Techniques and Methods Ei#%N=wik:-

)) ) EUFES LR R
Progress in Biochemistry and Biophysics
' '12023,50(6):1480~1488

www.pibb.ac.cn

RSMEBIA MIZIEENTEL B BTG TTE

REHED BIRED R MY

B =Y x| oY

Wep e

(" B E S R AL AR, mE At 2100165 2 WM 2 B P RS A PR 1, I 5181005
D IR RERESE R B, JRM 215004)

WE BH ERIMEARRG D, LA IR LR B X AR TR FRBSUR G (EIT) MIIMEER
MARAR R AL k. Ak ECmT A O BT T AL EREE RT X U GER s . Fok, AR4E 0T B85 it T H
1020 mm 1) 16 8 BT AR EIT £/, #58 TIRMR s L T 6, IR T #S AR s 328 . RSy 3~6 mm A%
MBS, 5 e B TRt mAE A f, SR Tikhonov IE WAL B BEAT LA . KF 3 mm A5 mm 9 LB 5351 & THGFR &
ik, A MBTE IR RN B S, IS m EA ARG R T . SR TR BN Y B 5 G &
WHEAL (AR) A/NF0.01 8, LS EHAT M 20 mm F 30 mm ¥R B ERAISE R B (IC) ¥RTF0.06, MR-
BRGEER R, HXRGHESERIRE (RCR) /NTEHT 0.1, IEARIIEBw, MRS LS, AEH—5 i

AR LS ARARAE 2350 0 80 F1200, £55R W RiZ i IARERE AR I R EF R Ay LR . 4518

Dokt A BN TS AR R .

XgE WP, LT, RSMERR, BRA5E
FE4S#ES TH772

A R LT A FU S5 2 A e S 1 ™ El 9
W, TERSMNEI R G Can R Sb Il AR A
(extracorporeal membrane oxygenation, ECMO) .
7 0 i Bh S E (left ventricular assist device,
LVAC) %), NTHEG] A I AE YA RS P AR
S [n) S 5 B0 0 A B TS R AR
B TR FPUEEN B RIR TSR 2 RO RS
BrFEARY, MR AERN S BRSO B HLLL 4EFF
DI HIRE . X AMLES ARSMEIR G IR, W
WSS, D is A3 2 AR PtEeinyT,
Rl e, 2 —Fiiegiy, EF RSB
FH, i B R 2 2 e B i, A T 4
R 1 1 55 5 12 18] P, R R A 30~60
min W — YR A B EEILET A, FFEF ARG 2R
W, YK I H BE ] B

TG RS MIG IR Z2 G0 A A B AAT I A5 1ML
Bf[A] (activated coagulation time, ACT) I Ifil 44 5t
JTE, KSR — R R RE Y, B, X
SO AT M el A, — A
T2 10 min DA B o HOR, SXSEHORBESE AR E 1Y

IT W BA S PERIARR AR

DOI: 10.16476/j.pibb.2022.0255

MATERUE R, (HRAHE T YGRS R G A
A BORS B — g B FERPE B PRI A AR
LA A B HR , BRI S I R At i A% Y 2E By
] . RNV A

HAT, JETO65 . B P 2 S R
D2 N | S L et D R O R S
Oshima 75 ' T} & T — B R IRR SE, IR
AR MBI ETE I, AR GGE LI 5
[ B G A 21 4 i SR S Al A T A e . 4K
1T, 5 T8 AR A AP 2 S BE RO Ze ity i
A X R ARARAMEAE S PR A S8 . Huang 55 7
B AR A I kA i . AR,
FOTEEA —E R RIRYE, BRI E E
R SRS o IV ) H 2Pk & R U M AT
ZAYBE PR RIN AT, PRI T H 2 ) PR Y
R 75 v v BE T T i v A iy Ak . Ak
= [/ F 1R B E (62071224) M AT BF 4 &
(SKY2021006) ¥EEHIHH
s 3 IR R
Tel: 18305147984, E-mail: jiaf.yao@nuaa.edu.cn
Wik B 391 : 2022-05-30, #5232 H #]: 2022-07-19




2023; 50 (6) KEKIE, & KIMERRMEIEENELBERMRIGHE <1481
PiGIEE: (electrochemical impedance spectroscopy, EIT B ER PRk U H F Bo ff ok 7 s 2 %)

EIS) T8 TRSME PR FE v (9 A4S . X R
75V B 8% AR A MRS R TE 8 10098 2 ] 1Y) v 2 e M 22
S, JFXF A AT E I B A PEAL 0, EIS A
B HERYE , (HJE TN RE S R 7R A T Y
(A=

HLBHPTALIE (electrical impedance tomography,
EIT) &Pl #ifb e kil BoAR , FHF 7
By AR A R R AR S XS, EIT HA 3
JEPL Tt TCRIRRR R, & TIm RIS M,
E 28 )iz W T i B g A I 45 Bk . Victorino
S5 A BIT Jy ik W) s o i 3 2 A<k 1) 20 AT
O, BRI T LG | I Al A s AN P S
9o Dunne 55 ' W T FHBLAR 7 > 23 K00 E 4
JiE DR BIT B SRR BB DRAR A, DUIRBLAS RIS
HESE T AR BE IR R AR R

