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Abstract

Introduction: Endometriosis is a very common disease that affects up to 10% of the
female population. The use of indocyanine green (ICG) dye has been proposed to
allow the proper localization of endometriotic lesions during surgery. Our purpose is
to offer an overview of near-infrared (NIR)-ICG in the surgical treatment of superfi-
cial peritoneal endometriosis and deep infiltrating endometriosis.

Material and methods: Electronic databases were searched, including MEDLINE, Embase,
Web of Science, Scopus, ClinicalTrial.gov, OVID and Cochrane Library. The studies were
identified with the use of a mesh combination of the following keywords: “indocyanine

» o«

green”,

» o«

‘endometriosis”, “deep endometriosis”,

» o«

robotic surgery”, “laparoscopy”,
“rectosigmoid” from 2000 to May 2020. All articles describing the use of ICG applied to

endometriosis surgery were considered for review. Only original papers that reported

ureter”,

specific experience data on the topic were included. Moreover, video-articles were in-
cluded in the analysis. Quality and risk of bias were evaluated by two authors, respectively.
Results: Fifty-three studies were reviewed and reviews or comment articles not re-
porting original data and original articles lacking specific data on the application of
ICG in patients affected by endometriosis were excluded. The quality of the 17 stud-
ies included was assessed. Eight studies suggested the usefulness of NIR-ICG as a
tool in the detection of endometriosis during surgery, and one randomized controlled
trial and one prospective study did not confirm the advantage of its use. Eight stud-
ies found that NIR-ICG was useful for the evaluation of vascularization in intestinal
anastomoses and ureterolysis after surgery for deep infiltrating endometriosis.

Conclusions: NIR-ICG appears useful in the evaluation of vascularization in intestinal
anastomoses after segmental resection, confirming its role even after ureterolysis for
parametrial deep infiltrating endometriosis. However, its usefulness as a tool in the

detection of endometriosis during surgery is inconsistent.
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1 | INTRODUCTION

Endometriosis is an enigmatic disease that affects about 10% of
women in reproductive age.! It is strongly associated with signifi-
cant impairment of quality of life in all its aspects, including sexual
function, work and social rela\tionships.z'3 Essentially, three types of
lesions are reported: ovarian endometriosis, superficial peritoneal
endometriosis (PE) and deep infiltrating endometriosis (DIE).*

Surgery is usually required for DIE management since the medi-
cal treatment alone does not always manage to control symptoms.”
Although the medical therapy represents the benchmark for endo-
metriosis, the surgical option has proven to be effective, safe and
tolerable where there is serious constipation and intestinal cramping,
painful bowel movements, dyschezia, prolonged diarrhea with rectal
tenesmus, rectal bleeding and, in severe cases, intestinal stenosis or
occlusion.® DIE treatment needs high surgical skill and wide experience
to achieve the radicality and to preserve, as much as possible, the vas-
cularization and the neurovegetative function of the pelvic organs.””

Considering the high complication rate of DIE surgery10 and the
difficulty of identifying PE with its polymorphic appearance, the use
of indocyanine green (ICG) dye, as a support to surgery for endome-
triosis, has been spreading over the last few years.!'™8

The intravenous administration of ICG, when associated with the
use of a near-infrared (NIR) camera, can be perceived as the emission
of fluorescent light and allows an accurate intraoperative real-time
assessment of tissue vascularization and their correlation with clini-
copathologic data.®?

Currently there are no clear and uniform indications concern-
ing the use of NIR-ICG in the surgical treatment of endometrio-
sis, and the scientific literature appears unclear about the dosage
of dye to be used, the waiting time from the injection or its real
effectiveness 810232527
The aim of this review is to offer an overview of NIR-ICG in the

surgical treatment of PE and DIE.

2 | MATERIAL AND METHODS
2.1 | Datasources

Research was conducted using the following electronic databases,
MEDLINE, Embase, Web of Science, Scopus, ClinicalTrial.gov, OVID
and Cochrane Library. The studies were identified with the use of a
mesh combination of the following keywords: “indocyanine green”,

n o« » o«

“endometriosis”, “deep endometriosis”, “robotic surgery”, “laparos-
copy”, “ureter”,
to May 2020.

