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Safety and efficacy of indocyanine green near - infrared fluorescence imaging tracer
technology in the application of D2 lymph node dissection in da Vinci robotic gastrectomy
CHEN Xuanyu, ZHU Chen, LIN Siying, JIANG Zhiwei, DENG Zhengming’

Department of General Surgery, Affiliated Hospital of Nanjing University of Chinese Medicine , Nanjing 210029, China

[Abstract] Objective: This study aims to explore the safety and efficacy of utilizing indocyanine green near-infrared (ICG-NIR)
fluorescence imaging to guide lymph node (LN) dissection during Da Vinei robotic gastrectomy (RG). Methods: The patients who
underwent RG at the General Surgery Department of Affiliated Hospital of Nanjing University of Chinese Medicine from January
2021 to January 2024 were retrospectively analyzed. Among them, 60 patients underwent ICG fluorescence navigation - guided
lymphadenectomy (ICG group) , while 117 received conventional LN dissection (non-ICG group). Propensity score matching(1:1) was
performed to balance baseline characteristics. The number of retrieved LNs, surgical outcomes, postoperative complications, hospital
stay, and recovery data were compared between two groups. Results: After matching, each group comprised 60 patients with
comparable baseline characteristics, including age, sex, body mass index, nutritional risk screening scores, tumor diameter, tumor
location, differentiation, vascular invasion, and Lauren type (all P > 0.05). All patients completed D2 lymphadenectomy, and there
were no fluorescent LNs remaining after surgery. The ICG group had a significantly higher mean number of retrieved LNs (33.73 +

12.66) than the non-ICG group(26.15£6.31, P < 0.05). Nevertheless, there was no significant difference in the number of positive LNs
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455510 1

* 1456+ Mo BB Ok ¥ ¥ R 20254710 /4

detected by postoperative pathology between two groups[1 (0, 6)vs. 0(0, 4), P > 0.05]. The ICG group demonstrated superior LN
retrieval in both D1 and D2 regions(all P < 0.05), particularly at stations 3, 4d, 6,7, 8a, and 12a. No significant differences were found
in operalive time, intraoperative blood loss, postoperative hospital stay, complication rates, or postoperative inflammatory indicators on
day 3 (including CRP. WBC. Alb. AST/ALT) (all P > 0.05). A statistically significant difference in postoperative ventilation time was
observed between the two groups (P < 0.05) , the ventilation time in the ICG group was found to be superior to the non-1CG group.

Conclusion: ICG-NIR fluorescence imaging significantly improves the precision and completeness of LN dissection in RG without

compromising perioperative safety.
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Table 1 Injection point selection for different gastrectomy ranges

Different gastrectomy ranges

Injection point -
Proximal gastrectomy

Distal gastrectomy

Lesser curvature  First branch of the right gastric artery

Gastric angle

First branch of the right gastric artery

Gastric angle

Between the first and second gastric wall branches of the left Between the first and second gastric wall branches

gastric artery

Greater curvature Terminal gastric branch of the right gastroepiploic artery

First gastric branch of the left gastroepiploic artery

of the left gastric artery
First gastric branch of the right gastroepiploic artery
First gastric branch of the left gastroepiploic artery

Greater curvature at the fundus-body junction of the stomach ~ Midpoint between two injection sites

A: Greater curvature injection. B: Lesser curvature injection.
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Figure 1 Robotic system-assisted subplasma injection of ICG
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Figure 2 Postoperative lymph node harvesting after distal

gastrectomy
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Table 2 Comparison of basic data between two groups before and after propensity score matching

