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Abstract
Background  The identification of metastatic lymph nodes is one of the most important prognostic factors in gastrointestinal 
(GI) cancers. Near-infrared fluorescence (NIRF) imaging has been successfully used in GI tumors to detect the lymphatic 
pathway and the sentinel lymph node (SLN), facilitating fluorescence image-guided surgery (FIGS) with the purpose to 
achieve a correct nodal staging. The aim of this study was to analyze the current results of NIRF SLN navigation and lym-
phography through data collected in the EURO-FIGS registry.
Methods  Prospectively collected data regarding patients and ICG-guided lymphadenectomies were analyzed. Additional 
analyses were performed to identify predictors of metastatic SLN and determinants of fluorescence positivity and nodal 
metastases outside the boundaries of standard lymphadenectomies.
Results  Overall, 188 patients were included by 18 surgeons from 10 different centers. Colorectal cancer was the most 
reported pathology (77.7%), followed by gastric (19.1%) and esophageal tumors (3.2%). ICG was injected with higher 
doses (p < 0.001) via extraparietal side (63.3%), and with higher volumes (p < 0.001) via endoluminal side (36.7%). Overall, 
NIRF SLN navigation was positive in 75.5% of all cases and 95.5% of positive SLNs were retrieved, with a metastatic rate 
of 14.7%. NIRF identification of lymph nodes outside standard lymphatic stations occurred in 52.1% of all cases, 43.8% of 
which were positive for metastatic involvement. Positive NIRF SLN identification was an independent predictor of metasta-
sis outside standard lymphatic stations (OR = 4.392, p = 0.029), while BMI independently predicted metastasis in retrieved 
SLNs (OR = 1.187, p = 0.013). Lower doses of ICG were protective against NIRF identification outside standard of care 
lymphadenectomy (OR = 0.596, p = 0.006), while higher volumes of ICG were predictive of metastatic involvement outside 
standard of care lymphadenectomy (OR = 1.597, p = 0.001).
Conclusions  SLN mapping helps identifying potentially metastatic lymph nodes outside the boundaries of standard lym-
phadenectomies. The EURO-FIGS registry is a valuable tool to share and analyze European surgeons’ practices.

Keywords  Near-infrared fluorescence imaging · Fluorescence-guided surgery · EURO-FIGS · Sentinel lymph node 
mapping · Colorectal cancer

In gastrointestinal (GI) cancers, the presence or absence of 
metastatic lymph nodes (LN) is one of the most important 

prognostic factors and potentially drives the indication for 
adjuvant treatment (chemo/radiotherapy) [1, 2].

Consequently, the appraisal of regional LN involvement 
is crucial to achieve a correct nodal staging in oncological 
GI resections.

In recent years, several analyses investigated the prognos-
tic impact of different approaches, such as sentinel lymph 
nodes (SLNs) assessment, the location of LN metastases, 
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and lymphatic mapping navigation systems, with mixed 
results.

SLNs are defined as the first lymph nodes in the lym-
phatic pathway draining a primary solid malignancy [3]. 
SLN navigation is an oncologically validated approach 
for early-stage gastric cancer in Eastern countries [4], and 
although it remains controversial in the management of 
colorectal cancer, it may improve the staging of patients 
by performing ultrastaging methods on SLNs to identify 
occult micro-metastases missed when using conventional 
histopathological examination [5–7]. The SLN identification 
can be achieved with a peritumoral injection of a dye (gener-
ally a blue dye) combined or not with gamma-ray emitting 
radiotracers. However, blue dyes cannot be easily visualized 
through adipose tissue, and the localization of radiotracers 
accumulated in the nodes with the γ-probe exposes patients 
and caregivers to ionizing radiations, requiring the involve-
ment of a nuclear medicine facility and inducing high man-
agement costs [5, 8, 9].

Additionally, nodal navigation could help to identify 
LNs outside the boundaries of regulated lymphadenectomy, 
subsequently allowing for a tailored extended lymphad-
enectomy. Near-infrared fluorescence (NIRF) with indo-
cyanine green (ICG) has emerged as an effective technique 
to identify LNs intra-operatively and consequently has been 
successfully applied in patients with various tumor types, 
including GI cancers. Although several reviews demon-
strated the high sensitivity of NIRF for lymphatic pathways 
and SNL detection [10–12], its routine use is still not sup-
ported by universally accepted and shared guidelines. More-
over, surgeons usually adopt different techniques based on 
personal experience and preference.

