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Abstract

Introduction Near-infrared fluorescence cholangiography (NIRF-C) is a popular application of fluorescence image-guided
surgery (FIGS). NIRF-C requires near-infrared optimized laparoscopes and the injection of a fluorophore, most frequently
Indocyanine Green (ICG), to highlight the biliary anatomy. It is investigated as a tool to increase safety during cholecystec-
tomy. The European registry on FIGS (EURO-FIGS: www.euro-figs.eu) aims to obtain a snapshot of the current practices
of FIGS across Europe. Data on NIRF-C are presented.

Methods EURO-FIGS is a secured online database which collects anonymized data on surgical procedures performed using
FIGS. Data collected for NIRF-C include gender, age, Body Mass Index (BMI), pathology, NIR device, ICG dose, ICG
timing of administration before intraoperative visualization, visualization (Y/N) of biliary structures such as the cystic duct
(CD), the common bile duct (CBD), the CD-CBD junction, the common hepatic duct (CHD), Visualization scores, adverse
reactions to ICG, operative time, and surgical complications.

Results Fifteen surgeons (12 European surgical centers) uploaded 314 cases of NIRF-C during cholecystectomy (chole-
lithiasis n =249, cholecystitis n =158, polyps n="7), using 4 different NIR devices. ICG doses (mg/kg) varied largely (mean
0.28 +£0.17, median 0.3, range: 0.02-0.62). Similarly, injection-to-visualization timing (minutes) varied largely (mean
217 £357; median 57), ranging from 1 min (direct intragallbladder injection in 2 cases) to 3120 min (n=2 cases). Visuali-
zation scores before dissection were significantly correlated, at univariate analysis, with ICG timing (all structures), ICG
dose (CD-CBD), device (CD and CD-CBD), surgeon (CD and CD-CBD), and pathology (CD and CD-CBD). BMI was not
correlated. At multivariate analysis, pathology and timing remained significant factors affecting the visualization scores of
all three structures, whereas ICG dose remained correlated with HD visualization only.

Conclusions The EURO-FIGS registry has confirmed a wide disparity in ICG dose and timing in NIRF-C. EURO-FIGS can
represent a valuable tool to promote and monitor FIGS-related educational and consensus activities in Europe.

Keywords Near-infrared fluorescence cholangiography - Fluorescence-guided surgery - Image-guided surgery - Registry

Fluorescence image-guided surgery (FIGS) defines the intra-
operative use of an optical navigation imaging modality,
which provides an enhanced visualization of metabolic pro-
cesses and/or anatomical structures [1-3]. FIGS is achieved
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by means of near-infrared (NIR) light-powered systems and
video-cameras which are able to excite, collect, and display
the fluorescence signal emitted by fluorophores which can
be endogenous tissue components or exogenous compounds
administered to the patient [4]. FIGS has raised a substan-
tial interest over the last decade. It is currently tested in a
variety of medical fields, including digestive surgery [5,
6]. Near-infrared fluorescence cholangiography (NIRF-
C) is one of the most popular and promising applications.
The objective of NIRF-C is to intraoperatively highlight
the biliary anatomy and, through such an enhancement, to
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potentially prevent bile duct injuries (BDI) [7]. The ana-
tomical enhancement is obtained with an intravenous injec-
tion of a bile-excreted fluorophore, e.g., indocyanine green
(ICG). The exposure of the operative field to an NIR light
source excites the fluorophore, which flows within the main
biliary ducts. The subsequent emission of energy produces
the fluorescence signal and allows to visualize the content
of the ducts and their anatomical profile. The main interest
of using NIR light lies in the fact that it penetrates deeper
into tissues when compared to white light. This property
should allow to better identify and document the biliary
anatomy during or even before the beginning of the surgical
dissection. NIRF-C was introduced by Ishizawa et al. in [8],
and so far several trials have been performed, as reported in
recent review articles [9-11], demonstrating that NIRF-C
can be a valid imaging tool to improve the identification of
biliary structures. Dip et al. have recently published the first
randomized multicenter clinical trial comparing the identi-
fication of the biliary anatomy with NIRF-C versus white
light only, confirming the enhanced ability of recognition of
biliary structures provided with fluorescence imaging [12].
The analysis of the literature has revealed a large disparity
in the protocols, including major differences in terms of dos-
ing and timing of administration of the ICG [11], which are
among the controllable factors affecting the performance of
NIRF-C [10]. This variability can be partly explained by the
exploratory phase and the lack of guidelines. In turn, this
impedes a proper evaluation of the technique and makes it
even more difficult to provide evidence to recommend the
introduction of NIRF-C.

