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Background: In recent decades, the use of near-infrared light and fluores-

cence-guidance during open and laparoscopic surgery has exponentially

expanded across various clinical settings. However, tremendous variability

exists in how it is performed.

Objective: In this first published survey of international experts on fluores-

cence-guided surgery, we sought to identify areas of consensus and non-

consensus across 4 areas of practice: fundamentals; patient selection/

preparation; technical aspects; and effectiveness and safety.

Methods: A Delphi survey was conducted among 19 international experts in

fluorescence-guided surgery attending a 1-day consensus meeting in Frank-

furt, Germany on September 8th, 2019. Using mobile phones, experts were

asked to anonymously vote over 2 rounds of voting, with 70% and 80% set as a

priori thresholds for consensus and vote robustness, respectively.

Results: Experts from 5 continents reached consensus on 41 of 44 statements,

including strong consensus that near-infrared fluorescence-guided surgery is

both effective and safe across a broad variety of clinical settings, including the

localization of critical anatomical structures like vessels, detection of tumors
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and sentinel nodes, assessment of tissue perfusion and anastomotic leaks,

delineation of segmented organs, and localization of parathyroid glands.

Although the minimum and maximum safe effective dose of ICG were felt

to be 1 to 2 mg and >10 mg, respectively, there was strong consensus that

determining the optimum dose, concentration, route and timing of ICG

administration should be an ongoing research focus.

Conclusions: Although fluorescence imaging was almost unanimously per-

ceived to be both effective and safe across a broad range of clinical settings,

considerable further research remains necessary to optimize its use.

Keywords: consensus, Delphi survey, fluorescence-guided surgery,

indocyanine green

(Ann Surg 2022;275:685–691)

O ver the past few decades, with the birth and growth of mini-
mally invasive surgical techniques that utilize advanced

optoelectronic instruments, numerous different tools have been
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developed and tested to facilitate surgeons’ visualization of essential
anatomical structures in the operating room. Among these tools is
near-infrared fluorescence-guided intraoperative imaging, which is
currently being tested and used across an ever-expanding range of
clinical settings, with the 2 goals of enhancing patient outcomes and
increasing patient safety.1–5

Indocyanine green (ICG) is a fluorophore that responds to
near-infrared irradiation (NIR), absorbing light from 790 to 805 nm
and remitting it with an excitation wavelength of 835 nm.6 Pioneer-
ing research on ICG fluorescence imaging initially emerged almost
50 years ago via the introduction of applied ophthalmic angiogra-
phy.7 Roughly 3 decades later, intraoperative fluorescent imaging
made its first foray into endoscopic surgery on the liver and biliary
tree.1 Since then, the use of fluorescence imaging, and ICG in
particular, has expanded exponentially.5 This included surgery to
detect tumors and sentinel lymph nodes involving the breast,8–10

lungs,11,12 liver,13,14 colon,15 stomach,16 and pelvis17–19 to assess
tissue perfusion involving the viscera13,20–23 and in plastic surgery,
including face transplants,24–29 to identify anastomotic
leaks,13,22,30–33 and to locate small glands such as the parathyroid
glands during thyroid and parathyroid resections.34 Despite its
rapidly expanding utilization, tremendous variability exists in the
dose, concentration, and administration of ICG during fluorescence-
guided surgery, as well as in numerous other technical aspects of its
use. Questions also persist regarding whether or not it should still be
considered experimental during discussions with patients, if and
when its use should be considered contraindicated, and other issues
not yet addressed in clinical trials.

