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Abstract

Background Indocyanine green fluorescence vision is an upcoming technology in surgery. It can be used in three ways:
angiographic and biliary tree visualization and lymphatic spreading studies. The present paper shows the most outstand-
ing results from an health technology assessment study design, conducted on fluorescence-guided compared with standard
vision surgery.

Methods A health technology assessment approach was implemented to investigate the economic, social, ethical, and
organizational implications related to the adoption of the innovative fluorescence-guided view, with a focus on minimally
invasive approach. With the support of a multidisciplinary team, qualitative and quantitative data were collected, by means
of literature evidence, validated questionnaires and self-reported interviews, considering the dimensions resulting from the
EUnetHTA Core Model.

Results From a systematic search of literature, we retrieved the following studies: 6 on hepatic, 1 on pancreatic, 4 on bil-
iary, 2 on bariatric, 4 on endocrine, 2 on thoracic, 11 on colorectal, 7 on urology, 11 on gynecology, 2 on gastric surgery.
Fluorescence guide has shown advantages on the length of hospitalization particularly in colorectal surgery, with a reduc-
tion of the rate of leakages and re-do anastomoses, in spite of a slight increase in operating time, and is confirmed to be a
safe, efficacious, and sustainable vision technology. Clinical applications are still presenting a low evidence in the literature.
Conclusion The present paper, under the patronage of Italian Society of Endoscopic Surgery, based on an HTA approach,
sustains the use of fluorescence-guided vision in minimally invasive surgery, in the fields of general, gynecologic, urologic,
and thoracic surgery, as an efficient and economically sustainable technology.
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In the last few years, high definition systems (such as 4K,  applications such as angiography, sentinel node-guided sur-

3D vision, and robotic approaches) have raised the surgeon’s
performance, and patient’s safety, potentially decreasing the
risk of human errors [1] and biases. Recently image-guided
by indocyanine green (ICG) fluorescence has been intro-
duced in minimally invasive clinical practice [2—-5]. New
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gery, and biliary tree visualization have gained wide popu-
larity [6-10].

The fluorescence approach is detected thanks to spe-
cial cameras that are sensitive to the near-infrared (NIR)
spectrum. ICG absorbs NIR light at wavelengths of 800
to 810 nm. This fluorophore emits fluorescence at 830 nm
when bound to tissue proteins if excited, with specific wave-
length light in the NIR spectrum (w820 nm) or with a laser
beam.

Related advantages and drawbacks need to be prop-
erly addressed by a multi-dimensional approach, aimed at
assessing economic, ethical, social, legal, and organiza-
tional dimensions, as required in a full and complete health
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technology assessment (HTA) analysis [11]. This evaluation
could help physicians, surgeons, health providers, and pay-
ers, in the decision-making process of technologies acquisi-
tion, by combining quantitative and qualitative information.
Evidence-based results of multiple systematic reviews in
various surgical applications of the technology (general, uro-
logical, gynecological, thoracic, and cardiac surgery), should
be integrated with other relevant aspects of evaluation, thus
also comprehending social, organizational, sustainability,
affordability, and cost-effectiveness dimensions [12—-14].

The SICE Society (Italian Society of Endoscopic Surgery
and new technologies, affiliated to the European Society of
Endoscopic Surgery—EAES), understanding the factors
influencing the use of this technology and the Italian market
of reference, tried to investigate the fluorescence dissemina-
tion in the Italian healthcare system, by performing a sur-
vey among its affiliates [15]. Fifty-six surgeons working in
both teaching and community, public and private hospitals
(covering 75% of the Italian regions), answered a question-
naire. 66.1% of the responders already used fluorescence
during their everyday practice. 63.3% of the surgeons con-
sider ICG fluorescence-guided surgery as an improvement
of their practice, while 62.5% think that this technology can
help in surgical education. When asked about the potential
growth of ICG, 85% of those interviewed believe that it has
the potential to become a standard vision technology, in the
near future.

Despite the potential benefits in using ICG, as well as
the clinical evidence produced, no information exists in the
Italian setting, with regard to the new technology feasibility
in clinical practice. The coverage of the above-mentioned
unmet need, could be useful for regional and national
governments, who only evaluate and consider the innova-
tions that are able to practically demonstrate their value for
money. The study aim was to investigate the effects of vision
enhanced by ICG fluorescence compared with standard
vision, in different clinical settings: hepatic surgery, upper-
GI surgery, bariatric surgery, endocrine surgery, thoracic
surgery, breast surgery, colorectal surgery, urology, and

gynecology.

Methods

In 2018, a Health Technology Assessment was conducted,
by means of the EUnetHTA Core Model [16], comparing the
standard vision and the introduction of ICG fluorescence.

Starting from the results of the survey performed by SICE
society [15], a multidisciplinary team was created, for the
assessment conduction, including the following factors:
the major Italian surgical societies, healthcare economists,
managerial engineers, HTA and methodology experts, stat-
isticians, and clinical engineers.

Due to the multi-dimensional nature of HTA, the follow-
ing dimensions were deployed: (i) General relevance of the
health problem, useful to analyze the setting in which the
new technology could influence the outcome. (ii) Techni-
cal relevance, comparing the characteristics of the different
fluorescence systems commercialized in Italy, analyzing
similar laparoscopic columns, with standard white light.
(iii) Safety issues, such as morbidity, mortality, operating
time, re-operations, and re-admission. (iv) Efficacy measures
derived from the literature review. (v) Economic impact, to
define the economic sustainability of the innovative technol-
ogy. (vi) Equity and accessibility issues, to investigate the
accessibility to care. (vii) Ethical and social impact, thus
examining the patients’ point of view. (viii) Legal issues.
(ix) Organizational factors (hospital stay, support for the
surgeons, operating time, and learning curve).