A positive strategy towards a better evaluation of
NIRF-C is to ensure a uniformity of practices through
educational and dissemination activities. Bearing this
in mind, a European registry on Fluorescence Imaging
Guided Surgery (EURO-FIGS: www.euro-figs.eu) has
been created, in order to obtain a snapshot of the current
practices of NIRF-C across Europe, which could serve
as a reference point for future consensus meetings and
guidelines articles.

Additionally, we aimed to promote networking
throughout European surgical departments, share experi-
ences, and set up collaborations on FIGS-related clinical
applications.

The EURO-FIGS registry is a joint effort between the
IRCAD, the IHU-Strasbourg Institute of Image-Guided
Surgery, and the Technology Committee of the European
Association of Endoscopic Surgery (EAES). The registry
is currently collecting data on 3 applications related to
digestive surgery: (1) near-infrared cholangiography; (2)
anastomotic perfusion evaluation, and (3) fluorescence-
based lymphography. The results of a 2-year data collec-
tion on NIRF-C are presented in this manuscript.

Methods
The EURO-FIGS online platform

EURO-FIGS is a secured online database which collects
cases performed using FIGS and accessible by members
only. Data collected are completely anonymous. The creation
of the registry was approved by the University of Strasbourg
and it was communicated to the French authority protect-
ing privacy, which translates to the National Commission of
Informatics and Liberty (CNIL or Commission Nationale de
I’Informatique et des Libertés), under the Reference Number
2007309v0. The registry is endorsed by the European Asso-
ciation of Endoscopic Surgery (EAES), which is a leading
surgical society in Europe. Data collection is centralized at
IHU-Strasbourg, France.

Participants were directly contacted by the PI (MD).
Along with the invitation letter, participants received a
specific consent form to be signed by the patients whose
data would be added to the registry. The consent form was
originally prepared in English, Italian, and French. When
required, the contributors translated it into Spanish, German,
Dutch, Romanian, and Lithuanian.

The aims of the registry are multiple, including the pos-
sibility to scrutinize differences in practice across Europe,
and to collect safety and efficacy data on FIGS.

Data collected

The registry is easy to fill in and takes approximately 2 min
per case. Data collected for NIRF-C include the following:
(1) gender, (2) age, (3) Body Mass Index (BMI), (4) pathol-
ogy, (5) NIR device used, (6) ICG dose, (7) ICG timing, (8)
visualization (Y/N) of biliary structures such as cystic duct
(CD), common bile duct (CBD), the CD-CBD junction, and
common hepatic duct (CHD), (9) visualization scores, (10)
adverse reactions to ICG, (11) operative time, and (12) surgi-
cal complications. The details about the surgical technique
itself were not asked for.

Scores

A 5-point Likert scale (1 =poor, 2 =sufficient, 3 =fair,
4 =good, 5 =excellent) was used to score the quality of
visualization of biliary structures before and after dissec-
tion. Additional scores were filed regarding (1) how much
the was the fluorescence imaging perceived to be helpful in
the specific case (HELPFUL score), and (2) how much the
background fluorescence from the liver (liver-to-ducts con-
trast) was perceived to be disturbing (DISTURBED score,
the lower the better). The helpful score was built as follows
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on a 0 to 3 scale: 0=not helpful, 1 =moderately helpful
(increased intraoperative confidence), 2 = very helpful (ena-
bled safer dissection), and 3 =highly helpful (could prevent
a potential biliary injury). The disturbed score was scaled
from O to 4 as follows: 0 =absence of disturbance from liver
fluorescence background, 1 =lightly disturbed (all structures
were visible in the NIR mode), 2 =disturbed visualization,
but the CD-CBD junction was clearly visible before dissec-
tion, (3) disturbed visualization and CD-CBD junction was
only visible after dissection, (4) heavily disturbed: it was
impossible to correctly visualize biliary structures.

