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Abstract

Purpose Although numerous studies have highlighted the potential value of indocyanine green (ICG) imaging in lymph
node dissection of cancer surgery, its efficacy and optimal method remain to be clarified. This study aimed to investigate
how lymphatic flow observation via ICG fluorescence could contribute to colon cancer surgery.

Methods From October 2018 to March 2021, a total of 56 patients with colon cancer who underwent laparoscopic com-
plete mesocolic excision with intraoperative ICG imaging were analyzed. Lymphatic flow was examined at the following
time points following ICG injection: within 5 min, 30-60 min, and over 60 min. We also evaluated the distribution of ICG
fluorescence per each vascular pedicle.

Results Lymphatic flow was observed within 5 min following ICG injection in 6 cases (10.7%), and at 30—60 min following
ICG injection in 43 cases (76.8%). ICG-stained vascular pedicles were variable especially in hepatic flexural, transverse, and
splenic flexural colon cancer. Lymph node metastases were observed in 14 cases. Although metastatic lymph nodes were
present only in the area along the ICG-stained vascular pedicles in 12 of the 14 cases, two patients exhibited lymph node
metastasis in areas along the ICG-unstained vascular pedicles. ICG fluorescence was observed outside the standard range of
lymph node dissection in 9 cases (20.9%: 9/43). Although addition of the proposed resection areas was made in 8 of these
9 cases, there was no pathologically positive lymph node.

Conclusion Real-time ICG fluorescence imaging of lymph nodes may improve the performance of laparoscopic colon cancer
surgery, although its oncological benefit is not yet clear.

Keywords Colorectal cancer - Laparoscopic surgery - ICG fluorescence - Lymph node dissection

Introduction

Based on the concept of total mesorectal excision for rectal
cancer proposed by Heald [1], complete mesocolic excision
(CME) with central vascular ligation (CVL) was proposed
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by Hohenberger as the surgical options used in the treat-
ment for colon cancer [2]. Currently, these techniques are
widely accepted for improving oncological outcomes after
colon cancer surgery [3]. These techniques focus on en bloc
resection of the tumor, its main feeding vessels and lym-
phatics. However, in colon cancer, it is sometimes difficult
to determine the range of sufficient lymph node dissection
because of the variability of blood flow or the complexity of
lymphatic flow. In the left-sided colon, lymphatic flow may
be distributed along the path of various vessels, such as the
left branch of middle colic artery (1t-MCA), left colic artery
(LCA), and accessory middle colic artery (AccMCA) [4, 5].
Similarly, in the right-sided colon, lymphatic vessels may
flow along various vessels, including the ileocolic artery
(ICA), right colic artery (RCA), and right branch of mid-
dle colic artery (Rt-MCA) [6]. Recently, the application of
indocyanine green (ICG) fluorescence has been investigated
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as a potential method of determining the appropriate range
of lymph node dissection.

Numerous studies have discussed the relationship
between ICG fluorescence within sentinel lymph nodes and
lymph node metastasis [7-9]. Sensitivity was reported to
range widely from O to 100% [10]. Meanwhile, intraopera-
tive observation of the lymphatic flow via ICG fluorescence
has also been reported [11, 12]. To maximize the removal
of metastatic lymph nodes and minimize the leftover of
metastatic lymph nodes are critical for patients with colon
cancer. However, owing to the limited research published,
the optimal method to use for the determination of the extent
of lymph node dissection or the method’s feasibility itself
is still controversial.

The purpose of this study was to investigate the optimal
timing of fluorescence investigation after ICG injection, and
to evaluate how lymphatic flow observation via ICG fluores-
cence could contribute to colon cancer surgery.

Materials and methods
Study design and participants

This prospective study was conducted at the Kyoto Univer-
sity Hospital, Japan. From October 2018 to March 2021,
patients who underwent CME with CVL for colon cancer
were enrolled in this study, regardless of the clinical stage
or tumor site. Patients with a history of ICG or iodine aller-
gies were excluded from this study. The study protocol was
approved by the Ethics Committee of Kyoto University
(Y0001), and conformed to the Declaration of Helsinki.
Written informed consent was obtained from all of the study
participants.

