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Abstract

This prospective randomized controlled trial aimed to optimize the key parameters of indocyanine
green real-time fluorescence cholangiography and evaluate its clinical utility in laparoscopic chole-
cystectomy. A total of 160 patients were randomized to investigate the effects of different intravenous
ICG doses, administration timings, and an intraoperative direct gallbladder injection approach. The
results indicated that intravenous injection of 0.5 mg ICG with a 20 to 30-minute waiting period pro-
vided optimal biliary duct visualization, demonstrating clear imaging of the cystic duct-common bile
duct junction with high contrast. In comparison, while direct gallbladder injection achieved rapid vis-
ualization within approximately 2.6 minutes and a 100% success rate, it was associated witha 7.5%
risk of ICG leakage and potential surgical field contamination. This study confirms that ICG fluores-
cence imaging is a safe and effective technique. It establishes a personalized protocol where intra-
venous administration is recommended for standard procedures, and direct gallbladder injection
serves as a valuable backup for cases with complex anatomy, thereby significantly enhancing surgi-
cal safety and reducing the risk of bile duct injury.
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1. 518

I8 fias 4% H 2 1) % R (laparoscopic cholecystectomy, LC) H A CL AR TT KA FE 205 1) S br AR o 48
M, fERRSEET, HEFEIHFSMEMER ., MEEAHSEAA LETTFRL, ¥ SEURR = AX
R AU R Z RS o S JAE AR 2 3 I F A HE B, B8 48 iR 452473 (bile duct injury, BDI)
24 7 5 I RORE (1 R 2E XU e BT SCHRIRIE, BDI R AERAE 0.3% % 0.7%2 1], #HACFRY, w5 KIH
THHERE AR 28 . MeERRESE M 5 5 L, PR RO R TS [1] [2]. M5k 4¢ (indocyanine green, ICG) & )t & s 1
ARAEN—FE AR SR TR, NIRRT 4% LC M AR AL T H R 12[3]. ICG & F ik SIHE 4 f5
AT JHF 4 A S P O B R HEME 22 G RS0 fEYE K 750~810 nm L LAM IR T, TGRS
RS BoR IHE S MRS AR, WIOAARE SRR “ MBS [4]. BHis, AR
RO AMBAE KA 58, FERNMERRZE D) AR A B TR O R . BRI i it XUy, T
REZE i F AR AI[5]. R4 1CG AR Tz N, (HG 2R HUIAF S, BB E% 2 IR iE F R
A FE . FERETE 5T, AR TR ATIEEBA SR 5T 501, 49N 2023 4F 12 H % 2025 4F 2 F I IE T 5%
LT N BREEE e S R R AN RHISIR 1) 160 491 58 il G I s SR IR B DI BR R ERUIH SV IR R B, BAERS
PEARDT 1ICG R % G IR TE 525 B 1/ A 2 5080 B % HAE 5 44 IHE TR (111 PR R R B
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2. KRG

WEFEAT % AW TN RIBE BN AR EG, SEBUSHE T RS AHEdL S : 2023-056). #EHL 2023 4F
12 F % 2025 4F 2 A WIEUCA 1 160 51 A 3 B s B35 56 s e 4m Bh B R e85 R AHZE DI TR B,
Fi g B Y BB A E .

2.1. MNFRAE

1. /. CT 8 MRCP f &2 AR PEIH RS . IR 4h . SN MEIRE R . IS RN(E
7 > 10 mm)siHEERRIUAE, HFFE (I R YR SMRHATT T 3HiR (2021 k)Y FARIETE[6];