Statistical analysis

Statistics were performed using Graph-Pad Prism®, Version
6.07 (Graph Pad Software Inc.). A Pearson’s rho coefficient
was calculated to evaluate the correlations between image
quality score, the ICG dose and timing of ICG administra-
tion, Body Mass Index (BMI), and the pathology (cholecys-
titis/cholelithiasis). ANOVA followed by Tukey’s multiple
comparison test were used to calculate p values for continu-
ous variables. A Fisher’s exact test was used to calculate p
values for categorical variables. A multivariate analysis was
performed using the R-package (R: A language and envi-
ronment for statistical computing. R Foundation for Sta-
tistical Computing, Vienna, Austria. URL: https://www.R-
project.org/). A p value <0.05 was considered statistically
significant.

Results

Fifteen surgeons from 12 different centers uploaded their
data on fluorescence-based cholangiography (NIRF-C) on
the web-based EURO-FIGS registry, from March 2017
to January 2019. During this period, 314 patients (190
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female/124 male, mean age: 53.73 +15.51 years, mean
BMI 27.78 + 5.47 kg/m?) were included. The distribution
per country was as follows: Italy (n=198), France (n=53),
The Netherlands (n=33), Spain (n=20), Lithuania (n=9),
Switzerland (n=1).

The indication for cholecystectomy was cholelithiasis
(n=249), cholecystitis (n=158), and polyps (n=7). The fol-
lowing NIR cameras were used: (1) D-Light P (Karl Storz,
Germany, D1, n=239), (2) Firefly (Surgical Intuitive, USA,
D2, n=53), (3) SPY (Stryker, USA, D3, n=21), (4) Pin-
point (Novadaq, Canada, D4, n=1).

A single adverse event directly related to ICG adminis-
tration (self-resolving cutaneous rush) was reported. There
were no bile duct injuries.

There was a large disparity in the reported doses of ICG
which was administered (mean 0.28 +0.17 mg/kg, median
0.3 mg/kg, range from 0.02 to 0.62 mg/kg). Similarly, the
timing of the fluorophore administration before intraop-
erative visualization varied largely (mean 217 357 min;
median 57 min), ranging from 1 min (direct intragallblad-
der injection in 2 cases) to more than 2 days (3120 min, in
2 cases) (Fig. 1).

Overall visualization results of biliary structures and
related visualization scores are reported in Table 1.

At univariate linear regression, the variables that were
significantly correlated to the visualization scores of rel-
evant structures (CD, CD-CBD and HD) before dissection
were the following: (1) ICG interval timing (all structures),
(2) ICG dose (CD-CBD junction), (3) device (CD and CD-
CBD), (4) surgeon subjective scoring (CD and CD-CBD),
and (5) pathology (CD and CD-CBD) as reported in Table 2.
In case of cholecystitis, the mean dose of ICG (mg/kg)
allowing to obtain the best score (5 =excellent), before dis-
section, was 0.23+0.15,0.22+0.14, and 0.2 +0.14 for CD
, CD-CBD, and HD, respectively. There was no significant
difference between the dose given in cases of score 0 (no

Timing ICG

0 100 200 300
Patients

Fig. 1 Distribution of dose and timing of indocyanine green (ICG) administration. The graph displays the wide dispersion and inhomogeneity of

fluorophore dose and timing of fluorophore administration
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Table 1 Overall visualization results

Structure  Nb of patients  Visualization Visualization Before Visualization score Visualization Before versus
before (Y/N, %) after (Y/N, %)  versus after  before (Likert, score after (Likert, after (¢ test), p
Xz’ p mean + SD) mean + SD)
CD 314 277137, 88.21% 305/9,97.13%  <0.0001 34+1.7 44+1 <0.0001
CD-CBD 314 240/74,76.4%  272/42, 86.62% 0.0014 291+1.97 394+1.7 <0.0001
HD 258* 153/105,59.3% 179/79, 69.3% 0.02 2.5+2.19 3.09+2.16 0.0013