Surgical procedure

After a thorough observation of the abdominal cavity and
the tumor location, injections of ICG (Diagnogreen, Dai-
ichi-Sankyo, Tokyo, Japan), consisting of 0.2—0.5 ml at a
concentration of 2.5 mg/mL, were administered into the
subserosal layer at the both proximal and distal points of
the tumor using a 27-gauge winged needle inserted into the
abdominal cavity (Online Resource 1). The dose of ICG
or the number of injection points was recorded depending
on the case. The time required for ICG injection was about
1-2 min. Afterwards, surgical procedures (i.e., complete
mesocolic excision with central ligation) were started. As
a rule, the lymphatic flow was examined at the following
time points using a near infrared camera system (1588 AIM
camera system, Stryker Japan K. K., Tokyo, Japan; infra-
red endoscopic camera system, Olympus, Tokyo, Japan;
D-Light P, Karl Storz, Tuttlingen, Germany): within 5 min

@ Springer

following ICG injection, 30—60 min following ICG injec-
tion, and over 60 min following ICG injection. Within each
time frame, ICG fluorescence was measured several times
while ensuring that there were no interruptions in the middle
of surgical procedures. The extent of intestinal resection and
lymph node dissection was based on the surgical treatment
strategy described in the guidelines of the Japanese Society
for Cancer of the Colon and Rectum [13, 14]. However, if
ICG fluorescence was observed to be outside the standard
range of lymph node dissection, the extent of resection was
changed at the discretion of the participating surgeons, based
on the tumor’s location and stage as well as the potential
risks of surgical complications.

Outcome measures

The number of patients with ICG-fluorescent lymphatic
flow and lymph node visualization was calculated based on
the multiple time points after ICG injection. In addition, for
patients with ICG fluorescence, we evaluated the distribu-
tion of ICG fluorescence per vascular pedicle. Subsequently,
patients in whom ICG fluorescence was observed outside
the standard range of lymph node dissection were examined
to determine whether these lymph nodes had been resected
or not, and their pathological results were also documented.
The harvested lymph nodes were examined for a pathologi-
cal diagnosis. After formalin fixation, metastatic foci within
the lymph node were evaluated using a cross-section with
hematoxylin and eosin-staining.

Statistical analysis

The discrete and continuous variables were described as
number and percentage and median (interquartile range).
Data were compared with Fisher’s exact test for categori-
cal variables and Wilcoxon rank sum test for continuous
variables. A P value of <0.05 was considered statistically
significant. All statistical analyses were conducted using R
version 3.6.2 software.

Results
Patient characteristics

The flow chart used for patient enrollment is shown in Fig. 1.
Of the 67 patients enrolled in the study, ICG was used in
62 patients. Since the aim of this study was to explore the
timing of ICG fluorescence observation and its availability
in laparoscopic surgery, three cases of laparotomy and one
case of endoscopic submucosal ICG injection were excluded
from this analysis. After exclusion of another two cases with
missing data, 56 patients were included in the final analysis.
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Fig. 1 A schema of the patient

flow chart Enrolled in this study (n=67)

ICG was not used due to poor general condition or severe
adhesion (n=5)

ICG was used (n=62)

v

Excluded
= Open surgery (n=3)
* Submucosal injection of ICG 1-2 days before the surgery
under colonoscopy (n=1)
* Missing data (n=2)

’ Analyzed in this study (n=56)

Patient characteristics are shown in Table 1. The tumor loca-
tions were the cecum in 10 cases (17.9%), ascending colon
in 18 cases (32.1%), hepatic flexure in 7 cases (12.5%),
transverse colon in 7 cases (12.5%), splenic flexure in 7
cases (12.5%), descending colon in 5 cases (8.9%), and sig-
moid colon in 2 cases (3.6%). The surgical procedures were
ileocecal resection in 8 cases (14.3%), right hemicolectomy
in 30 cases (53.6%), transverse colon resection in 4 cases
(7.1%), left hemicolectomy in 11 cases (19.6%), sigmoid
colon resection in 2 cases (3.6%), and subtotal colectomy in
1 case (1.8%). Based on the TNM Classification [15], there
were 20 cases (35.7%) with stage I, 18 cases (32.1%) with
stage II, 14 cases (25%) with stage III, and 4 cases (7.1%)
with stage IV.