2. FFIhAE Child-Pugh 22N A 28k B 2¢;

3. e 18~75 %, FE[H BRIELE NP2 (ASA) 73 2% 1~111 2%

4. SERIGK R LB Z AT

2.2. HERRERIfE

1. XA 1CG B IRl 43 ok st

2. JTEL il B IIAEA4(LVEF < 40%, FEV1<50%, Egfr<30mL/min/1.73m?);
3. MEYREH LA &

4. LS S5 ETCIERL A BE T -

2.3. fAzE4A

KA ENARBENUT S, 8 2 B B s B o =4

1. FIESIGH(n = 80): IZAFENKAS ICG 2577 & 4 0.125 mg. 0.25 mg. 0.5 mg. 1.0 mg VY
AT BRI, FE4H 20 1

2. BPAHLSEER A (n = 40): FARFTEKEST 1ICG 2454(0.5 mg)if ] 543531 15 min. 30 min 4N ] £
BENL T, F34H 20 1

3. BAIRH (n = 40): KRHARF LA EHEEN 1CG ¥y AT IHIE R0 et

WG S 28 AR FHRIGE &0l A R A1) 4 K RIS R F(AS: OPMD-4K-NIR)#A4T
RSzt B 5. SRS AL ANDGIE R K TG 750~810 nm) A% FHH G Bt & 570E T R E
B2V A BR AT A 7 AP e S IS £ (1CG,  fit#ESCS . [E 2478 H20055846, #ik%: 25 mg/37).
ICG W VRECHIJ7i%: #EFIFRIL 25 mg 1ICG ¥R (FHAREEGIZ)L, k'S H20055846), BN 10 mL Jo B
FK, IREYERRTE 20°C~25°C, B GIEM, MHIRE A 2.5 mg/mL B9JEWR, 53 AIHECAS [F 55 &= 1)
ICG 259 J5 i 5 A 2 R /K VR A B il AN R 7 2 1ICG i

2.4. MRMEIEHIR

1 SOl RTEARE T AR A 2 AE R AT e 3. IHZEE . Araig. JHEE. H3E
B - IR AR ) S DU R B R R . S F Image 3 B F(2.9.0 FR)X B o I IHSEAE . JHLE
B JHE TR 5 6 B B AT U T 43 vk S S AN RIS 1) S ) JBF P . CD-CBD i REL IR . 5%
JEHREEXS AR (FOGIRBEX EEE = (HIEZOGHRE — CD-CBD &AL 768 E)/255), ARJa T AREEN R
AR AP CROER AT B VE (NS FERCR R 4P 2 R RORAER 728 5 71).

2. RATHLL: 6 YE3). BMI. A4, BEA. FFDiRedabe. BRI . HAEREEE .

AR IS

gunf
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3. R EARJEREOUEI: TR, PRI, RbfiiE. REERERTE. RJEIH AR LE

Giit oM. KA SPSS26.0 B HEAT U 73 Mt - IEZS /A R THE PR AAE + AR (X £5) 80K,
A LEBCR AT 3R Anova Al s i a8 0 A (K T8 SR U A B (DY 70 A AR BE) 2o, 2HL 1A EE AR
Kruskal-Wallis f:5 ; THECBR USIEE E 70 838 0R, AR HECRH-RITR S A& R IR 5% A Fisher
IRk, P<0.05 AZERBEAGIH = L.

SERCSRIS A MR AT 80, RIS A0 ik i A 2n 2GS [ . efhgn 2R EER AR 48 253812, IR
9 REE I FEAE R s 5 T AR o RV S B R AT 4

3. /R
3.1. —RRFER

AWFFEILGIN 160 4552 F 6 B RIE FAR M ESE, g BE IR ERFAR, TARHIR HE™
FAN R IR R FEARE A S RN 1, Horp R AR 14 (24~85 %) PEHI(55 M 82 i, Lotk 78 1))
RETE W IHBESE A IF 2ERESE & 3L 68 11(42.5%), HEESE & I8 MERHSE 4 3L 86 11(53.7%), AHEER
P B IE 2 R ULAE L 6 151(3.4%), A REAHT LA Child-Pugh 73203598 A 2%, I3 Hr &A1 IE L %R LS it
755 (P>0.05), FIASHIIHE .