AR, FARERIAMNTITC 40N EIT BB
R — DR, LindE S AT R
TR I [ 342 252 EXT 33 7] 80 10 i i DL - S8 22 ~J HE
28, ONERA I Y, PR R TR
Bia, MUIAE DY AR T MR T U-Net TR 7
ISR BHP TS T v, %07 B R i &
KR, HEWEESr. TERATRIHIGET, EITE &
B TR A SIE PR 2R 48 v AR i LR AR AL
B, R T EITFE AR i ar A7 >, (R,
FEIITERS AT, SR R G iy bR
LA TN

AR SCHE T BT EIT B ARSI 1l A% 78 2k il 7
i, BRI AR R I R R, SR R
MAERR/NGALE . A SR EIT U5 A5 R, AR
AN TR RUSE BIT A& Jdts X AN [ /1N H AR 90 04 iR A%
B, Bt T EIT ARG, JF 0 TRES R SRS
A AR A S

1 MmieEBERRGEERE

1.1 EITHR&EBESHEIEIT

EIT [EI5 5t ii 2ok 1 B H e U RIZ5 5 1Y FL T %
JE J R I XS R R o BT R
FRECHEFER RS EERAE, TR B 3o g ik
L2 N 77 A 3 71 o T i | NG S

AU=T - Ao (1)

Hrp, AUFRHBENREZME, Ao FoRGENH
SR, T 3R RUE RBUER: .

EIT 38 [a] &1 (1) i R A MR RO I8 e dE, S8

EIT i & f H ARz ek B0 i s e (s 227 iE AL
T 3 11 /2 Tikhonov 1E WML VL, Bk BA BT
ARG PR AN A AR BT 17 SRR AR B SR A
IR FbRIZ pR%LC:

arg min { % (|AU-T - Ao ||z + A Ao ||z)}(2)

M, A A Tikhonov 1E WAk R %k, =K% #nl
1595
Ao =(I''T" + AI)'TAU 3)
PRI, A5 38 52 B0 2R 5O R R P ) s 4
S AT DLGE T L SR ARk
TEIM AR A AR s, I Rl DL 8] 1a s
AR A R o I RN £ 4 i B LA AS ) G L
2, O EH T, A0 R A AR
2, HRESTIARE, XU R AT LUHZE N I T
HLEE AR, AR BTHBH R, . ISR HLBH R, FITEE
A C, ™. X (4) BT iR 1B 17 i
FEPE ) Maxwell-Frick A28, )72 b T4 9040 e
R TR L2250 BT 151
pozp @)
Hrp, p, W2 MAHBEE, p, MK HBHAR . H
SRR LA B B, e BT 20 4 i LA
ARFNF5 1]

(@

Plasma 0
0

! 0 1'1‘!:' o 0 ’
() Electrode  Plasma  Fibrin  Red blood cell
\
- 7 ¥
\ @ 1 ’
< ! \b\\ 1
Thrombus

Fig. 1 Equivalent electrical model of blood and growing of
red blood cell aggregation
(a) Equivalent electrical model of blood. (b) Growing of red blood cell

aggregation.
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Fig.2 Simulation results for different combination of

sensors and targets with different sizes
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Abstract Objective The online detection of thrombus and visualization are of great importance in the
extracorporeal circulatory system. In this paper, a noninvasive and online detection method of thrombus in
extracorporeal circulation based on electrical impedance tomography (EIT) is proposed. Methods Firstly, this
paper investigates the effect of sensor size on the imaging performance through joint simulation. Secondly, a 16-
copper electrode EIT sensor with a diameter of 20 mm is designed based on the simulation results, a cyclic flow
experimental platform is built, and static and cyclic flow experiments are designed. Instead of thrombus, pig
blood clots of 3—6 mm in size are placed in fresh pig blood samples and image using the Tikhonov regularization
algorithm. The 3 mm and 5 mm clots are placed in the circulation system, and the images of the size and position
of the clots in the sensor section are reconstructed by the EIT system and compared with the results taken by the
high-speed camera. Results The simulation results show that the image correlation coefficients (/C) are greater
than 0.06 for the sensor diameters of 20 mm and 30 mm when the target-to-sensor area ratio (4R) is not less than
0.01, and the imaging effect is well. The static imaging results show that the relative size coverage ratio is less
than or equal to 0.1. The circulating flow experiments show that the normalized relative conductivity value
changes of 80 and 200 are detected as the clots pass through the sensor, and the results show that the method is
capable of detecting clots in the circulatory system. Conclusion The method has the advantages of real-time and
noninvasive, and is expected to be applied to the detection of thrombus in vitro.

Key words electrical impedance tomography, thrombus online detection, extracorporeal circulation, joint
simulation
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