An international registry, collecting huge amounts of data 
from various centres, could be an important tool to analyze 
and standardise those data thus substantially contributing to 
create guidelines.

The aim of the present study group was to create a tool 
to collect high-volume data and share the experiences of 
surgeons regarding NIRF in order to facilitate collaborations 
between European surgical centers and promote scientific 
comparisons. For this reason, based on the collaboration 
between the Research Institute against Digestive Cancer 
(IRCAD, Strasbourg), the Institute of Image Guided Sur-
gery (IHU, Strasbourg) and the Technology Committee of 
the European Association for Endoscopic Surgery (EAES), 
a European registry on fluorescence image-guided sur-
gery (EURO-FIGS), funded by the Association for Cancer 
Research (ARC, France) and held in the IHU-IRCAD facili-
ties, was launched.

Currently, the registry is collecting data on the follow-
ing topics: (I) near-infrared cholangiography (preliminary 
results published in 2019 [13]), (II) bowel anastomosis per-
fusion evaluation (preliminary results published in 2020 

[14]), (III) fluorescence-based lymphography, analyzed in 
this study.

The primary aim of this study was to describe the EURO-
FIGS Registry on NIRF applied to SLN navigation, illustrate 
the current status of NIRF lymphography in GI oncological 
resections, and assess the standard practice across centers 
on FIGS.

Materials and methods

The registry

The EURO-FIGS registry (https://​www.​euro-​figs.​eu) is a 
secured online platform that primarily aims to prospectively 
collect centralized data on fluorescence guidance applica-
tions in various surgical settings. This database, which is 
accessible to members only, includes anonymized cases 
performed using FIGS. The EURO-FIGS registry, was 
approved by the University of Strasbourg and by the French 
authority protecting privacy, which reports to the French 
Data Protection Authority (CNIL: Commission Nationale de 
l’Informatique et des Libertés or “National Commission for 
Data Protection and Liberties”), under the reference num-
ber 2007309v0. Participants in the network of the principal 
investigator (MD) were invited to register their cases. Writ-
ten informed consent was obtained from all included patients 
and retrieved by the submitting Institutions. The consent 
form was drafted in English, Italian, and French but possibly 
translated into different national languages.

Study design and data collection

This is a multicenter, registry-based, observational study. 
Given the descriptive and non-interventional design of the 
EURO-FIGS registry, surgeons were encouraged to describe 
their experience and the institutional practice with FIGS. 
Moreover, as the EURO-FIGS registry aims to allow com-
parisons across practitioners, institutions, and countries, no 
standard recommendations or technical restrictions were 
fixed.

Demographics, operative details including NIRF proce-
dures, ICG-related adverse events, and pathological features 
were retrieved through a combination of multiple-choice 
and open-ended questions (Appendix A) and prospectively 
collected.

Preoperative characteristics included age, sex, BMI (kg/
m2), and country of origin of included centers. Intraoperative 
data consisted of the type of surgery (colorectal, gastric, and 
esophageal) and fluorescence imaging types of equipment. 
NIRF technique for SLN detection (even possible frozen sec-
tion) and LN mapping was assessed and performed using a 

https://www.euro-figs.eu
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peritumoral ICG bolus injection. Injection site, ICG dosing 
(mg/ml), and the IGG injected volume (ml) were retrieved.

SLN was defined as the first lymph node in the lymphatic 
pathway receiving drainage from the primary solid malig-
nancy [3]. The following variables have been considered 
and analyzed: SLN identification, retrieval, and involvement.

As positive nodes can be located beyond the borders of 
standard nodal dissections, fluorescent nodes identified out-
side the boundaries of a standard of care lymphadenectomy, 
their retrieval, and histology were evaluated.

Specialized pathologists analyzed all the specimens at 
each participant Institution. Data regarding preoperative 
imaging study or clinical stage were not collected in the 
registry.

Technology application

NIRF was performed after peritumoral injection of ICG, via 
flexible endoscopy for endoluminal submucosal administra-
tion, or via laparoscopy for extraparietal application. Dosing, 
site of ICG injection, distance between the camera and the 
target organ, fluorescence imaging equipment and all other 
procedural steps depended on surgeons’ preferences.

