% 51% % 9H/2024 £ 5 B/HREH,

VHEEHLRE ) A1 A IX 98 1 45 18 58 1
32 B i, it 8 5% T A 0 v

B RS, SN B A ERE T AR
iR R R BE A R AE L, dBET 100853
S E RN B A SRR 5 U B R B TR BT LR, LT 1001905
Srp E RL pE K 2 N TR e B, dEaT 100049
R R E RS — EE L, bRt 100853
o ] N B B0 R B B RS 4 S S0 ge s, Jhat 100853

TE P bR IR B T I T A8 S K A AR T TR B AR ML AR R 5 T ARG T AR B T BT, 6 il R
PRI IS W G T B AR T o R R o T 4 LA 0 A5 5 125 I 6 T AR 3t 2 00 L A 94 B AR (L X e Dk A A )
F1AD NG 2802 M LA T I R 50 5K o 28 2 R T I DR R 41 14 92 1 e Rk Ml W £ (IC.G) T J& 1 1R Il A8 1 30 200 4 — IX.
(NIR-TD %6 AR , 25 A A LA RE 31 AR A5 20 B 3¢ T g 09 L4 NTR-TIb 2 [R5, S0 v b 1 22 v SR 00/ 1L A5 Y
o AEBLIEAN b, 28 Ak 2 2545 Fluent Ji A BNy s il 1 1 2 A R A0 A0 32 T 51 B Ik, IR A AR 2 4L ik
P T 51 E R AT OR B X MR | 0 e DK E AT 45 4L, B2 8 S0 35 ' 38 T AL VRO B T R Il 8 o R 900 1 A8 1
R ARG S B 5 15 5] 5 I BT L T B T ROH R Bl M B A Sk I, T R B R U1 W 5 O 10024 (8/8) T 32
FLT AR B4 %) T 2 A FR 300 3 W 3 O 73,3300 (11/15) o ARWFFEERAIE T NIR-TI 5% 6 ML 8 36 5% 12 A 1Y 22 A P FAT 280, OF

TELEFEA L I — P B TE T 6 AR A & N T RE ST 1 7 38 B 100 368 B T A Hh T 9 A A L

FER BEADLY; LA TR YOt SR
hESES 0436 XHARER A

1 4l E

M AR ES W Iyl EEM O, e
DL T 995 1032 W UL 22 35 0 11 1F 8 L lE A7 T R B &)
IR I R el il O T e G . | R e
5T 412U A 37 | HCARORIAR TR Y, O 38 S it YA B
Je ¥ G R R TR M R R T AR T B . 7R IR R F R
R R R A AR AT R R B Y M A R T
U /D L AT TR S R AR R R A B AR i af 3t
Wi S5 AE — 2B o I IR & Y I 4 1% O i
A5 1B LB Z 4 15 5 (CTA) | #g 3L I i & hg 1%
(MRA) | # 7 R 1% (US) F1 87 0l 2 1 & & %
(DSA)'™ . BRI, B T % 3R 4 5 T8 41 20 7F i b
FE e, b AR AL A% B8 1 AR T B G 1 B G 2 fih b
X H AT AR

DGR HL A R 5 A (E] A3 PR ST R
FARAE O 0 45 00 050, 76 AR W) BR S iF o S A2 321 )92 6
ELIFTEFZ IR b B EE EEAEN . 5L
18I 5 6 G BHAR 0 BAR X 4, 5138 o A5 & G 3K B

MR Ak N TR RE; IHE AL EAE

DOI: 10.3788/CJL231471

WAZXT R PO R . BRETE A JLF R Wi /Ny T
LI AN D Y R, a0 F S B L 2E Ot K RN m| g At
(ICG)™, B v FH T R o Bk 2ot Ykl 3 22 7]
FH AT U6 (380~650 nm) F1 3T £1 4k — X (700~900 nm,
NIR-1) 2¢ 6 ¥ 47 Wi 1% o 3T 25 4h — X (NIR-1D) #]
1000~1700 nm ¥ K B 2 6 &, 1 T KPR O+
FE 2 20 32 2 1) 0 A IR A A, BT NTR-TT%8 6 AR
1855 NIR-198 6 sUAZ A L B A 5% ) B 15 0 B R B 1
() 2 1] 43 90 28 03 FH 1A W 5~ A%, BE 8 U B
WG ESNRE Y€ S