Our primary objectives with the present study were to assess
current practices with respect to the use of fluorescence imaging,
with and without ICG, and to identify areas of consensus among an
international panel of surgeons who are well-recognized and pub-
lished experts in the field of NIR ICG fluorescence guided surgery.
For these purposes, we employed a modified Delphi survey approach
to permit anonymous voting and, thereby, potentially reduce voter
bias that might be caused by peer pressure. The Delphi technique and
numerous variants of this technique have been gaining increasing
popularity and credence as a way to achieve consensus and identify
areas of nonconsensus among experts across a wide variety of health
and non–health-related fields.35
METHODS

A modified Delphi study was conducted at a consensus
meeting of the International Society for Fluorescence Guided Sur-
gery (ISFGS) in Frankfurt Germany on September 8th, 2019, in
accordance with guidelines published by Keeney et al.35

Over the summer of 2019, a general survey was sent, by email,
to all Advisory Board members of the ISFGS to enlist their assistance
generating questions and areas of interest for the upcoming survey.
Twelve of the 27 Advisory Board members responded and sent
questions and/or lists of areas of interest. From these responses, a
Delphi Round 1 survey was generated that consisted of 10 questions
pertaining to demographics and general surgical practices, and 45
questions or statements pertaining to the general use of fluorescence
imaging, with and without ICG. At the meeting, one of these 45 latter
items was dropped because, after discussion, its meaning was
deemed sufficiently unclear to render responses difficult to interpret.
The 44 remaining questions or statements to be voted upon were
divided into 4 modules: fundamentals of fluorescence imaging with
ICG (n ¼ 12 questions); patient selection and preparation (n ¼ 6);
technical aspects of fluorescence imaging and ICG use (n ¼ 8); and
indications for and effectiveness of fluorescence imaging with ICG
(n¼ 18). Of the 44 items voted upon, 29 were statements and 15 were
686 | www.annalsofsurgery.com
questions; 29 had a binary response option, of which 26 were agree
versus disagree, whereas 15 had�3 response options. All statements
and questions were pilot tested on 2 board members (F.D., R.R.) who
had not submitted questions, then edited for language by a profes-
sional English-language medical science editor with expertise in the
development and orchestration of Delphi surveys (K.W.).

To be considered an expert, each panel member had to be an
appointed Advisory Board member of the ISFGS and have extensive
experience in the performance of fluorescence-guided surgery, plus/
minus a sizeable publication record in its use, and be appointed to the
board by existing board members. All voting members also had to be
fluent in both spoken and written English and physically attend the
consensus meeting in Frankfurt for its full duration.

Voting was conducted electronically on the voters’ cell phones
or other hand-held devices, linked to the polling software Sli.do, with
statements/questions displayed on a large screen in PowerPoint.
Before voting in each round, voters were given the option of asking
questions of clarity. Voting commenced only after all questions of
clarity were answered and the moderator announced the start of
voting. From that moment, attendees had 30 seconds to vote, after
which all further voting was blocked. Only statements/questions for
which consensus was not reached were again asked in Round 2, after
which, all voting was terminated. Immediately before Round 2
voting, and on an item-by-item basis, the results of Round 1 were
displayed for all voters to see.

Based upon published guidelines,35 an a priori decision was
made to consider 70% agreement between voters to be evidence of
consensus, and 80% participation in voting on each particular
question evidence of a robust vote. To reduce the risk of agreement
bias, some statements were worded favorably and others unfavorably
toward fluorescence imaging and/or ICG.
RESULTS

Ultimately, 20 of the 27 Advisory Board members of ISFGS
attended the consensus meeting in Frankfurt. Since one of these 20
members was a nonsurgeon (K.W.), the final expert panel of voters
consisted of 19 individuals, including 7 from Europe, 6 from North
America, 4 from Asia-Pacific, and 2 from South America. Countries
represented included 6 from the United States of America (USA), 3
from Japan, 2 each from Germany and France, 2 from Argentina, and
1 each from the Netherlands, Italy, and Australia. Further character-
istics of the sample are summarized in Table 1. Note that 17 of 19 had
academic appointments, and that, although 1 expert reported having
not used ICG in the past year, he/she had extensively employed
fluorescence imaging for guidance during surgery. Among the 19
respondents, only 2 reported having ever observed an adverse
reaction to ICG, both of which were mild systemic allergic reactions.