Two authors (MMI, LDC) independently screened titles and

rectosigmoid” from the inception of each database

abstracts of studies obtained in the search. All types of studies
were selected and each potentially relevant study was obtained in
full text and assessed for inclusion independently by the authors.
Disagreements were resolved by consensus with a third reviewer

(FC). All references of the retrieved studies were also reviewed to

Key message

Near-infrared indocyanine green appears useful in the
evaluation of vascularization in intestinal anastomoses and
after ureterolysis for deep infiltrating endometriosis. Its
usefulness in the detection of endometriosis during sur-
gery is inconsistent.

avoid missing relevant publications. Only scientific publications in
English were included. All reports related to experimental studies
conducted on in vitro or animal models were excluded from the
analysis. Proceedings of scientific meetings and abstracts were not
considered.

2.2 | Study selection

All articles describing the use of ICG applied to endometriosis sur-
gery were considered for review. Only original papers that reported
specific experience data on the topic were included. Moreover,
we included video-articles to be as comprehensive as possible and
because of the lack of original research published so far. Relevant
aspects of every article were recorded and commented on, with par-
ticular attention to the modality of the ICG applied techniques and
described outcomes. To describe the strength and the level of evi-
dence of the results, we applied the recent levels of evidence pub-
lished by the Center for Evidence-Based Medicine in 2009.

2.3 | Risk of bias assessment

Two authors (LDC, MMI) independently assessed the risk of bias of the
included studies via the Methodological Index for Non-Randomized
Studies (MINORS), excluding single case reports and video-articles.
Seven domains related to the risk of bias were assessed in each study:
(1) aim (ie clearly stated aim), (2) rate (ie inclusion of consecutive pa-
tients and response rate), (3) data (ie prospective collection of data), (4)
bias (ie unbiased assessment of study endpoints), (5) time (ie follow-up
time-appropriate), (6) loss (ie loss to follow up), (7) size (ie calculation of
the study size).?° Review authors’ judgements were categorized as “low
risk”, “high risk” or “unclear risk of bias”. Discrepancies were resolved
by discussion with a third author (FC).

3 | RESULTS
3.1 | Study selection and study characteristics
From the bibliographic search, a total of 56 records were retrieved.

Thirty-five articles were selected in full text as potentially relevant.

Eighteen studies were then excluded for the following reasons:
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review or comment articles not reporting original data (n = 6), origi-
nal articles lacking specific data on the application of ICG in patients
affected by endometriosis (n = 12). Finally, 17 articles were included
in the study (Figure 1).

The quality of non-randomized studies included in our sys-
tematic review was assessed by the MINORS tool for assessing
the risk of bias (Figure 2A,B).2® All studies had a low risk of bias
in “aim” and “rate”, and the majority in “data” and “bias”. Given
that more than half were single cases described in the form of
video-articles/case reports/case series, high risk was reported for
“time” and “size”.

These 17 studies included six video-articles (8 patients),lt”'zz*%"z7
one case report (1 patient),'® one case series (6 patients),'* two ret-

rospective observational studies (57 patients),'>%*

8,11,13,15,18,23,25

seven prospec-
tive longitudinal studies, one of which randomized®
within-subject (196 patients). When insufficient information was
reported in the available papers, if necessary, we consulted the au-
thors for further completing data; any disagreement was discussed
and resolved by consensus.

The results of our analysis showed a deep heterogeneity regard-
ing the type and localization of endometriosis, as well as the type
of fluorescence detection modality, although most studies found
the application of ICG in the surgical management of their patients
useful and feasible (Table 1): this is almost certainly due to a high
degree of neovascularization of endometriosis lesions that appear
dark green after ICG injection, which enables surgeons to detect

endometriosis that would not have been seen as readily with con-
ventional laparoscopy.

Although a clear distinction is not easy, the results are reported
taking into account the different indications and application of ICG
about endometriotic involvement of pelvic and/or abdominal perito-
neum, bowel, ureter, etc., considering the importance of ureter and

bowel visualization and their perfusion.

3.2 | Peritoneal and Deep infiltrating endometriosis

The use ICG fluorescent imaging has been reported in both lapa-
roscopy and robot-assisted surgery. Levey et al were the first to
use daVinci Si's fluorescent technology with ICG for the detection
and treatment of endometriosis.!® Jayakumaran et al*® reported a
statistically significant higher number of pelvic lesions displayed by
NIR-ICG imaging technique compared with that of robotic and lapa-
roscopic white light (WL) (13.4 vs 7.4 vs 4.7, P = .012).

