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Abstract: Objective To investigate the clinical efficacy of indocyanine green (ICG) fluorescenceguided
laparoscopic cholecystectomy (LC) for acute cholecystitis (AC) and analyze factors associated with postoperative
complications (PCs). Methods A retrospective analysis was conducted on 279 AC patients who underwent LC
(September 2020 to September 2024). Among them, 179 underwent ICG fluorescence guided LC (fluorescence
group) and were subdivided by injection timing/dose: group A (47 cases, 15 min, 2.5 mg), group B (45 cases, 30
min, 2.5 mg), group C (48 cases, 30 min, 5.0 mg), and group D (39 cases, 60 min, 5.0 mg) to assess biliary
visualization. Concurrently, 100 patients underwent conventional LC (white light group). Perioperative indicators,
liver function, and 3-month PCs were compared. Multivariate Logistic regression and a decision tree model
identified risk factors for PCs. Results Liver fluorescence intensity was highest in group A (P < 0.05). The cystic
duct-to-liver fluorescence contrast ratio was highest in group B (P < 0.05). The fluorescence group showed shorter
Calot triangle dissection time, operative time, postoperative hospital stay, and less intraoperative blood than the
white light group (all P <0.05). Multivariate Logistic regression identified independent risk factors for PCs: body
mass index (BMI) > 25 kg/m? (O}{ =3.534, 95%CI: 1.057 ~ 11.811), onset-to-surgery time =72 h (O}Q =3.208,
95%CI: 1.227 ~ 8.390), anatomical variation of Calot's triangle (O}?=2.870, 95%CI: 1.085 ~7.590), gallbladder
wall thickness =5 mm (O}Q =2.957, 95%CI. 1.147 ~ 7.625), and American Society of Anesthesiologists (ASA)
grade Il ~ IV (O}? =3.179, 95%CI: 1.245 ~ 8.118) (all P <0.05). Surgeon experience =5 years was a protective
factor (0}3 =0.280, 95%CI: 0.081 ~ 0.970, P < 0.05). The decision tree model (accuracy 91.40%) identified surgeon
experience as the most important predictor. Conclusion Preoperative ICG injection (2.5 mg, 30 min) provides
optimal fluorescence imaging. ICG-guided LC is safe and effective for AC, reducing operative time, blood loss, and
hospital stay. Independent risk factors for PCs include BMI > 25 kg/m?, onset-to-surgery time > 72 h, anatomical
variation of Calot's triangle, gallbladder wall thickness > 5 mm, and high ASA grade III ~IV; Surgeon experience
>5 years is protective. Preoperative thorough evaluation is essential to reduce the risk of postoperative
complications.

Keywords: indocyanine green (ICG); laparoscopic cholecystectomy (LC); acute cholecystitis; postoperative
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Table 1 Comparison of general data between the two
groups
P /151
15 Gk
5 oL

52 (n = 179) 111 68 51.0(43.0,61.0)
F164 (n = 100) 59 41 53.0(40.0,60.8)
ZI i 0.24 0.41°

P1E 0.621 0.682
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Comparison of visual field of anatomic gallbladder triangle under fluorescent mode and white light mode
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Table 2 Comparison of fluorescence development-related situations in four groups

R4 (%)

205 JHHESE G5 /AU JIEAEAE 5 LSO 5 BE XS LU AE
RS JIRLEAE JiF A

Al (n=47) 37(78.72) 38(80.85) 40(85.11) 415.520(383.630,436.370) 0.220(-0.150,0.504 )

B4 (n=45) 42(93.33) 45(100.00) 45(100.00) 247.310(238.030,260.910) 0.638(0.438,0.790)
CHl(n=48) 43(89.58) 43(89.58) 43(89.58) 385.229(362.393,401.526) 0.395(0.209,0.546)

D4 (n=39) 36(92.31) 38(97.44) 37(94.87) 230.312(222.071,246.115) 0.445(0.154,0.606)
XY/HE 5.94 13.19 7.92 140.76° 29.59°

PIE 0.114 0.004 0.048 0.000 0.000

T 14 HiE.

AFIB: A ORET15 min, 2.5mg) FOGWMEI, JFIETOEME S, IO S LR CRID: B4 ORAT30min, 2.5mg) 7¢
JCRFEO, MHFEAT | IHLEAT . S WA, BT SISO e e, ERIF: CZH ORHET30 min, 5.0 mg) ZOGRENGA, NHHE D
SCBOEMWE, AFAFIETY S9OSR, GHTH: D4l CRFT60 min, 5.0 mg) ZOGRFAENL, MHE WM, FFEZOGRBERAL, X —,
E2 WABHER
Fig. 2 Fluorescent imaging results

®3 WHRAEBENRERFAREPEXIERLE

Table 3 Comparison of perioperative related indicators between fluorescent group and white light group

