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Selection of brightness range for predictive maintenance of blood
clotting in extracorporeal circulation circuit by photoacoustic imaging
of LED light source
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Selection of brightness range for predictive maintenance of blood clotting in
extracorporeal circulation circuit by photoacoustic imaging of LED light source

Takahiro Wabe?, Ryo Suzuki®¢, Akimitsu Fujii?, Yohsuke Uchida®, Kazuo Maruyama®,
Yasutaka Uchida?

Abstract

In extracorporeal circulation, blood from the body is removed. Although measures have been taken, blood
coagulation occurs in the extracorporeal circulation circuit. Blood coagulation in the extracorporeal circulation
circuit causes clogging in the circuit and raises the pressure inside the circuit. The pressure inside the circuit is
measured by a pressure sensor, but the response is posteriori. Therefore, in our preliminary research, we
performed predictive maintenance using photoacoustic imaging of LED light sources. Preliminary studies have
confirmed the possibility of measuring changes in blood clotting over time using an extracorporeal circulation
device. However, if the image obtained by photoacoustic imaging is used as they are, there is a problem that
the amount of data is large when performing analysis and it takes time to process. We investigated a feature
extraction method for changes in brightness over time in photoacoustic imaging so that the image obtained can

be reduced in capacity and lead to predictive maintenance with a low load on the system.

Keywords: Blood clotting, Photoacoustic imaging, LED, Extracorporeal circulation therapy,

Luminance

Received August 1, 2021; accepted September 21, 2021

a Teikyo University of Science, Department of Life & Health Sciences , Faculty of Life &
Environmental Sciences, 2-2-1, Senjyusakuragi, Adachi-ku., Tokyo 120-0045, Japan

b Faculty of Pharma-Science, Teikyo University, 2-11-1, Kaga, Itabashi-ku, Tokyo 173-8605 , Japan

¢ Advanced Comprehensive Research Organization (ACRO), 2-21-1, Kaga, Itabashi-ku, Tokyo173-
0003, Japan

d Tokyo College of Medico-Pharmaco Technology, 2-11-1 Higashikasai, Edogawa-ku, Tokyo 134-
0084, Japan

e Shuto iko, 1-7-3 Nishisinjuku, Sinnjuku-ku, Tokyo 160-0023 , Japan)

WRRERY: AEMBRE MBI AL, T120-0045  FURED RS K TAARER 2-2-1
WROKT: S, T 173-8605 HURAARAGE X 2-11-1
Advanced Comprehensive Research Organization(ACRO), T 173-0003 HURAAIE XA 2-21-1
FORBESEF PR, T 134-0084 HUHBIL )1 X AR 75 6-5-12
HEPERZ, T 160-0023 HUERHTE X PE#TE 1-7-3

39

o o 60 o W



1 #8

MR A B B9~ 5 & RS 5 2 & 13 JE
MOERTHD, LEEN-o T, MmikEbiE,
N L0 fifi, ECMO(Extracorporeal  membrane
oxygenation)72 S O MK ARIMEER KA, [B]
&N C D MR E DRIl ST d D3,
COVID—19 JE&YLHIEH DIa & L TRE DL
EEDbN TS ECMO IZBWTIE, Ik & i
RSB BR [B1HE & D B IS LN b BN
O MIREEE DS HET AR D 5, W00 - K
JERISWDD LA MBI A VA N—L& o
7 U [ TG P AL R0 i A4 i 015 R M 1 78 PN % [
(DIC) FIEZR EN, T ThHDH Y, Mik%
RAMEERT DN TIX, ERRORRIS, B2
RN LY, MRS S EAET 5, MiREERE %
Bi<izblc S E S F kAN INTEY, i
BEEA] (XY 70 ) R LI TREN
BEERE /2o TND 91, L, ~NU
72 EOPUREAITIE, MEEEEA~OXIR E LT
IR+ Th o,

BRSO FE D &, MIRIARSMEERIRIREN OJES
T —IZ Lo TR SILD D, [EIREN O ik
DORNDPIGIZELS 720, FIRBEEE > T D
B SN5 0T, MBITEZNICR>TLE S,
MR O FAZFIRIIE, BN OEIEE O3 H,
MR DAL HE 7R & DRI % ERIEFH TR
WBHZ LT ORN D, UL, MiRARIMESRR]
FEAN D, MHREEE DOZAL A FRITICBILET SIS
X, MEROFEL Y BEEORWHIENLE L
5, T, FILWHIERIEL LT, s
ERRB LI TN D D), A2 HOMF%E T,
MR VIR E H T IR AR MG BR B B8 TR AR5
% M UEE [ O #R 2Rl % T AR 2RI E 9
HZEEHMELTWS, LL, TEHHEED
HE 2T A — L ZITTIT O BRIS, e
BA A=V T OWGZ, EDEEHNTHNT
BATO LT —HEmPRE L, AP 2 )
L EOMENRS 5, £ T, AFETIE,
FETEONA A—VEEAELLT, VA
T LIARART O T HREICOR T oD &9

40

12, JEFEA A= T ORRE IR IS LoD
B EMHEE RS Uiz, 7ok, MgissMEER
[ ORIERI G 1T, BREREZ ST DT
T—h T T Fr L Lz, BB, =7 —h
T 7T X NI, AR LT e s g AR
PEERIFIEE 2> HARNIZIRAT 2 D 2B < T2, 1
INEEBIAH IR 7 4 VA NEEN TV D, LRI
WFFEHE T, MR IRSME SR RIES 2 A5LhE L 72~
A7 uF 2—TNOMK%, LED HJRD N E5%
A A=V TIZTRE L, EEA A=V DR
BORERECEITDNY, KEBEAN A=V T D
PRRFHEEE 25 L D R E O Fh H 24T - 72 19),

Roller@mp

Air trap chambe
Dialyz
Air trap chambe

Blood flow

Pressure sensor

Fig. 1. Schematic diagram of the blood flow in the
blood purification circuit.
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Fig.2  Configuration diagram of this

experiment
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Table 1 An example of brightness
measurement results from a grayscale image
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Table2  T-test results comparing before and
after solidification at each brightness
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