For the assessment of the above HTA dimensions,
information was retrieved, using different methodological
approaches. (i) A structured literature review was used to
assess the safety and efficacy profiles, of the technologies
under evaluation. (ii) Health economics tools, in terms of
economic evaluation of the clinical pathways of the patients,
cost-effectiveness and budget impact analyses, considering
a 12-month time period from the introduction of the new
technology. (iii) Qualitative validated questionnaires, use-
ful for the examination of equity, legal, social, ethical, and
organizational aspects, that were completed by a panel of
clinicians with expertise in the use of both ICG and the
standard vision.

Structured literature review

Systematic reviews concerning the different clinical set-
tings were conducted to detect evidence in the literature
concerning the use of indocyanine in surgery (hepatic sur-
gery, upper-gastrointestinal surgery, bariatric surgery, endo-
crine surgery, thoracic surgery, colorectal surgery, urology,
and gynecology) using the PICO strategy and according to
the Cochrane method. Principal scientific databases were
searched: PubMed, Embase, Cochrane Library, clinical
study registry—clinicaltrial.gov. Titles, abstracts, and full
texts, were screened by at least two independent reviewers:
one or two surgeons and one methodologist, in addition,
potential doubts were solved by a consensus. The screening
process was reported using the PRISMA flow-chart [17].
The risk of bias in randomized controlled trials was assessed
with a Cochrane tool [18] and the New Castle Ottawa Scale
was adopted for observational studies [19].

Health economics tools

For the deployment of the economic dimension, three dif-
ferent approaches were applied. Firstly, to assess the costs
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of this technology an activity-based costing analysis (ABC)
[20-22] was implemented to measure, record, and calculate
both the cost and the performance of activities. to produce
a real-life economic evaluation, as data from the literature
were incomplete, an ICG fluorescence imaging ideal situa-
tion was simulated with a pilot study, considering informa-
tion derived from the survey administered to the centers.
Retrospective data during one month of routine ICG fluores-
cence imaging use were collected from a hospital in which
the new technology was routinely employed and compared
with the data of the literature concerning standard white
light use. In particular, the economic evaluation considered
two different phases: [1] the “surgical pathway” including
all surgery and technology costs (considering what is con-
sumed “between the walls of the operating theater”); and (2)
the “medical pathway” concerning length of stay, laboratory
analysis’, and other diagnostic procedure costs.

The economic evaluation of the patient’s pathway was
then integrated, with cost-effectiveness and budget impact
analyses. The cost-effectiveness evaluation was devel-
oped, to define the technology presenting a better trade-off
between the efficacy achieved and the costs absorbed. Sec-
ondly, a budget impact analysis (BIA) was conducted, to
estimate the financial effects of both the use and the conse-
quent spread of a new healthcare technology in a setting with
limited resources [23]. The BIA is a valid support for deci-
sion makers and policy makers, as a basis for the evidence-
based decision-making process.

The BIA of the present study considered the target pop-
ulation eligible to use ICG, over a one-year time period,
in a medium-sized healthcare hospital, during 2018, thus
estimating the healthcare expenditure up to 12 months. In
particular, the AS IS Scenario (use of only the standard
image) was compared with two innovative TO BE scenarios,
according to the different market shares devoted to the ICG

use, in the different surgical specialties (Table 1), based on
experts’ opinions.

Qualitative questionnaire

A specific qualitative questionnaire was created to gather cli-
nicians’ perceptions, regarding their ICG use. In particular,
the following items related to the specific HTA dimensions
were assessed, considering a 7-item Likert scale, ranging
from — 3 (worst negative impact) to + 3 (best positive impact)
[24], completed by 17 surgeons using both technologies,
referring to 17 Italian Hospitals, thus giving a significant
picture of the Italian national landscape.

The safety dimension was investigated by means of the
following items: (a) Perception of serious adverse events
related to ICG technology. (b) Perception of moderate and
mild adverse events. (¢) Procedure invasiveness. (d) General
safety of the technology. (e) Patient tolerability. (f) Impact of
the technology on patient safety. (g) Impact of the technol-
ogy on clinician safety. (h) Impact of the technology on its
repeated use. (i) Impact of the technology on environmental
health. (j) Impact of the technology on surgical complica-
tions. (k) Safety of ICG injection. (1) Impact of the technol-
ogy on postoperative pain. (m) Impact of the technology
on postoperative infection. (n) Impact of the technology on
blood loss.

The efficacy dimension was investigated considering the
following aspects: (a) Impact on patients’ reported outcome.
(b) Impact on the detection rate. (c) Impact on the image
quality. (d) Impact on the visualization of vascularization.
(e) Impact on the precision of the surgical technique. (f)
Impact on the identification of small blood vessels. (g)
Impact on the separation/discrimination between healthy
and not healthy tissues.