CD cystic duct, CBD common bile duct, HD hepatic duct, CD-CBD cystic duct-common bile duct junction, before & after before and after dis-
section. Pinpoint device was not taken into account (1 case). Likert: 1 =poor, 2 =sufficient, 3 =fair, 4 =good, 5 =excellent. X2=Chi square test
for categorical variables, ¢ test to compare Likert score before and after dissection, p <0.05 was considered statistically significant

*HD visualization was not reported for 56 cases

Table 2 Univariate analysis of the impact of the measured variables on visualization scores

Visualization score (Likert) BMI (Kg/m?) ICG DOSE (mg/kg) ICG TIMING (mins) DEVICE PATHOL- SURGEON
OGY (¢ test)

CD before 0.69 0.41 0.002 <0.0001 0.001 0.001

CD after 0.35 0.12 0.10 0.077 04 0.38
CD-CBD before 0.17 0.03 <0.0001 0.03 0.04 0.044
CD-CBD after 0.33 <0.0001 0.003 0.54 0.96 0.94

HD before 0.92 0.15 <0.0001 NA 0.08 0.12

HD after 0.20 0.63 <0.0001 NA 0.87 0.89

BMI Body Mass Index, ICG indocyanine green, CD cystic duct, CBD common bile duct, HD hepatic duct, before & after before and after dis-
section free of the Cystic Duct. Statistics: for BMI, ICG dose, ICG timing =Pearson’s correlation; for device: univariate ANOVA to estimate the
probability that devices have no impact on the visualization score [Devices: (‘D-LIGHT P (Karl Storz)’, n=238), (‘STRYKER’, n=21), (‘FIRE-
FLY (Surgical Intuitive)’, n=53); Pinpoint device was not taken into account (1 case); no cholecystitis with Firefly]. For surgeons: univariate
ANOVA to estimate the probability that surgeons have no impact on the score. Pathology (¢-test): Cholelithiasis (n =248); Cholecystitis (n=>58);

Polyps were excluded from this analysis (n="7). NA: not available. p <0.05 was considered statistically significant

visualization, 0.3 +0.17 mg/kg) and score 5 (p =0.29) for
the CD. For CD-CBD and for HD, there was a significant
difference in doses (CD-CBD score 0=0.36 +0.17 mg/kg
vs. score 5=0.22+0.14 mg/kg, p=0.005) and (HD score
0=0.393+0.134, p=0.006). Timing (minutes) condu-
cive to the best score was 998.5+ 1132, 1010+ 1128, and
1022 + 1123 for CD, CD-CBD and HD, respectively. Score
5 timing was significantly higher when compared to score
0 (no visualization) for CD (240 + 208 min, p=0.02), CD-
CBD (205 +224 min, p=0.005), and HD (212 +243 min,
p=0.001).

In case of cholelithiasis, the mean dose of ICG (mg/
kg) allowing to obtain the best score (excellent) was
0.26+0.18, 0.26 +0.175, and 0.235+0.167 for CD, CD-
CBD, and HD, respectively, before dissection. Concerning
CD-CBD visualization, the dose was significantly higher
when compared to the dose achieving score O (no visuali-
zation, 0.159+0.201 mg/kg, p=0.009), but significantly
lower when compared to the dose achieving a score of 3
(0.394 +0.17 mg/kg, p=0.04) and 4 (0.358 £0.163 mg/
kg, p=0.002). Similarly, for the visualization of HD,

the dose providing excellent visualization was signifi-
cantly lower when compared to the dose achieving score
2 (0.433+0.115 mg/kg, p=0.049), score 3 (0.4 +0.13 mg/
kg, p=0.016) and score 4 (0.321 +0.147 mg/kg, p=0.01).
Missing scores were not provided by the users. In the same
conditions, the associated mean timing (minutes) con-
ducive to the best score was 382.8 +377, 413 +379, and
484 + 379 for CD, CD-CBD, and HD, respectively. Score
5 timing was significantly higher when compared to score
0 (no visualization) for CD (61.4 +34.8 min, p=0.001),
for CD-CBD (51.976 +27.3 min, p <0.0001) and for HD
(56.4+50.1 min, p<0.0001).