Statistical analysis

Continuous variables were expressed as mean with standard 
deviation (±SD) and were compared using the Student’s t 
test or the Mann-Whitney U test, as appropriate. Categorical 
variables were reported as absolute numbers and percentages 
(%) and compared using the Chi-square or Fisher's exact test, 
as appropriate. Backward stepwise logistic regression analy-
ses were performed to identify possible predictors of meta-
static lymph node identification through NIRF. The variables 
were assessed for multicollinearity and were removed from 
the model when necessary. Only statistically significant vari-
ables (p<0.05) at univariate analysis were included in the 
full multivariable model. Logistic regression analysis was 
not applied for the esophageal cancer group due to the small 
size of the population. Two-tailed p values were considered 
statistically significant when less than 0.05. All analyses 
were performed using SPSS software (IBM SPSS Statistics 
for Windows, Version 25.0 Armonk, NY: IBM Corp).

Results

Overall, 18 surgeons from 10 centers (Contributing Cent-
ers are listed in Appendix B) were involved in the study. 
The distribution per country was as follows: Italy (n = 138), 
Spain (n = 45) and Romania (n = 5). A total of 188 patients 
(103 men / 85 women) with available data on NIRF for LN 
detection were recorded in the WEB-based EURO-FIGS 

registry from July 2017 to March 2021 and included in the 
analysis. The most common surgical resection was for colo-
rectal cancer (77.7%), followed by gastric cancer (19.1%), 
and esophageal cancer (3.2%). Baseline and operative char-
acteristics of the entire population are listed in Table 1.

NIR cameras

The following NIR cameras were used: D-Light-P (Karl 
Storz, Germany, n=73), SPY (Stryker, USA, n=47), PIN-
POINT (Novadaq, Canada, n=28), Firefly (Intuitive Surgi-
cal, USA, n=23), VISERA ELITE (Olympus, Japan, n=10), 
and Artemis Spectrum® (Quest Medical Imaging BV, Neth-
erlands, n=6).

ICG injection methods, dose and volume

ICG was injected through the extraparietal side (EPS) dur-
ing laparoscopic procedures in most cases (63.3%). In 69 
patients (36.7%), however, ICG was injected through the 
endoluminal side (ELS) using endoscopy. Of note, in 9 colo-
rectal cancer cases, ICG was injected submucosally in the 
peritumoral tissue after the specimen extraction (ex vivo).

ICG dose and volume

The dose and the volume of ICG varied significantly within 
the entire population (Fig. 1). Overall, ICG doses varied 
between 0.083 mg/mL and 5 mg/mL, with a median of 1.12 
mg/mL. The mean dose of ICG was significantly higher in 
ELS procedures compared to EPS procedures (p<.001). 
By contrast, the mean volume of the fluorophore was sig-
nificantly higher via EPS injection compared to the ELS 
one (p<.001) (Fig. 2). After stratification for the surgical 
indication, ICG volume and dose significantly differed in 
colorectal surgery (all p<0.001), but were similar between 
EPS and ELS injection in both gastric and esophageal pro-
cedures. (Table 2).

NIRF SLN detection

Overall, NIRF SLN detection was achieved in 142 cases 
(75.5%) regardless of the type of the technique used, while 
it was not performed by surgeons in the remaining patients. 
Among the included cases, 52 were obtained via ELS 
(36.6%) and 90 (63.4%) via EPS injection approach. SLNs 
were retrieved in 136 (95.8%) patients and further classified 
as metastatic in 20/136 cases (14.7%). Frozen sections were 
performed in 13 cases (9.6%). None of SLNs retrieved after 
ex vivo injection in colorectal cases resulted metastatic. SLN 
detection rate with NIRF, SLN retrieval, and the number of 
positive SLN stratified according to the surgical procedure 
are reported in Table 3.
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Table 1   General data of the 
overall population

BMI: body mass index, NIR: near-infrared, ICG: indocyanine green, SD: standard deviation

Overall population
(n = 188)

Country Italy 138 (73.4%)
Spain 45 (23.9%)
Romain 5 (2.7%)

Gender Male 103 (54.8%)
Female 85 (45.2%)

