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Abstract

Objective: To investigate the feasibility of preoperative injection of indocyanine green (ICG) fluores-
cent contrast agent in laparoscopic cholecystectomy (LC) for bile duct visualization and to analyze the
optimal preoperative timing for achieving ideal bile duct visualization. Methods: Clinical data from 60
patients who underwent fluorescence LC at The No. 2 Hospital of Baoding between April 2024 and May
2025 were collected and analyzed prospectively. Results: There were no statistically significant differ-
ences between the three groups in terms of general data, intraoperative blood loss, intraoperative bile
duct injury rate, postoperative bile leakage incidence, and postoperative hospital stay (all P > 0.05).
There were significant differences in fluorescence intensity differences among the three groups (P <
0.05), with the 4~8 hours preoperative group being higher than the other two groups (P < 0.05). In
terms of bile duct identification efficacy, there were statistically significant differences among the three
groups (P < 0.05). The bile duct identification efficacy of the 4~8 h group was statistically significantly
better than that of the other two groups (P < 0.05). There was no statistically significant difference in
bile duct identification efficacy between the 0~4 h group and the 8~12 h group (P > 0.05). In terms of
the time required for intraoperative dissection of the gallbladder triangle, the preoperative 4~8 groups
were lower than the other two groups (P < 0.05). Conclusions: The use of indocyanine green (ICG) flu-
orescence imaging technology for bile duct visualization during laparoscopic cholecystectomy is con-
venient and feasible. Administering 2.5 mg of ICG via peripheral intravenous injection 4~8 hours prior
to laparoscopic cholecystectomy (LC) enables optimal visualization of the extrahepatic bile ducts dur-

ing surgery.
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1. 518

ITAER, N PRARAE A i i iE & V)3 AR (laparoscopic cholecystectomy, LC) K] %2 4= A1 97 5 AN 2« JHAE
) 5 K ANV 25 TR R S B E A2 451 4% (bile: duct injury, BDI R AR, B AR 41 405 Y6 IH 4 3 5% (Near-In-
frared Florescence Cholangiography, NIRF-C) HHL/E AATTHIRLE . 5| 4% (indocyanine green, ICG)EA
EHEARMDOCE ], BA BRI, 2505 KON ML B 3l i 8 S 4a i, B 58 4 e FiE
R, TS REREHHE A B[], AT 750~810 nm HIIE AN R P AR IR K 840 nm A G, fE
it 5~10 mm JEEERILE 4R 23 [2]. Rl TEARGAERT IEAMRE AT W35 28 08 6 B R BOR e B T 1 B R
A, R IR SRR YIBRA T, HE TR ERIER A H R . SEBUIE ) R4 el A4,
B NAAAE IR KRS ST LR N R GE S T, Bl “E5 55 RIL” SRM[3]. XFRERAER
BHPOCHE R, FERER 1ICG AFIE S AL 257 BB R F# . E A 2009 4F Ishizawa 55
HRIRIE ICG HE BRELIOKR[4], —BEAM R E B e MRS 25575, 245 8k, i HA77E
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BALS]-[7]. AT M35 B A 1 A BT LC R AR 1CG SR 5 ] Rt -
2. R EHE
2.1, Rl

IEHL 2024 4F 4 F1~2025 4F 6 H 60 BITELRE 28 R BidT 200 LC I BRFE NN R, HEATHTHE
PEEFL . INARHE: (1) RATYEDIZWONIR RS AR TE R (2) LFARZETAE: (3) HMIFEFFRIR
2, ZFMERET; (4) WIKRER TR, HEbRbriE: (1) XM LR 2P # (2) B2tk
RGN FIHERR AR, FEg9 N 60 ), JLrh 0~4h 41 20 4], 4~8h £ 20 %1, 8~12h 41 20 #l. AATA
[FI (4T 1ICG = ANMHRIPE . s S5 1R £ (body mass index, BMI). 250 = 8455 %2 F L4
TR (3 P>0.05) (WL 1), AT E 1758 R B FiAR B2 i iS5 . CY2025006), 74
(Bi/REREF) BER. ra NHEELHRE THERR, CEEEHRALEEZILELEREEE.

