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Application value of indocyanine green fluorescence navigation

combined with three-dimensional visualization technology

in laparoscopic anatomical hepatectomy and regional lymph

node dissection for intrahepatic cholangiocarcinoma

JIA Yapeng, WANG Yu, LI Yongkun

(Ward 3, Department of General Surgery, the First Affiliated Hospital of Nanyang Medical College, Nanyang, Henan 473000, China)

Abstract

Background and Aims: Intrahepatic cholangiocarcinoma (ICC) is a highly aggressive primary liver
malignancy, and radical resection remains the main treatment option for achieving long-term survival.
Laparoscopic anatomical hepatectomy and regional lymph node dissection require precise identification
of hepatic anatomy and accurate surgical manipulation. Three-dimensional visualization technology
facilitates individualized preoperative surgical planning, whereas indocyanine green (ICG) fluorescence
navigation provides real-time intraoperative imaging. This study investigated the clinical value of
combining ICG fluorescence navigation with three-dimensional visualization technology in laparoscopic
anatomical hepatectomy and regional lymph node dissection for ICC.

Methods: This prospective, single-center, open-label, randomized controlled study included 122 patients
who underwent laparoscopic radical resection for ICC between April 2023 and April 2025. Patients were
randomly assigned at a 1: 1 ratio to a conventional group or a combined group, with 61 patients in each
group. Patients in the conventional group underwent laparoscopic radical resection alone, whereas those
in the combined group received ICG fluorescence navigation combined with three-dimensional
visualization in addition to the conventional procedure. Intraoperative parameters, short-term
postoperative recovery, postoperative complications, tumor recurrence, and survival outcomes were
compared between the groups. The primary endpoints were evaluated according to the intention-to-treat
(ITT) principle, with per-protocol set (PPS) analysis performed as a supportive analysis.

Results: In the PPS analysis, the combined group had shorter hepatic portal occlusion time, less
intraoperative blood loss, and a lower intraoperative transfusion rate than the conventional group (all P<
0.05). The rates of compliant anatomical hepatectomy, adequate lymph node dissection, and RO resection
were higher in the combined group (all P<0.05). The combined group also had a greater total number of
dissected lymph nodes and positive lymph nodes (both P<0.05), and eight satellite lesions were
additionally detected in the combined group compared with none in the conventional group. The
drainage tube removal time and hospital stay were shorter, and postoperative day 3 levels of alanine
aminotransferase, aspartate aminotransferase, and total bilirubin were lower in the combined group
(all P<0.05). The overall incidence of postoperative complications was lower in the combined group than
in the conventional group (5.36% vs. 19.64%, P=0.022). The 1-year regional lymph node recurrence rate
was also lower in the combined group (3.57% vs. 14.29%, P=0.047), whereas no significant differences
were observed in 1-year intrahepatic recurrence or distant metastasis rates (both P>0.05). Survival
analysis showed that the combined group had longer progression-free survival than the conventional
group (median, 30 months vs. 26 months; P=0.037), while overall survival did not differ significantly
between the groups (median, 32 months vs. 27 months; P=0.215). The ITT analysis yielded results
generally consistent with those of the PPS analysis.

Conclusion: The combination of ICG fluorescence navigation and three-dimensional visualization
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technology in laparoscopic anatomical hepatectomy and regional lymph node dissection for ICC may

improve the precision of anatomical localization and lymph node dissection, reduce intraoperative blood

loss and hepatic portal occlusion time, and facilitate postoperative recovery. It may also reduce regional

lymph node recurrence and prolong progression-free survival; however, its effect on long-term overall

survival requires confirmation in larger multicenter studies.
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U Ph 25 53 I~ Z, o0 fili D) e AT i 32 1 s 8 K
(5) AR A% Z Bl i WAk yT . T . A ATRITEL
mGYT s ) IAPER L, ABEZS5ARMR. HF
BrAniE . (1) 5 I A IH A g L TH 2 g i At 3 1
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FF: 25120 1,307, 841; fifiF: 12, 8. 134]),
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1.3 WEHEIR