All 19 eligible voters voted on every single item but 3
(Tables 2–5), 1 on which 18 (94.7%) voted, and 2 on which 17
(89.5%) voted, meaning that the results for all 44 items were
considered robust [�80% (n � 16) of eligible voters voting].
Consensus of at least 70% was reached for 41 (93.2%) of the 44
items, 39 in Round 1 and 2 in Round 2. The 2 items for which
consensus was reached in Round 2, after open discussion, were:
‘‘Using fluorescence technology, with or without ICG, increases,
decreases or has no effect on the overall cost of a patient’s peri- and
postoperative care’’ with which the percentage who agreed rose from
63% to 100%; and ‘‘What is the maximum safe dose of ICG:< 5 mg,
5 mg, 10 mg,> 10 mg, or other?,’’ for which the percentage selecting
‘‘>10mg’’ increased from 56.3% to 88.2%.

Statements for which consensus was reached included all 12
items in the module on fundamentals of fluorescent-guided surgery, 4
of 6 in the module on patient selection and preparation, all 8 items in
� 2020 The Author(s). Published by Wolters Kluwer Health, Inc.



TABLE 2. Module I: Fundamentals of Fluorescent Imaging With IC

Statement/Question

In general, the use of fluorescence-guidance during surgery should be considere
In general, the use of ICG during fluorescence-guided surgery should be consid
Using fluorescence technology, with or without ICG, increases, decreases or has

the overall cost of a patient’s peri- and postoperative care.
Fluorescence imaging, with and without ICG, should be part of routine surgical
In general, the use of ICG should be considered experimental.
Using fluorescence technology increases/decreases the overall risk of a patient’s

perioperative care.
In general, fluorescence-guided surgery should be considered experimental.
Using fluorescence technology appreciably increases the overall direct monetary

procedure.
Cost is a significant barrier to using near-infrared (NIR) technology.
In general, using ICG increases/decreases the overall risk of a patient’s postope
Using fluorescence technology appreciably increases the overall risk of a proced
Using ICG appreciably increases the overall direct monetary cost of a procedure

TABLE 1. Demographics and Practice Characteristics of the
Expert Panel

Characteristic n %

Total sample 19 100.0
Location of practice

Europe 7 36.8
North America 6 26.3
Asia-Pacific 4 21.1
South America 2 10.5

Type of practice
Academic 17 89.5
Nonacademic 2 10.5

Years in practice
<10 2 10.5
10–20 6 31.6
>20 11 57.9

Years performing FGS
<5 3 15.8
5–10 7 36.8
>10 9 47.4

No. of FGS procedures per month
<5 3 15.8
5–10 7 36.8
>10 9 47.4

% Of surgeries fluorescence-guided
<10% 5 26.3
10%–29% 3 15.8
30%–49% 6 31.6
�50% 5 26.3

% Of surgeries fluorescence-guided
using ICG
<10% 0 0.0
10%–50% 2 10.5
51%–99% 4 21.1
100% 12 63.2

Surgical area of expertise
Cancer 6 31.6
Colorectal 4 21.1
Endocrine 1 5.3
Hepatobiliary 4 21.1
Plastics 2 10.5
Other 2 10.5

FGS indicates fluorescence-guided surgery.

Annals of Surgery � Volume 275, Number 4, April 2022 NIR Fluorescence With ICG: Modified Delphi
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the module on technical aspects of fluorescence imaging and ICG
use, and 17 of 18 in the module on indications for and effectiveness of
fluorescence imaging with ICG. Among the 26 statements for which
experts were asked to agree or disagree, agreement was the consen-
sus vote for 20 (76.9%).

