TRC Report

BRI —FtEo 8 —
2019 FEMEE

(Web kR)

REMREZXRZREFHARH
AEHEREMZRER
BHUY—FE 4 —EEZER




It S A

(%2 #] 8HVY—FE 55—

EE=D
(15 Frl

2008 9 A 10H

REKFXFIR BEFMER AHEBERZERERX
T606-8501 RANTARXEEERR)IIRET 53

[(Z¥MEE] 2008 FICEIERD ARBEMFRRED 1~4 B2

1,400 FAA—FILZEBEEL, TD 55 1,100 FH A —
MILAESEEHEZBNE LYY —F U2 -
S>THYZET,

A . gHYY—FE U4 —MEE I
S SHUS—FEUA—MEE 1
20 BHREBIERFEEMRE
1B EHA—IL - EHa3—F—

(BIRE)] BHUF—FEUI—f. BHEAR BHREHT

2 hRKREFHRAER (26 ) DNEXZOHEHARIRED
RERVEFERBEECT ST 510, TOEZERD
—MEHFMINzDZERITTRILSNFE LT,

=T X —IARFR AN



TRC Report

BHUY—Ft242—2019 FERESE
RBREXRZFR EFEHIRTE ABEEREFEREX

Contents

O TR CHIZEE =M ARkmmss 2
TR CHFZE= 1

® H/AEEEOEMEIEHET 2 AMEXEHNEE e =7 |k 3
® WEBHWA A—T v T OEE L ERICH~ORYe Y =7 b 12

TR CHFE=1I

® HEHEME MR ISR BT 2 BIHRIBEIEDOE o U= 7 b 17
OEHR—v 2019 R FH o o% 42
OEFa—TF— 2019 FEF| o 45

OfmEEL R 47



BH U —Frr— (TRC) HFEEHTEKEERE

2016 9 AIZB Z2bic TR COMREEFIH NS L FBEIZL Y, Tieo 3 >0
[BAfEpEFEHE O 27 FRARIRENE L, TRCHEEI D2 >O7 v/
MZ. 20204E 3 ARETO3E/MO Ty e LT, F-TRCHEETN DO 1
Tl I, 20223 HRETOSEMOTr Y =7 FELT20174E4 ALY AH
—hLE L, KRREEIZIE, 203 o0EFEET T V=7 N D 2019 FE DI
REFINLET,

7ok, K Web BUTHT ORIRCIREAB & LTV 9, x5t 7n =2 b
WL ZIWCTIEE, SO RERREISVWET LHI» RS, BIHFLELE TV
7 MEMEEFICTERKEES <, FrRllEKtzaE#H L e Lo TIFHL
7ZEW,

TRCHFFE=T (2017 4F 4 H~2020 43 A)
@ EEROFERCAMRET D AM & RN e =7 b 3
RE  BUPRIE TR % FHi AR (blue@hs.med.kyoto-u.ac.jp)

@ B EW A A= T DOEMREL L BRRISH~DR 7Y =7 b 12
R&E HWRELERSHRE 0% H4 % (shilna@hs.med.kyoto-u.ac.jp)

TRCHIZE=ET (2017 51 4 ~2022 4 3 J)
@ A M R IE SR RISk D FiBliRRIE OB T rn Y = 7 | 17
RF BRAEICHBRZEE  #Hf% & H:— (adachiso@kuhp.kyoto-u.ac.jp)

1 / A/ St gl | f‘,r"



mailto:adachiso@kuhp.kyoto-u.ac.jp

BAERREALO IO OFHERBERELTAMBER T2V 27 b

I A
TR R e N R R 7R BB SR IR L R Eh B RE A JE 2 0 B

1. Fx L7z,
PR R IRBEIC 2 < OREIR CRE PR IS 23
F, BAREROAZ2 BT et RO R4 % 4. BAERIEEHIEEZE
O, EOFPELEL S HRES N TETW
%o LU
iPSHIAE DTS VAT HL 72 2 HERL A 7210 T
<. AR EOSTFICBNTHIERE Y — K 7. BEE
THEMERANZA L TWDA, TORFREIC AAFFENLEHPRIBAR DB K 0 i L

