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Abstract

Background There is a lack of comparative analyses on the use of carbon nanoparticle suspension injection (CNSI) and indo-
cyanine green (ICG) tracer technology for lymph node detection and their perioperative safety in robotic radical gastrectomy.
Methods A retrospective analysis was performed on patients who underwent robotic distal gastrectomy between November
2019 and November 2020. Patients were assigned to the CNSI group, the ICG group, or the control group. The number of
lymph nodes detected, number of lymph nodes detected at each station, number of micro lymph nodes detected, rate of lymph
node metastasis, and inoperative and postoperative recovery were compared.

Results Of the 93 patients analyzed, 34 were in the CNSI group, 27 were in the ICG group, and 32 were in the control
group. The mean number of lymph nodes retrieved in the CNSI group (48.44) was higher than that in the ICG (39.19) and
control (35.28) groups (P=0.004; P <0.001), and there was no difference between the ICG and control groups (P =0.102).
The mean number of micro lymph nodes retrieved in the CNSI group (13.24) was higher than that in the ICG (5.74) and
control (5.66) groups (P <0.001). The lymph node metastasis rates in the CNSI, ICG, and control groups were 5.03, 4.63,
and 5.93%, respectively (P> 0.05).

Conclusion The effect of CNSI on lymph node dissection and sorting was better than that of ICG, and CNSI improved the
surgical quality and reduced lymph node staging deviation to a greater extent. CNSI was better than ICG in terms of improv-
ing the number of micro lymph nodes detected.

Keywords Carbon nanosuspension - Indocyanine green - Lymph node dissection - Robotic distal gastrectomy

D2 lymph node dissection has been shown to improve sur-
vival in patients with gastric cancer [1]. Good quality control
is necessary for intraoperative D2 lymph node dissection,
and the classification of lymph nodes in postoperative speci-
mens is an important factor for the accurate pathological
staging of gastric cancer [2]. Application of the lymph node
tracer technique is an important way to improve the quality
control of intraoperative lymph node dissection and correct
postoperative lymph node staging deviation. As lymph node
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tracer, carbon nanoparticle suspension injection (CNSI) and
indocyanine green (ICG) can be applied intraoperatively and
can be used to sort lymph nodes in postoperative specimens
[3-5]. Among them, ICG, as a special fluorescent agent, can
be excited by light with a wavelength ranging from 750 to
810 nm and can emit near-infrared light with a wavelength of
approximately 840 nm [6]. When injected outside the blood
vessels, ICG binds to proteins and is found in the lymph,
where it typically reaches the nearest draining lymph node
within 15 min. After 1-2 h, ICG binds to regional lymph
nodes and is deposited into macrophages. ICG fluorescence
imaging technology is based on the above principles and
requires special imaging equipment to trace the drainage
of lymphatic vessels and lymph nodes. In addition, due to
the different uptake rates of ICG in different tissues, this
dye can effectively distinguish lymphatic tissue from gas-
tric peripheral blood vessels, fat, pancreas, and other tissues
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during surgery. [7]. Moreover, Chen QY [8] and Kwon IG
[9] have demonstrated the effectiveness and reliability of
ICG injection given to patients under gastroscopy 1 day
before surgery. CNSI is different from tattoo ink in that it
consists of carbon nanoparticles with an average diameter
of 150 nm, which ensures that these particles pass through
the lymphatic vessels rather than blood capillaries due to
their molecular size and permeability. Upon injection into
the tissues around the tumor, carbon nanoparticles are rap-
idly engulfed by macrophages. The particles then enter the
lymphatic vessels and accumulate in the lymph nodes, thus
staining them black [10]. In addition, CNSI can be observed
in vivo after approximately 3—4 months [11]. In recent years,
both CNSI and ICG have gained acceptance among surgeons
for minimally invasive procedures, such as laparoscopy and
robotic surgery [12—14], but they have different effects when
used as intraoperative lymph node/micro lymph node tracers
and for postoperative lymph node sorting.

