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Abstract

For more than a century, surgeons have relied on visual feedback and clinical experience to per-
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form surgical operations. However, accurate judgment of the surgical area by the operator is crit-
ical to the patient’s surgical prognosis and subsequent follow-up treatment planning. With ad-
vances in imaging technology, imaging examinations such as computed tomography, magnetic re-
sonance imaging, ultrasonography, and X-rays are being used with increasing frequency in sur-
gery, and image-guided surgery plays a key role in providing intraoperative navigation and aiding
decision making. Nonetheless, there are several limitations to the practical application of these
traditional imaging modalities, including exposure to radioactive X-ray or nuclide radiation, con-
traindications to the use of patients with metallic implants in the body, specific requirements for
patient positioning, and the possibility of intraoperative artifacts that result in reduced image
resolution. These problems not only increase the health risks for surgeons and patients, but also
cause navigational errors during surgery, which may lead to over-excision of healthy tissues, in-
complete removal of diseased tissues, or omission of tissues or organs that have been damaged
during surgery, thus affecting the thoroughness of the surgical outcome. Optical imaging technol-
ogy with many advantages is expected to bring hope to improve the above problems. Among them,
the near-infrared window is currently the more advanced and hot imaging band in this field. There-
fore, this paper will give an overview of the application of NIR imaging in urologic surgery.
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1. 5l

HEFBAREA, VR —FpRd A Je Hoar s Fmse it sugoriE, BAQRETLIRBIER . Bm I &
JE A o, SERT G RE ST H U ARARE S 1 DL B s B UM E S RE i [ 1] X LB s A 1R O BB AE
SRR G A A e 2 R PR D7 Th w0 BRI ), O d s RIS AR RS s AN 2 R A TR R T RE
HHA A 2 9Ot R3S 6 B h 25 1 B B R itk v, EANBE R R A . ildn, mEI Rk AR
(Indocyanine green, ICG) 4 vz iz FH T VPAl AR AR AIHEMEDh g, DA S LR T P bk 2 450 A, R AE
I R AR BT2 W SR HFG 7 RIS R AF S FRCR 2] 1M 53— s F 3 H 25 85 (Methylene blue, MB)th U
HRIE 8 H AR et BRSO T S [3]. b4k, B BL4R%EF——IRDye800CW K HoAd i (1 ) %+ H #iT
CLIRAEE NG RIS B [4]. FFBEER B 22 B 4% 52858 AR PR AN AL B 1] B8 7 B DO R ET R B,
PAK UG AR I, TG RAR B R I FAREARLEZ A RGBT SR M 4 H a8 . H
i, 4L 4N (Near infirared, NIR) % 6 BURTE A MDA ZRIR 2 UG S G oy e S 2RSS . R, A SC B 74
IR NIR 7t AR FARAE W JR 5 G0 %5 508 F A B IR 7T 3t