Among the 41 statements/questions on which consensus was
reached, the range of consensus was from 100% (on 10 items) to a
low of 72.2% (13/18 voters). The 10 items for which 100% consensus
was reached were: ‘‘In general, the use of fluorescence-guidance
during surgery should be considered very safe’’ (selected response¼
agree); ‘‘In general, the use of ICG during fluorescence-guided
surgery should be considered very safe’’ (agree); ‘‘Using fluores-
cence technology, with or without ICG, increases, decreases or has
no effect on the overall cost of a patient’s peri- and postoperative
care’’ (decreases); ‘‘Fluorescence imaging technology has the poten-
tial to dramatically facilitate many surgical procedures’’ (agree);
‘‘Fluorescence imaging technology has the potential to significantly
enhance patient outcomes’’ (agree); ‘‘In general, fluorescence imag-
ing is an important tool for the evaluation of tissue perfusion’’
(agree); ‘‘Over the next decade, do you see the role of fluores-
cence-guided surgery in clinical practice increasing, decreasing or
remaining the same?’’ (increasing); ‘‘Over the next decade, do you
see the role of fluorescence-guided surgery in clinical research
increasing, decreasing or remaining the same?’’ (increasing); ‘‘Fluo-
rescence imaging, with and without ICG, is useful for training
surgical residents’’ (agree); and ‘‘Fluorescence imaging, with and
without ICG, is useful for surgical quality control’’ (agree).

Consensus could not be reached for 3 items: ‘‘Patients under-
going a procedure using fluorescence technology should generally be
asked to give informed written consent,’’ a statement with which the
percentage agreeing declined from 63% to 59% from Round 1 to
Round 2; ‘‘Patients undergoing a procedure using ICG should
generally be asked to give written informed consent,’’ with which
the percentage agreeing declined from 53% to 46%; and ‘‘At what
stage of training should doctors be taught about fluorescence imag-
ing: medical school or residency?,’’ for which the percentage select-
ing medical school rose only slightly, from 47% to 55% over the
2 rounds.

DISCUSSION

When assessing the results of any Delphi survey, it is impor-
tant to appreciate that these results do not necessarily indicate truth;
what they demonstrate is the degree of consensus that can be reached
in the opinions of field experts. This said, the expert panel selected
G

# Votes Response % Consensus

d very safe. 19 Agree 100
ered very safe. 19 Agree 100

no effect on 19 Decreases 100

practice. 19 Agree 94.7
19 Disagree 94.7
19 Decreases 89.7

19 Disagree 84.2
cost of a 19 Disagree 84.2

19 Disagree 84.2
rative care. 19 Decreases 79.0
ure. 19 Disagree 77.8
. 19 Disagree 73.7

www.annalsofsurgery.com | 687



TABLE 3. Module II — Patient Selection and Preparation

Statement/question # votes Response % consensus

Prior to administering ICG, patients should be asked if they are allergic to
iodine.

19 Agree 89.5

Patients undergoing a procedure using fluorescence technology should be
provided specific preoperative information about this technology.

19 Agree 73.7

Patients undergoing a procedure using ICG should be provided specific
preoperative information about the drug.

19 Agree 73.7

What adverse reaction should be reported to clinicians and patients as the most
common?

18 All are very uncommon 72.2

Patients undergoing a procedure using fluorescence technology should generally
be asked to give informed written consent.

No consensus

Patients undergoing a procedure using ICG should generally be asked to give
written informed consent.

No consensus
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for the current survey was comprised of widely acknowledged
leaders in the field of fluorescence-guided surgery, all having pub-
lished research in the field, and 17 of 19 having academic appoint-
ments. All are highly versed in the literature currently published on
fluorescence-guided surgery and the use of ICG, and this is reflected
in their voting, particularly with respect to the effectiveness and
safety of fluorescence imaging and ICG use.

Our 19 voting experts agreed, with 84% to 100% consensus,
that fluorescence imaging ICG was useful for the visualization of
critical anatomical structures such as arteries and veins, the assess-
ment of tissue perfusion, the detection of cancerous lesions, the
localization of sentinel lymph nodes, the visualization of segmented
organs such as the lungs and liver, and the detection of small organs
such as the parathyroid glands. They also agreed, with 100%
consensus, that both fluorescence imaging and the use of ICG should
be considered very safe. Considerable published evidence exists that
agrees with this, documenting both the effectiveness and safety of
fluorescence technology and ICG across a wide range of settings and
disciplines, including several studies each documenting its useful-
ness detecting tumors and sentinel lymph nodes in patients with
breast,8–10 lung, liver,13,14 colon,15 stomach,16 and pelvic17–19 can-
cer; assessing tissue perfusion involving both viscera13,20–23 and in
plastic surgery24–29; identifying anastomotic leaks, particularly
TABLE 4. Module III — Technical Aspects of Fluorescence Imagin

Statement/Question

In general, how important is the dose of ICG that is administered: important,
not important, or depends on the situation

In general, how important is the timing of ICG administration: important, not
important, or depends on the situation?