The visualized lymphatic flow

The results of the lymphatic flow visualized via ICG fluo-
rescence at multiple time points are shown in Table 2. Lym-
phatic flow and lymph nodes could be visualized within
5 min following ICG injection in 6 cases (10.7%), and at
30—60 min following ICG injection in 43 cases (76.8%).
There was no case in which lymphatic flow and lymph nodes
could be identified only after 60 min following ICG injec-
tion. In all cases, there were no adverse events related to
ICG injection. Lymphatic flow visualized via ICG fluores-
cence was not observed in 13 cases (23.2%). In total, the
median number of total harvested lymph nodes was 29.5
[18.8—41.3]. In this cohort, the numbers of total harvested
lymph nodes and central N3 lymph nodes in the ICG-stained
group were not different from those in the ICG-unstained
group (28.0 vs. 30.0, P = 0.78; 8.0 vs. 8.0, P = 0.86,
respectively).

Distribution of ICG fluorescence with respect
to vascular pedicles

The distribution of ICG fluorescence was evaluated with
respect to vascular pedicles in relevant cases (Fig. 2). In the
cecum and ascending colon cancer (n = 20), ICG-stained
vascular pedicles were confined to ICA, RCA, and Rt-MCA.
In 13 cases (65%; 13/20), only one vascular pedicle was
ICG-stained. In the hepatic flexural colon cancer (n = 5),
ICG-stained vascular pedicles were mainly confined to RCA
and Rt-MCA, while ICG fluorescence was observed at the
region of right gastroepiploic artery (RGEA) in one case
(20%; 1/5). In the transverse colon cancer (n = 6), ICG-
stained vascular pedicles were extended to Rt-MCA, Lt-
MCA, AccMCA, and LCA. Of note, two vascular pedicles
were ICG-stained in 4 cases (67%; 4/6). In the splenic flex-
ural colon cancer (n = 5), ICG-stained vascular pedicles
were extended to Lt-MCA, AccMCA, LCA, and sigmoidal
branch. In 3 cases (60%; 3/5), two vascular pedicles were
ICG-stained. In the descending colon cancers (n = 5), ICG-
stained vascular pedicles were confined to LCA and Acc-
MCA. Although the distribution of ICG-stained vascular
pedicles essentially depended on the tumor location, there
were some variations that did not match the tumor location.
For example, in two cases, ICG fluorescence was visualized
within the It-MCA region, even in tumors on the right side of
the transverse colon. In one case, ICG fluorescence was also
visualized within the LCA region, when the tumor itself was
located at the middle part of the transverse colon.

Among the 43 cases showing ICG fluorescence, lymph
node metastasis was observed in 14 cases (32.5%). In 12
of the 14 cases, metastatic lymph nodes were present only
in the area along the ICG-stained vascular pedicles. In
contrast, two patients exhibited lymph node metastasis
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Table 1 Patient characteristics (n = 56)

Table 1 (continued)