Table 1 Market shares, used
in the BIA development (data
source: expert opinion)

Surgical specialty

AS IS scenario

TO BE real-life scenario TO BE best case
scenario

% NO ICG % ICG % NO ICG % ICG % NO ICG % 1ICG
Hepatic surgery 100 0 60 40 0 100
Pancreatic surgery 100 0 53 47 0 100
Gastroesophageal surgery 100 0 37 63 0 100
Cholecystectomy and biliary 100 0 81 19 0 100
tree surgery
Bariatric surgery 100 0 88 13 0 100
Endocrine surgery 100 0 53 47 0 100
Thoracic surgery 100 0 71 23 0 100
Breast surgery 100 0 53 47 0 100
Colorectal surgery 100 0 21 79 0 100
Urology 100 0 53 47 0 100
Gynecology 100 0 53 47 0 100
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The equity dimension was investigated considering the
dimensions listed in the following: (a) Access to care on a
local level. (b) Access to care for persons of a legally pro-
tected status. (c) Impact on the hospital waiting list. (d) Gen-
eration of health migration. (e) Existence of factors limiting
the use of the technology for a group of patients. (f) Pro-
tection of persons of a legally protected status. (g) General
equity. (h) Impact on the access to care, given an optimiza-
tion of the patients’ pathway. (i) Impact on the access to care,
given a reduction of surgical re-interventions. (j) Impact on
the access to care, given the optimization of the operating
time.

The social and ethical dimension comprised the evalua-
tion of the following items: (a) Ability of the technology to
protect patients’ autonomy. (b) Ability of the technology to
protect human rights. (c) Ability of the technology to protect
patients’ integrity. (d) Ability of the technology to protect
patients’ dignity. (e) The use of the technology guarantees
patients’ social values and their willingness to pay. (f) Abil-
ity of the technology to protect patients’ religion. (g) Impact
of the procedure on social costs. (h) Patients and citizens
have a good level of understanding of the technology. (i)
Impact of the technology on patients’ satisfaction. (j) Impact
of the technology on patients’ perceived quality of life. (k)
Impact of the technology on the caregiver’s life and percep-
tion. (1) Impact of the technology on the patients’ recovery.
(m) Impact of the technology on the patients’ length of stay.
(n) Impact of the technology on the follow-up procedures.
(o) Impact of the technology on pain management.

The legal dimension was investigated according to these
items: (a) Permission level of technology. (b) Need for inclu-
sion of the technology in a registry. (c) Fulfilment of the
safety requirements. (d) Production warranties. (e) Price
control. (f) The need to regulate the acquisition of the tech-
nology. (g) The legislation regulates the technology for all
categories of patients. (h) The manual for use of the technol-
ogy is exhaustive and complete. (i) Infringement of intel-
lectual property rights.

The organizational dimension was analyzed considering
the following aspects: (a) The use of the technology requires
additional surgeons. (b) The use of the technology requires
additional healthcare professionals. (c) The use of the tech-
nology requires training course for surgeons. (d) The use of
the technology requires training course for healthcare profes-
sionals. (e) Hospital meetings. (f) Learning curve for tech-
nology use. (g) Equipment update related to technology use.
(h) Impact of the technology on workflow standardization.
(i) Impact of the technology on the surgeons’ productivity.
(j) Impact of the technology on the resilience to change.
(k) Impact of the technology on change management. (1)
Impact of the technology on the optimization of the length
of stay. (m) Impact of the technology on operating time.
(n) Impact of the technology on the development of fewer

adverse events, with a positive impact on the organization.
(o) Impact of the technology on the reduction of surgical
re-interventions. (p) Impact of the technology on the reduc-
tion of follow-up accesses. (q) Impact of the technology to
support the surgeon during the surgery. (r) Impact of the
technology on purchasing processes. (s) Impact of the tech-
nology on internal processes. (t) Impact of the technology
on connection processes. (x) Impact of the technology on
the patient clinical pathway.

An institutional review board (IRB) approval was not
required for this paper.

Results
Comparison of the technologies under assessment

Four different systems were introduced in the Italian market
from 2013 to 2018. All camera systems have similar resolu-
tion characteristics: full HD, camera degree 0-30°, and 3
sensors. There is no market monopoly concerning this tech-
nology. All camera systems can be used with white light and
near-infrared light. An ECRI Institute (formerly the Emer-
gency Care Research Institute) evaluation was performed on
3 out of 4 systems according to the 5 ECRI criteria: perfor-
mance, safety, workflow, interoperability, and maintenance.
The technologies were comparable and similar in terms of
the main characteristics (which neither did not include the
surgeons’ preference for a certain type of NIR color, nor the
possibility to overlap white light images with NIR ones).

Efficacy, safety and organizational results: evidence
from the literature review

Papers selected in each setting varied from 1 to 11 after
duplication removal and exclusion of non-pertinent articles,
as reported in PRISMA flow diagrams (Online Appendix 1).

The following clinical settings were inserted in PRISMA
charts:

e Hepatic surgery: 1337 screened papers, 6 papers
included, 1 RCT, 4 case—control study, 1 observational.

e Pancreatic surgery: 1116 screened papers, 1 paper
included

e Cholecystectomy and biliary tree: 697 screened paper, 4
papers included, 1 RCT, 2 prospective, 1 retrospective.

e Bariatric surgery: 69 screened papers, 2 papers included
case series.

e Endocrine surgery: 1662 screened papers, 4 papers
included case control.

e Thoracic surgery: 1205 screened papers, 2 papers
included case control.
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e Colorectal surgery: 667 screened papers, 11 papers
included, 1 RCT, 10 comparative studies prospective or
retrospective.

e Urology: 621 screened papers, 7 papers included case
series e match pair analyses.

e Gynecology: 3735 screened papers, 11 paper included, 8
retrospective and 3 prospective.

e Gastric surgery: 1669 screened papers, 2 paper included
1 retrospective and 1 prospective.

e Esophageal surgery: 542 screened papers, 4 paper
included 3 retrospective and 1 prospective.