Table 1. Comparison of basic data among experimental groups in this study
1. AARE LW AREMPTRIXTEE

ity FHEH(n = 80) AL (n = 40) BARH(n = 40) P{H
(R 54 [24, 82] 57 [27, 85] 51 [26, 83] 0.847
PRI, 1) 46/34 19/21 17/23
BMI (kg/m?) 234+23 229427 231+26 0.891
40 f 4k (*1012) 8.76 + 3.21 9.41+3.34 9.14 £ 2.97 0.866
HEH(g/L) 39.2+45 418 +3.71 412+4.0 0.607

3.2. RPZSPERFIKEHFRFE ICC HYBRMAR

Table 2. Comparison of imaging effect differences among different dosage groups
2. FEFIBEZBEFBREFILR

febr 0.125mg4  025mg# 0.5mg 1.0mg 4 P {H
FFBIE J 2 S5 B[] (miin) 6.1+£24 47+15 34+12 22+08 <0.001
CB-CBD J 21 5%} [8] (min) 14.2+6.8 102 +4.7 85+3.1 74+27 <0.001
CB-CBD 43 (AU)
10 min 13.03+4.46 78.38+17.31 110.44+16.91  153.16 + 26.34 <0.001
20 min 68.74+5.17 100.24+18.67 168.64+27.71  161.71+20.78 <0.001
JIFE S CB-CBD %% FE %+ EhfE.
20 min 0214007  054%0.11 0.78 +0.12 0.64 +0.09 0.127
30 min 024+0.09  052+0.08 0.73£0.08 0.62 +0.09 0.271
VNG VN 1.2+0.7 27+08 40+11 37+1.0 <0.001
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VEA &

TER AN EE RS R LR, SRILE 2, AR ICG FIEX A RN R E N A BE
SO, IR R RS S H] L CB-CBD JE AL el B I (R A7 1E B3 2 5, R &S84 5 (P <0.001).
Horr 1.0 mg ZHHHE K2 CD-CBD 3424k s D . 52 I 1) S A+ (RIS ] R 52 98 FE e iy, 0.125 mg 2H S g )
ke R IA) A S R P A 59, AR LA Giit 2% (P < 0.001), Huhibb%% 0.5 mg 4480 1.0 mg 411
TR ESARSAMSIT FER . RAGCDREIREXT LT, AR5 650 5 56 B A7 7 2 15
5, ERBEEGHE (P <0.05), Hr 20 min 5 0.5 mg 41 I 5w 1T 198 G R X EL AR 0.78.
ARG RICRR VN AR IR 0.5 mg 4RAG T B IVTEM R, R\HX T IS TIHRTF R B4R
T EL SR SRR
3.3. RETTREIRE LLEIMEFRRKEST 1ICC B RAR

TE LA B kR B P AT 2 0 M b, 25 SR L2 3, 15 min 4R 30 min ZE R4 VR W 22 BT A EE 2 5
RIFAEZESRE, 15min HAE1E 2 Bl T W1 EE) CB-CBD #fE AL R BER TN e & 8. P T WML} 5%
X AT R &SI ER X E R, (HEFAREFRES T 30 min ARE R TIREWITS, ZRE
# gt 5E L(P < 0.05).

Table 3. Comparison of imaging effects among different drug administration time groups

% 3. TNEAHIHE R BIRILR

fekr 15 min 41 30 min 41 P 1
CB-CBD HJIRX M5 i T 5% (141) 19 (95%) 20 (100%) <0.001
JFE 5 CB-CBD %t #8 BF %f EL Al 0.76 £0.10 0.74 £ 0.09 0.876
ARG ISy 36+08 42+1.0 0.427