Table 1. Comparison of preoperative general data between groups

1 RAT—RLBRAE LR

o ) J%U[n (%)]ﬁ BMI (kg/m?) S| fﬁ)@%r?& (ﬁiﬂj/lf
0~4h#4(n=20) 59.15+1358 8(40.0)  12(60.0) 24.81+2.65 7.42+3.25 14.36 +8.25
4~8h#4l(n=20) 53.35+15.03 7(350) 13(65.0) 23.83+3.22 7.14 £2.04 14.87 +10.64
8~12h#(n=20) 58.85+12.03 13(65.0) 7(35.0)  23.40+3.01 6.30 £ 2.76 15.07 +4.50

ZIFIH 18 1.153 4.152 1.184 2.623 1.365

P1H 0.323 0.125 0.313 0.269 0.505

VE: °%H Kruskal-Walls #EAG I o

22. Bk

2.2.1. BEHLS4A
A FIEGIN 60 L4520 I IHTEVI R AN B, N EFHILNBEIF M 01 3] 60 KR4S,
T BENL R 7287545 1ICG RETLZEIT 4 —=2H: 0~4h 4. 4~8h 4. 8~12h 4, % 20 fil.

2.2.2. BIRVEML

ICG HVESS I )0t J o AP REEAE GRS, R OptoMedic 4K R84S AT LA 3O & R 5t
(https://www.optomedic.com/) i Bh . 7EARZE = f s fE v, AR#E )3 07 B 3 WPPA5 4R A A
FFSERR F R RRUR, B BRI S =A% A (R B H(— B ER). C H(RNMERE).
FESERAE AT SR M5 5588, M FAMAETONE 59 A 9 Rl odon s 5 aim A MBE 5O (E
FHH C Gt EWE Z AN B 9. AR5 90 FE 1B R 2024 5 om I, $RIUR I fv, i1t Photoshop
AL, BRAROEIR SO I FHL, BRI Fiji BE(https://fiji.sc) AL e it 220 . IHEEE S
JELRVE B A 8 (7 YR, 1y XL, FFSEIARINE 58 eaRfE, W X2, sRZEME X1-X2, #%k
FRAR SR MU HUAE > 0.
2.2.3. FARBE

AR AR AR R, K 25 mg iR SR 2k 10 mi KEEEST KA, 732 2.5 mg/ml 9%
1 1CG &R, AT IR BUSGE, HAMNEEIKSIEIEN 1o ml, FERWEEERE S, AR AT HER
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R¥E . BFRRARE, BESESGIELINTOCRIR R GBI E, Sl Ve 4 BRI, AR
AMEMZ, F8E B Sk BAVIRIEE & ZE MBTRHR AR AL o TAR AR AE DY FLIR I BN B o LU, MR 4R 4T 12~14
mmHg, 73 TR AL SUTRT (ERAESL) S BUE 2. A IBRT 2 4 T (i Bh R A AL) e S TR
i, WEABANGCLKESARXRFFREE, SH 288, U, BRks . T5l 8. Hem-o-lok S5 #E47 40 55
JeHF. RLBE. TEUESEERAE, AR LS [ SN E = A LT ARG, WInh N ZESh bk, AR SR, R
WATE SRR B TE, 22U IR 2 5 X I 2 B HEAT itk i, PRUER X, TRESMRL I, 4%
aiin, BkbER, SARTAR. FARBIEREPRYE SLERU 7 R IT R VO (LA 1).

0-4h4 4-8h# 8-12h#H

VE: HFSEiR: MHEE SHAEEREL. F—HONEIA IO B % —H Photoshop #f4: b3
Ja B R S =HEA Fiji @ mE e .

Figure 1. Laparoscopic fluorescent staining image
B 1 BEERTREREE
2.3. MEIEIF
PR RGN RO, JOGsRE 2, AR RIS =ME A, Mg, BERs, KRG B,
AR A]
2.4. Giit AR
KM SPSS 26.0 Grit Bt AT £cdi b, THEBRILIGIE(F 2 L) [n (0)]3Ra, LR ELBCR T 2 f
%o HAAELL MM — MM Fisher BYIERRE: O £ —HIRE <1; @ >20%0H) F otk BB S
< 5. IEADATETTRI LIS £ PrlER (X +s)&oR, ZHLBCRH AR KT Z 70 Hr1(ANOVA). &7
AT B BOR A S R BRER H Kruskal-Walls Bk ATk 56 . 22 25 8] 795 795 L A Bk H Bonferroni £2 1EAGSG: . P <
0.05 NZERBA G FE L.