With regard to the evaluation of all the above-mentioned
records, the assessment of risk of bias with the Cochrane
tool revealed major of trial evaluated with unclear risk of
bias for the main domains. On the other hand, the New Cas-
tle Ottawa Scale was developed to assess the risk of bias
quality in non-randomized studies. Its design is directed at
incorporating a bias quality assessment in the interpreta-
tion of meta-analytic results of systematic review and meta-
analysis. As a result, the risk of bias is not high: the control
group was chosen in an interesting manner and the outcomes
measurement proved to be relevant in most cases, and both
positive and negative outcomes were determined.

General relevance of the pathology

For the definition of the target population that could benefit
from the innovative ICG technology, we considered a poten-
tial patient’s flow undergoing surgery with the indication to
use fluorescence-guided imaging over one year of surgical
case-mix taken from a recent (2016) survey performed in
Campania Region (Italy) [25].

A total of 23,152 procedures performed by a medium-size
hospital on annual basis were considered, excluding 14,586
orthopedic surgeries. Out of the 8566 procedures, 3288
(38%) were selected to be appropriate for use in our research
setting, because of their eligibility to ICG, and because of
the presence of literature evidence on the topic, thus being
considered the “target population”, that could benefit from
ICG fluorescence use, considering a 12-month time horizon.

Evaluation of outcomes

The use of ICG can be different, and we focused our atten-
tion on the principal clinical applications of the technology
in surgery. Particularly, we studied the impact of the new
technology introduction in minimally invasive surgery, with
regards to “angiographic” use (visualization of the vascu-
larization of the viscera), “lymphographic” use (visualiza-
tion of the lymphatic flow or basin after the marking of the
lesion, particularly in oncologic surgery), and “biliary tree
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visualization” (due to the biliary excretion of the fluorescent
media).

Hepatic surgery

The use of ICG in liver surgery may be useful to reduce bile
leakage (improve perioperative outcome and hospital stay),
to identify additional injuries in association with conven-
tional techniques and to guide the surgeon in obtaining ade-
quate margins during liver resection with consequent lower
risk of recurrence and better long-term survival [26-31].

Despite the advantages, the currently available studies
do not allow us to support these results with high levels
of evidence. More studies are necessary to demonstrate the
possible efficacy.

Pancreatic surgery

This setting lacks evidence, just 1 case series found that the
innovative technology is related to a lower development of
postoperative pancreatic fistula and to a reduction in operat-
ing times [32].

Cholecystectomy

The use of ICG in gallbladder and biliary surgery can be
considered a safe and sustainable technique. Fluorescence-
guided surgery can help in identifying extra hepatic biliary
structures faster and more frequently when compared to
white light [33-35]. It can also help in the recognition of
anatomical variants, reducing the risk of bile duct lesions.
It could reduce the misinterpretation of normal anatomy and
any anatomical variants without interrupting the workflow.
Finally, technological innovation can be useful during the
learning curve phases, especially for young surgeons [35].

Bariatric surgery

The use of ICG in bariatric surgery may help in the study of
the vascularization of the gastric tubule to reduce leaks. The
absence of comparative studies does not allow us to evaluate
the technique except in its feasibility [36, 37].

Endocrine surgery

The application of ICG fluorescence in this setting has been
studied in the following fields: thyroid surgery with an intra-
venous injection for visualization and preservation of para-
thyroid glands; thyroid surgery with an intra-tissue injection
for the identification of central neck lymph nodes; adrenal
surgery to identify the gland. The evidence is still limited;
most studies describe the feasibility of the technique, with
partial results [38—40]. Comparative studies are needed.
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Thoracic surgery

In this setting, fluorescence-guided surgery can be applied
to the study of pulmonary vascularization, for the guidance
of segmental resections. The outcomes in terms of opera-
tive time and bleeding were not significantly different, but
all papers evidenced the feasibility of the technique, even if
protocols for injection and timing are not yet standardized
[41-43].

Colorectal surgery

In colorectal surgery, two different groups were analyzed,
one for the study of vascularization, and one for “nodal
navigation”, in oncologic lymphadenectomy, without find-
ing any relevant literature for the latter issue [44—52]. In the
former setting, a meta-analysis was performed. No statisti-
cally significant differences emerged in terms of operative
time, re-do anastomosis (10% after ICG), postoperative hos-
pitalization, overall complications, nor leakage rate. On the
other hand, there is a significant difference in the subgroup
of rectal resections, in which the ICG significantly reduced
the number of leakages (anastomotic re-do surgery by 17%)
[53-62].

Urology

A lack of evidence also emerged within this setting. The
main purpose of the reports found in the literature was
to identify and validate the ICG dosage for use in partial
nephrectomy (nephron sparing), and the evaluation of sen-
tinel node in prostatic carcinoma. New possible uses of ICG
are in minimally invasive surgery for prostate, bladder, and
kidney cancer [63-69].