2. #hFR B BN

5 41 e 5 (Renal cell carcinoma, RCC)/& W JR 2 S i WL SEVEMIRE, 2 i B S e Rg i 3%. 7
BEXT MBI T AR VES, B IEEVIBRAR SR B A T AR R FEMIRIT TR X T TR
JE R, JUHGE Tla BAREET S, B VIR ARG IRIG ST 0 “ShriE” [5]. R RE7E 24K
WD Mg i A B L, R ] Be AR B R M R B A2, B DI R RERE OR B A3 1038 0 5 1)
Ao PR SG R A E ThRe AN A S AH JC I AR I XU, AT 4o J8 3 5 B K R R & 2@ iR yT .
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TIEEGTFARERTEFGIR, 582 KM R A N AR I 2 70220 NIR 28Rl
BHINEFHHVIRAR, I CHAFELF I FARIGIT R . £ — BT FEME B Mg ARV BRI R e
TN SR 1ICG 76 NIR X % H LS oG, DLACARET 7 o kb J] el Ak 58 i DRI AR i 1 S BT v
HEN IR A R A, D S B iR ) R 7 WA S5 DA Bk ) e B D R [6] . ASP5354 SR — i
FEE BN IEATE R RICPURIRED, A ANUER GG B = 5 BRE 28 . Katsunori Teranishi A H [7] 55
[711 FH ASP5354 ZEtAREF AT RO UER 51 T FIT-R o PRI RA RIS BR Rr M, R 72 B U e 7
) RIER D BN, T AR BUR B R ) R AE D RE FRAI, AR Ik X I AR Rk — 2
Wb 5 R R K2 R B LAYI R 1 5 G IX S T A A E], X TS AE NIR BUR 1) 515 o
R S GGHATARE B DI BR, S KPREEHLOREE T BRI AL SRRy, 758 Mg s, NIR i o¢
FEYURIRE IS T — 264 BB H I RAGERE . —F7E NIR & O EA R e RE, REES
MMP2/9 7311 'E IR R i, X avip3 G 38 HA sl BV I 9 9K R BT J8 2 B D) EIi R 1T 7 1 )
[8]o EH T At DX 45 P 2H 2 i A 4R 2 N [R1BCAG, TR ASE 78 [X A P 22 s i 82 0 v T AR AE R A T R et 1) 1
WAL, AR ER = T AR E R P RAGAR BT, XD A RS R e D I B 1 2K 0. 1t
Gb, HTREREN ECLT I8 I BE ) R iR 9 A 5 E R 2H 2 RN R A7 A 22 S MR IE B e /1 1 BRI AR 5
DI B[9]. LA EWFas RIE], 8T NIR FOURARIAER), A& RetS bR e, kB e g ik
U ) Dt 7)1 S N Tl o o 8 o ) A S B R NS < S N P i P M 1 N 2 (A
FAR I FE R R AR AT REME,  DAROR S ) Bk 25 2 B0 40 BE A 1R XU o AT B Tk R 5 2 R
MRS, FRAEROCRREE B 4Ed IR 5 B A 20 D e se B 1

JB: bt Je (Bladder cancer, BCa) & — & & R M m B HE IR, AR L HEE R IL 78%. mEK
IR A BCa BN IEEST FIFIEAEER . JRIT AR By B E AN R 2 —, R BUEE BT BRI
HEEE, FNAEATAEREPSFFAOE A, b, BCa BHEHE HEMTAGMHEVIRNE, ALk
SRR T BN R HANE R I R . SR, BCa B Aedi S Wi it e 52 ity , fA/Eia @y
RE[10]. [KIt, FHISWT LIRS I T RIGIT X BCa SRR EREE, NIR Yt AR M iX — il iR
A7 E AR . Shang W FIRIFH 118K 1 —Fhe T-WRER AR NIR 2G40KIRER, 449 PLSWT7-DMI,
ZARE R KR R S5 S BCa ML, JF HAEW L b BoR AT RN . IR IR B 5E 3 — B B0k [
PLSWT7-DMI (4l 5 . U J w4, WA RIVEEVER L. 22 4 5 UE A RN R IR I s 1) i
BEWANRL . DRSNS, BTSN SR — 3T U1 28 NIR AR U P B2 0] 185 ks
AT 7 AT RS, FERTSERURAS X AT TSR A . SR BoR, MR 2R o8 e g & 1w
AN 5.1 5o ZIRE R B AR YRS A R T 91.2%F0 90%, A 3(X 4 1% WH/N LR . AL
PAK R AT BER I SR R . X RZITIEE RN T A NME, HARWEZUEAA REIER- . #F5EFIGA
N, HT PLSWT7-DMI ) NIR %% N BBk & & — M A 2wk, A TR IR,
NI BRI B2 RS