BMI had no influence on visualization scores. Lower vis-
ualization quality scores in near-infrared before dissection
were reported in the case of cholecystitis for CD (2.76 +1.9
vs. 3.54+ 1.6, p=0.001) and for the CD-CBD junction
(2.43+2 vs.3+1.9, p=0.04) but not for HD (2.12+2.14
vs. 2.7+2.2, p=0.08), when compared to cholelithiasis.

Importantly, 3 surgeons (contributing with a total of 43
cases) were identified as being strong outliers and responsi-
ble for the correlation with visualization scores at univariate

@ Springer



3892

Surgical Endoscopy (2020) 34:3888-3896

analysis. When these 3 outliers were removed, the variable
“surgeon” was no longer significant. For this reason, coupled
with the fact that three additional surgeons have only pro-
vided one case each, the variable “surgeon” was not included
in the multivariate analysis. Similarly, the distribution of
cases per device was too unbalanced and no cases of chol-
ecystitis were performed with D2 (n =53 cholelithiasis,
from one center) and D4 (n =1 cholelithiasis). Additionally,
mean timing (min) was significantly different between the
devices used: D1 247.7+399 versus D2 47.7 +25.2 versus
D3 28.05+8.32 (D1 versus D2: p<0.0001, D1 versus D3:
p=0.006, D2 versus D3: p=0.001). For those reasons, the
“device” variable was also excluded from the multivariate
linear regression model which included dose, timing, and
pathology.

At multivariate linear regression, pathology and tim-
ing remained significant factors affecting the visualiza-
tion scores of all three structures, whereas the ICG dose
was significantly correlated with HD visualization only
(Table 3).

ICG guidance was considered to be highly help-
ful in 100/314 (31.84%) cases, very helpful in 101/314
(32.16%), moderately helpful in 61/314 (19.42%), and
not helpful in 52/314 (16.56%) cases (score mean value
1.8 +1.06).

Liver background fluorescence was considered to be
not disturbing in 200/314 (63.7%) cases. It was consid-
ered lightly disturbing in 44/114 (38.6%) cases, disturbing
but the CD-CBD junction was clearly visible before dis-
section in 32/114 (28.07%) cases, disturbing and the CD-
CBD junction was only visible after dissection in 32/114
(28.07%) cases, heavily disturbing and it was impossible
to correctly visualize the critical structures in 6/114 (5.3%)
cases. The mean disturbed score was 0.72+1.11 and was
not related to BMI nor to ICG dose, but significantly cor-
related to the timing of injection (Pearson’s: p =0.0005) and
strongly dependent on the device used [(D1=0.33+0.78,
D2=1.19+1.47,D3=2.28+0.74), D1 vs. D2=p <0.0001,
D1 vs. D3=p<0.0001, D2 vs. D3 =p<0.0001].

Discussion

NIRF-C can significantly enhance the visualization of the
biliary tree [12] and has the advantages of being relatively
inexpensive, radiation free, and perfectly integrated to the
surgical workflow, with virtually no extra operative time
when compared to X-ray intraoperative cholangiography
(I0C) [13].

Drawbacks of NIRF-C lie in the need to inject a fluoro-
phore, the inability to detect retained stones, and the noise
fluorescence signal from the liver. In a comparative study,
the relatively high fluorescence liver background led sur-
geons to assign a lower score to the image quality obtained
with NIRF-C, when compared to X-ray IOC [13].

As previously stated, a wide disparity in NIRF-C proto-
cols has been pointed out in review articles [9—11], particu-
larly in terms of dosing and timing of ICG administration.
The optimization of those two major controllable factors
influences the noise liver signal and the image quality and,
consequently the performances of NIRF-C. Other non-con-
trollable factors include pathology (inflammatory status)
[14], BMI [15], and sensitivity of the NIR device [16].

