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S and S, on cerebral hemorrhage based on magnetic induction phase shift spectroscopy
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Abstract: Cerebral hemorrhage is usually detected by computed tomography, magnetic resonance imaging and positron
emission tomography. However, these detection devices are costly and bulky, and can't do bedside and on-site monitoring. In
order to study on more extensive cerebral hemorrhage magnetic induction phase shift and to provide more useful information,
the study aims to improve the sensitivity of magnetic induction phase shift spectroscopy (MIPSS) detection system for cerebral
hemorrhage in the same frequency and the different frequencies based on the established MIPSS detection system. In the study,
a cerebral hemorrhage model with 10 rabbits was established by the injection of autologous blood and the cerebral hemorrhage
was detected by utilizing the MIPSS detection method under the feature band. According to the characteristics of cerebral
hemorrhage phase shift spectroscopy under the feature band, asuperposition method of S;; and S, in the same frequency and
the different frequencies was designed. The results showed that using MIPSS detection method under feature band, the phase
shift obviously increased with the increase of injection volume of autologous blood, which could effectively diagnose the
severity of cerebral hemorrhage and significantly improve the detection sensitivity.
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Fig.1 Equivalent circuit of cerebral hemorrhagedetection system

2.1 HiMER BRIt

RSN 2 Bl 4 V) 2 T 7R X o 5 R L 2
TR A £ P 1 — il 1 R AN T8 4 — S 2 P
TR R, P2 B ] FH — B AR , e R
IR 14—50, SR a MR ZE . LT
AR TBIHAR AR 1 o (19 5 28 28 28 5 8 1) [0 A
TERRIE L | B ELAY A2 R 1.8 em, £R 81 Y I 450 i%
FE H N =N=65, 1X P~k Bl 3 B0, He P X R
B B 15 5E A d=7.2 em, FEINERE 4% AR (8 R A
[ EFEAEREPE R R 6 2 1, PG ik PR
Bl =z [i) 1 m s T Ak, 28 R v A [ Bt b 45 5 S5 4
VNA iz,

2 Kz
Fig.2 Detection coil



~284 -

i B A gl

$34%

22 FEER

MIPSS fisi 1A I 22 G2 -5 & 3 B, I R
AT DA Y RG240 3 PR 435040 4, 43 i) S S A
VNA T FLBCE AL P 3 S 5 R 1 i AR

MIPSS: Magnetic induction phase shift spectroscopy
3 MIPSS i tH Ml 2 45t
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FIT FH 0 B 4 VN A g 11 0 265 FH R 0+ 38
2 BEE 5 RN 26 BB A 5 1) T S8 {| RUAE 62 15 2L o
55 Il £ BB AL Y s T 1R AE S 11 2 FRUR Y15
b5 RBU NN S0 Sare ASHIFTE I T T 2L FH 3] Y
SIS i,
23 BHENIEE

Si S YT R B2 5 A 2 VNA BT 8 PR AF 1)
TR o WSS W 2 O 1~500 MHz, it
DI E N 10 dBm. 1 TAEBAHOE LM 02
RERIEAT . BB 2 5 mL A A I A8 1 S o A e
SR, R R R R A
0.33 mL/min, 58 H AR 1 mL L, 18 58— K 241l
BiE . B PRI B R AETE 22 CCAE A IR EETE 50%
it
2.4 Y EWEITT

Bl S G AR IR SR Y A A 3 A3, ST O
B ST AH Y 10 HfE R A PR R e (2.2+
0.2) kgo VEIMATA S BRI M58 B , s 5% S 1
ARSI VNA A TORAE , 430 SO AR H i i
I T mL Ji 300 2 mL i 003 mL A HS I 4 mL.

3 SRR AT IE

3.1 R miffh 7%t (Esn)

Kl 2 48 AL 3 B80S R S I A S A 22
VARG 2R 50 T 2 A O, ) 23 {1 g 06 {1 iy %o 7 1)
WA b AR 2t Tk B, 3 A Ty 25 M {0
TR B0, AT LA A2 4 FAT S AR R RN AT il 3
X VNA JF5££) 300 kHz~500 MHz F4 5 g B 75 BAE

TEAH LU XS, Su Fl So A5 HAUH —AAH [ 9 FEAE AT 2y
8.732 MHz, W&l 4 fir/R o X AR AT LLAE —AH 330
il Il e AT AR 22 K/ Nk LB eI R
RN