One major research priority should be clinical trials to identify the optimum
dose and concentration of ICG administration.

One major research priority should be clinical trials to identify the optimal
timing of ICG administration.

In general, how important is the concentration of ICG that is administered:
important, not important, or depends on the situation?

In general, how important is the length of time to wait after the administration
of ICG to view the anatomy under near-infrared (NIR) light (e.g. to
visualize tissue perfusion, sentinel lymph nodes, glandular structures):
important, not important, or depends on the situation?

What is the minimum effective dose of ICG for fluorescence imaging: 1-2 mg,
3-4 mg, 5 mg, or > 5 mg?

What is the maximum safe dose of ICG: < 5mg, 5 mg, 10 mg, > 10 mg, or
other?

688 | www.annalsofsurgery.com
during gastrointestinal surgery13,22,30–32; and locating the parathy-
roid glands during thyroid and parathyroid resections, so as to avoid
inadvertent damage or resection and resultant post-operative hypo-
calcemia.34 This includes the recent publication of numerous meta-
analyses, all of which have demonstrated either superiority of ICG
relative to alternatives, or equivalence with advantages such as, cost
and ease of use.16–19,31,32,36–44 To date, however, the only published
randomized clinical trial documenting the effectiveness of fluores-
cence imaging with ICG is one which assessed its use identifying
extrahepatic biliary structures in patients undergoing laparoscopic
cholecystectomies45; in this study, which involved 639 patients
randomly assigned to undergo laparoscopic cholecystectomy either
under white light or under NIR light after peripheral ICG adminis-
tration, 7 different vital extrahepatic biliary structures, including the
cystic and common bile duct, were 2.3 to 3.6-fold as likely to be
visualized before gallbladder resection with ICG under NIR light. In
addition, there were no allergic or other serious adverse reactions to
ICG, and the only 2 instances of bile duct injury, widely considered
the most serious adverse event resulting from laparoscopic chole-
cystectomy, occurred in the white light only group.

With further respect to safety using ICG with NIR light,
several meta-analyses and larger clinical trials have assessed this
issue. This includes a recent meta-analysis evaluating its use in the
g and ICG Use

# votes Response % consensus

17 Important 94.7

19 Important 94.7

19 Agree 94.7

19 Agree 94.7

19 Important 89.5

19 Important 89.5

19 1–2 mg 89.5

17 >10 mg 88.2

� 2020 The Author(s). Published by Wolters Kluwer Health, Inc.



TABLE 5. Module IV—Indications for and Effectiveness of Fluorescence Imaging With ICG

Statement/Question # votes Response % consensus

Fluorescence imaging technology has the potential to dramatically facilitate
many surgical procedures.

19 Agree 100

Fluorescence imaging technology has the potential to significantly enhance
patient outcomes.

19 Agree 100

In general, fluorescence imaging is an important tool for the evaluation of
tissue perfusion.

19 Agree 100

Over the next decade, do you see the role of fluorescence-guided surgery in
clinical practice increasing, decreasing or remaining the same?

19 Increasing 100

Over the next decade, do you see the role of fluorescence-guided surgery in
clinical research increasing, decreasing or remaining the same?

19 Increasing 100

Fluorescence imaging, with and without ICG, is useful for training surgical
residents.

19 Agree 100

Fluorescence imaging, with and without ICG, is useful for surgical quality
control.

19 Agree 100

Fluorescence imaging technology has the potential to dramatically alter the way
that many surgical procedures are performed.

19 Agree 94.7

In general, fluorescence imaging is an important tool for the visualization of
vital anatomical structures such as arteries and veins.