The use of robotic systems for surgical procedures has
increased rapidly over the past 2 decades. The robot’s flex-
ible arm facilitated lymph node dissection [9]. However, an
evaluation of the two tracers used in robotic distal gastrec-
tomy has not been performed. This study therefore aimed
to compare the efficacy of these tracers in lymph node har-
vesting and their perioperative safety during robotic ICG-
guided and CNSI-guided radical gastrectomy procedures in
patients with gastric cancer. It also aimed to identify the best
lymph node tracer technology for robotic distal gastrectomy
in patients with gastric cancer.

Materials and methods
Study design and participants

Data were collected from patients who underwent robotic
distal gastrectomy at the Third Surgery Department of
the Fourth Hospital of Hebei Medical University between
November 2019 and November 2020. Patients in the CNSI
group received an endoscopic injection of CNSI 1 day before
surgery, patients in the ICG group received an endoscopic
injection of ICG 1 day before surgery, and patients in the
control group underwent surgery directly without any labe-
ling. The following general clinical data of the patients in
the three groups were analyzed: sex, age, body mass index
(BMI), tumor diameter, clinical and pathological stages,
Lauren classification, tumor location, and tumor differen-
tiation degree.

The inclusion criteria were as follows: (1) received
robotic distal gastrectomy; (2) gastric cancer was confirmed
by postoperative pathology; (3) intraoperative and postop-
erative lymph node specimens were classified by the same
group of surgeons; and (4) patients received an endoscopic
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injection of CNSI or ICG 1 day before surgery. The exclu-
sion criteria were as follows: (1) distant metastases to the
liver, lung, peritoneum, etc., found during the preoperative
examination or intraoperative exploration; (2) required pal-
liative surgical resection; (3) complications with tumors in
other parts; (4) received neoadjuvant therapy (chemotherapy,
targeted therapy, etc.) before surgery; and (5) emergency
surgery for bleeding, perforation, obstruction, etc. This study
complied with the requirements of the Declaration of Hel-
sinki, and informed consent was obtained from patients who
underwent relevant data analysis.

Experimental drugs and methods

CNSI group: CNSI (50 mg/dose) was produced by Chong-
qing Lesmei Pharmaceutical Co., Ltd.: Carbon nanoparti-
cles were marked in the endoscopy division 1 day before
surgery, and CNSI was injected submucosally at 4 points
(proximal side, distal side, and left and right sides) 0.5—1 cm
from the tumor edge under endoscopy. The test dose for each
point was approximately 0.25 ml.

ICG group: ICG (25 mg/dose) was produced by Dan-
dong Yichuang Pharmaceutical. ICG was marked in the
endoscopy division 1 day before surgery and injected sub-
mucosally at 4 points (proximal side, distal side, and left
and right sides) 0.5-1 cm from the tumor edge under endos-
copy. The test dose for each point was approximately 0.5 ml.
Both procedures were performed by a designated medical
practitioner.

Surgical quality control

All patients received D2 radical robotic distal subtotal
gastrectomy, and the retrieval of lymph nodes intraopera-
tively was performed according to the Expert Consensus
of Robotic Gastric Cancer Surgery (2015 edition) [15]. In
the ICG group, the operator changed the fluorescence mode
according to the specific conditions during the operation,
and distal subtotal gastrectomy and D2 lymph node dissec-
tion were performed at the same time. Lymph node sort-
ing was performed under direct visualization by designated
experienced physicians (Fig. 1).

Statistical analysis

Statistical analysis was performed using SPSS 20.0 soft-
ware (SPSS Inc., IBM, Armonk, NY, USA). Measure-
ment data are expressed as the mean and standard devia-
tion (X +S). The F test, T test, and analysis of variance
(ANOVA) were used for comparisons. Counting data from
each group were tested by the chi-square test, and the
Fisher’s exact probability test was used when necessary.
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’ CNSI Group

1CG Group

CNSI, Carbon nanoparticle suspension injection; ICG, Indocyanine green;

LNs, Lymph nodes.

Fig. 1 Procedures performed in the CNSI and ICG groups

Pairwise comparisons were performed with the least sig-
nificant difference (LSD)-7 test. A P value <0.05 was con-
sidered statistically significant.