Data from the EURO-FIGS registry allowed to confirm
the large differences of NIRF-C practices in several Euro-
pean centers, particularly regarding the dose of ICG and the
interval timing between ICG administration and intraopera-
tive imaging, as reported in Fig. 1.

The overall binary (y/n) visualization results reported by
EURO-FIGS members (Table 1) are slightly lower but still
congruent with other published studies [9-11, 17-24]. The
significant higher rate of positive visualization (and higher
scores) after dissection is obvious and has been reported for
the sake of completeness.

The univariate analysis of EURO-FIGS data confirmed
the influence of most of the abovementioned factors (the
ICG dose and timing, the device, the pathology) on the qual-
ity of visualization. The BMI was not correlated to the visu-
alization scores. On the other hand, the surgeon, being the
score a subjective metric, was significantly correlated at the
univariate analysis. However, as reported in the results, 3

Table 3 Multivariate linear regression of the impact of the measured variables on visualization scores

Visualization score (Likert) ICG DOSE (mg/kg) ICG TIMING (mins) Cholelithiasis Cholecysti-
(n=248) tis (n=58)
CD before 0.2 <0.0001 <0.0001 <0.0001
CD-CBD before 0.71 <0.0001 <0.0001 <0.0001
CD-CBD after 0.77 0.077 0.004 <0.0001
HD before <0.0001 0.03 0.041 <0.0001
HD after <0.0001 0.10 0.02 <0.0001

ICG indocyanine green, CD cystic duct, CBD common bile duct, HD hepatic duct, before & after before and after dissection. Statistics: multi-
variate linear regression including ICG dose, ICG timing and pathology. Polyps were excluded from this analysis (n=7); Pinpoint device (D4)
was not taken into account (1 case). No cholecystitis with Firefly. p <0.05 was considered statistically significant. p <0.05 was considered statis-

tically significant
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surgeons (43 cases) were providing consistently extreme vis-
ualization scores. When these 3 outliers were removed, the
variable “surgeon” was no longer significant at the univari-
ate. Additionally, three other surgeons have only provided
one case each. The device itself plays a role in the quality
of visualization [16]. The various commercially available
systems are equipped with different light sources, includ-
ing filtered xenon lamps, laser diodes, and light-emitting
diodes (LEDs) to excite the fluorophores [25]. Those dif-
ferent technologies influence the sensitivity of the devices.
However, the distribution of the devices was unbalanced in
the EURO-FIGS registry, at this stage. For those reasons,
both variables “surgeon” and device were not included in
the multivariate model.

ICG timing was strongly correlated to the visualization
scores of all three target biliary structures, CD, CD-CBD,
and HD, as presented to EURO-FIGS users. A prolonged
time interval provided higher scores, since the fluorophore
washout reduces the fluorescence noise from the liver, as
previously reported [26].

At univariate analysis, the ICG dose was significantly
(negatively) correlated to the CD-CBD junction visualiza-
tion scores only whereas the ICG dose influence was no
longer significant for the CD-CBD junction but was signifi-
cant for HD visualization at the multivariate model. Timing
and pathology seemed to have more impact on visualization
determination.

In recent reviews of the literature, the reported ICG
doses range from 2.5 mg in a single IV administration to

Cholecystitis (CD before dissection)

Cholecystitis (CD-CBD before dissection)

0.5 mg/kg [9-11]. In a study by Zarrinpar et al., the best
biliary ducts to liver fluorescence ratio was obtained with
0.25 mg/kg of ICG, administered at least 45 min before the
images were acquired [27]. The relationship between the
visualization scoring system and the ICG dose and tim-
ing (Fig. 2) confirmed that higher scores were achieved
with prolonged time interval and with an optimal dose.
As an example, the mean dose associated with a score of
5 (excellent visualization), limited to the visualization of
the CD-CBD junction in cholelithiasis, was very close
to the findings of Zarrinpar et al. (0.26 +0.175). It was
significantly higher when compared to the dose achiev-
ing a score of 0 (no visualization, 0.159 +0.201 mg/kg,
p=0.009), but significantly lower when compared to the
one achieving a score of 3 (0.394 +0.17 mg/kg, p=0.04)
and 4 (0.358 +0.163 mg/kg, p=0.002). Concerning tim-
ing, the sweet spot seems to be much higher than the “at
least 45 min” (despite such timing is the most practical
one, meaning immediately after patient intubation). Timing
resulted in being even more relevant than the dose based
on the data and the methodology of the assessment used
in the EURO-FIGS registry, and was certainly limited by
the subjectivity of the scoring. In case of score 0, timing
was mostly found in the 50- to 60-min range (Fig. 2). In the
registry, one could find an optimal time-dose combination
(0.3 mg/kg administered approximately 6 h before intra-
operative visualization) as the converging point to obtain
a score of 5 (excellent visualization).