4k, Xiaofeng Yang ZE[12]HF 5t A\ A8 5 1ICG 4541 pHLIP 2844 3 (ICG-Var3 pHLIP) 4R % H:
XF PR B b RS EAT AR 77 o AEARAT TR SE 50, SR H R AL IS 1ICG-Var3 pHLIP i § AL B /5, 433l
I A BB Stryker 1588 AIM BSfg R #EATR A, JEE ZF A NIR BARBORI % . B S 9421
R ERL2E AT AR R T AE 10 BRI 19 AN, 82% 2 W A 4 PR % b R g, T 18% A4 Sl IR
P& LR . AT ARG FOG BB A 1Y 78.9% 1A% 2, 1CG-Var3 pHLIP Bt & NIR 6§t firf 19
AP KL FIRS H S ik 100%, RS R B IX Ao R RARFIAE 2 Wit B LI TG A e B TR, KE
IR % bR i 3R 0t EGFR B B3Rk . — IR AL F R 7 —Fiof B NIR [ 2 S R 7], R4
REfZ B M 454 EGFR SiiA g . wFFe N 524 I AR B AR R 3L SR AR WA R SRR ET 7 T24 NRIR %
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RN R . LU B K 295 (KOTCC-SH, KOTCC-Original) i K40 5 198 Y6 R 8 . 458 %K 8, %
TREFREALE 15 40 Bh W RF R MEHbE IS EGFR 5 R4l RE5E, IFAE 1 /N WIS BEALIRES . XHIER I A1
RIGEWELH ZABEAT I B AR o, MR A2 e hmic WS, T AH @01 1E 5 2 23 5 b WA R 45 55
AN, BT Cy5.5-ELP-EGF X} BCa HA 5 = 1 R S Ak B [13]. 27 BATIR, NIR 7E BCa i
FARIBIT AR AT R B RN B HAr, K0 mE P e SUR IR A L, U —ai 5
FESERRIIG AR IRAE PSR TR . RIS LI RIYRY, SESMBEREREMELL, NIR 2%J6giK
PREFTERG LA H 7 T B WA s B R e PR A At R UREHR &, IX — s R B NIR U BAR A
2 B R BRI R A 1R T i P S8 FH T 5%

H AT NIR 5% % AT AR 41 % 11T 1 flJiE (Prostatic carcinoma, PCa)fi2y7 ik, HITR FERET
P 20 P A b e )R S A b B A —— T 81 R S 8 I B iR (Prrostate-specific membrane antigen,
PSMA). PSMA 1E Hif 5l i 40 B R T B 30K, T E 1E 5 4H 24 B R M 28 rh (I IR AN LR, X — 4 A%
i FL RN T R SR TR VR T YK AR ET (R AR 73 T80 A [14]. WFRC A BB BT AERS 5 PSMA 454 5 ks
W51, Bl PSMA FiAR S5 L0 5O RRHRRIG, H2 B NIR ZORURERE . BA BRI R NIR
WREFAT T IR R A%, DL RS ARs St e . AR A 2 R ArRa 4, AT BT 471 e F)- S 300420 1
S HIREAL DU VR T I IR T — M S A A A TR . 5HER, T PSMA MZHESHAZE NG
PET/CT. SPECT/CT # MRI &R 7 iR St 8 i &5 5 PSMA LR (7GR #EAT 4R S Ak, M
MAET PCa AN AER, WM RI RN LB 40F DL AT RERI R B [15]. & H A5 PSMA
B[ PRI 2 RS TORGURERET TR M BT S 51 5 N IRIT AT IR A U B — .

E—TE R, e N B A — R A T NIR/SPECT/CT ZHAMAZN PSMA R ICHKIRE—
111In-DTPA-D2B-IRDye700DX [16]. iZ4#4F Pt PSMA #rif ik D2B. %671 IRDye700DX DL A7
AU AR ) = 8 = e T OR =3 AR AR . 1S 0 18 I B ROS A K HLE S 2 PSMA =ERIA )
BALB/c iR S AL LA B PCa [t rT AL LA KO8 iR yT « BE i R, JoiR=fE SPECT/CT
EARTIAGET, PCa T REHIE I 5, X R TIGRIRE TS T 2 MR GRS, JRILH
LRI R RE ST o SR AL A A B SR RS VE VI BR ARG TR, AMUA B TR S FARITR, 8T BRI
PR B R A WA, Hs26sh i T /N RS AR B K, X — PR SE TR REHE T A R
FE Sy N T