Results

Ninety-three patients were included in the statistical analysis
and were divided into the CNSI group (34 patients), ICG
group (27 patients), and control group (32 patients). No sig-
nificant differences were observed in sex, age, BMI, tumor
diameter, clinical and pathological stage, Lauren classifica-
tion or tumor location among the three groups (P > 0.05),
which indicates that the baseline conditions of the three
groups were comparable (Table 1). The CNSI group under-
went CNSI tracer-guided robotic gastrectomy, the ICG group
underwent ICG tracer-guided robotic gastrectomy, and the
control group underwent conventional robotic gastrectomy.

Lymph node dissection

The mean number of lymph nodes retrieved in the
CNSI group (48.44 +13.87) was higher than that in the
ICG (39.19+8.97) and control (35.28 +9.00) groups
(F=12.387, P<0.001) (T=3.002, P=0.004/T=4.542,
P <0.001), but the ICG group was not different than the
control group in this regard (T=1.663, P=0.102).

The mean number of retrieved micro lymph nodes
in the CNSI group was 13.24 +4.45, which was signifi-
cantly higher than that in the ICG (5.74 +3.11) and control
(5.66 +3.28) groups (F=12.387, P<0.001) (T=3.002,
P=0.004/T=4.542, P<0.001), but no difference in
retrieved micro lymph nodes was observed between the
ICG and control groups (T=1.663, P=0.102) (Table 2).
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Table 1 Bas%c characteristics of CNSI (n=34) ICG (n=27) Control (n=32) F/Xz P
the three patient groups
Sex
Male 22 14 14 2.968 0.227
Female 12 13 18
Age, years 56.91+8.59 57.67+10.48 58.59+12.14 0.213 0.809
BMI 24.21+2.59 23.76 +2.91 23.52+2.85 0.525 0.593
Tumor diameter, cm 247+1.42 2.93+0.88 2.84+1.28 1.211 0.303
Clinical stage
1 11 12 12 1.056 0.901
11 15 9 13
I 8 6 7
Lauren classification
Intestinal 7 11 8 6.685 0.153
Diffuse 18 9 10
Mixed 9 7 14
Differentiation degree
Low 10 15 16 8.829 0.066
Medium 15 7 5
Low-medium 9 5 11
Tumor location
Body 5 6 7 1.702 0.790
Angle 16 12 11
Antrum 13 9 14
Pathological stage
1 8 13 10 4.814 0.307
1I 16 14
I 10 8

CNSI carbon nanoparticle suspension injection, /CG indocyanine green, BMI body mass index

Table 2 Lymph node dissection in the three patient groups

CNSI (n=34) ICG (n=27) Control (n=32) F/X2 P
Mean number of retrieved LNs 48.44+13.87 39.19+8.97 35.28+£9.00 12.387 <0.001
Mean number of retrieved micro LNs 13.24+4.45 5.74+3.11 5.66+3.28 44.564 <0.001
LN metastasis rate 5.03% (83/1647) 4.63% (49/1058) 5.93% (67/1129) 2.018 0.365

CNSI carbon nanoparticle suspension injection, /CG indocyanine green, LN(s) lymph node(s)

Lymph node metastasis

A comparison of the rate of lymph node metastasis among
the three groups indicated that the rate of lymph node
metastasis in the CNSI [5.03% (83/1647)] and ICG [4.63%
(49/1058)] groups was not significantly higher than that
in the control group [5.93% (67/1129)] regardless of the
resection method used (P> 0.05) (x2=0.231, P=0.631)
(x2=1.050, P=0.306) (x2=0.1.846, P=0.174). Moreo-
ver, the rate of stained lymph node metastasis in the CNSI
group was 5.70% (59/1035), which was not significantly dif-
ferent from that of unstained lymph nodes [3.92% (24/612)]
(x2=2.543, P=0.111) (Table 2).
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Number of detected lymph nodes at each station