Gynecology

This setting mainly concerns the lymphographic use in
gynecologic oncology. There are no significant differences
in overall detection rate, sensitivity, and predictive value,
between ICG and Tc 99—(8 studies] in lymph node detec-
tion for ovarian and uterine cancer. A significant superiority
of ICG is reported when compared to the radioactive tracer
Tc 99 in bilateral lymph node mapping in 4 studies. ICG was
significantly superior to blue dye in lymph node mapping

[5 studies]; no allergic complications nor reactions related
to this technique are reported; the analyzed studies do not
report long-term mortality or follow-up data. More studies
are needed to validate this technique [70-80].

Gastric surgery

At present, there is no evidence to support the use of the ICG
for lymphectomy during gastrectomy, even if case reports
have tested its use to determine the nodal basin in D2 gas-
trectomy [81, 82].

Esophageal surgery

The use of the ICG to evaluate the vascularization of the
anastomosed gastric tube in the thorax demonstrates a sig-
nificant reduction in anastomotic fistulas, although there is
a low level of evidence. In fact, the procedure is not yet
standardized [83-86].

The 11 surgical specialties were divided in two differ-
ent settings: the use of ICG for vascularization (bariatric
surgery, colorectal surgery, esophageal surgery, pancreatic
surgery, pulmonary surgery) and the use of ICG for visuali-
zation of structures and lymph nodes (gallbladder surgery,
endocrine surgery, liver surgery, stomach surgery, gynecol-
ogy, and urology). Thus, Table 2 depicts the two different
efficacy indicators.

Economic and organizational dimensions

Data available, in terms of evidence in the literature, are still
not homogeneous. ICG fluorescence-guided surgery is at
the beginning of its dissemination. Therefore, no statistical
significance can be found in most of the settings; moreover,
there are different results depending on the outcomes under
investigation, i.e., "vascularization" or "lymph node study".

In colorectal, particularly in rectal surgery, stronger evi-
dence (confirmed by the experts’ opinion and by real world
practice) supports a benefit in the use of ICG, with a signifi-
cant reduction of complications, which could be translated
into an optimization of hospitalization time. The final evalu-
ation may depend on overcoming the phase of technological
introduction, thus defining potential advantages and greater
practicality of use.

Table 2 Efficacy indicators

NO ICG (%) ICG (%) p-value
Vascularization
% Surgery without anastomoses redo [47, 59] 85.91 96.90 0.04
Lymphatic drainage visualization
% Marked structured and lymph nodes [30] 13.00 25.00 0.04
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Table 3 Patients’ pathway

) Cost per patient ~ Cost per patient ICG Difference Difference%
average Costs NO ICG TO BE scenario
AS IS scenario
Technology cost €4.40 €4.72 €0.32 7.19
Surgery cost (without € 4243.86 € 4243.86 €0.00 0.00
considering human
resources’ cost)
Human resources costs, € 224.30 €237.39 €13.09 5.84
considering the oper-
ating time
Medical cost €3201.89 €2139.85 — €1062.04 -33.17
Average total cost € 7996.35 € 6970.87 — €1025.49 —12.82

Table 4 Average economic value of the patient’s pathway, stratified
by surgical specialty

Surgical specialty Cost per patient Cost per patient ICG

NO ICG TO BE scenario

AS IS scenario
Hepatic surgery €10,804.92 €9185.30
Pancreatic surgery €10,462.25 € 7743.50
Gastroesophageal surgery €13,623.35 € 10,828.77
Cholecystectomy and biliary € 5318.00 €5319.44

tree surgery

Bariatric surgery € 8297.31 €7627.01
Endocrine surgery € 5474.89 € 5478.46
Thoracic surgery € 8813.29 €7911.60
Breast surgery €5191.04 €5192.72
Colorectal surgery € 10,688.68 € 9,000.60
Urology €4732.04 €3,835.27
Gynecology €4554.10 €4,556.85

Considering the costs of the two different process phases
(surgical pathway and medical pathway), on one hand, the
examination of the operating times reported a slight dis-
advantage for ICG (+7.72%), thus increasing the ‘surgical
pathway’ costs for surgical interventions in which ICG was
used for vascularization. On the other hand, the examina-
tion of the "length of stay" has shown an advantage for ICG

technology, which can reduce by 42.86% the hospitalization
of patients following a surgical procedure, in which ICG is
performed for vascularization.

Table 3 depicts the average comparative economic evalu-
ation of the patients’ pathway, thus reporting potential ben-
efits equal to 12.82%, considered as a conservative evalu-
ation, balancing positive and negative factors influencing
economic resources absorption.

The economic evaluation of the patient’s pathway was
then stratified per surgical specialty (Table 4).

Firstly, the cost-effectiveness value (CEV) was defined
(Table 5), thus revealing the dominant nature of the innova-
tive ICG technology (the lower the CEV, the preferable the
technology).

Results from the BIA (Table 6), show that, from a
regional perspective, the ICG introduction, would generate
an economic saving, ranging from a minimum of 4% to a
maximum of 8%, strictly dependent on ICG use in hospitals,
in the routine surgical routine practice, for conducting 3,288
surgical procedures on an annual basis.