(1) FE 2 %R M. W . KR
(body mass index, BMI) | I EIE . AL . R
FALE . MR B IFIhRE . R
( carcinoembryonic antigen, CEA) . AR A ¥ 25 ¥t &
19-9 (carbohydrate antigen 19-9, CA19-9); (2) K
Ei= 7R 15 T NS 11 A NG SR 1
Ak 5 R IT I LA UD BR A A R
R ST R PR A B M B A
W RyUIBRE . #isba i DRER; ) K5k
WS FE bR . T RERI R . ERER R, RJF3d
M R A H ¥ % [ (alanine aminotransferase ,
ALT) . RJG3 d RAAMRAEL M (aspartate
transaminase, AST) . R 5 3 d & M0 2L £ (total
bilirubin, TBIL) o F AR 55 3 K il 228 R TR
ERAEIKIL, B0 B LN, ALT 55 AST #42R i
i S W I A, TBIL SR FH AR 2 6 4 A0 7 D A
(@) RJG I KAE . GETH R (51 W I 20 3ROk
3 ARG LR K-, HFRS>3 d 8l A AT
ARAEF) OB EERGEE R AR (5) MY
Mo PN R XERE AR R LA %
oy (0) AEAEMEOL . BT 2 2026 4F 4 L LAFETCE
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(progression-free survival , PFS) & . BALF (overall
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1.4 SGitFEE

I FH SPSS 27.0 GE it 8AF 43 B, B B R R
JBIE (EAH) [0 (%) ], APKRR, S
WEL<S B, SRS IE X K 56, Y HLE A E0CH 0 i
K JH Fisher # VI #E K % 5 FH Kolmogorov-Smirnov £ %
THERHE R AIES S, P>0.05 B A5 & 1IE A5
fi, BB+ b2 (x+s) Fom, AR
ENEE AL A N Sl D SR VA G L 5 R A [T X
[M (IQR) 137/~ , F Mann-Whitney UK 56 . % A
Kaplan-Meier 1 22 il %5 20 PFS f#h £k & OS #h £k, 41 8]
He A IR 48R FH Log-rank A5 5 o LA P<0.05 1y 22 5
At L RS SRR b, A
ASO(LAEE K F . PFS K 0S) A & 1 M 4> #r
(intention-to-treat, ITT) J& N, B 4 & B HLA 4H 19
1226 CHHAL . BRA L4561 61]) B0 A543 Bl 4l
SyME s 10 B 2 U R i O 4 )R R ) £ B 4 AR ik
(LIS . . M AR . IR, R
I CA19-9 R4 5 Ry Bt AR 1, 4 #b 5 4% Rubin 1
WA, Fambl T & Sk E” 4

W R AT W i 1 DO BB AR o3 A o I ] R R AR ROR
JH Kaplan-Meier 1% , 2% U7 & T AR W R U7 H B % .
AR BR J5 I 4R bR AL e m AR AR (R U R
ETARGH VBB ), DA EITE%E (per-protocol
set, PPS, n=112) 1EZEE0HT

2 & R

21 E&HEH

Bifl 17 39 [] 5 LA R A 2 & 5 0 ER A AR T
RAUTHRYI N 8.20% , I 2445 56 1] B 52 ) Bt 15 - 40
A PPS A3 HT o ITT 4035 430 122 BIBEHL A 4 iR #
P 2H %% 61 5l ; PPS B A 4% 112 191 58 i B U5 A& &,
W4 45 56 19 . PPS A3 M W7, AL & PR . 4R
W BMI, A IFEE . FREAL . PR B . MR
& . B Y1 HE Child-Pugh 43 9% & A Hif CEA . CA19-9 /K
PAERLERLE, ZRYTLGEITFEL (HPps
0.05), HAAME (F1).