3. R
1) =)D G0RIE 2 L 2 B B A St % & (P <0.05), 0~4h 4(-10.80+5.17)5 4~8h 41(21.30
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+ 7.A0)PALIAI DGR 2 EL L, fRfE R 2 5 (P < 0.05), 95%E 15 [X ] 4(—36.52, —27.67); 0~4 h 41
(—10.80 + 5.17) 5 8~12 h £H(10.88 + 3.87) W s B ZEE A UL, fEAE R 2 7 (P < 0.05), 95%E (5 XA A
(—26.10, —17.25); 4~8 h #4155 8~12 h HHOGEREZ (A LAY, AR % 2 (P < 0.05), 95%E (5 X [AN
(5.99, 14.84). —HMHERBIBCER LR Z 7 A Fiit 222 (P < 0.05), 4~8 h ZHAHE (R AR AR
AR R B BOR 22 RAFAE G278 L (P < 0.05); 0~4h 415 8~12 h HHE R R Z RS 1258 L (P>
0.05) (.55 2).

Table 2. Comparison of fluorescence intensity differences and biliary duct identification performance
2. WHBREEEMIBERAIBRLELER

PR RCR [N (%)]°

an) PGIRE A
A% B % C#%
0~4h#4(n=20) -10.80 +5.17%" (-13.21, -8.37)& 2 (10.0) 15 (75.0) 3 (15.0)
4~8 h 41 (n = 20) 21.30 + 7.40" (17.84, 24.76)& 14 (70.0) 5 (25.0) 1 (5.00*
8~12 h 4(n = 20) 10.88 + 3.87% (9.07, 12.69)% 5 (25.0) 11 (55.0) 4 (20.0)
F/IH {# 161.078 14.191
P 1H <0.001 <0.001

7E: 2 Bonferroni &R IEAEL:, 5 0~4h A%, #*P<0.05; 5 4~8h ALb#, *P<0.05; 5 8~12h ALk, "P<0.05;
&N 95% M B F X [A]; KA Kruskal-Walls ZEARTE K .

2) = BE AR IHTE = A R () 22 e B G 5 (P < 0.05), 4~8 h B AR IHFE = g
B 7] (16.62 + 4.00) 3% At 5 2 A IE 2 = £ 3510 [AD[(23.57 + 4.52), (23.07 + 4.20)| B Guit 2% = (P
< 0.05); —HBEHEARFHMGHME. RPEERG. RGHR. ARG EGR R ZES LR TR X
(P >0.05) (M. % 3).

Table 3. Comparison of intraoperative and postoperative indicators

=3 R REHEXIERIEER BRI

o HE%E%_%%H AR H Tl R i 5 Y NEHENS] 71<I§E Bt
Fif 1) (miin)° 1 8 (mil)° [n (%)]° In (%)]° I 1) (d)°
0~4h#l(n=20) 2357 +4.52% 13.8+4.82 0 0 5.10 + 0.64
4~8h4l(n=20)  16.62 +4.00* 13.15+6.23 1(5.0) 0 5.20 +0.83
8~12h 4l(n=20)  23.07 £4.20 15.55 + 1.47 1(5.0) 1(5.0) 5.60 +0.82
IH 1t 20.999 1.704 - - 5.939
Pl <0.001 0.427 1.000 1.000 0.051

VE: 2 Bonferroni FIERL:, 5 0~4h 2HELE:, "P<0.05; 5 4~8h AHH#, 2P<0.05; 5 8~12h HLL%:, *P<0.05;
K Fi Kruskal-Walls B SG: 2R Fisher i DIMESR 1%

4. g
FENTRT M PR BICR, 2 7% 6 A i 5 2 LR S A R R T A LA . SRS
IR 2 % )7 T R 2 A0S0, 76 583 rh B e e ML 22 57 BT 1CG G BFIEAR I FLo% 06 53 B 1 IR,