The numbers of lymph nodes detected at the same lymph
node station in the CNSI and ICG groups were not higher
than those in the control group, as shown at stations 1, 4sb,
and 7 (P> 0.05). However, the numbers of lymph nodes
dissected at the same lymph node station, especially at
stations 3 ([12.21 +£5.32] vs. [7.38 +2.43]; P<0.001), 5
([1.97+0.87] vs. [1.56 +0.67]; P=0.037), 6 ([5.47 +2.50]
vs. [2.81 +1.80]; P<0.001), 8a ([1.97 +£0.90] vs.
[1.44+0.62]; P=0.007),9 ([1.85+0.89] vs. [1.41 +0.61];
P=0.022), and 12a ([1.80+1.04] vs. [1.19 +0.64];
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P =0.006), were higher in the CNSI group than in the
control group.

The numbers of lymph nodes dissected at stations 3
([9.96 +£3.31] vs. [7.38 +2.43]; P=0.001), 6 ([3.85+1.20]
vs. [2.81+£1.80]; P=0.011), and 11p ([2.00 £+ 1.30] vs.
[1.38+0.71]; P=0.023) were higher in the ICG group
than in the control group. In addition, the numbers of
lymph nodes dissected at stations 3 ([12.21+5.32] vs.
[9.96+3.31]; P=0.021),4d ([7.74 +£4.11] vs. [5.41 +£3.45];
P=0.019), 6 ([5.47+2.50] vs. [3.85+1.20]; P=0.049), and
12a ([1.80+1.04] vs. [1.224+0.42]; P=0.005) were higher
in the CNSI group than in the ICG group (Fig. 2).

Intraoperative situation

The mean operative time of the CNSI group was not sig-
nificantly different from that of the ICG and control
groups [(228.06 +30.89) min vs. (230.52+20.71) min vs.
(238.78 +£34.44) min; P=0.319]. The mean blood volume

Fig.2 No. of detected LNs at 157 10,049
each station e
P?<0.001
» P*=0.001
z 124
-
o
]
o
] 91
]
)
b
S 1
] 6 P'=0.461
z° P’=0.580 P'=0.413
c P’=0.848 P?=0.508
3 3 P3=0.834
=

loss during surgery was not significantly different among the
three groups [(37.50 +15.14) ml vs. (40.19+18.21) ml vs.
(44.69 +13.73) ml; P=0.177] (Table 3).

Postoperative situation

No significant difference was found among the three
groups of patients in terms of exhaust time after surgery
[CNSI group (1.68 £0.73) d vs. ICG group (1.89 +£0.70)
d vs. control group (1.84+0.72) d; P=0.466], feeding
time after surgery [CNSI group (4.00+2.28) d vs. t ICG
group (4.96+3.57) d vs. control group (5.16+3.80) d;
P=0.309], or duration of postoperative hospital stay [CNSI
group (7.85+3.47) d vs. ICG group (8.30+3.64) d vs. con-
trol group (8.22+3.63) d; P=0.870]. In the CNSI group,
2 cases experienced postoperative gastrointestinal bleed-
ing and 1 case experienced gastroparesis, while in the ICG
group, 1 case had postoperative gastrointestinal bleeding
and 1 case had anastomotic fistula. In the control group,

Hl CNSI
mm ICG
Control
P'=0.019 P'-0.219
P?=0.055 P2=0.344
P’=0.438 P'=0.002  p3_g 640
P?<0.001
P?=0.011
P'=0.246 P'-0.142 P'=0.494 P'=0.005
) ) P'-0.082 , )
P?=0.037 P?=0.007 P2=0.061 P*=0.006
P’=0.288 Pi=0.162 , P?=0.023 P*-0.812
P*=0.662

4sb

4d 5 6 7 8a 9 11p 12a

CNSI, Carbon nanoparticle suspension injection; ICG, Indocyanine green;

LNs, Lymph nodes.