®1 WMARLABILE

Table 1 Comparison of baseline characteristics between the two groups

ekl HHLAL (n=56) A4 (n=56) X/ P
He5ln(%)]
% 31(55.36) 34(60.71)
0.330 0.566
& 25(44.64) 22(39.29)
AR (%) 58.32+9.45 59.14+8.76 0.476 0.635
BMI(kg/m?,x + s) 24.11+3.85 23.95+3.42 0.233 0.817
BIFEIE(%)] 11(19.64) 8(14.29) 0.570 0.450
k[ (%)) 17(30.36) 14(25.00) 0.401 0.526
JihJeg A B[ (% )]
ZEF 24(42.86) 26(46.43)
0.145 0.704
FiliF 32(57.14) 30(53.57)
il AR (em, % + ) 3.85+1.42 3.92+1.35 0.267 0.790
BT EhEE Child-Pugh 73%%[n(%)]
A 43(76.79) 47(83.93)
0.905 0.341
B 13(23.21) 9(16.07)
AR CEA (ng/mL,x + 5) 5.32+1.15 5.68+1.61 1.362 0.176
AHTCA19-9(U/mL, % + ) 85.64+21.32 90.02+18.54 1.160 0.249

2.2 ARHIEFRILE

i S5 T 1 I N 1l
AL, A R IME T A, 2RYE 50
S (¥ P<0.05) 5 BT AR a) K b 5 T I R
b, ZRHLLGEITHEX (B P005). 5%
FUAAH L, BRA A v DI BR AT & % . ke gh

THH B RN R VIR R A m, kL 45 A B2
MIAMEMESE BRI KL, ZRHAESITTFEX
(¥ P<0.05) . BLAh, BEA LB 8 B TL AL L,
WKL, AR ERASEITFE L (P=
0.010) (#£2).
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Table 2 Comparison of intraoperative variables between the two groups
Bt HHLL (n=56) A4 (n=56) iXIZ. P
T BELESE ] (min, & + 5) 35.45+9.36 28.62+7.45 4272 <0.001
FARE] (min, % + ) 245.63+65.42 265.32+70.15 1.536 0.127
AR I (mL, % £ 5) 350.25+98.44 200.15+72.41 9.192 <0.001
AR rdiiifii[n(%)] 12(21.43) 4(7.14) 4,667 0.031
T (%)] 6(10.71) 1(1.79) 2438 0.118
FRTE R (% )] 42(75.00) 54(96.43) 10.500 0.001
RS ZETE LB, MUIQR)) 7.00(5.00~10.00) 12.00(8.00~15.00) 6.734 <0.001
BHMEI ELE5E M, MUIQR) | 1.00(0~2.00) 2.00(1.00~3.00) 3.215 <0.001
WSS bR (%)] 38(67.86) 52(92.86) 11.087 0.001
R, VIER[n(%)] 44(78.57) 53(94.64) 6.235 0.013
AN TR (%)] 0(0.00) 8(14.29) — 0.010

2.3 AREEHMREIER

W A3 2 5| 30 A HA AR I I A g e 1) 249 4 F
MA, ZRHMA5%IE L (3 P0001). RiF
3d, BKAYLALT, AST K TBIL /K- #{KF % A4,
SEGATEE L (3 P<0.001) (F3).

®3 MARRBEHRERERLE (x+5)
Table3 Comparison of short-term postoperative recovery
parameters between the two groups (x + s)

sk HHLA JiiSEedl ; »
(n=56) (n=56)
SIS BRI TR] (d) 5.62+2.14 3.85£1.62  4.935 <0.001
FEBERTR] (d) 9.52+3.45 6.85+2.35  4.787 <0.001
RJE3 d ALT(U/L) 258.63+65.42 185.26+43.35 6.996 <0.001
ARJF 3 d AST(U/L) 220.45+63.36 165.32+45.41 5.292 <0.001