Age Mean [range] 68.6 [28–91]
BMI Mean [range] 25.5 [15–45.4]
Pathology Gastric cancer 36 (19.1%)

Colorectal cancer 146 (77.7%)
Esophageal cancer 6 (3.2%)

NIR Camera models D-Light-P (Karl Storz, Germany) 73 (38.8%)
SPY (Stryker, USA) 47 (25%)
PINPOINT (Novadaq, Canada) 28 (14.9%)
Firefly (Intuitive Surgical, USA) 23 (12.2%)
VISERA ELITE (Olympus, Japan) 10 (5.3%)
Artemis Spectrum® (Quest Medical 

Imaging BV, Netherlands)
6 (3.2%)

Rubina (Karl Storz, Germany) 1 (0.5%)
Injection method Extraparietal side 119 (63.3%)

Endoluminal side 69 (36.7%)
ICG dose (mg/mL) Mean dose [range] (SD) 1.12 [0.083–5] (1.13)
ICG volume (mL) Mean volume [range] (SD) 3.45 [0.2–8] (2.18)
Sentinel lymph node Identification 142 (75.5%)

Retrieval 136 (95.8%)
Metastasis 20 (14.7%)
Frozen section 13 (9.6%)

Lymph nodes outside the boundaries of a 
standard of care lymphadenectomy

Identification 98 (52.1%)
Retrieval 96 (98%)
Metastasis 42 (43.8%)
Frozen section 8 (8.3%)

Fig. 1   Dose and volume distribution of ICG within involved centers. ICG dose (A) and volume (B) significantly differ between centers



5476	 Surgical Endoscopy (2023) 37:5472–5481

1 3

NIRF identification of lymph nodes 
beyond the planned lymphadenectomy (according 
to oncological standards)

As showed in Table 3, NIRF detected a lymphatic drainage 
located beyond the borders of standard nodal dissections in 
more than a half of patients, and 98% of the detected LNs 
were retrieved. Among these, 43.8% showed a metastatic 
involvement and the rate of frozen section was 8.3%. Fluo-
rescence visualization of such nodal stations did not differ 
between EPS and ELS ICG injection in the overall popula-
tion and also once stratified by surgical procedures. CRC 
population had higher rate of metastatic involvement after 
retrieval of fluorescent lymph nodes outside the boundaries 

of a standard of care lymphadenectomy (45.8%) when com-
pared to GC (35%), while EsC showed nodal involvement 
in 2/4 retrieved cases.

Predictors of NIRF identification of metastatic SLNs

Patients with higher BMI had higher probability to pre-
sent metastatic SLNs, as shown by univariate (OR=1.158, 
p=.008) and multivariate analysis (OR=1.187, p=.013) 
(Supplementary Table 1).

Predictors of NIRF positivity outside the boundaries 
of a standard of care lymphadenectomy

The identification of metastatic SLNs increased the risk 
of NIRF identification of lymph nodes outside the bound-
aries of a standard of care lymphadenectomy only in the 
CRC population, as shown by univariate (OR=5.500, 95% 
CI=1.152–26.266, p=.033) and multivariate (OR=6.876, 
95% CI=1.366–34.619, p=.019) regression analysis (Sup-
plementary table 2).

Predictors of nodal metastases 
outside the boundaries of a standard of care 
lymphadenectomy

Endoscopic submucosal injection of ICG for CRC was the 
best method to detect metastatic extraregional LNs, at both 
univariate (OR=11.667, 95% CI=3.044–44.717, p<.001) 

Fig. 2   Differences in ICG dose and volume between endoluminal 
side and extraparietal side injection ELS: Endoluminal side, EPS: 
Extraparietal side

Table 2   Mean dose and volume 
of ICG used

SD: standard deviation, ELS: endoluminal side, EPS: extraparietal side
P values with statistical significance are highlighted in italic

Pathology Fluorophore Injection method Mean ± SD [range] P value

Overall
(n = 188)

Dose (mg/mL) ELS (n = 69) 1.45 ± 1.54 [0.1–5]  < .001
EPS (n = 119) 0.92 ± 0.74 [0.083–5]

Volume (mL) ELS (n = 69) 2.70 ± 1.64 [0.4–6]  < .001
EPS (n = 119) 3.89 ± 2.34 [0.2–8]