ICNSI group compared with the ICG group;

2CNSI group compared with the Control group;

3 ICG group compared with the Control group.

Table 3 Intraoperative

- . CNSI (n=34) ICG (n=27) Control (n=32) F P
conditions of the three patient
groups Mean operative  228.06 +30.89 230.52+20.71 238.78+34.44 1.156 0.319
time, min
Mean blood loss 37.50+15.14 40.19+18.21 44.69+13.73 1.764 0.177

during surgery,
ml

CNSI carbon nanoparticle suspension injection, /CG indocyanine green
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1 case had postoperative abdominal infection and 2 cases
had anastomotic fistula. All the complications in the patients
described above resolved after conservative treatment, and
no significant differences were found among the CNSI, ICG,
and control groups in the total incidence of postoperative
complications [3 of 34 patients (8.82%) vs. 2 of 27 patients
(7.41%) vs. 3 of 32 patients (9.38%); P=0.936]. (Table 4).

Discussion

Studies have shown that the detection of more than 22 lymph
nodes can have an important impact on the survival outcome
of patients [16]. Therefore, to improve the survival rate of
patients with gastric cancer, thorough intraoperative lymph
node dissection and more standardized lymph node detection
of postoperative specimens are necessary. In addition, Pan
et al. [17] and Cianchi et al. [18] demonstrated the advan-
tages of robotic surgery in lymph node dissection during
radical gastrectomy. CNSI and ICG have been consistently
accepted and recognized as new lymph node tracer tech-
niques [9, 19]. In this study and in previous studies, CNSI
and ICG were injected submucosally one day before surgery
to produce a stabilizing effect [20, 21].

Lymph node staging has always been one of the most
controversial components of gastric cancer staging. Accord-
ing to the staging system established by the American joint
committee on cancer (AJCC) and the international union
against cancer (UICC)/general rules for gastric cancer study
(GRGCS), the pathological stage of lymph nodes in post-
operative pathology is determined according to the number
of lymph node metastases [22, 23]. Regardless of whether
lymph node metastasis is present, thorough gastric lymph
node resection is important for accurate staging, even sub-
sequent treatment selection, and improved prognosis [24].
In this study, the mean number of lymph nodes retrieved in
the CNSI group was higher than that in the ICG and control
groups. After the injection of CNSI, the number of lymph
nodes retrieved was significantly increased. Both tracers
could be used to guide intraoperative lymph node detection
and effectively avoid lymph node omission. Thus, the total
number of lymph nodes retrieved is closer to an objective

Table 4 Postoperative recovery in the three patient groups

and real state to avoid deviation in lymph node staging and
then more accurately guide treatment in the future.

However, although the ICG group was superior to the
control group in the number of lymph nodes retrieved, there
was no statistically significant difference. One study [8]
revealed the advantage of ICG in increasing the number of
lymph nodes retrieved. The reason that this was not observed
in our study may be that in our study, fluorescence laparo-
scopic postoperative lymph node dissection was not applied
to in vitro samples, so fluorescence laparoscopy for lymph
node classification is the direction of subsequent research.
Nevertheless, this method still has some disadvantages: one
is that the procedure is very cumbersome, increasing the
burden on operating room personnel, and the prolonged use
of fluorescent laparoscopy increases the wear and tear of
the instrument. The second is that in hospitals without fluo-
rescent laparoscopy, it is almost impossible to use a robotic
system to perform lymph node sorting in fluorescence imag-
ing mode, and the advantage of ICG will be greatly reduced.
In contrast, CNSI can be performed under direct vision to
obtain better lymph node classification results.

The retrieval of micro lymph nodes has always been one
of the difficulties in the lymph node classification of gas-
tric cancer [25]. In a standard D2 lymph node dissection,
if only normal or enlarged lymph nodes are detected, small
metastatic lymph nodes may be missed, even if the number
of lymph nodes dissected meets the standard. In previous
studies, statistical analysis was performed on the diameter of
lymph nodes around the stomach during radical gastrectomy,
and those with a diameter less than 2 mm were regarded
as micro lymph nodes. That study also found that CNSI
could improve the detection of micro lymph nodes [26]. We
also found that the number of micro lymph nodes detected
in the CNSI group was obviously higher than that in the
ICG and control groups, but the number in the ICG group
was not higher than that in the control group. This result
indicated that ICG did not have a beneficial effect on the
detection of micro lymph nodes, while CNSI had a greater
advantage in the detection of micro lymph nodes. Although
it remains to be confirmed whether micro lymph nodes rep-
resent more lymph node metastasis, the detection of more
micro lymph nodes will also increase the total number of
lymph nodes retrieved, which means that the N stage will