19 Agree 94.7

Not just surgery residents, but residents in other medical fields should learn
about fluorescence imaging?

19 Agree 89.5

In general, fluorescence imaging is an important tool for the visualization of
cancerous lesions.

19 Agree 89.5

In general, fluorescence imaging is an important tool for the visualization of
sentinel lymph nodes.

19 Agree 89.5

In general, which of the following is more effective as a visualization tool
during surgery: ICG or a blue dye?

19 ICG 89.5

In general, fluorescence imaging is an important tool for the visualization of
segmented organs such as the liver and lungs.

19 Agree 88.9

In general, fluorescence imaging is an important tool for the visualization of
glands like the parathyroid and pituitary.

19 Agree 84.2

In general, from a patient standpoint, which of the following is less problematic
as a visualization tool during surgery: ICG or a blue dye?

19 ICG 73.7

In general, from a technical standpoint, which of the following is less
problematic as a visualization tool during surgery: ICG or a blue dye?

19 ICG 73.7

At what stage of training should doctors be taught about fluorescence imaging:
medical school or residency?

No consensus
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detection of hepatic tumors,46 in which 6 studies incorporating 587
patients were analyzed; in this study, complication rates were lower
in the fluorescence-guided versus standard white light hepatectomy
group, and no serious reactions to ICG were reported. In another
large nonrandomized study involving 847 women with clinically
node-negative breast cancer undergoing sentinel lymph node assess-
ments, again no allergic or any other serious adverse reactions to ICG
were reported.47 Similarly, no complications related to ICG were
noted in a recently published meta-analysis of 17 studies encompass-
ing 1059 patients with pelvic cancers.19 Meanwhile, in a meta-
analysis in which the use of ICG plus NIR light was compared
against white light assessing free flap perfusion post mastectomy
across 5 studies encompassing 902 patients, the overall complication
rate was statistically lower with the former.38

Among the several purposes that Delphi surveys serve is the
potential to address issues that otherwise would never be addressed,
or would be highly impractical to address, within the context of a
clinical or other experimental study. Such issues addressed in this
general survey of fluorescence-guided surgery and ICG use include
those related to patient selection and preparation. For example, the
experts surveyed agreed that patients should be preoperatively
screened for iodine or shellfish allergies before receiving ICG,
and should be provided with information specific to fluorescence
technology and ICG, but they could not agree on whether or not
fluorescence technology or ICG-specific informed written consent
should be obtained from patients. In discussion, the rationale for not
� 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
voting for written informed consent, among those who voted thus, lay
in the unanimously perceived high degree of safety associated with
both NIR light and ICG.

Another issue for which limited data exist is the issue of cost.
Among our panel, cost was not considered to be a barrier to the use of
ICG. This result is in line with the results of a recently published
survey that was conducted among 51 minimally invasive surgeons
who attended the 4th International Congress of Fluorescence-Guided
Surgery in Boca Raton, Florida in February 2017, among whom only
7% perceived cost to be a barrier to using fluorescence imaging.48 In
that same survey, however, almost two-thirds of respondents (64%)
cited access to the imaging equipment to be a barrier. Our panel also
reached consensus that fluorescence imaging, with or without ICG,
does not increase the overall direct monetary costs of procedures or
the overall perioperative costs of care. Upon discussion, the senti-
ment was widely expressed that any additional cost related to the
dose and administration of ICG was likely offset by the reduction in
procedural times and complications that arise from its use. This
sentiment is strongly supported by the one clinical trial assessing cost
that has been conducted, in which the use of NIR fluorescence
cholangiography, using ICG, was compared with radiographic
introoperative cholangiography (IOC) during laparoscopic cholecys-
tectomy (LC), with respect to that rate of successful completion of
the imaging procedure, time for completion, and cost.49 In this
prospective, comparative trial, 43 patients (22 males, 21 females)
underwent LC using both NIR fluorescence cholangiography and
www.annalsofsurgery.com | 689
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IOC, and the former was found to have a slightly higher rate of
completion, albeit, not statistically significant (43 vs 40/43; P ¼
0.08), as well as a markedly reduced time to completion (43 vs
429 seconds, P< 0.001), and vastly reduced cost ($14.10 vs $778.43,
P < 0.001).