ARJE3dTBIL(umol/L)  32.65:8.24  24.18+7.52  5.682 <0.001

2.4 REHEE

PR S5 R T . 3 08 I8 s R e R A R
s, ZRBgitsE X (B P-0.05). ®MA
BRI R IE KRR N 19.64% (11/56) , BG4 H
536% (3/56), BKGHMTHMA, ERAL5IT¥
X (x=5.224, P=0.022) (#4),

F4 WMARBHRELRR@ (%) ]

Table 4 Comparison of postoperative complications
between the two groups [n (%)]
e AL B4
e (n=56) (n=56) X r
JiERa R/ 5(8.93) 2(3.57) 0.610 0.435
i3 2(3.57) 0(0.00) = 0.476
2 ps g 4(7.14) 1(1.79) 0.837 0.360
RRAER 11(19.64) 3(5.36) 5.224 0.022

25 RE1EMBELZREBER

PPS /3 HT 7R, RS 4 1 AR X B [ 45 52 kR
& F % M4 [3.57% (2/56) vs. 14.29% (8/56), P=
0.047]; W2 1 4F T N & & R b i B R A,
ZFWHGEIT¥E X (¥ P005) (£5). HITFMH
KA FEEE SR, i — 2D i BRI Ji 0] %o 42
AR 122 51 B HL A A A AT 40 o ITT 43 B o,
PAM VXM ESELERMGIKTH A
[4.92% (3/61) wvs. 1639% (10/61), P=0.039], ifij
P 1 AFR 9 B R R B AR5 R R g, 2R ¥
giiteEE L (¥ P>0.05), 5 PPSorAr 4 A Sk —3
(#£6).

x5 MARF1EMEELRIZELEBBERLER R (%) ]
Table 5 Comparison of 1-year tumor recurrence and

distant metastasis between the two groups [n (%)]

. B A
& (n=56) (n=56) X r
RPN 18(32.14)  10(17.86)  3.048  0.081
DI L 2553 % 8(14.29) 2(3.57)  3.953  0.047
EAbFERS 6(10.71) 4(7.14) 0439  0.508

F6 IMTMTEMARFTIFMEERRELEBBERILE
[n (%) ]
Table 6 Comparison of 1-year tumor recurrence and
distant metastasis between the two groups in the
ITT set [n (%)]

. B A
i (n=61) (n=61) X r
RPN 3 20(32.79)  11(18.03)  3.503  0.061
Xk 455 K 10(16.39)  3(4.92) 4256  0.039
EAbERS 7(11.48) 4(6.56)  0.899  0.343
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2.6 E£FEHH Giitefm L (P=0.215) (F 1), #F—4 3 B ITT R

B 7 B R R 12~36 4 H L A Bl 5 R R R
284~ H o PPS AT s, H AL AL MR A 4l g rh A
PFS 43 51 4 26 4~ H 130 4~ H , BEA 41 PFS K T3
A, Z2RA% 1% E L (P=0.037); WAL
OS 7l 27 S H 3241, A& I 2ZE R T

W $E A5 A A, B L P PRSA5 h 30 4 A
WHLAL 264 H, W4 PFS #h£k e 22 % oF 48t
R L (P=0.033) 5 P4 A7 OS 43 51 R 27 4~ H A
R2AH, oSk bR Lait¥E L (=
0.204) . ITT 73 B4R 5 PPS 43 ik — 3% .

1.0} 1.0}
0.9+ 0.9L
0.8} 0.8|
0.7} 0.7
¥ 06l ¥ o6l
* - T -
1 0.5} 4 0.5}
= 04 : = 04| 1]
B 03 j? L ) [ ——— |
0.2} —HEA4l : 0.2 —mEpAal
0.1} — REA-m L. 0.1 — HAAL-mK |
0| A oL T el
0 4 8 12 16 20 24 28 32 36 0 4 8 12 16 20 24 28 32 36
Al CF ) A G D) B
E1 FWABENEFEMZ  A: PFS; B: 0S
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