CNSI (n=34) ICG (n=27) Control (n=32) F/x2 P
Mean exhaust time after surgery, d 1.68+0.73 1.89+0.70 1.84+0.72 0.769 0.466
Mean feeding time after surgery, d 4.00+2.28 4.96+3.57 5.16+£3.80 1.189 0.309
Mean duration of postoperative hospital stay, d 7.85+3.47 8.30+3.64 8.22+3.63 0.139 0.870
Postoperative complication rate 8.82% (3/34) 7.41% (2/27) 9.38% (3/32) 0.132 0.936

CNSI carbon nanoparticle suspension injection, /CG indocyanine green
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be more accurate, effectively avoiding staging deviations.
However, no significant difference was observed in the num-
ber of metastatic lymph nodes among the three groups, and
no significant difference was found in the metastasis rate of
stained lymph nodes compared with unstained lymph nodes
in the CNSI group. This indicates that neither CNSI nor ICG
was helpful for tracing metastatic lymph nodes.

Bao et al. [27] reported that lymphatic drainage of the
stomach is much more complex than that of ectodermal
organs. Gastric lymphatic flow is multidirectional, which
results in multiple lymph nodes with skip metastasis. Most
positive nodes occur in the N1 compartment, with frequen-
cies of 79.6-85.7% based on the tumor site. Among skip
metastases, stations 7, 8a, 9, and 11p were the most common
sites. We also analyzed the numbers of detected lymph nodes
at each station. CNSI and ICG could increase the dissection
rate of lymph nodes in the N1 compartment, and CNSI could
increase the dissection rate of lymph nodes at stations 3, 4, 5,
and 6. ICG could increase the dissection rate of lymph nodes
at stations 3 and 6, but the number of lymph nodes retrieved
after CNSI was higher than that retrieved after ICG, and the
effect was more significant. CNSI could also increase the
number of retrieved lymph nodes at stations 8a, 9, and 12a
in the N2 compartment, and ICG could increase the number
of retrieved lymph nodes at station 11p; however, neither
CNSI nor ICG has obvious advantages for retrieved nodes
at stations 1, 4sb, and 7. Nonetheless, it is not difficult to
conclude that the overall effect of CNSI on the retrieval of
lymph nodes at each station is better than that of ICG. In
addition, regardless of whether CNSI or ICG was used, no
stained lymph nodes were found, which may be due to the
randomness of gastric cancer lymph node metastases or the
presence of lymphatic vessel tumor emboli in the block [27].
The tracer cannot drain at this point, and therefore, although
both can be used to guide lymph node dissection, neither
CNSI nor ICG can be relied on alone.

Trace extravasation was also found during the operation.
After the injection of ICG, the operator could still choose
either fluorescence mode or normal mode independently to
avoid the effect of the agent on the operative field. However,
CNSI can remain in the body for long periods of time, and
thus, extravasation will affect the operative field to some
extent.

However, no significant difference was seen among the
three groups of patients in terms of the operative time,
bleeding during surgery, exhaust time after surgery, feeding
time after surgery, duration of postoperative hospital stay,
or total incidence of postoperative complications, which
was consistent with relevant studies by Yan et al. [10] and
Shoji et al. [28]. Moreover, the endoscopic injection of CNSI
or ICG one day before surgery did not increase the risk of
intraoperative bleeding or affect postoperative recovery. Of
course, we need long-term follow-up results to evaluate the

long-term efficacy and whether these agents will affect the
long-term prognosis of patients.

In summary, the mechanisms and methods of CNSI and
ICG are different, but they have high application value in
robotic distal gastrectomy, and they are safe and practical. In
addition, CNSI was superior to ICG in the number of lymph
nodes and micro lymph nodes detected. Overall, CNSI was
the best lymph node tracer technique to use during robotic
distal gastrectomy in patients with gastric cancer.
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