PIARE IR N A2 BN 1222 B o F b s, R S ECEA IR - 7 EreA 2z 5. 6l
R B e SR TR S SR R EE MR, T B K R I B bR B 1 SO IR T IS
T W IR R MR PR . BRI, FOCRAREIR | % R IREH R IR RE5H . DhRE. JRg SR b ifg 55
AR AT IR - FFX 12 U 7 AE R AR AT 1T S5 R 1 18

3. HMilRERICRIBHIEE

B TR E ARG ARG, I HAL T 2SS B RINE, X 7 AR R Hih X
Bro FEWPREL AP RN E AR AR, BRI RS B0 — A WO ACRE, AT RE S BURBER
&G, BETEEE RS [17]. RERR AR AR AR EETB, EENIFEAR o 4R g ks
B E R ABRIC DA AE A . AHELZ TR, NIR SR EAAEA i SCi 2 5240 PR 8 75 T A RE SR O 1 JHuk 1 28 ok
T3 AR AL

HL1E 2014 4, Jeffrey Hardesty <5 A\ [18] CLEENL a8 AL T I B T AR H0RE 1ICG N TR & AR X
FRid, ATEARFAE T 6-F SR 34 A PRI IEATEE AW EE DY 2.5 mg/mL (4 1ICG il 45 RARWI{EJRIE
WESS ICG RESAE NIR B I SEI S 20 JRE B0 2, 1ZB0RA B B0 F i - AT 1A] A = P i PR 447
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TR R BT LA SO a4 R S, A i B ROR A AR G, B REE AR s
4 PR 493 7 T 1) KT 731191 [20] 0 X PP S AV BB A RO IR, i1 HLARFH ORI, mT LU
O PR REAT FRac, T I35 PR i 0 i XU - k4, ZWiB00-1C [21]+ MB [22]. UreterGlow-11
[23] P ST PEG [24]1H9 2 Fh NIR ZOGHREHFE 12 s i H AR ) 5 b S AR

4.NIR ffR3|F THEBEFR

Xt 28 A1 5 (ESRDs) (1 f 3 R U, B RS AR 12 I & bR )T 77 e Zhao %5 A [25] 81 H —Fh
EHTEBEARFN NIR 258G MERE . BRI RES TR (AIE)N, ZIREHTE NIR X & [
WOt R, BEAGIEEMMERR . BIEDhReE Rl DL R B b S R ROE S 2 FER . BkAt,
TERE A P ISR P B[] 3X — 4R 7o VP AR B RS AR I 4 I R R 38 MR U AT DEAR IR Thsg » Bk, TR I 1ICG
N T B R F AR EAEH[26].

5. B4

L AMNIR) R B H A L3215 NIR SER R Gl 7 10 2 ARG 2 AN SO baic ), By
BTG R AR YUK RS . BB IR L RE ) IR R R QUK RS, DLEBHT I NIR ZE6H gk K
ERES, ETAREREF AR FIEARIEI SN R XA RAR SRS TT 1 R A S S B A 151 45
TR AT, AR G P AR EE A IREAT B AR T BRI PR o itk —ok,  AMRHER L REW SEHERf it [X
I RE S ARG iR 0 LA B AN DIBRVS L A B T8 B BRSO B S . EAh, NIR
FCRBBAAE BIa R 8 AN H AR ARG I T AL %S, AT B TR R R O i U, B Aty i
PRAEIANE J Ak TR n] e e A B BRI 405

B BRI 3 2 B R FERAESE NIR 806 AR HAR KRR 2 4k, (HIAEM IR KRG TR
H N 2 R B B2 AL AT R 0o FIH IR I AR A 48 A IR 22 58T ARl R SR
IFA BB ARRFARIRAERAE SRR 10— A B EAT

E&WmE

5% [ SRRl 5L 4 4 [X 4700 H (82260139, 82360353);  H A X H ARl I & R & T H
(2022D01C763).
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