR 8 Can T, ) o I
PRV 1 R L 32 B PR AT S0 2 TR T, B
1G5 3 5 2R FAARS AR S 358 )y 12 o T A 3R A AL e 1 40 I 1)
R, AT IR] B2 153 8] Fe'™ 19 & /. Z 8 AR F 2008 48
& B I L FH I AR o 2 3 e 400 A T N A A0 T A B
T3 R E B R (QSMDPT

ASTIF G IF S B T 2140 M S B R S 3K
JIg 2o S A R R 5 7 A K i B T S 30 PHBE
TE Bk — nl BE AL R FJG A QSM $ A 22 K 0l iy
iy Fe' & &, 0 Fe'' & i 5 PHBE (KL [H]
FRE DG T A RTRE M I R PHBE 1 %% 19 32 41k — A4~
S bR . ARG R B PAESS 3.10d WA By Bt . B
FILAP P Fe' ™ & &A1 in, PHBE {4 B4 34 i, 91 3

Z [8] A7 75 B TR A OG i AE — 5 e B U Bl i
Fe'" 1£ PHBE JE Ji B i A8 JE e v K 458 46 1F 1

SE

L1 RRAE A FF &L 0 A 20k e T 453 495 AL 0 L0 1. 160 s i . 6 5 2%
.2010,18(10):787-791.

[2] Arima H,Wang JG,Huang Y,et al. Significance of perihematomal
edema in acute intracerebral hemorrhage: the INTERACT trial
[J]. Neurology,2009,73(23) :1963-1968.

[3] Xue M, Hollenberg MD, Yong VW. Combination of thrombin and
matrix metalloproteinase-9 exacerbates neurotoxicity in cell cul-
ture and intracerebral hemorrhage in mice[ J]. ] Neurosci,2006,26
(40):10281-10291.

[4] Nakamura T,Xi G.Park JW,et al. Holo-transferrin and thrombin
can interact to cause brain damage[]]. Stroke, 2005,36(2) ; 348-
352.

[5] MecAuley G,Schrag M,Sipos P, et al. Quantification of punctate i-
ron sources using magnetic resonance phase[ ]J]. Magn Reson
Med,2010,63(1):106-115.

[6] Liu T,Surapaneni K,Lou M, et al. Cerebral microbleeds: burden
assessment by using quantitative susceptibility mapping[ ] ]. Radi-
ology.2012,262(1) :269-278.

[7] de Rochefort L,Brown R,Prince MR, et al. Quantitative MR sus-
ceptibility mapping using piece -wise constant regularized inver-
sion of the magnetic field[ ] ]. Magn Reson Med, 2008, 60 (4)
1003-1009.

(8] A, WA XS0 15 - 45, IR b 0L ) L 20 25 10 X8 i, o 5 e 79 522 Wi
[J]. A g BE 4435 ,2013,12(4) : 364-368.

[9] Zhou W,Schwarting S, Lllanes S,et al. Hemostatic therapy in ex-
perimental intracerebral hemorrhage associated with the direct
thrombin inhibitor dabigatran[]J]. Stroke, 2011, 42 (12): 3594-
3599.

[10] AW, 2 K2, UL AMABOE 5 0 b i )5 26 & g L.

JRAS 2 950 2% 7, 2010, 27(6) :568-570.

[11] Liu T,Xu W, Spincemaille P, et al. Accuracy of the morphology
enabled dipole inversion (MEDI) algorithm for quantitative sus-
ceptibility mapping in MRI[J]. IEEE Trans Med Imaging,2012,
31(3) :816-824.

[12] de Rochefort L,Liu T,Kressler B,et al. Quantitative susceptibil-
ity map reconstruction from MR phase data using bayesian regu-
larization; validation and application to brain imaging[ ]J]. Magn
Reson Med,2010,63(1):194-206.

[13] Ducruet AF, Zacharia BE, Hickman ZL, et al. The complement
cascade as a therapeutic target in intracerebral hemorrhage[ J].
Exp Neurol,2009,219(2) :398-403.

(Wi F#99:2014-05-22 & [0 H . 2014-08-28)