SEAMENES RefrepdeIF AL $1(%) ARefrifis A R
215 o FARAF E] /min ‘
S [ /min Wi BI(%)  prRAEs MUSEEBUS sk mL. ff/d
P (n=179) 39.88+10.31 54.73+14.79 0(0.00) 0(0.00) 1(0.56) 1(0.56)  43.15+12.10  5.09+1.65
M6 (n = 100) 56.10+15.19 71.20+20.67 2(2.00) 1(1.00) 2(2.00) 1(1.00)  64.67+15.59 7.21x1.73
X/tE 10.58" 7.70" 1.25% 0.18% 12.81" 10.11"
Pl 0.000 0.000 0.128% 0.358 0.263 0.675 0.000 0.000

e 1) Hoii; 2) M Fisher MHVIEAREE; 3) N A

76



EPRE! RO, A WLk ST | TR SN DIBR A I 7 AR IR S8 1 I S 7 28 b AR5 SR RSN 22 A

x4 KHRASEAXEBFRAEAINGEIERILE (vxs)
Table 4 Comparison of preoperative and postoperative liver function indexes between fluorescent group and white light
group (x=s)

ALT/(uw/L) AST/(u/L)

2 541

N[ P NG ZMH A NG ZE
DI (n=179) 107.53+5.47 48.61+11.52 58.91+12.87 53.93+4.45 37.18+8.96 16.75+10.35
F5%4H (n = 100) 106.13+6.86 49.64+11.51 56.49+13.22 53.62+5.13 36.61+11.31 17.01£13.10
t{H 0.87 0.72 1.49 0.53 0.46 0.18
P1E 0.063 0.474 0.137 0.598 0.644 0.856

GGT/(u/L) TBiL/(pwmol/L)

2151

AR VN P AR VNG ZME
I (n=179) 62.07+8.86 48.85+13.10 13.22+16.41 40.87+5.58 19.56+4.57 19.66+6.74
17641 (n = 100) 63.29+9.34 50.89+13.39 12.40+16.16 39.57+5.32 20.43+5.58 18.18+6.94
tfE 1.08 1.24 0.40 1.90 1.41 1.74
PAE 0.280 0.217 0.688 0.059 0.161 0.083

#x5 WHASAXAREHEIELE
Table 5 Comparison of postoperative complications between the fluorescent group and white light group

205 Ads/f) sk & D) DGy B Ui R sy REREERE R ) REAZE (%)
P (n = 179) 4 2 2 4 0 12(6.70)
H64 (n = 100) 6 0 3 3 1 13(13.00)
X1a 3.12
P 0.077

g RAELEE | INA S TR IR ASE % . Child—PughZy  BMI > 25 kg/m® (OR = 3.534, 95%CI: 1.057~11.811) .
9. WBC. ALB. sPRERAIM R D AN AR i, K AF & T R# =72 h (0R=3.208, 95%CI:
S EGIEE X (P0.05); I RAEAER  1.227~8.390), A fMHHAR (OR=2.870, 95%CI:
(265%). BMI (>25kg/m®) . BAEZE FARME  1.085~7.590) . [ 4B JE B >5 mm (OR=2.957,
(=72h). =fAmHAsSE . IRZEREERE (>5mm).  95%CI: 1.147 ~7.625) Fl ASA 73 4% I %% ~ IV 4%
ASA5re (% ~ V9%) FITGI8/TG13434% (M%) (OR=3.179, 95%CI: 1.245~8.118) J& 5 2 1 iR
BB R T IOIRRAEA, EIMBAEREE (=548)  BRBHITICCHILE T LC ARG & A IF K AE 1Y Al
BT I LA, 2SWASRIT¥EXY S AEKRKEZE (P<0.05), EINAZGEE:>S 4
(P<0.05), WF%6, (OR =0.280, 95%CI: 0.081 ~0.970) & 2 14 14 %
252 5B F Logistic B2 547 DITLCIEIF AN BEITICC IO T LC ARG LA TF AE MR R R
MR R BEARGRBEAIFLE (F=0, &£=1)  (P<005). WL&KS,
SRR, HRSPESASIEE L (P<0.05) 26 AMBEEXREZETICGENSISLCRELEFH
M CGERY . BMI, RAEETFREIE ., =ffgsy ZERRRRER
5. BRBEREJREE | ASA 434 . TG18/TG13 43 4% Al I 4 Z 1R F Logistic [7 54347 57 1 1 A 20 37 A& 16 [
IR ) EMAZE (K7, ITZHEK K (BMI, EIFAGRE . RIEETFARERE . =M
Logistic [ H 04 (51 AKHEN 0.05), Z5R B HIAF | IHRERE A ASA 7090) 1E b AR &,
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Table 6 Univariate analysis of complications in patients with acute cholecystitis after ICG fluorescence—guided LC

i P 151](%) AR (%) BMI #1(%) BRI 19](%)
5 §e >65% <65% >25kg/m> <25 kg/m’ > 54F <S4R