Characteristic Values Characteristic Values
Age, year 74 (65-77) Pathological M stage
Sex MO 52 (92.9%)
Male 35 (62.5%) Ml 4 (1.1%)
Female 21 (37.5%) Pathological stage
Body mass index, kg/m? 22.6 (21.1-25.0) Stage | 20 (35.7%)
ASA-PS Stage 11 18 (32.1%)
1 21 (37.5%) Stage III 14 (25%)
2 34 (60.7%) Stage IV 4(7.1%)
3 1(1.8%) Tumor size, mm 35 (24-50)
Tumor location Histological type
Cecum 10 (17.9%) tubl 14 (25%)
Ascending colon 18 (32.1%) tub2 33 (58.9%)
Hepatic flexure 7 (12.5%) muc 5(8.9%)
Transverse colon 7 (12.5%) por 3(5.4%)
Splenic flexure 7(12.5%) Venous invasion
Descending colon 5 (8.9%) v0 37 (66.1%)
Sigmoid colon 2 (3.6%) vl 17 (30.4%)
Previous intestinal resection v2 1 (1.8%)
Yes 2 (3.6%) Lymphatic invasion
No 54 (96.4%) ly0 43 (76.7%)
Preoperative neoadjuvant chemotherapy lyl 11 (19.6%)
Yes 2 (3.6%) ly2 1(1.8%)
No 54 (96.4%) Number of total harvested lymph nodes 29.5 (18.8-41.3)
Surgical approach Number of central N3 lymph node 8(4-12)
Laparoscope 56 (100%) BMI body mass index, ASA-PS American Society of Anesthesiolo-
Surgical procedure gists physical status, /CG indocianine green
lleocecal resection 8 (14.3%) Data are described as number and percentage and median (interquar-
Right hemicolectomy 30 (53.6%) tile range [IQR])
Transverse colon resection 4 (7.1%)
Left hemicolectomy 11 (19.6%) Table 2 The results of the lymphatic flow visualized via ICG fluores-
Sigmoid colon resection 2 (3.6%) cence (n=56)
Subtotal colectomy 1(1.8%) The timing of observation after ICG injec- Values
Total ICG injection dosage (ml) tion
<05 36 (64.3%)
05< <1 14 (25.0%) Within 5 min, visualized/not visualized 6 (10.7%)/50 (89.3%)
1< 6 (10.7%) 30—60 min, visualized/not visualized 43 (76.8%)/13 (23.2%)
Leakage at ICG injection After 60 min, visualized/not visualized 43 (76.8%)/13 (23.2%)
Yes 12 (21.4%) Data are described as number and percentage
No 44 (78.6%)
Pathological T stage
T1 13 (23.2%) in areas along the ICG-unstained vascular pedicles. In
T2 10 (17.9%) the two cases, multiple lymph nodes were pathologically
T3 23 (41.1%) positive (pN1b, pN2).
T4 10 (17.9%)
Pathological N stage ICG fluorescence outside the standard range
NO 38 (67.9%) of lymph node dissection
N1 13 (23.2%)
N2 4(7.1%) Of the 43 cases showing ICG fluorescence, 9 cases (20.9%)
N3 1(1.8%)
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showed ICG fluorescence outside the standard range of
lymph node dissection (Table 3). Examples are shown in
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Fig.2 The distribution of ICG fluorescence. a ICG fluorescence per each vascular pedicle. b Number of ICG-stained vascular pedicle

Table 3 Cases with ICG fluorescence observed outside the standard range of lymph node dissection

Case Age Sex Tumor location  Surgical procedure pT pN pM Observation details Resection Pathology:
metastasis

1 74 M  Ascending colon Right hemicolectomy 1b 0 0 The region of the small bowel mesentery Yes No

2 75 M  Hepatic flexure ~ Right hemicolectomy 3 0 0  The region of 1t-MCA Yes No

3 63 M Cecum Ileocecal resection 4a 0 O The region of the root of MCA Yes No

4 56 F Hepatic flexure ~ Right hemicolectomy 0 0 The region of RGEA Yes No

5 75 M  Ascending colon Right hemicolectomy 3 0 0 The region of 1t-MCA Yes No

6 87 F Cecum Ileocecal resection 0 0 The region of RCA Yes No

7 88 F Cecum Ileocecal resection 0 0 The region of RCA Yes No

8 74 M  Transverse colon Right hemicolectomy 1b 0 0 The region of 1t-MCA Yes No

9 54 M  Ascending colon Ileocecal resection 32 0 The region of RCA Yes No

ICG indocianine green, /t-MCA left-middle colic artery, MCA middle colic artery, RGEA right gastroepiploic artery, RCA right colic arter