Amplitude/dB
o

N L . . .
7.0 7.5 8.0 9.0 95 10.0

8.5
Frequency/MHz

Amplitude/dB

R L I I I
.0 7.5 8.0 9.0 9.5 10.0

8.5
Frequency/MHz

4 Sy(E)FS, () 7~10 MHz (T RIBGEE 2
Fig.4 Power information of S;; (above) and S: (below) from
7 to 10 MHz

T I I B S 4 T 3 R AT R KA N
9.15 MHz, 5} RAFAE 0.42 MHz iR 22, iR 22 RNy
4.5% , 76T 352 T L, 3X 0T REJE B TIA 4 1 FE
B8, AT LAIAGE S Fl S, DRI E 1 4 5 ik R 2k Pl
B PRATR

AT BSR4 F ik S 17K S-S MIPSS
A REEZES  RHESHZ & R R
(Friedman M Test, iti FH THHCREA ) X BT S AL A I
57 25007, 1l SPSS HUTSe 0T , 155 i 3%
PR PIze/NF0.05, UEBHIX 4 BN H /KP4 MIPSS
FERFIEAIAT T AEE B2 e, A G #

H S TR A T3 T AEAR 0, Sa B AR A 25 7] LA —
R S WL HS i 1) 7 EE R O, T AR5 kB St
BB FH 2 ALL %) 5 1 SR TPA g 13 0t , I8 2, 7] LAAE X A
] — AR oK B EAT &, SR el k5 | i — A



531

AR, A I T REBAROLA T AN L A I S0 R S OIS

—285 -

P 2 550 A S e i % i AP, DT 8 v R . H
T S0 5 Sy AL, K Sar-Su i€ LA ST, SRS Xt
o7 B ARG 22 S AR PR AR AL, ELIZMA (AR 25 T K,
— B ol T 2E S RS A ™ AR
3.2 B mitE A& (RESR)

53T Sy 5 S i AT AT AF B T S E
BETERFAE AT 1 S Wiy s I 1 400, T B — S 805 B
1S 20 RAEEA B, IB2 N SEM A B &, & A&
PR 2 TE S5 B B REAE AR 25 AR5, 25, DATTT I8 381 B
PRI

FEAH XTI B P Sy S BRI B4 T A X i
BTN IR S TG o B AFEARA b 8% — N B df 19 S,

o AUE 5T 23R R0 AF X = A b BE B — AN e A 1Y So) RRAE AT
B MIGE A Su N S, AR Ty i S AR 2235 2 ik
b, R 2 0 E B L R U AR, B E 5
FEIE XL,

HE TR, 55958 £=93.831 MHz AL,
TETEE BUERIEAIE £=166.004 MHz |-, F-25AH {7 22 55
K, AbrEZEESN, UL IR 2 R nkese A
BRI R . 2R IR % 8.732 MHz (1)
S A 220503 3 Bl 55 R AE AR A 166.004 MHz [ S,
FRASE 2 050 2 PRI A B 4L &, SR SEBUR TR AR % 1
SRR N, o] DA A5 /KT 9 H I 22 SRR
PR BT S 2

F1 10 ARFELFLT S AALENGITER
Tab.1 Statistical result of S, phase difference of 10 rabbits at f; and f,

Frequency/MHz Average value/® Standard value/° Maximum value/° Minimum value/° N
£=166.004 39.587 1.963 0 42.532 36.298 10
£=93.831 4.464 23151 7.662 1.164 10

4 ERGH

4.1 RIINELIGLER

Sy 1 Sy ZE LA - (7~10 MHz) B 25 40 [&l 5
FER AT LA HY Su F Sy, FE IR AE AT 561 A AR 43 22 1
{8 B, FLIE 2 v 162 9 185 I i A 26 748 R 0 i 3
S Il Sy AR AR 22 (B R AT 5 SO RFIE A |, T A
BT b, S S AT AR —2R . 10 R+
TEUCRFIESTUR T, 47K 1S Y AR 7 25 K/ Nan = 2 fi
TN, S R AR 22 HE S RAR 22 | iX R ZE AR TR
FIRFEAR T, S AT AR, /2 S0 19 2.47 %

SE SCSTH S M So B NG A 258, STAY AR
ZEUNE 6 It/ , 76 4 mL (AR 22388 T 5.53°, H ST
BRI A 25 N B Y 22 St X eI ST BE
W45 7K H LAY T 5, SRR A H T 2 R T AR
[l b e B4 o 1 11248, Lk T I ) 2 A%
IEPRATR T L B 10 £ e A 6 A BT IS
T AR 2 R R A
42 AESNERWER