Before matching

After matching

Variable non-1CG group ICG group  t/x/Z P non-ICG group  ICG group WL P
(n=117) (n=60) 0.814 0.416 (n=60) (n=60)
Age[years, M(Pas, Pys) ] 64(54,71) 62(55,68) -0.706 0.481  64(54,70) 62(55,68)  0.297 0.767
BMI(kg/m’,x +5) 234 +3.5 238+3.5 2.995 0.084 23.6+3.7 238+3.5 -0.315 0.753
Sex[n(%) ] 0.037 0.847
Male 92(78.6) 40(66.7) 39(65.0) 40(66.7)
Female 25(21.4) 20(33.3) 0.000 1.000 21(35.0) 20(33.3)
NRS2002 score[ n(%) ] 0.000 1.000
<3 109(93.2) 56(93.3) 57(95.0) 56(93.3)
=3 8(6.8) 4(6.7) -1.457 0.145 3(5.0) 4(6.7)
Tumor diameter[ cm,M(Ps,Ps5)]  2.5(1.8,4.0)  3.0(2.1,4.0) 0.375 0.829 3.0(2.0,4.2) 3.0(2.2,4.0) -0.326 0.744
Tumor location|[ n(%) | 0.177 0.915
Upper 21(17.9) 13(21.7) 13(21.7) 13(21.7)
Middle 38(32.5) 18(30.0) 20(33.3) 18(30.0)
Lower 58(49.6) 29(48.3) 2.303 0.316 27(45.0) 29(48.3)
Differentiation[ n(%) ] 1.402 0.496
High 14(12.0) 3(5.0) 1(1.7) 3(5.0)
Middle 20(17.1) 10(16.7) 13(21.7) 10(16.7)
Low 83(70.9) 47(78.3) 0.257 0.612 46(76.7) 47(78.3)
Vascular invasion[n(%) | 0.307 0.580
Negative 69(59.0) 33(55.0) 36(60.0) 33(55.0)
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Before matching After matching
Variable non-I1CG group ICG group non-ICG group  ICG group WL P
(n=117) (n=60) (n=60) (n=60)
Positive 48(41.0) 27(45.0) 3.902 0.142 24(40.0) 27(45.0) 0.342 0.843
Lauren typing[n(%) ]
Intestinal 53(45.3) 18(30.0) 21(35.0) 18(30.0)
Diffuse 24(20.5) 15(25.0) 14(23.3) 15(25.0)
Mixed 40(34.2) 27(45.0) 25(41.7) 27(45.0)

22 WAFRIFIALE

VC I J5 7 A B0 o, 1 20 10 37 R 7 RS
i s @77 A Lg% % 7% (P> 0.05) . 1CG
HF AR W [E) A (259.5+67.2) min, I ICG 41 K
(257.5+63.9) min, % 7 L4t it 2% & X (P=0.867) »
1CG HANHEICG ZHA A H 1 & 43 51 9 50(50, 85)mlL
50050, 70)mL, Z F LG it % & X (P=0.846) . K
J5 995 B VEAG 2 B 58 1) (48.3% ) HB 3 AF AE bk B 45

R (pN1-3)o FREL N T I VIR B3
A 43 %1(35.8% ) 31 151(25.8% ) 39 f51(32.5% ) -
7491(5.8%) , P 2L 1) 55 B2 43 B 40 A1 o 2 57 (P=0.881
#£3).
23 FEMELEFERTHILE

AR 22 NIR %' AR A 2, AT oL 5 21
Hbs X8 ik R g (B 3) . R4 J@oR Tk 4S
EHLE R, 1CC A A H 2 024 MU EL 25 [P ¥ &

®3 MAFAFHLEEHILE

Table 3 Comparison of operative data between two groups after propensity score matching

Characteristic non-ICG group(n=60) ICG group(n=60) Total (n=120) A P
Operative time (min,x +s) 257.5 +63.9 259.5+67.2 258.5+65.3 -0.168 0.867
Blood loss[ mL,M(Pss, Ps) ] 50(50,70) 50(50,85) 50(50,85) -0.194 0.846
Surgical procedure[n(%)] 0.068 0.967

Proximal gastrectomy 12(20.0) 11(18.3) 23(19.2)
Distal gastrectomy 28(46.7) 28(46.7) 56(46.7)
Total gastrectomy 20(33.3) 21(35.0) 41(34.2)
Reconstruction method [ n(%) | 3.055 0.383
Esophago-gastric anastomosis 12(20.0) 11(18.3) 23(19.2)
Billroth- I 5(8.3) 1(1.7) 6(5.0)
Billroth- II 23(38.3) 27(45.0) 50(41.7)
Roux-en-Y 20(33.3) 21(35.0) 41(34.2)
pT staging[n(%) | 0.836 0.841
T1 24(40.0) 21(35.0) 45(37.5)
T2 3(5.0) 5(8.3) 8(6.7)
T3 23(38.3) 25(41.7) 48(40.0)
T4 10(16.7) 9(15.0) 19(15.8)
pN staging[n(%) ] 1.322 0.724
NO 34(56.7) 28(46.7) 62(51.7)
N1 5(8.3) 7(11.7) 12(10.0)
N2 10(16.7) 11(18.3) 21(17.5)
N3 11(18.3) 14(23.3) 25(20.8)
pTNM staging[n(%) ] 0.668 0.881
I 23(38.3) 20(33.3) 43(35.8)
I 14(23.3) 17(28.3) 31(25.8)
I 20(33.3) 19(31.7) 39(32.5)
1\ 3(5.0) 4(6.7) 7(5.8)
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A:NO.12 lymph node imaging. B: NO.6 lymph node imaging. C: NO.4sb lymph node imaging. D: NO.7 lymph node imaging.
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Figure 3 Indocyanine green near-infrared fluorescence imaging of lymph nodes
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Table 4 Comparison of the number of retrieved LNs between two groups after propensity score matching