7 H R A I PRS2 38 v, %o B/ it 4 R AR /Y T B
XI5 2 B A 3 K I AR 28 36 0 A7 T AR BRI A 1
NIR-TT %€ Y6 A T LAk B A AR 5 R0 AG: e e L R 43 i
TR A W45 1) 22 AR L, FF HOR X 4% e T
JHC S A TR R i R ) DR AN 2
PEF= A KR S . BHE R T NIR-ILZ0 148 1 52
R B AL AR AR 25 A 0 5 ikt e X O I AT
T WA TRV B 1) 2 7 o0k G BT i i A7 3 5, DA
ZEZH N ENE R

Wi HE . 2023-12-04; fEEHHER: 2024-01-16; RABH: 2024-01-22; MEEEZHE: 2024-02-20
HEETIR.: FHEARP¥E4 (92059207, 82272096) . R} 24 be A1 5 28 XA BAIH H (JCTD-2021-08)

BIE1EE . zhenhua.hu@ia.ac.cn; “wangzj301hospital@163.com

0907014-1


https://dx.doi.org/10.3788/CJL231471
mailto:E-mail:zhenhua.hu@ia.ac.cn
mailto:E-mail:wangzj301hospital@163.com

E 514 F9HI/2024 £ 5 B/ E#N

FHE I8 3L

2 JEM5JIrk

21 NIR-NIKAXMEEZRZSEHNHE

R TN R A TR R LA 4% R AT AR, 2 A
T NIR-IT AR R 8t . % RS NIR-ILAL R T &R
GBI E T REN N T BB HE L 7E F AR i
Al R R G, 2B # W T NIR-TT R 7% 8l 4
B H FERTIHHEES S B BIE RSN
6 AR5 o NIR-IL R F & 48 1 NIR-ITAH AL (Cheetah-
640CL TE3, Xenics, Belgium) 5 3& 3% i (FEL1000,
Thorlabs, USA) I:[a ¥ 1l . #OGI KL F R 40 i 808 nm
WO KR TR FDE LR 4 A, Ho ot & A g 0 B
KIJFE R 20 W,
2.2 NZAFHERRIRE

ANAbRE 1) Y AVE BT AR B #E;2) B8
B R E, LU A AN =128 53) i =18 A %
4) A KA AL R A8 v AE G 5 5) Ae e i 0 2
SR, R L RE 9% a0 MK 56 A B U5 AR Y i HE 5 6) ]
B 5RO EMERES.

HEBR AR E - 1) X ICG St ™ ol 5 2) A A
G B PR 5 3) SR N g i B 0 1 R A T
4) PR FL 3 5) 1 25 30 d 9203 oA I PRk 56 .

ZFIR RS T b BN R R E B T B S
B HEHE (S2022-253-1) , I 78 H [ DR 34 56 v A e 7
W (ChiC TR220062316) .
3 W
3.1 BIEHRBKMEZ W NIR-TI % X E G R &

T # B NIR-TT 26 5% 1M % 3 5% & 40 % Al
T EAT e ik NIR-TL 2¢O 1M 45 1 5%, 2% IUAT R I 45 19
NIR-TT % 6 E 1% .

TE AR FE A L FE R, ek 25 mg ICG A1 10 mL G
ALV S KBS 1 B T (PR ICG L, PH AR EE 25 A PR
AL ED CREREE AT R EE AT ER
NIR-IT % 1L 48 15 52 R G0 R EF Iy . TR B0 & 2B
i B SO T 3R B S B[R] 43 B B R 5 mW /em® Al
50 ms. FELE K ZHUE BT | 38 2 X0 AR AR Xt g A v A
ICG VW . 1 T 48 v i NIR-TI %€ Y6 35 22 i ] A&, 24
e B BT A 2 o A 0B, AT L) K O 3 S X
R K 5| AT W AR . B S 6 P S DR R IR B
IF T 5~10 s 38 i # K AEE 1CG 4524, [a] B 4% ) s )
B A Ay AR AE DL R BT AT T AR B AN B
NIR-TT %¢ Y63 # A6 5 10 s Nad i R Gk .
32 NIR-IIKAXMEBEEXZHEASHENKEAEES
3.2.1 NI aedhsh B A2y ik