IAFI S RHIEAT RS FEL 5 Sa & S A 25 SR 4n
K7l , o LU BIAAL 25 7E Sa B 8 R AR I 11
BRG] TARAL , MAAE 22155 T 39.587°, X S i o
M So ARSI & 45 IR (7.218°) M L, e K R B
PETHT 5.48F% o SRR E AT LA AR H ) s e

NIPS/degree

1 \ \ . \ \
9.0 75 8.0 8.5 9.0 9.5 10.0
Frequency/MHz

NIPS/degree

&
o
T

&
S
:

—4ml

5 | . \ \ \
45 7.5 8.0 8.5 9.0 95 10.0
Frequency/MHz

MIPS: Magnetic induction phase shift

5 '9‘;33%& Sn(J:)*u Su ( -F)E7~10 MHz E‘J*E{E%
Fig.5 MIPS of S, (above) and S, (below) from 7 to 10 MHz



—286 -

i B A gl

$34%

2 &KFAES.T32 MHz TS, Su MR HI1E
Tab.2 Average phase of S;; and S, of each level at 8.732 MHz

Parameter 1 mL/° 2 mL/° 3 mL/° 4 mL/° N
Su 0.769 9 0.8870 1.1343 2.324 4 10
Sai 1.5190 1.8753 24615 5.762 7 10

NIPS/degree

Fy
=)
T

b
>
T

—3mL

&
s
T

—amL |

I I I
8.0 9.0 9.5 10.0

.
o
o
-

8.5
Frequency/MHz

6 S'TE7~10 MHz R9HE{IE
Fig.6 MIPS of S” from 7 to 10 MHz

45

[
S
T

NIPS/degree

-
7]
T

| | |
{55 160 165 170 175
Frequency/MHz

7 BINETE 166.004 MHz SRSt Bl M AEAL 2
Fig.7 MIPS at 166.004 MHz after superposition

R AFRYZER o TR A LE DI I A 45 2R, AN [R) 3
(B I A R U

Ji S i P A S P R R g B 4 R A
BT AR SC , X0 22 I ST A o 1) B i A A
AR 25 DRI RS EA L, X 5 TEA R AR
FIG LR B B 2SR O o Hh TS n] LA
BRUNL , IR R L RCET TR Y, DA B 75 £
JEE A S, G e R e A TR 2 5 T 3 A 40 )

FARHIARA 5 SRl — A i 2 AR R
B 2T R R B 2 2 L SR TR UR T,
ARSI AL R R R R, BT
T PR AR 25 (EARROR

NS £ B2 25 kB S, M S, A [ K A ] 4t
AR B0 T B i NI BE S SCH R S S e L T
el P A RE AL T & B b 248 , e A T
ACAFAE SO 55 e, D AR s AR R 5 AL fs
LG AR, T LUE SO T as Ry S8, S AUER I
b, S ARG, B B8 &l A RIE S 5
ML ZEE R SutEARBUROL T , WEm i s %, #5417
THEZIER, RZ RPN, W& T %, Sy
#ar TEZ I E R, WA G RS REE 2 14l

ZUF R, BEHE I SOV S PRI AL T L o

AHFFEAE MIPSS K i J7 2 55 A b, 76 A0 ARk
BTN T Sl So ) RARE , FE LAt oK — 2
gE AR AL T MIPSS A9 i H I AG I 5 3, $2 T
RGP . FEAEME 42 T AH [R] G RRAE A % X 2
8 2 Bl TS IR AR, ELIR AR AE 50 MHZ AR,
5 A W 20 2 R TR I ) S ) e A B AR L AR T
HIHA T AEH 65 MHz 1 I & 458 A FIrFE AR, [ B A
(R A3T 55 AN [R) A ) A7 LT 3 %, A 2810 28 i A A
J7 i I AR B AR IR T R
AW E L RAE N SR FE A AT, A AR )
G R, AT 20 2 EIR A S 525, DL
PRAFESE B RIS

(5% 0ik]

[1] KEEP R F, HUA Y, XI G H. Intracerebral haemorrhage:
mechanisms of injury and therapeutic targets [J]. Lancet Neurol,
2012, 11(8): 720-731.

[2] QURESHI A I, MENDELOW A D, HANLEY D F. Intracerebral
haemorrhage[ J ]. Lancet, 2009, 373(9675): 1632-1644.

[3] ROPPER A H, KING R B. Intracranial- pressure monitoring in
comatose with cerebral hemorrhage[J]. Arch Neurol, 1984, 41(7):
725-728.

(FHEEE 301 70)