Fig. 3 (the region of the small bowel mesentery) and Fig. 4  events, such as vascular injury or conversion to laparotomy,
(the region of the RGEA). In 8 of these 9 cases, additions  occurred during these procedures. In all these cases, there
of the proposed resection areas were made. No adverse  was no pathologically positive lymph node.
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Small bowel
mesentery

Fig.3 Case of laparoscopic right hemicolectomy for ascending colon
cancer. Five minutes following ICG injection, the lymph flow of ICG
fluorescence was directed toward the small bowel mesentery. The

Fig.4 Case of laparoscopic
right hemicolectomy for ascend-
ing colon cancer. The region
along right gastroepiploic artery
was identified as ICG fluores-
cent. Lymph nodes in the region
along right gastroepiploic

artery were partially harvested.
a Normal light view. b ICG
fluorescence-mediated view

Discussion

Intraoperative ICG fluorescence was originally developed
to assess the quality of coronary artery bypass grafts and
sentinel lymph node navigation in breast cancer surgery [16,
17]. Currently, it is also used in various surgical fields, such
as hepatobiliary and plastic surgeries [18—20]. In colorectal
surgery, there are many studies on the use of ICG angiogra-
phy and sentinel lymph node mapping [7-9, 21-24]. Assess-
ing blood flow at the anastomotic site using ICG angiog-
raphy can reduce the rate of postoperative anastomotic
leakage [21-24]. Regarding the relationship between ICG
fluorescence within sentinel lymph nodes and lymph node
metastasis, sensitivity has been reported to range widely
from 0 to 100%, and so is still inconclusive [10].

Recently, the use of ICG in the observation of lym-
phatic flow has been recognized [11, 12]. Lymphatic flow
observation may contribute to determine the separation
line of the mesentery and to identify the central vessels to
be dissected [11, 12]. However, studies pertaining to lym-
phatic flow observation using ICG fluorescence are limited
in number. The method of ICG injection and the timing of
ICG fluorescence observation vary in published literature,
and its usefulness remains a matter of contention.

We examined the patients with ICG fluorescence visu-
alization, based on the timing of observed fluorescence. To
the best of our knowledge, previous reports on lymphatic
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Small bowel
mesentery

separation line of the mesentery was determined to include the area
of ICG fluorescence. a Normal light view. b ICG fluorescence-medi-
ated view

flow observation assessed the outcome of a single time
point observation, and this is the first study to examine
the outcome using multiple time point observations. In
this study, there was no case in which lymphatic flow and
lymph nodes could be identified only after 60 min fol-
lowing ICG injection, which suggests that an evaluation
within 30—60 min following ICG injection can provide
some information about lymphatic flow. In our study,
lymphatic flow was observed in 76.8% (43/56), consist-
ent with the frequency reported in previous studies [25,
26]. Although some studies reported the influencing fac-
tors for detection of visualized lymphatic flow [25, 26],
no apparent associated factors were identified in our study
(Online Resource 2). Technical problems, such as insuf-
ficient injection of ICG into the subserosal layer, might
have prevented the observation of lymphatic flow.