Colorectal cancer
(n = 146)

Dose (mg/mL) ELS (n = 41) 1.69 ± 1.84 [0.1–5]  < .001
EPS (n = 105) 0.91 ± 0.74 [0.1–5]

Volume (mL) ELS (n = 41) 3.03 ± 2.01 [0.4–6]  < .001
EPS (n = 105) 4.1 ± 2.40 [0.2–8]

Gastric cancer
(n = 36)

Dose (mg/mL) ELS (n = 24) 0.87 ± 0.69 [0.1–2.5] .084
EPS (n = 12) 1.03 ± 0.81 [0.25–2.5]

Volume (mL) ELS (n = 24) 2.25 ± 0.66 [1–4] .137
EPS (n = 12) 2.26 ± 0.77 [1–4]

Esophageal cancer
(n = 6)

Dose (mg/mL) ELS (n = 4) 2.5 ± 0.00 .133
EPS (n = 2) 1.25 ± 0.00

Volume (mL) ELS (n = 4) 2 ± 0.00 .133
EPS (n = 2) 2.4 ± 0.00
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and multivariate (OR=11.730, 95% CI=2.065–66.618, 
p=.005) regression model (Supplementary Table 3)

ICG‑related adverse events

There were no adverse events. An intraperitoneal spillage of 
ICG occurred in 4 cases, making NIRF unapplicable.

Discussion

The appraisal of the nodal involvement is a crucial step in 
the treatment of gastrointestinal tumors, hence determining 
the potential need for (neo)adjuvant chemoradiotherapy. 
Right and precise nodal mapping and lymphadenectomy 
are mandatory, and are one of the main goals of oncologic 
surgeons. However, in spite of regulated and standardized 
lymphadenectomies, a certain rate of "node negative disease 
(NND)" patients continue to experience local recurrence 
[11, 15, 16].

Several techniques were reported to improve right nodal 
staging and subsequently reduce the local recurrence rate, 
varying from ultrastaging techniques of NND SLN(s) to 
extended lymphadenectomy outside the boundaries of a 
standard of care lymphadenectomy. However, there is no 
current consensus on the best protocol for nodal mapping 
(and staging) or lymphography [7, 11, 17, 18].

NIRF nodal mapping has been shown to allow for the 
detection of sentinel and locoregional lymph nodes in gastro-
intestinal malignancies. However, results were not compel-
ling as methods were not standardized, particularly in terms 
of dosing and timing of ICG administration [6, 11, 19–24].

In this study, we presented the results of the EURO-FIGS 
registry on SLN mapping and lymphography in GI tumors 

with the aim to share European experiences to rapidly collect 
high-volume data.

Regarding the overall population, differences were 
noted regarding the injection method, with a higher rate 
of extraparietal side vs endoluminal side injection. How-
ever, the biggest differences were observed in ICG dose 
and volume. The mean dose was higher in ELS procedures, 
while mean volume was higher in EPS procedures. These 
preliminary findings suggest that a lower concentration 
of die could be enough for lymph nodal navigation after 
EPS injection of the die. These data are in line with those 
reported in the literature [6] and confirmed in our study’s 
colorectal cancer population. In spite of this huge data 
variability, the injection method, as well as ICG dose and 
volume, do not seem to influence the identification of SLN 
via NIRF except for gastric cancer population (but only in 
the univariate analysis) (Supplementary table 1).

NIRF SLN navigation was positive in the overall popu-
lation in 75.5% of cases. In colorectal, gastric, and esoph-
ageal cancer population, the detection rate was 72.6%, 
86.1%, and 83.3%, respectively, while the lymph node 
metastatic rate was 14.7%. These rates are slightly lower 
than others reported in the literature [6, 11, 25], but still 
similar, thereby confirming the efficacy of this method, 
although with the well-known limitations of the SLN iden-
tification for malignancies [26].