H 47 F 8 B NIR-TL 26 I 4 1 5 & 40 38 By &
I A8 B NIR-IT 260 . W52 F B, 1500~1700 nm ¥ +
Y NIR-TIb ¢ 5t il A5 5 A7 01 5 1) 25 1] 4 HF % e i o
Ui R(R A (1= I R oS A A N O 1= 2 T

ICG % M AE NIR-TIb 135 Bt () 6 A 55, Mk LA B 42 4845 1ML
I NIR-TIb 2 6 EME o o T 1% 19 NIR-T1 26 5% A
15 5 8 ¥ 43 PR ) NIR-TIb 92 06 Bl 1%, 28 % F A
T B8 (AD B A X NIR-TT %6 %6 IR - A7 Ab PR . fif =
2, E e G R A B B 2%, DL 2E ST N ICG
NIR-II il 45 3 5% &% 31 NIR-1Ib Y63 (1500~1700 nm)
P 15 4 0 A6 0 A T S LR ST T A A A P A
NIR-TT AR 43 3% 5 F1 NIR-TTb 525 23 3 5 98 6 FR 89 B
B o I Bl B2 X A ok B I 4% R AT I 2k, R RLG
A A AU G T O B R O s b i B T
AR 43 3% 2R 1 NIR-TT 2% )t B A% A= 1 i 43 9 R 1)
NIR-TIb 2 6 45, 52 90 G ot & Al B R 32 71
3.2.2  FRRM 4 iR 6 IR AL AT

1 1 25 A NIR-TT2¢ 5% Fl Fluent 3 A4 05 BL 5 1k 52 90
T 0 (I T 1V VT = o | DS = 1S
f NIR-TT & 5 = A A 44 8 Tk A 3510 405 4, AR 48 1l 45 1
NIR-TT 2 it A% 72 1 i 45 X 3%, , ) FH 2% 16 v 4% 7 vk 78
T AR BRI A Y 2D R AR . T KO 51 Rl
IS, T A 0 38 R 57 T B T R I, T AN 52 R o 1 A
851 NIR-TT 26 0t FR A B 02 — 4k K15, fig % 52 3L
Hi RBERUCHEL . 2R3 M4 A 2D R AL S O H
S A ANSYS # A%, F)FH Fluent 37 4K 477 B 7 vk A4 2 1f
VR AR Y Bl LS B M R A o O T R BRI R
B4 R FH S T, 28 3 56 F 5 3 7 I YR B (AVE) R 1Y
Yy st B MW S, I R R R A AR AR B B
ik e I BN 77 2 BCHE L OF R I A 1Y 2D 2 T AR
YR TT LAAE AR BB J5 A9 M e . i T
A I VB DT AR A K i A T A SR W i B AR
2R R AR T 2 O B BT W v A AR b
4 I AR A TR I I 3 X I A R A R R LA K 3 A
T G O 5 8RR I R R B 5] R E
A R AR A B R A 5 B e A BRI YR I S ) A AL €]
B(E 1),

4 & H

4.1 NHEEBEH

20224F 1 H 2 20234F 3 A W1 1H), 76 v BN R A T
HERBEBEAL T 122 8F  IFHEAT TG IR PEAL , 4256
BB E TN R A . R IR R RRAE 3R 1
FTR o
42 NIR-IMEEZEANZEMHE

XF Tl PR A AR AR ke 156, 22 4 P A ] S
SRR E BN AR T B E S ICG EE W IE
BAEM KR, A4 B E(33.33%) BRI YL £, 1X
2 R ICG 32 b Sk i ko 59 )5 78 538 3% 1 I 4 3 B
TR o SR, G Y Hp 22 B ] #5038 7 30 min
WA 2 o TR, A B 58 38 ffE F CKD-epi 835 37 Al T
ICG 1 S HT 5 B 094G 8 /N kg i R (eGFR) . &
H SRR eGFR(CKD-epi) G 2 # 2 5 (P=0.5394) .