3.4. RpEREEESH 1ICC HYHRMR

AR JHHE B R .40 B R IS5 RIEOR, 1ZIRE 5L CB-CBD . fE [R5 i kit 59 40 5. 3%
4% (2.6 £1.2min), BREINE 100%, {HAFAE ICG lhF5 2 MG XU (3 1], KAEZ 7.5%), SFERE S
AR RI . SEIKTSEAMLE, B A2 X U EHE(0.8.2£0.11), ZIGRR TP B
(4.4+£1.0), FARPINES VD, (HEPRTF A 18] [F§ kS H g2 5 2R
4. W1ig

AW RTIEVEBEN LA RS, RV T ICG % B HORAE I B IHE T AR i S 54k 5
FRILGR RN G . BT Es R SR, FlkiES 0.5mg ICG FHHEL & 20~30 255 [A], Al 45 R seiid
TESEFIITE M %, CD-CBD HEgzAb-F35 Rt [N 8.5 Zr8h, WIRERINHIE 95%, FIGsmExt Lt
55 0.78 £0.12, EiR$EHRIHM T HALFELL(P < 0.05). %45 RGN 8, #H—FHET ICC %
ERARAEIE F A A e AT SR [ 7]

TESR 2T, G N0ZE BRI Won HPUR B2 IR, P8RRI 2.6 7058, BRI
N 100%, FEIGHE BN LU R 1 (0.82 £0.11) . JRIM, IXIBTRATAE 7.5%H) ICG Ml MBS, Wl fgTS HeARET
HFMREBR . IAh, AN, HEERET R 4 mm BE Stk SOE T Reie m By i, SHH%E
W As ThRESZ401H K[8]. Rk, 17 AT IE T IHFESE M AR Se e . R FE R A ] o

BT RN, BEAMEZE ST BMI FMAHZET)RRIRES X ICG B AU R BA EE A [9]. AW 7T,
REJHE B2 (BMI > 28 kg/m?) 2 I (A BT i K, FIRES 1ICG TEAAR A 2 A AR 22 e A O [10]. 1T etk
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MR 5% B I N FEIRAG ThRE N %, RRCVF /MR BNECKR, $R7R ROAEREFE 2 s M 250 — B R N R 2 —
(8] [11].

PR RIS I T T, ASHIF 7T 45 B R Bk S 1CG /R N RIME AR ik &, HEiEfRifE. 2
SURURFEE T4 I e S I A A 2 . T e A i R AR A, A — T 25 R R 4
Hlg o I RAIHE SR AT AL, ICG ZOL SHURT e E B T 1T FARIRAE RS HENE, ATIE— e RS
b BRARIR A 53 40 ) XU [12] [13]

SR, AR FIMEAES T RMRTE. Bk, HERRARAEF IR B35 FF 2684 Child-Pugh A 2081 B 2%, &
IWNIFIhEeA A, B R GRTERF DR B ABE & M A . LR, ARBFFURAEA T FA
7 AT WA b, AFRARHE R E AR SEEEE 2R, wEeX ICG B RUR AR, R
KA HE— 25 T P A LB G HAT SR e YE . e ah, AIFF0 R 8] Y R (2023 4E 12 A & 2025 4E 2
H), BEAEHR(N=160), AIHER2 M0 WH KRB RSO VEAE RO B AR R I 3 T 4 (0 A
I, A IPESE) IR AT BEX 4 R AR TR AE T, WU S B 0 E RIS K REAR B DR E A 1)
Fafgdt.

5. &g

LR LRk, 1CG ZOLHIE R HAR M S HAIM IR NE BT AR IHE RSO 1 AR AR . FhkE o
0.5 mg ICG 45 20~30 7Bk & i [A] W AF N H P ARIIHERE T 58, 1 22 I 38 ELiE 3 T3 20 e 1 TR
MBI, AR TETBle WSS SRSCRFEA R T AR 5 R ML R 1ICG 45 255K0%,  LLRTER T A
HERTE S 2 et . RRMITITREZ REEAR. ZH00HTE, 455 AFETFAREM L EFHREE — DI IEf
e ICG B BIGAR B B o
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