T REAS M IE 2 = 4 X i) 45 4 AL 2V S 2 S BB R AFRAR, U ™ I K sl P A IR (3
[8]. AHIFINN, MFHEHERM AL RE, HIUKM . HE SR8, JHE RN, B8
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T EEEE 9] BMI X A GHHIE W82 T B H — e s, JCHAEM T IHEE =M AT[10]. Lopez-Sanchez %5
AN E2E) BMI AT S8 0] WL 2 (R FEAE 55 25 22 57, BMI S5 351 EL % = o Jim EL T8 45 Mg 7 T RRAL o Rt 2 e
FERAR[11]. [FII, AT AR RGRDCIEZERE . TRABCKIEMW R . SRR B R B AR sl
RIPEZRAFEZES, SOGIE R s Bt 2 PR S . sRA IR, # i I N PO E S
MEAR[3] [12] [13]. ASBFFTELECSH T BMIL EAMSE — R DRSO 28 7, WER 1 IR 2R 50 it 351
Mo SRHBR IRV RS, ARAT4~8h HR i ZE Y m T HARWAHP <0.05); 4~8h AR
VUNBERVEN A 14 (T0%) 1N A 2, 5HABPAAFTEG 1T 2 7:(<0.05). AT IAHAHET 4~8 h 1 4F ICG
RAWINTE R E 28, R RHBOR, HIE SRR . Hard T 506 5mg i e o Hsa — A4
—HIbRiE, Baldari &5 AR 5= 2% 5 0BG B 2% B st R 15 00 J5 B, 2 ) e P AR e /ML 0
B RAB 9 510 MR FEEME . AT Fiji Bk, @i s R A ST EE S 58 5, (HAR7ampE - FrEL 5
PEHRE)510 [14]. 177 Huang 55 A7 B R T 30 23 8iES ICG SRR, (6 Imaged F A4l & H &
ERFFIE R 2GR, THRARON: SO EEFATDOESREE[15]. F4oh, —SemF 50K 5 4l Likert
B RX B A5 MBS M AT R B AT VR, 1= 25, 2= B, 3= —f. 4= #F. 5= Mefk. X
BEPPAr ARRIH FIGS B b (— AN A E B A, WU FIGS ZEAT AR AR I B 42 $ictis ) A 1)
PEor NFERR[11] [16]. FBF AR REFI E PP 7, S—biEE TR, #REA R AR

£ LC 1, IHFE = RS HEMRT 5 70 B R T ARG RBP IR, Yoe B FRIERE, 2 ™ H I K
FERIZ DR . EEIARFEIHIX T LC W 1ICG ILIRTER b, #R5R1A T 1ICG %G HRIE B LA BY
WURIAR A K LT ReAR S g 50, 3 T I AMIBIE S5 M i mT AL 2 [2] [17] [18]0 AW AR HIHEE = £
FR NF ) LU 25 S5 1T 2 7% XL(P < 0.05), AT 4~8 ZHLA o I JE = f it 35 Bsf [A) B41E T~ FL R i 41(P < 0.05),
AYCNARRT 4~8 h FEHT ICG REJR/D> Calot = ff@ g 1A] . (EX Pl 2 BB AR BH & 5 52 M7 5 05 R ARE
T Lo [ DL E IR ) S TR . WA AN, R MIRFEVES ICG o R AR TS IR, &
FIFNEZEAE 5 TP, AT PRI R I I 1) 58 SR AR [19]-[21] o AHUL 7 VE SN TR HMEE, i RE 7t
TR, A LA A R RN = S BURE BRI, IEH R .

BDI & LC ™ HEIFE AR, KAEZRTIRE S, 1 0.2%~1.5% [][22] [23], HHrRMAEERE T
B VRIT ARSI N R R OT FE AL S — R A G R e A LU RZ [19[24].  HAT Strasberg # H 122 4 AR I
(CVS): B T RHFEE RNk Ah, IHEE = F X FrA AR E, IR HT 5 8 R [25] . fEAR 22 A4,
PSRRI EZMER, B 2N H. N TR BDI, H Mirizzi RHIEE & (10C)HEH LLK[26], C&FHF K
HEZFHRIEROR, X 28 10C K. I8 e B2 75 K A (LUS). I 2R (1ICG) %81 10C. X 2k 10C £ 1 B
SRA B TR A R 450, (B SRIVAR ST 2 55 . FARIHAIZEK . P, SECHkZ s REE
JEPEIEAE AR A2 [27] [28]. LUS TEAINAE L 46 4 R % 0 REGE ) 0 T BA R ), 5 X 28 10C
FHEEL, BORAMR, BER, TofES . (0 LUS MM T 0E3, 5 2 50 ) 5 o1 Mt 2R FRE a8 (X 35 [28] [29] .
MITAEHK, 1ICG 7E% 6 10C 1, SEREEHAERE . A RRNA . BRI E SRR, LR L 4
BHEAMIGE . RE LR NIRF-C SZi T AL ERAE, BT R CVS, HEMBUCIEAE. A7 =4
5] BDI L3 RTG53 (P > 0.05), EAGEIANARHET 1ICG A [FVEST IS AT BDI A 5200 . {H kK8
ZWHFR, WOGIRIE 5 T AR IR 45 4 A0 I U IR 52 [30] [31].

Zx LRTiR, MRS IR B BRR s IS 0O B R, ATIRE TR R . AT Y
EPEAE LC AT 4~8 h #4740 8 B kI 5 1CG 2.5 mg AT LATE A b A ¢ 21 3 AR [ BT AMIEE . AHE )25
X I (R HEAT T AT, AW TREARR D, BT KA. 2005, X ICG W Ktk —5
HRE.
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