Cholecystitis (HD before dissection)
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Fig.2 Visualization scores in relation to dose and timing in cholecystitis and cholelithiasis. Dotted line=timing (minutes), continuous

line =dose (mg/kg). First row: cholecystitis. Second row: cholelithiasis
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However, timing presented a wide standard deviation and
more entries and/or a reasonable consensus are probably
required to reduce the disparity.

A strategy which allows to overcome the drawback of
liver noise fluorescence is to inject ICG directly into the
gallbladder [28]. This is particularly interesting in case of
cholecystitis which has been managed with percutaneous
drainage. The drain left in place can be used to inject the
dye during interval cholecystectomy. Alternatively, it is pos-
sible to simply puncture the gallbladder intraoperatively, but
there is some risk of dye spillage, which could impair the
visibility by contaminating the operative field [14]. Addi-
tionally, avoiding systemic ICG injection, intragallbladder
administration allows for a micro-dosing of the fluorophore.
The performances of direct injection were more relevant in
case of cholecystitis, which is a strong point, considering
that the presence of inflammation affects the visualization of
biliary structures negatively, as reported in the literature and
in EURO-FIGS data. This strategy was successfully applied
to two cases which were uploaded to the registry.

The EURO-FIGS registry has some limitations. First, due
to the network of the promoter and also to some specific
regulations in some European countries, the geographical
span is relatively limited and this could hinder the proper
understanding of the use of FIGS in Europe. Therefore,
extrapolating and generalizing registry data is reductive at
this stage. However, the data seem to be congruent with
the literature. Additionally, the majority of active members
are individually active in the field and, consequently, are an
appropriate and representative sample. Secondly, the data
of the two-year collection were unbalanced in terms of the
NIR devices used, which limits the possibility of testing
the device sensitivity impact on performances. With longer
data collection with diversified devices, we could expect the
registry to provide indications for a tailored device-specific
dose/timing combination. Paradoxically, at least based on a
subjective perception, it seems that a lower device sensitivity
is a positive feature for this specific application of fluores-
cence cholangiography, yielding a lower disturbance from
the background fluorescence. Thirdly, there are no compara-
tive data of patients operated on without the use of the fluo-
rescence imaging uploaded to the registry. The absence of
a comparative group is preventing us from obtaining more
robust data on the efficacy of the NIRF-C beyond the subjec-
tive perception of the users. As the surgeon has an impact
on visualization scores, the subjective nature of the scoring
systems proposed in the registry is another structural limita-
tion, which is however common to other imaging modali-
ties. It is hard to assess whether the surgeon’s scoring is
linked to his/her experience with the technology or linked to
a personal interpretation of the items proposed on a Likert
scale. Finally, there is a risk of case selection. Neverthe-
less, the registry seems to be a powerful tool to promote
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educational activities in order to homogenize the practices
and share knowledge. As per NIRF-C, a follow-up will con-
sist in a consensus activity. The registry could help monitor
the uptake of potential guidelines and also help evaluate the
impact of practice changes on technology performances. The
next sensible step is to expand the FIGS registry initiative
outside Europe in collaboration with surgical societies.

Conclusions

The EURO-FIGS registry on fluorescence-guided surgery
confirmed a wide disparity in terms of protocols for near-
infrared cholangiography, across several European surgical
centers, particularly in terms of ICG dose and timing of
administration. The registry can represent a valuable tool to
promote and monitor FIGS-related educational and consen-
sus activities in Europe.
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