Number of retrieved LNs

Characteristic
non-ICG group(n=60) ICG group(n=60) Total A P

Total retrieved LNs(x % s) 26.15 = 6.31 33.73 £ 12.66 29.94 + 10.66 -4.153 <0.001
Positive retrieved LNs[ M(Pss, Pss) | 1(0,6) 0(0,4) 0(0,5) -1.315 0.192
D1 retrieved LNs(x +s) 19.45 £5.05 25.8 +9.87 22.62 + 8.43 -4.438 <0.001
D2 retrieved LNs(X + 5) 6.73 +2.05 7.92 +3.24 7.32+£2.77 -2.389 0.019
Surgical procedure (x + s)

Proximal gastrectomy 25.83 +£5.72 2591 + 8.85 25.87+7.21 -0.025 0.981

Distal gastrectomy 25.43 £ 6.56 32.71 £12.20 29.07 £ 10.38 -2.783 0.008

Total gastrectomy 27.35 +6.41 39.19 + 12.89 3341 +11.77 -3.750 0.001
pT staging(x + 5)

TI 25.54 +6.83 31.48 +11.09 28.31 £9.45 -2.125 0.041

T2-3 27.04 £6.16 33.17 £ 13.29 30.32 +10.95 -2.261 0.029

T4 25.30 £ 5.66 40.89 + 12.72 32.68 +12.33 -3.387 0.006
pN staging(x £ s)

NO 25.24 + 6.55 3111 £ 11.57 27.89 £ 9.55 -2.388 0.022

N+ 27.35 +5.89 36.03 +13.29 32.14 £ 11.41 -3.318 0.002
pTNM staging(x + s)

I 25.09 = 6.37 3120+ 11.24 27.93 £9.38 -2.151 0.040

om-1 26.81 £6.26 35.00 = 13.27 31.06 = 11.22 -3.505 0.001

D1:1.2.3.4sb.4d.5.6.7;D2:8a.9.11p.11d.12a. LNs: lymph nodes.
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Figure 4 Comparison of the number of retrieved lymph nodes at each station between the two groups
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Table 5 Comparison of postoperative data between the two groups after propensity score matching

Characteristic non-ICG group(n=117) ICG group(n=60) Total (n=120) %A P

Surgical complication[n(%)] - 0.365

No 59(98.3) 55(91.7) 114(95)

Gastric emptying disorder 1(1.7) 1(1.7) 2(1.7)

Lymphatic leakage 0(0) 2(3.3) 2(1.7)

Lung infection 0(0) 1(1.7) 1(0.8)

Pulmonary embolism 0(0) 1(1.7) 1(0.8)
Clavien-Dindo[ n(%) ] - 0.238

0 59(98.3) 55(91.7) 114(95)

1 1(1.7) 3(5.0) 4(3.3)

2 0(0) 1(1.7) 1(0.8)

3 0(0) 0(0) 0(0)

4 0(0) 1(1.7) 1(0.8)
Hospital stay[d,M(Pas, Pys) ] 7(6,10) 7(6,9) 7(6,10) -0.199  0.842
Ventilation time[ h, M(Pas, Pss) ] 62(45,92) 50(43,68) 52(44,70) 2.169  0.030
CRP[mg/L,M(Pss,Pss)] 25.44(10.71,39.00) 29.14(14.81,40.30)  27.05(13.56,39.30)  -1.102  0.270
WBC[X10°/L,M(Pss, Pss) | 11.12(9.55,13.01) 11.95(9.75,14.30) 11.73(9.66,13.85) -1.320  0.187
AST/ALT[M(Pss,Ps) ] 0.93(0.81,1.16) 0.95(0.80,1.24) 0.94(0.81,1.18) 0.184  0.854
Alb(g/L,x +5) 40.02 £ 3.42 39.31 £4.29 39.66 + 3.88 1.000  0.319
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