HBAELL (n = 25) 15(60.00)  10(40.00)  7(28.00) 18(72.00)  5(20.00)  20(80.00) 20(80.00) 5(20.00)

T SAEH (n=254)  155(61.02)  99(38.98)  33(12.99)  221(87.01)  20(7.87)  234(92.13)  239(94.09) 15(5.91)

X/l 0.01 4.17 4.10 6.79

PAE 0.920 0.041 0.043 0.009

- KAECEFARME (%) rILE 5(%) WP 19 (%) LJEERF AL (%)

>72h <72h 2 i 2 i P g

JFEARELH (n = 25) 11(44.00) 14(56.00) 6(24.00) 19(76.00) 3(12.00)  22(88.00) 2(8.00) 23(92.00)

TIEAEH(n=254)  61(24.02)  193(75.98)  46(18.11)  208(81.89)  23(9.06)  231(90.94)  9(3.54)  245(96.46)

X/l 4.75 0.52 0.23 1.19

P 0.029 0.471 0.629 0.275

o fBgEs 11(%) NIBZEZESE (%) IREELEF 191(%) =fAfpAES H(%)
= & 2 & P 5 JE i

HEAEH (n = 25) 14(56.00) 11(44.00)  3(12.00)  22(88.00) 16(64.00)  9(36.00)  9(36.00)  16(64.00)

Tt RIEA (n=254)  114(44.88)  140(55.12)  38(14.96)  216(85.04)  175(68.90)  79(31.10)  43(16.93)  211(83.07)

Y/ 18 1.13 0.16 0.25 5.46

PlH 0.287 0.690 0.615 0.019

. JEHE S Ji] Bl Atz A1) (9% ) JNEEREJERE 71](%) ASA 534 1(%) TGI8/TG13 4% (%)
= T >5mm <5mm I 9%~ % WMZ~N% 1%~ 0% JIIE73

HEAEA (n = 25) 11(44.00) 14(56.00)  10(40.00)  15(60.00)  14(56.00)  11(44.00)  10(40.00)  15(60.00)

T LA (n=254)  99(38.98)  155(61.02)  50(19.69)  204(80.31) 200(78.74)  54(21.26)  161(63.39)  93(36.61)

X/l 0.24 5.56 6.59 5.25

PAH 0.624 0.018 0.010 0.022

215 Child-Pugh Y48 B1(%) WBC/(x10%/L) ALB/(g/L) PR /% R EL 2 /9%

A% B2

JFRAELH (n = 25) 20(80.00) 5(20.00) 12.98+3.65 34.07+6.12 58.52+13.81 33.46+10.76

T K AELL (n = 254) 226(88.98) 28(11.02) 11.73+4.73 32.98+6.35 53.02+13.58 30.02+8.88

X/l 1.76 1.28 0.82° 1.93" 1.81°

PfH 0.185 0.200 0.412 0.055 0.071

e 1o fE.
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*k7 BEERE
Table 7 independent variable assignment

A At 1 TAE
AR A <65%=0,265% =1
BMI Wiy <25 kg/m* =0, > 25kg/m’ = 1
BRI L YRR <54E=0, 254 =1
RAEEF AR Gy RA <72h=0,>72h =1
AR Vo saiy H=0,2=1
JIL e R JEL i YR <5mm=0,>5mm=1
ASA 432k YR T8 ~TM%=0,M%~N%=1
TG18/TG13 544 SR 19 ~TM%=0,M%=1
*x8 HMAMPEERBEHITICGEASISLCREREH KR % EZE Logistic BT
Table 8 Multivariate Logistic regression analysis of complications in patients with acute cholecystitis after ICG
fluorescence—guided LC

P% B SE Wald Y18 PfE ORfH 95%CI
AW (>65%) 1.030 0.547 3.548 0.060 2.801 0.959 ~ 8.180
BMI( > 25 kg/m*) 1.262 0.616 4.205 0.040 3.534 1.057 ~11.811
BRIMZAAFREE (> 54F) -1.273 0.634 4.034 0.045 0.280 0.081 ~ 0.970
RAVEZETAREAE(>72h) 1.166 0.490 5.650 0.017 3.208 1.227 ~ 8.390
=R AR 1.054 0.496 4512 0.034 2.870 1.085 ~ 7.590
JEAERERLEE (> 5 mm) 1.084 0.483 5.034 0.025 2.957 1.147 ~7.625
ASA 79 (%% ~ V) 1.157 0.478 5.845 0.016 3.179 1.245 ~8.118
TG18/TG13 432 (M%) 0.682 0.472 2.086 0.149 1.979 0.784 ~ 4.994
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Fig.3 Decision tree model of complications after ICG fluorescence guided LC in patients with acute cholecystitis
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