The 9 cases of “ex vivo” SLN research, were added 
at the dawn of NIRF and the registry itself (July 2017). 
Ex vivo SLN fluorescence-based detection in CRC hes-
itated in a metastatic lymph nodes and was concordant 
with the final locoregional nodes status. However, the real 
potential of this technique stands in the opportunity to 
find SLN (even in an extracorporeal setting) to be further 

Table 3   Sentinel lymph node(s) and lymph node(s) outside the boundaries of standard of care lymphadenectomy navigation

CRC: colorectal cancer, GC: gastric cancer, EsC: esophageal cancer, LNs: lymph nodes, ELS: endoluminal side, EPS: extraparietal side

Sentinel lymph node(s) (%) Lymph node(s) outside the boundaries of standard of care 
lymphadenectomy (%)

Overall 
n = 142/188 
(75.5)

CRC 
n = 106/146 
(72.6)

GC n = 31/36 
(86.1)

EsC n = 5/6 
(83.3)

Overall 
n = 98/188 
(52.1)

CRC 
n = 73/146 
(50)

GC n = 21/36 
(58.3)

EsC n = 4/6 
(66.7)

ELS 52/142 (36.6) 26/106 (24.5) 22/31 (71) 4/6 (80) 41/98 (41.8) 25/73 (34.2) 13/21 (61.9) 3/4 (75)
EPS 90/142

(63.4)
80/106
(75.5)

9/31
(29)

1/6
(20)

57/98
(58.2)

48/73
(65.8)

8/21
(38.1)

1/4
(25)

Retrieved 136/142 (95.8) 101/106 (95.3) 31/31 (100) 4/5 (80) 96/98 (98) 72/73 (98.6) 20/21 (95.2) 4/4 (100)
Metastasis 

in retrieved 
LNs

20/136 (14.7) 13/101 (12.9) 4/31 (12.9) 3/4 (75) 42/96 (43.8) 33/72 (45.8) 7/20 (35) 2/4 (50)

Frozen sec-
tions

13/136 (9.6) 8/101 (7.9) 2/31 (6.5) 3/4 (75) 8/96 (8.3) 5/72 (6.9) 3/20 (1.5) 2/4 (50)
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analyzed by ultrastaging techniques to find micro-metas-
tases [7].

The factors analyzed as potential predictors of SLN NIRF 
identification showed that only the presence of metastasis 
outside the boundaries of a standard of care lymphadenec-
tomy could be considered as a predictor. Although the pres-
ence of metastasis in the identified SLN was extremely (or 
even obviously) related to SLN NIRF identification (OR 
12.547^8), it was not statistically significant and not further 
investigated.

By analyzing the factors which could affect the presence 
of metastatic LNs in the overall population, only BMI and 
the presence of metastasis outside the boundaries showed 
this relationship. Regarding the colorectal cancer population, 
the univariate analysis maintained only the NIRF identifi-
cation of LNs outside the boundaries. When considering 
the NIRF identification of LNs outside the boundaries of a 
standard of care lymphadenectomy, it resulted positive in 
about half (52.1%) of cases. This rate was slightly higher 
than with standard lymphadenectomy, as also reported by 
Kwon et al. [27]. In particular, with the use of NIRF or not, 
the NIRF group showed a significantly greater number of 
LNs retrieved (mostly outside the boundaries).

Regarding the factors which could predict NIRF positiv-
ity outside the boundaries, the univariate and multivariate 
analyses allowed to identify the mean dose of the fluoro-
phore as a predictor in the overall population. The multivari-
ate analysis also maintained the female gender and mostly 
the presence of metastatic SLN as independent predictors. 
These data were confirmed in the colorectal cancer popula-
tion only and could well suggest the lymphadenectomy to 
be extended outside the boundaries of colorectal standard 
of care lymphadenectomy when the NIRF identification is 
positive.

These findings are difficult to construe and data are lack-
ing in the literature. This correlation could be explained by 
the propensity of surgeons to perform a preoperative endo-
luminal injection in more advanced stage tumors, hence 
explaining such noteworthy data. Obviously, this could be a 
valuable starting point for future studies.

Many authors reported that significantly more LNs were 
harvested in the ICG group than the non-ICG group, even 
and especially outside the boundaries of a standard of care 
lymphadenectomy [11, 27, 28].

Villegas-Tovar performed a diagnostic test accuracy 
meta-analysis, confirming high (91%) detection rates when 
using ICG for LNs mapping in colorectal surgery, also 
reporting that the overall performance of ICG for the detec-
tion of metastatic nodes is poor [25].