We also examined the frequency of ICG fluorescence in
each pedicle, and found that ICG-stained vascular pedicles
were variable especially in hepatic flexural, transverse, and
splenic flexural colon cancer (Fig. 2). In addition, we found
some variations that did not match the tumor location. The
ability of ICG fluorescence to detect such differences in
lymphatic flow has the potential to be an invaluable asset
for surgeons, in determining the range of sufficient lymph
node dissection. In contrast, the relationship between ICG
fluorescence accumulation and the pathological findings
of lymph nodes has been discussed in terms of obstruction
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of lymphatic vessels or lymph nodes [12]. ICG generally
binds to macrophages within the lymph nodes. Some groups
reported that the areas occupied by cancer cells within
metastatic lymph nodes emitted no fluorescence, and that
partially deformed fluorescence was observed in the nodes
where some lymphoid tissues still remained [27, 28]. In this
study, two patients exhibited lymph node metastasis in areas
along the vascular pedicles where ICG fluorescence was not
visible. Considering that both patients had multiple patho-
logically positive lymph nodes, it is possible that a bypass
due to lymphatic vessels or lymph node obstruction could
have led to this result. Therefore, even if there is no ICG
fluorescence accumulation along the vascular pedicle that is
intended to be dissected, the lymph node dissection around
that pedicle should not be omitted.

It is also unclear what the best action is when fluores-
cent lymph nodes are observed outside the standard range
of lymph node dissection. In previous reports, ICG fluores-
cence contributed to changes regarding the central vessels to
be dissected or the surgical plan itself, in about 20-30% of
patients [12, 29, 30]. In our study, lymph nodes were fluores-
cent outside the planned range of lymph node dissection in
9 (20.9%) of 43 cases with ICG fluorescence. Some studies
described that metastatic spread to the lymph node along
the RGEA was found in about 4-5% of the patients with
hepatic flexural colon cancer [2, 31, 32]. However, these
lymph nodes are outside of the mesocolic area, and clas-
sified as sites of distant metastasis (stage IV) according to
the TNM classification [15]. As a variation in the branching
pattern of the RCA, branching from the RGEA was reported
[33]. Considering our results, it is possible that there are
some cases where lymphatic flow along the colon mesentery
could be also connected to that along the RGEA. Although a
discussion on the necessity of dissection in this region is not
within the purview of this study, future research is needed
in that avenue, especially regarding ICG fluorescence. On
pathological examination, none of the eight patients in
whom the resection boundaries had been changed exhib-
ited lymph node metastasis. Although ICG fluorescence can
provide surgeons with information about lymphatic flow, a
relationship between ICG fluorescence and the lymph node
metastases remains yet to be established. Although ICG
fluorescence may be quite useful in fine adjustment of the
mesenteric dissection line, substantial expansion or change
of lymph node dissection area should be determined on a
case-by-case basis.

In this study, we investigated ICG fluorescence at multi-
ple time points following ICG injection, and prospectively
recorded the visualization for each pedicle. The potential
advantages of intraoperative ICG injection are that it elimi-
nates the need for preoperative colonoscopy several days
before surgery and allows for intraoperative decision-mak-
ing based on the differences in fluorescence at each point.

Despite this possibility, to the best of our knowledge, very
few studies have reported intraoperative laparoscopic ICG
injection, not under preoperative colonoscopy, for observing
lymphatic flow. This is the first study to consider fluores-
cence imaging observations with respect to the time course
following ICG injection. However, there are some limita-
tions in this study. First, this was an exploratory analysis of
a single cohort at a single-center, and statistical considera-
tions were difficult due to the small sample size. There was
a discrepancy between the tumor localization and staging.
Subgroup analysis might have been possible with a larger
number of cases. Second, ICG fluorescence imaging was not
quantitative; therefore, the uncertainty of detection cannot
be denied. Individual differences in the presence of RCA and
AccMCA may have influenced the results. However, we col-
lected data prospectively and also checked the collected data
via a video review (conducted by H.K and K.K). Third, long-
term outcomes are beyond the scope of this study. Further
large-scale studies with objective measurements are required
to confirm these findings.

Conclusion

In conclusion, an evaluation within 30-60 min following
ICG injection can provide surgeons with information about
lymphatic flow. ICG fluorescence may also contribute to
the determination of the appropriate separation line of the
mesentery, and the identification of the central vessels to be
dissected. A clearcut relationship between ICG fluorescence
and the lymph node metastases remains elusive, and large-
scale studies are required in the future.
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