BOWTTBRWBR N EZLELE LTS, Zh FL
LRIFFIZEBE TH D ONRFHAERZH S A

M. WAL — g v BRE% O SR

KRB OTRTH D,

2. HW
FAEREHE S AMEERT 272012138
BERBE VAT DEWET DUERD 5, AT
ZICBWTIEEERBE L AT LEHBE L, HE
ISR AR A BT D AMERAE B L &
%o [RRFICHAEERORMR 2R 2 72 D DB
I EATV, BAEEREROBEO Y LY |
Fi#7n & OEREMOME TN, SR, M
faffibtgan7e EOEDEANRRE E B E 35,

3. HBFSu s T A

N R 7R B SORLIT U FB oA
BOF 72T a7 T NE L TIPS - BAERE
il & TIPS - FAEEIRERGR) O 2 ZR 0 BRGE
EnbdZ Licirotz, TiPS - HAERSM) 1T
2 [EEMNITIZ 2020 FEERTHANN & BREE D TEIC
725> TW%, [1PS - AR | 1% 2019 4F 11
H 26 H~2020 4 1 H 14 A B L 55 4 2 @EE



KBHFHA A — v 7 OEHEREL L BRIGH~DOREA e Y = 7 b
Y VY ANEBIRYE DD DNBZHEA A -V v S

Photoacoustic Imaging for Lymphatic Vein Anastomosis

Tsuyoshi Shiina
Graduate School of Medicine, Kyoto University, 53 Shogoin Kawahara-cho, Sakyo-ku,
Kyoto, 606-8507, Japan

ABSTRACT
The diameters and shapes of lymphatic vessels and the blood vessels which surround them provide important
information used in determining the degree of progression of lymphedema and the subsequent planning of
lymphatic vein anastomosis. The aim of this project is to display this information in three dimensions using
photoacoustic imaging (PAI). For this study, we used a hemispherical sensor array PAI system that provides
both a high resolution and a wide field of view and displays a 3D image.

We used indocyanine green (ICG) to detect lymphatics using PAI. Because oxyhemoglobin,
deoxyhemoglobin, and ICG have different optical absorption spectra, we were able to distinguish between
lymphatic vessels and blood vessels by using two wavelengths (800 nm and 850 nm). Our PAI system
performed 3D reconstruction by performing 2D scanning with a hemispherical sensor array. We injected ICG
into mouse and rat fingers and imaged the lymphatic and blood vessels of the entire foot. After performing
photoacoustic measurements, we confirmed the diameter and shape of lymphatic and blood vessels using
dissection and ICG fluorescence imaging.

For measurements of rats, lymphatic vessels containing ICG are visible on both sides of the blood vessel.
In PAI of smaller mice, lymph nodes are displayed along with lymphatic vessels. It is easy to distinguish
lymphatic vessels and blood vessels using PAI, and we were able to demonstrate lymphatic and blood vessels
in three dimensions.

Keywords: photoacoustic imaging, lymphatic vessels, hemispherical sensor array

1. INTRODUCTION

The lymphatic system is an essential part of all living bodies. The diameters and shapes of lymphatic vessels
and the blood vessels surrounding them contain important information used to determine the degree of
progression of lymphedema and for the subsequent planning of lymphatic vein anastomosis. Fluorescent
imaging is currently in widespread clinical use for the imaging of lymphatic vessels, but this technology
presents only 2D images and cannot depict both lymphatic vessels and blood vessels simultaneously. Our
aimis to display lymphatic and vascular information in three dimensions using photoacoustic imaging (PAI).

Photoacoustic microscopy has conventionally been used for lymphatic imaging of small animals using
PAI [1, 2]. This technique has high resolution (several micrometers) but provides a narrow field of view and
low measurement depth (only a few millimeters). Hence, measurement using a handheld PAI system is
mainly used for human lymphatic vessel measurement [3]. However, a handheld PAI system provides only
2D information and does not have a sufficiently high resolution for anastomosis planning. Therefore, for this
study, we used a hemispherical sensor array PAI system that has both a high resolution and a wide field of
view and offers a 3D image [4].
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