0907014-2



E 514 F9HI/2024 £ 5 B/HhE#N

1 MRS NIR-TT 2D 2 6 KGO /#5547 T AR A7 & i Ik )
e ARSI L iat 28, LIS BIRUR S 1 RCR

Fig.1 Based on NIR-II 2D fluorescence imaging, analyze the

venous network and radial artery blood flow parameters

at the surgical site to simulate postoperative outcomes
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Table 1 Baseline characteristics of the study population

Characteristic

Fluorescence angiography group

Control group

Age (range)
Gender (n)
Male
Female
Renal insufficiency stage
4
5
Renal anemia
Diabetes mellitus
Hypertension
Polycystic kidney
Hyperuricemia

Henoch-Schonlein purpura

56(18-75) 55(20-74)
9 8
3 7
2 3
10 12
9 10
8 9
11 13
4 2
2 5
1 0

4.5 NIR-TI% 3B %

AT 52 AR Hha O A UL K080 K2 NTR-TI i 4 3 52
RS B R A B TSIk, O 5] T AL
MR, PR30 T T 51 I, DLORIE £ 8 3R A AR N

TR, NG I F AR B2 ARG o, % T8 i
BELF ARG S8 k&S HL T A B E (8 %) , R 7EH
FAR I AT 03529 8 em Ab 5 W2 45 GE Wt 21 IF 1
Fe R MGEY . X TXMAEZHERFARADY
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stenosis

stenosis
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RA: radial artery
NIR-II FA 'A: fluorescence angiography
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Fig. 2 Measurements of postoperative vascular diameters in patients, some blood vessels were not visible on ultrasound under pressure
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Fig. 3 Image resolution improvement through artificial intelligence method. (a)(b) ICG NIR-II images of vessels; (¢)(d) NIR-IIb high-
resolution images of vessels after spectral shift generative adversarial network processing
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Fig. 4 During the process of freeing the forearm cephalic vein, parallel similar veins can be seen during surgery. By observing the
drainage of the cephalic vein through NIR-II angiography, we can judge that one vein originates from the dorsal side of the hand

as the main trunk of the cephalic vein, and the other originates from a communicating branch on the palmar side, connecting the

cephalic vein and the basilic vein. (a) The main trunk cannot be adequately displayed by ultrasound; (b) superficial vascular

network imaged by NIR-II; (¢) intraoperative view
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Abstract

Objective Vascular imaging is crucial for medical diagnosis, and it facilitates disease diagnosis, disease progression monitoring,
surgical planning and navigation, and patient prognosis evaluation. However, conventional imaging methods encounter challenges in
rapid and noninvasively imaging of superficial blood vessels because of the similarities in texture and color with surrounding tissues. In
clinical surgery, preoperative superficial vascular imaging and intraoperative vascular display are beneficial for reducing bleeding,

facilitating surgical navigation and path planning, and promoting postoperative blood supply recovery.

Methods A fluorescent imaging system in the second near-infrared window (NIR-II) to capture images of the forearm vascular
network in patients was used in this study. The research involved 12 patients, with indocyanine green serving as a contrast agent for
obtaining NIR-II images of the forearm blood vessels. These images were used to observe the anatomical structure of the venous
vascular network. Furthermore, computer-aided analysis was employed to improve image quality, support surgical path planning and

prognosis prediction, and provide valuable guidance for clinical practitioners.

Results and Discussions High-resolution and high-contrast images are captured using NIR-II fluorescence angiography. The
clarity of these images are enhanced using artificial intelligence techniques. Computer simulation was employed to simulate venous
network reflux. The agreement between the measurement results obtained from this technique and ultrasound was evaluated using the

Bland Altman plot and consistency measurements.

Conclusions The acquired images are used to examine the anatomical structure of the venous vascular network and combined with
blood flow simulation. This integration aims to assist clinicians in determining optimal surgical trajectories and predicting outcomes.
The application of NIR-II fluorescence imaging and computational simulation techniques has potential in providing valuable support

for surgeons in performing various vascular procedures in the future.

Key words medical optics; NIR-II fluorescence; fluorescence angiography; indocyanine green; artificial intelligence; computational

simulation
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