The use of international registries, thanks to the big 
data collected instead of single centers studies, is evermore 
spreading in the surgical scientific researches.

Notwithstanding the interesting findings and results, this 
study and the EURO-FIGS registry have several limitations. 
First, the registry is still confined to the PI network and 
strongly limited by specific regulations in some European 
countries, subsequently hindering the proper understanding 
of the use of FIGS in Europe. Second, although the registry 
provided for three digestive tract procedures, the majority of 
cases involved colorectal procedures, according to the epi-
demiological series in Western countries. The small number 
of collected esophageal cancers (only four cases) was not 
representative at all and did not allow them to be included in 
the specific statistical analysis. Third, in its current form, the 
registry does not include data on preoperative imaging study, 
postoperative course and oncological features and follow-up, 
resulting in the inability to determine the effect of extended 
ICG-guided lymphadenectomy on postoperative outcomes 
and prolonged disease-free survival, the preclusion to find 
correlations between preoperative radiological work-up, and 
not include data on timing before and during ICG injection. 
Moreover, right colonic resections were not included in the 
registry, and differences between left colonic or rectal resec-
tions, total or subtotal gastrectomy, and type of esophagec-
tomy were not reported. These data will be implemented in 
the future versions of the registry.

The NIRF is a validated tool in the hands of surgeons, in 
order to better stage (via ultrastaging techniques) patients 
and not to leave potential metastatic LNs outside the bounda-
ries. However, it needs new validated fluorophores which 
could be targeted to specific tumoral markers. In the next 
years, the routine use of innovative techniques and software 
to improve the detection of metastatic LNs could widely 
spread. Augmented reality imaging associated with powered 
algorithms and also video software fluorescence analysis 
could well enhance the visualization of oncological resection 
planes and vascular structures and act as an in situ tumor 
identifier with greater details [29, 30].

These results could let the surgeons perform more tai-
lored surgical interventions, with the aim to reduce the 
rate of postoperative complications, and particularly the 
rate of local recurrence. These results could lead to direct 
worthwhile clinical applications and potentially provide the 
basis for a shared international consensus and European 
guidelines.

Conclusions

The EURO-FIGS fluorescence-based lymphography analysis 
pinpoints a huge disparity in terms of ICG dose, and injec-
tion methods across European centers. Notwithstanding this 
discrepancy, it has been confirmed to be a safe and valuable 
tool to perform real-time, non-ionizing, SLN mapping and to 
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identify (potentially metastatic) LNs outside the boundaries 
of regulated lymphadenectomies.

In addition, the registry could be a helpful tool to share 
experience and promote European consensus guidelines.

Appendix A: List of items registered

–	 Patient’s gender
–	 Patient’s age
–	 Patient’s BMI
–	 Diagnosis (Esophageal cancer; Gastric cancer; Colo-

Rectal cancer)
–	 Surgical Procedure (Esophageal surgery, Gastric sur-

gery, Colorectal surgery)
–	 Camera type
–	 Injection site
–	 Dose of fluorophore (mg/mL)
–	 How many mM injected?
–	 ICG dose (mg/mL)
–	 Adverse events of ICG administration?
–	 Sentinel node(S) identification?
–	 Sentinel node(S) retrieval?
–	 Was the pathology positive for metastatic sentinel 

lymph node?
–	 Did you visualize any fluorescent node(s) outside the 

boundaries of a standard of care lymphadenectomy?
–	 Did you retrieve them?
–	 Was the pathology positive for metastases in the other 

extra lymph nodes visualized?
–	 Do you have any other comment(s)?

Appendix B: Contributing centers

University Hospital Virgen del Rocio 35
AOU Policlinico Umberto I, Sapienza University of Rome 17
Department of Clinical and Experimental Sciences, Brescia 

University—Italy
36

Department of Medical and Surgical Sciences and Advanced 
Technologies “G.F. Ingrassia”—University of Catania

1

Hospital Álvaro Cunqueiro 7
Hospital Vithas Nuestra Señora de Fátima 2
IEO (European Institute of Oncology), Milan, Italy 22
Metabolic and Bariatric Surgery Center—Ponderas Acdemic 

Hospital
4

Ospedale di Fidenza, AUSL Parma, Italy 63
Ponderas Academic Hospital 1

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00464-​023-​10043-8.
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