Yet another vital, and oftentimes overlooked, purpose of
Delphi surveys is that they help to identify questions requiring
further research, particularly in areas in which consensus cannot
be reached. Our experts failed to achieve consensus for only 3
statements, pertaining to the issues of informed written consent,
for both fluorescence imaging and, specifically, ICG, and when
initial exposure to fluorescence-guided procedures should com-
mence within a physician’s training: during or after medical school.
Moreover, although there was consensus as to what should be
considered the minimal-effective and maximum safe dose of ICG
to administer, one question that asked specifically about the most
useful dose had to be eliminated because there was agreement across
the panel both that the most effective dose had not yet been deter-
mined and that the optimum dose likely varied between clinical
settings. In discussion between rounds regarding the issue of
informed consent, it was clear that the roughly 50% to 60% who
felt specific consent was needed, whether for fluorescence imaging
or ICG, felt so not because either was unsafe, but for medicolegal
reasons, and that even a single favorable randomized clinical trial for
the most common indications would almost certainly render both
consent issues moot. Moreover, in subsequent, procedure-specific
Delphi surveys that that have been conducted (not yet published),
consensus has consistently been reached that failure to obtain
informed consent, due to patient incapacity or language issues,
should not be considered an absolute contraindication to using either
fluorescence imaging or ICG.

With respect to technique, fluorescence imaging with ICG is a
relatively straight-forward process: the dye is administered, and
sometime later its presence is visualized under NIR light. Other
than enhancing the surgeon’s visualization of certain targeted ana-
tomical structures and whatever impact that has upon the surgery, it
otherwise does not alter the operation’s technical components.
Differences arise, however, in deciding on the route of ICG admin-
istration and, more often, the dose, concentration, and timing of ICG
administration. In our own meta-analysis on ICG use compared to the
use of technetium-99 lymphoscintigraphy or blue dye for the detec-
tion of sentinel lymph nodes in patients with primary cutaneous
melanoma, the dose of ICG administered ranged from 0.2 to 10 mg.50

That being said, among our panel, there was 95% consensus that both
the dose and timing of ICG administration was important, and 90%
consensus that the concentration of ICG was important. There also
was 95% consensus that current major research priorities should be to
document the most effective dose and concentration of ICG and
timing of ICG administration in each setting in which it is used.

Finally, when and which physician trainees should be taught
about fluorescence imaging was asked. Although there was consen-
sus that not only surgery residents, but residents in other medical
fields should learn about this new technology, there was no consensus
as to whether this should occur during medical school or afterwards,
even after 2 rounds of voting.

As mentioned at the outset of this discussion, the present study
has clear limitations, among them the inherent limitations of all studies
that rely on expert opinions. In no way do they replace the need for
well-designed and well-conducted clinical trials. In addition, in this
particular survey, there might be the issue of voter-selection bias, given
that all voting experts were Advisory Board members of a society that
actively promotes fluorescence-guided surgery. However, the mem-
bers of the panel were highly diverse in geographic location (spanning
five continents), years in practice, years using fluorescence imaging,
690 | www.annalsofsurgery.com
surgical specialty, and the extent to which they use fluorescence
imaging in their practice. In addition, as board members, they were
extremely well-read and published in the area of fluorescence-guided
surgery, which should be considered a strength.
CONCLUSIONS

In this survey of 19 international experts in fluorescence-
guided surgery, the use of fluorescence imaging, with or without
ICG, was considered both highly effective and very safe across a
broad range of clinical fields and settings. Further research is
necessary to optimize the dose and concentration of ICG and the
route and timing of ICG administration. Although the panel no longer
considered fluorescence imaging experimental, no consensus could
be reached as to whether or not patients should be asked to provide
written informed consent specific to its use, or when physician
trainees should first be exposed to this new technology.
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