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Abstract

Currently, artificial dialysis is the most prevalent treatment for patients with chronic renal failure in Japan.
With the recent increase of patients with long dialysis history, the demand for improved patient quality of life is
greater than ever. During dialysis, an artificial blood vessel called an arteriovenous (AV) fistula must be placed
in the patient's forearm or other part of the body, and its daily management is extremely important because the
AV fistula is prone to occlusion or stenosis caused by stress from puncture or rough blood flow. Current
management methods include palpation, visual inspection, and ultrasonography, but these methods rely on
the subjective judgment of the examiner and require experience. To solve these problems, this study has
proposed a new noninvasive imaging technique, which utilizes the light transmission through a living body.
We have developed a compact and lightweight device that can be used at the bedside, and have demonstrated
its potential for clinical application as well as for the detection of changes in arterial inner diameter
corresponding to the progression of vascular stenosis. On the other hand, the method requires accurate
extraction of the boundary between the vessel wall and the blood in the transillumination image, but the
accuracy of the estimation of the vessel inner diameter varied depending on the skill of the operator. In this
study, we attempted to automate the evaluation of the blood vessel inner diameter in transillumination images
and to improve the estimation accuracy by introducing a new machine learning method. We attempted to apply
LSTM, which takes into account the characteristics of transillumination images of blood vessels, in order to
obtain stable measurement results under non-uniform measurement conditions such as light source irradiation.
The results suggest that LSTM can be used to extract the inner diameter of blood vessels with high accuracy,
which had previously been done manually.
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Fig.1. Principle of transillumination
imaging by side illumination.

2.2 £REEEN

ARETIE, —BHULGERS YD FEEBTHDE
PRI Z R T ORFET 7 PLZHERLE:
(Fig.2). BIBMTEOEKIZIZFEFEARTHIH, K
METIEAOLBEEZERE L F AR OATHE
BERCMEREE L MK Z R L-#EEE LT

HE MBI, ATBE, MEBEEL, mMERBOVLT
NEIRFIEME (BFLO#HE, 1) #E ML
L, RiINK & L TEE A >4 (pilot corporation &),



Blood

Blood vessel

Stenosis
part

Forearm

Fig.2 Structure of Forearm phantom.
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Fig.3 Structure of the Multi-Layer Perceptron.
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Fig.6 Estimated diameters with MLP and CNN.
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Fig.7 Blood vessel image change in different
conditions:

(a) Symmetrical illumination,
(b) Asymmetrical illumination.
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Fig.8 Estimated diameter at 1.0 mm depth.
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Fig.9 Estimated diameter on blood vessel depth.

% 1.0, 20, 3.0mm [CELSE-MEBRE 72 HfE
AL, x&E#&ELE. BEOENEIEZ7.0mm I
EE L, A#%(%2.0,3.0,4.0,5.0mm £ ELSE 1.
MERSOELRICELLBSHEREDENER
N Az, FEICHERALTWWRLMERZE 24 &K
TOAAL, MFBICHT HHERELTREH LT
FERXRFEEQEETIE, MEEKES 3.0mm,
MENE7.0mm DFEITHL, MERNFOH TR
ExERHT-.

6.2. &R

Fig.9 12, MERIEILICHT 2MENERHETED
WRETRT. MERSOEMICELTL, HERE
ENEMLTVEIENDNS. RLRERDKE
Mo -MERRFES 3.0 mm TOFHREFRL
13.9% & %o 1.



1. B

BEBEEDOIETILELUEBEE ALV
WHERFEEDLEHIT>T-. CNN & MLP D LLE T
X, WFhOMBERZRICEWLNTH, METILEDE
EIGEWNMENHE TS EELHFHREERTHR
RFEULOBERNFEON-C LMD, BHFEED
FERAMNHETESD. CNN OBEENEL - 1-EH
ELTEZLONDDIE, CNN F—BDOEHAHD
MEETELEXRT I2ARDEELELERFET S0
ANLAELTEW:-=0EEZLNS.

CNN & LSTM DB TIE, #EERFEDFERICH
A CNN TFE-2=400, LSTM TIIXREIZFULD
HEREMNRSNT-. LSTM (FEH TRYUMLGER
HT—2DWNBEAICENTEY, BEOEHELE
LEBRIT—RICESH|A-C LT, BEEHOD
FTEY—HICH L TLREFCOENREERENS
b=t DEEZ L. BRRBRIGTIIRALGERESY
NEZONDZEND, BIEHEZCDEFEMR
THBEZEITOFETHS.

MEFRSOEMICHT HMERNRHEEDRER
EMICEALTIE, mMENFELGDIFE, MERICH
T HMEEFEHEBGEHNCHTIRBEDEENK
EL B HEEZOND. FLMERARHNMEL L

BI2ONT, HEREENMEMLTLWEIERELT,

AEICBVWTOHENEZEEL-C LT, OER
B LEHFZERTMICHERBEORETLOE
BENESGY, AREOEZENMELI-CENER
bhd. DFY, HEOEZENRFY, MRAMEM
ERNOBERNTHBPICE - ENDHTERE
METLEZ3DEEZOND.
BWHFEEETIEZHET S1EEE LT, EffERL
FlE, E&3FE BEENA—BRUICALLONDS. K&
SHERBED LSTM ETILIZENTEH, MEREN
5.0~3.0 mm [Z#i< % % C & TIEMEEIL 88~82%
(2, FIBIX 78~73%IZIET I 52 &MRENT. &
=, BEENBCBRENMEVGES, OEHZLE
BMUNEBRS>THET SENENELLLGEHI M D,
MERAEIHECHESNLAERANHS. FDFZEIC
T, MERENACHESINSERLRIEINATIS
1 fEXFEL LSTM OMERNEHTEDFHRE
ZIREETHY, LSTM TIERBBREXOKEDL
S-MERHFEE 3.0 mm TH L4%LUTTHo1=.
D END, BRBHEZERDHA K427 T
PTA ( Percutaneous Transluminal Angioplasty )& i
HELLTRSIATVLWSIMERNE 2.5 mm 8T

HoTH, LSTMZRHWSZ L TMERNEERDH#E
EETADAREENARE S NT-.