The above mentioned advantages would not only be
restricted to the economic sphere, since ICG could also
have an impact on the patients’ length of stay, and conse-
quently on the induced quantitative organizational impact.
It emerged that hospitals could benefit from an organi-
zational advantage of around 12%, representing 1856

Table 5 Cost-effectiveness
analysis

NO ICG ICG
AS IS scenario TO BE scenario

Setting: Vascularization
Average cost

Efficacy [47, 59]1—% of surgery without re-do anastomosis

CEV

Setting: Visualization of lymphatic structure

Average cost

Efficacy [30]—Ilymphatic structure visualization

CEV

€9076.61 € 7665.60
85.91% 96.90%
10,565.37 7910.44
€ 6482.24 € 5868.59
13.00% 25.00%
49,863.37 23,474.34
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Table 6 Budget impact analysis

Surgical specialty AS IS scenario TO BE real-life scenario Difference Difference %
Hepatic surgery €56,178 €52,810 — €3368 -6
Pancreatic surgery € 790,559 € 693,686 — €96,872 -12
Gastroesophageal surgery €947,571 € 824,656 - €122,915 -13
Cholecystectomy and biliary tree surgery € 3,845,782 € 3,845,975 €193 0
Bariatric surgery € 1,133,147 € 1,121,704 —€11,443 -1
Endocrine surgery € 1,595,335 € 1,595,825 €491 0
Thoracic surgery € 3,417,365 € 3,337,903 —€79,462 -2
Breast surgery € 3,215,375 € 3,215,866 €491 0
Colorectal surgery € 4,865,771 €4,260,318 — € 605,453 —-12
Urology € 692,718 € 630,815 —€61,904 -9
Gynecology €1,722,712 € 1,723,202 €491 0
Total €22,282,512 € 21,302,760 —€979,752 -4
Hepatic surgery € 56,178 € 47,757 —€8421 - 15
Pancreatic surgery € 790,559 € 585,122 — €205,436 - 26
Gastroesophageal surgery €947,571 € 753,194 —€194,377 -21
Cholecystectomy and biliary tree surgery € 3,845,782 € 3,846,823 € 1041 0
Bariatric surgery € 1,133,147 € 1,041,606 — €91,541 -8
Endocrine surgery € 1,595,335 € 1,596,375 €1041 0
Thoracic surgery € 3,417,365 € 3,067,732 — € 349,633 - 10
Breast surgery € 3,215,375 €3,216,416 € 1041 0
Colorectal surgery € 4,865,771 €4,097,312 — €768,459 - 16
Urology € 692,718 € 561,440 - €131,278 -19
Gynecology € 1,722,712 € 1,723,752 € 1041 0
Total € 22,282,512 € 20,537,530 — € 1,744,982 -8

hospital days. This advantage could only be achieved in
the hypothetical increase of the slot by around 7% because

of the longer operating time needed using ICG (Table 7).

Qualitative impacts: evidence
from the professionals’ perceptions

As mentioned in the Methods Section, a qualitative ques-
tionnaire was administered to 17 surgeons to evaluate their

Table 7 Quantitative

s X Surgical specialties AS IS scenario TO BE real-life Difference Difference%

organizational impact: release scenario

of hospitalization days
Hepatic surgery 42 34 -7 - 17.14
Pancreatic surgery 907 724 — 183 —20.21
Upper GI surgery 858 625 - 232 —-27.10
Cholecystectomy and 2071 2071 0 0.00

biliary tree surgery

Bariatric surgery 410 388 —-22 —5.36
Endocrine surgery 874 874 0 0.00
Thoracic surgery 1551 1400 — 151 —-9.74
Breast surgery 1858 1858 0 0.00
Colorectal surgery 3382 2240 - 1,142 —33.77
Urology 586 467 — 118 -20.21
Gynecology 2255 2255 0 0.00
Total 14,793 12,937 - 1,856 —12.55
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perceptions on ICG use, focusing on the following dimen-
sions: organizational, equity, ethical, social, and legal
(Table 8). It should be noted that the safety and the effec-
tiveness profiles were also assessed in qualitative terms, due
to the paucity of evidence-based information derived from
scientific literature on the topic.

ICG could be the preferable solution from an effectiveness
point of view (average value: 0.54 vs 2.14, p-value =0.000).
Fluorescence would thus be favorable on patients’ reported
outcomes, on the detection rate, on image quality, on the
visualization of vascularization, on the precision of the sur-
gical technique, on the separation/discrimination between
healthy and not healthy tissues. The use of ICG is perceived
as improving the precision of the surgical technique, the
identification of the blood vessels and the lymph node
detection rate, allowing for a better image quality compared
with standard white light. Despite no statically differences
emerged with regard to the safety aspect perceptions (aver-
age value: 0.81 vs 0.98, p-value >0.05), ICG is related to a
lower occurrence of surgical complications. The only nega-
tive aspect is the potential incidence of allergic reaction to
ICG, with a consequent impact on its repeated use.

Although ICG is still not commonly used in the Italian
setting (Imaging with standard light: 1.19 vs. Imaging with
ICG fluorescence: 0.06, p-value =0.000), no difference
emerged from an equity point of view (Imaging with stand-
ard light: 0.75 vs, Imaging with ICG fluorescence: 0.48,
p-value>0.05). It should be noted that ICG presents a poten-
tial ability to optimize the patients’ pathway: the innovative
technology has significant advantages in the optimization
of the pathway, especially in terms of better management of
adverse events (Imaging with standard light: 0.31 vs. Imag-
ing with ICG fluorescence: 1.50, p-value =0.000), as well
as the reduction of re-interventions (Imaging with stand-
ard light: 0.31 vs. Imaging with ICG fluorescence: 1.88,
p-value =0.000), increasing the overall access to care.

Focusing on the patient’s point of view (social and
ethical impact), the use of ICG would provide a better
impact on the patients’ quality of life (Imaging with ICG
fluorescence: 1.56 vs. Imaging with standard light: 0.56,
p-value=0.012) and of the related caregivers (Imaging
with ICG fluorescence:0.88 vs. Imaging with standard light:
0.38, p-value =0.035). Furthermore, the innovative technol-
ogy has a positive impact on the post-intervention recov-
ery time (Imaging with ICG fluorescence:1.44 vs. Imaging
with standard light: 0.63, p-value =0.000), on the length of
hospitalization (Imaging with ICG fluorescence:1.44 vs.
Imaging with standard light: 0.56, p-value=0.000) and on
the postoperative phase (Imaging with ICG fluorescence:
1.88 vs. Imaging with standard light: 0.81, p-value =0.000),
compared with conventional white light imaging technique.
These results are directly proportional to the image quality

@ Springer

of the fluorescence imaging technique and the lower impact
of adverse events.

From a legal point of view, the investigated technolo-
gies were superimposable in their measurement (Imaging
with standard light: 0.70 vs. Imaging with ICG fluorescence:
0.16, p-value > 0.05). Imaging using ICG is a technology
available in clinical practice, but today its utilization is
limited to a restricted application field (Limon test and eye
fluorangiography). In the investigated settings, ICG is used
as an “off-label” indication, with the direct responsibility
of the clinician and with the need for an informed consent
signed by the patient.

As for the organizational dimension, no statically dif-
ferences emerged in average terms (Imaging with stand-
ard light: 0.20 vs. Imaging with ICG fluorescence: 0.43,
p-value > 0.05).

Surgeons agree on the need to train collaborators, both
medical managers and staff supporting the procedure. The
introduction of fluorescence imaging into clinical practice
would allow for an improvement in the organizational pro-
cess and a consequent optimization of the hospital pathway
(Imaging with standard light: 0.31 vs. Imaging with ICG
fluorescence: 1, p-value =0.029). Finally, surgeons agree in
declaring that the new technology allows for a more pre-
cise guide of the operator with better results during surgery,
given the better image quality of the vision when associated
to fluorescence (Imaging with standard light: 0.63 vs. Imag-
ing with ICG fluorescence: 2.75, p-value =0.000).

Discussion and conclusion

The introduction of minimally invasive surgery permits prac-
titioners to improve patient’s surgical outcome, reducing the
postoperative pain and hospital stay. Research technology
tries to investigate how to reduce complications and learning
curve, thus improving the benefit for patients [87]. In the last
few years, the introduction of fluorescence-guided surgery
using ICG seems to be a promising tool to ameliorate surgi-
cal outcomes and surgeon performance as well as surgical
training. This technique is still under validation, and many
clinical trials are ongoing to give more precise answers on
the efficacy of this new technology. Unfortunately, the appli-
cation of fluorescence in most clinical settings needs more
trials to test its efficacy in an evidence-based manner.

The Italian Society of Endoscopic Surgery and new tech-
nologies (SICE) started to pursue HTA analysis in 2018 with
a report on 3D vs 2D vision in laparoscopic surgery [1].
Considering the usefulness of that report, we decided to
follow the increasing interest of the surgical community in
fluorescence-guided surgery as the next step for a full HTA
analysis.
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Table 8 Qualitative dimensions: safety, effectiveness, equity, social, legal, and organizational factors

Imaging with standard ~ Imaging with

light ICG fluores-
cence
Safety profile
Perception of severe adverse events related to this technology 0.44 0.75
Perception of moderate and mild adverse events 0.50 0.94
Procedure invasiveness 0.94 0.81
Safety 1.75 1.88
Patient tolerability 225 1.88
Impact of the technology on patient safety 1.19 1.56
Impact of the technology on physician safety 1.00 1.31
Impact of the technology on its repeated use 1.31 1.06
Impact of the technology on environmental health 0.25 0.31
Impact of the technology on surgical complications 0.38 1.44
Safety of ICG injection 0.56 0.25
Impact on postoperative pain 0.19 0.38
Impact on postoperative infection 0.13 0.38
Impact on blood loss 0.44 0.75
Average value 0.81 0.98
Effectiveness profile
Impact on patients reported outcome 0.31 1.25
Impact on the detection rate 0.31 2.19
Impact on the image quality 0.56 1.94
Impact on the visualization of vascularization 0.38 2.81
Impact on the precision of the surgical technique 1.13 2.44
Impact on the identification of small blood vessels 0.44 2.19
Impact on the separation/discrimination between healthy and not healthy tissues 0.63 2.19
Average value 0.54 2.14
Equity profile
Access to care on a local level 1.19 0.06
Access to care for persons of a legally protected status 0.88 0.69
Impact on the hospital waiting list 0.19 —0.13
Generation of health migration 0.31 1.25
Existence of factors limiting the use of the technology for a group of patients 0.13 0.13
Protection of persons of a legally protected status 0.13 0.19
General equity of the technology 0.81 0.63
Impact on the access to care, given an optimization of the patients’ pathway 0.31 1.5
Impact on the access to care, given a reduction of surgical re-interventions 0.31 1.88
Impact on the access to care, given the optimization of the operating time 0.5 1.25
Average value 0.48 0.75
Social and ethical impact
Ability of the technology to protect patients’ autonomy 0.44 0.63
Ability of the technology to protect human rights 0.56 0.56
Ability of the technology to protect patients’ integrity 0.13 0.44
Ability of the technology to protect patients’ dignity 0.19 0.19
The use of the technology guarantees patients’ social values and their willingness to pay 0.19 0.25
Ability of the technology to protect patients’ religion 0.38 0.38
Impact of the procedure on social costs 0.13 0.44
Patients and citizens have a good level of understanding of the technology 1.13 1.13
Impact of the technology on patients’ satisfaction 0.75 1.25
Impact of the technology on patients’ perceived quality of life 0.56 1.56
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Table 8 (continued)