8. i

Novy Y bRAA—=DU T SR T LADOBRKG A
IZMm+, MEBERGHLDMERNEFHEDIER,
ERELZEEL TERFTOEAZEAT-. Rk
DFERKZIZH L, MLP, CNN, LSTM DEETILZE
LA Lz, TOHR REMERIIT—2 D0
HEBELTDH LSTM #EEETLNEBIZESHRZ
THEHATSHI LT, MERPERRINELLZSE
ETHLEVVDENEHEEREZRT CEMNTES.
IHIT, MERSHAERLIEGATH, gL
BENRO-BELRAEEORETCLENENH
ETESIETHLMIZLE.

BRARTIEEZFONEREZEBFNICEARL, T0
FILEZBHICHRHT DI ENRELLES. TNET
AR TLIZKEYVERBOFAZERLTSE
=h, TREOT—ANBICHEBZELTER. K
BRETOMEBBIEZEAL, HoMLLOEEZTHOT
HLILET, FHHLHSOENRDORTETORMZE
KIgICEMET D EMNTRELE LD, §RIK, SIS
BFET— A EEOTLAICHIMNICOERNENE
LT HHENEICK L, BRFBOEMME & ERR
RIZODWTHRHAT D ET, BEVRATLDERKRF
RIIEDCHEDEERS.

AMRO—HIE, BEAZEMERESHEARE
(JP21K12734) [Z& YfThht=.

B35 3

(1) US Renal Data System 2020 Annual Data

Report : Epidemiology of kidney disease in the

United States. NIH, National

Diabetes and Digestive and Kidney Diseases,

Bethesda, MD, 2020.

BAZENEZSR: bHEDEEETEEDER

(2021 £ 12 A 31 BIRE),EMKEE, 55(12),

pp.665-723, 2022.

Q) EMEEEREMEER: MBRFILEENDF
vy [2014] , #RESE AR, 2014.

4) EOFER: NAFa25—T IV EABEERTFR
b, EEHAR, 2011.

(G) EREZN, HPESH, EFEER, =ZFBERX,
FEEZ FKE— AIBWIZETLHIAL ¥

Institute of

(2)



VhDORAFA—D U TERBD - DEBERIE
H,BEFRERBGEFEEMHRERSE,
MBE2011-86, 111(423), pp. 39-43, 2012.

(6) H. Kamiyama, M. Kitama, H. O. Shimizu, M.
Yamashita, Y. Kojima and K. Shimizu:
Fundamental study for optical transillumination
imaging of arteriovenous fistula, Adv. Biomed.
Eng. 10: pp.1-10, 2021.

(7) EEESR, MURET, FIAXD, FERES, b
SF—, AR, FKE— ERNEER
WERY Yy FERYRATLIZK SBEIKE
DI 2 ERARE, LBERFEREHAE
#E, 49, pp. 21-27, 2021.

(8) #ILER, LMESR, HKAK, WFKHE, /N
SF¥—H, BKE— BRTOERZHELE
MY bHAA—DUTORTLIZEAT S
MZE, EXRFESHIEE, 141(3), pp. 56-62,
2021.

(9) BF P D) —X - KHRSCEGRE KITK
HEFZH, BARLEMFHS, 2001.

(10) G.Mitic, J.Wolfgang Z.Kolzer, J.Otto, E.Plies,
G.Solkner, and W.Zinth: Time-gated trans
illumination of biological tissues and tissuelike
phantoms, Appl. Opt., 33(28), pp. 6699-6710,
1994.

(11) Boas DA, Pitris C, Ramanujam N: Handbook of
Biomedical Optics CRC Press, 2011.

(12) Tuchin VV: Tissue Optics: Light Scattering
Methods and for Medical
Diagnostics, Third Edition, SPIE Press Book,
2015.

(13) K.Shimizu, K,Tochio and Y.Kato: Improvement
of transcutaneous fluorescent images with a
depth-dependent point-spread function, Appl.
Opt., vol. 44, no. 11, pp.2154-61,2005.

(14) £WEEE: PC - IT Rfif HHE2E ORI E
L<H, FMIRTL, 2023.

(15) ##iE=" PyTorch BAEELE TN S A
14T LR, 2021

(16) F#¥a XDy, LEIESR, MILES, IUTKE, &
MBASR, WL, FEES, NEE-, FK
EF— RAIY U MRAA—DUTICIBITEME
REFREEEICR T TOREBMHRE-LSTM
FRAWEHABEOMERSKEFEIZEAT S
BRed- EFEHREEFERTHAERSE,
MBE2022-48, 122(335), pp. 26-29, 2023.

(17) BABEZR BHEMREFA/NR X2 T —
TOERADERELUVEBEICETSHM4FS
12, BINEZESMEE, Vol.44, No.9, pp.855-
937, 2011.

Instruments



	空白ページ