Imaging with standard ~ Imaging with

light ICG fluores-

cence
Impact of the technology on the caregiver’s life and perception 0.38 0.88
Impact of the technology of the patients’ recovery 0.63 1.44
Impact of the technology on the patients’ length of stay 0.56 1.44
Impact of the technology on the follow-up procedures 0.81 1.88
Impact of the technology on pain management 0.56 0.63
Average value 0.49 0.87

Legal impact
Permission level of technology 0.53 -0.27
Need for inclusion of the technology in a registry 0.33 - 0.6
Fulfillment of the safety requirements 1.4 1.27
Production warranties 1.33 1.13
Price control 0.13 -0.2
The need to regulate the acquisition of the technology 0.33 -0.27
The legislation regulates the technology for all categories of patients 0.8 0.07
The manual for use of the technology is exhaustive and complete 1.27 0.13
Infringement of intellectual property rights 0.2 0.2
Average value 0.7 0.16
Organizational impact
The use of the technology requires additional surgeons 0 -0.13
The use of the technology requires additional healthcare professionals -0.13 —-0.31
The use of the technology requires training course for surgeons -0.19 -1.19
The use of the technology requires training course for healthcare professionals -0.19 - 0.94
Hospital meetings —0.06 —0.88
Learning curve for technology use 0.31 —0.06
Equipment update related to technology use —-0.38 -1
Impact of the technology on workflow standardization 0.44 0.63
Impact of the technology on the surgeons’ productivity 0.5 0.56
Impact of the technology on the resilience to change 0.31 0.13
Impact of the technology on change management 0 0
Impact of the technology on the optimization of the length of stay 0.5 1.38
Impact of the technology on the operating time 0.38 0.5
Impact of the technology on the development of fewer adverse events, with a positive impact on 0.44 1.63
the organization

Impact of the technology on the reduction of surgical re-interventions 0.25 1.5
Impact of the technology on the reduction of follow-up accesses 0.13 1.06
Impact of the technology to support the surgeon during the surgery 0.63 2.75
Impact of the technology on purchasing processes 0.13 0.19
Impact of the technology on internal processes 0.38 1.06
Impact of the technology on connection processes 0.38 1.13
Impact of the technology on the patient clinical pathway 0.31 1
Average value 0.20 0.43

Preliminary results reported that the points of strength of
this technology mainly concern the dimensions of effective-
ness, economic impact, and organizational impact, although
the absence of studies with a high level of evidence is cur-
rently a lack.
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The budget impact analysis foresees a reduction in
costs, thus freeing up some economic and organizational
resources. From an economic point of view, results sug-
gested the opportunity to achieve significant economic
savings, ranging from — 4 to — 8%, even in a conservative
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scenario of analysis. This analysis proves that investment
in this field could be feasible and sustainable.

The adoption of ICG technology would allow for an
optimization of the patients’ surgical pathway, and the
investment due to the slight increase in the operating time
(only 15 min), could be compensated by a reduction in
the length of the hospitalization. In colorectal surgery, the
visualization of anastomotic tissue vitality seems to reduce
the number of leakages and re-do anastomoses [54—64],
and the same advantages are seen in oesophageal [84—-86]
surgery. Moreover, this technique might show promising
results in surgical navigation and lymphnode mapping in
most oncological settings regarding gynecologic [70-80],
urologic [63-69], bariatric [36, 37], gastric [§1-83], endo-
crine [38-40], pancreatic [32], thoracic [41-44] and
hepatic [26-31] surgery. A better view of the biliary
structures in cholecystectomy (especially in acute settings)
could be a turning point for the reduction of biliary inju-
ries [33-35]. All these clinical advantages must be proven
by new and ongoing trials, but they have to be associated
to a sustainability of the costs required for the new tech-
nology. It should be noted that the above results have been
achieved without taking into consideration the economic
evaluation of all the possible procedure-related adverse
events, which could generate an incremental improvement
in the patients’ clinical pathway. This could be a topic
for further research, since the reduction of severe or mild
complications could positively influence the release of
both economic and human resources to be reinvested in
the acquisition of the innovative technology. On the other
hand, in the real practice, the experts suggested that the
new technology learning curve embraces a short-term time
horizon. This doesn’t classify ICG surgical practice as a
disruptive innovation, thus being easily acceptable and
valid both for novice and experienced surgeons, differently
from other healthcare technologies affected by the digital
divide [1]. In addition, the results of this HTA activity
could be useful for the creation of an ad-hoc, head-to-head
clinical trials, comparing the use of ICG to standard vision
in all the clinical settings where evidence is actually lack-
ing, to reinforce the perceptions exposed herein. However,
it is hoped that we have collected most of the key publi-
cations for giving an overview of the indocyanine green
fluorescence technology in surgery, and its most important
emerging clinical application.

Despite the aforementioned drawbacks, this paper
would encourage surgeons to use ICG whenever available
according to the clinical needs, leading to a better vision
during surgery, with an improvement in the safety profiles
and in the patients’ outcomes, offering both challenges and
the potential for totally new clinical applications.
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