Cosentino et al detected and removed 116 suspected endome-
triosis lesions, reported as PE or DIE from 27 patients through WL
imaging (100 lesions) and NIR-ICG (the remaining 16) with positivity
of 111 specimens for endometriosis localization. Positive predictive
value, negative predictive value, sensitivity and specificity were of
95% vs 97.8%, 86.2% vs 82.3%, 85.6% vs 82%, and 95.2% vs 97.9%,
by WL imaging and NIR-ICG, respectively.!!
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FIGURE 2 Assessment of risk of bias. (A) Summary of risk of
bias for each study. Plus sign, low risk of bias; minus sign, high
risk of bias; question mark, unclear risk of bias. (B) Risk of bias
graph about each risk of bias item presented as percentages
across all included studies. (Raimondo 2020 (a): reference 25;
Raimondo 2020 (b): reference 18)

In their multicenter case-control study, Vizzielli et al investigated
the effect of 3D robotic surgery on the detection rate of occult
endometriosis. The patients were divided in two groups: 20 cases
(real 3D) vs 27 controls (2D camera approach). No conversion to
laparotomy was needed. No differences in postoperative complica-
tions were observed between the two groups, with only two (4.2%)
major complications observed during the early postoperative period
(<30 days): one intestinal stenosis requiring mechanical dilation after
discoid excision in the Cases group, and one vaginal dehiscence that
required postoperative resuturing in the Controls group. The pa-
tients were dismissed after 4 days in the Cases group (range, 3-5)
and 3 days (range, 3-4) in the Controls group (P = .08). A total of 116
and 70 suspected lesions, respectively, were identified both with the
WL and the NIR-ICG approach in the Controls (2D) and Cases (3D),
respectively. The overall NIR-ICG lesion identification showed a
positive predictive value and specificity >97.8% and a negative pre-

dictive value and sensitivity of about 82.0% for the Control group,

compared with a positive predictive value and specifity of 100%, and
a negative predictive value and sensitivity of 97.1% for the Cases
group, confirming that NIR-ICG imaging is a good diagnostic and
screening test (P =.643 and P = .791, according to the Cohen kappa
tests, respectively for the laparoscopic and robotic groups) and
demonstrating that the two procedures are comparable in terms of
visually detecting endometriotic lesions, as the differences observed
did not seem to be clinically relevant.'?

In addition, in the single-center, prospective, single-arm pilot
study, Siegenthaler et al investigated the diagnostic value of NIR-ICG
imaging to identify endometriosis lesions and to differentiate them
from other lesions, compared with WL imaging (primary outcome),
as well as to determine the optimal time of ICG exposure and to de-
fine parameters affecting the detection rate (secondary outcome).
The diagnostic value of the NIR-ICG imaging technique in detect-
ing and confirming occult endometriosis was minimal: the positive
predictive value was lower than that with WL laparoscopy alone or
the combination of WL and NIR-ICG (68.8% vs 89.8% vs 86.7%, re-
spectively). Moreover, only seven additional lesions were identified
with ICG, of which only one was pathologically proven to be endo-
metriosis. About the secondary outcome, the ICG detection rate was
positively affected by the exposure time over 20 minutes, with no
previous abdominal surgery and with a low rASRM.8

In their prospective, single-center, randomized within-subject,
clinical trial, Lier et al carried out an analysis of 20 patients with mod-
erate and severe endometriosis who had undergone laparoscopic
surgery. The conventional 2D WL imaging followed by inspection
with narrow-band imaging, NIR-ICG and 3D imaging in a randomized
order was used to inspect the pelvic region: the single use of NIR-

ICG showed no improvement in the detection of endometriosis.*

3.2.1 | Ureteral endometriosis

Three studies reported the application of ICG in the case of ureteral
involvement and the usefulness of ureteral fluorescence during en-
dometriosis surgery.23'25 Mandrova et al®® used cystoscopic-guided
intraureteral ICG immediately before the laparoscopic pelvic sur-
gery, although only three patients were affected by endometriotic
lesions. The fluorescence of ureters was visualized in the NIR mode
of the camera system, localizing the ureters precisely and in real-
time. No intraoperative or postoperative complications related to
ICG administration were reported. The use of ICG allowed the ure-
ters in 10 patients (33%) to be localized where the conventional WL
mode failed to visualize them, showing ICG to be a safe and feasible
method that provides real-time ureteral demarcation.?

Park et al included 10 patients affected by severe endometriosis (2
with ovarian cysts) reporting symptoms such as dysmenorrhea, dyspa-
reunia, menorrhagia and pelvic pain. In all cases, an intraureteral ICG
injection was performed with NIR light during robot-assisted surgery
in order to identify the endometriotic lesions and to prevent iatrogenic
ureteral injury. The dosage and the time of visualization were not re-

ported. The operative time ranged from 98 to 140 minutes with an
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(Continued)

TABLE 1

Failed

Surgical procedure and
detection system of
fluorescence

Indocyanine

dosage and

Endometriosis

Type of study and type and

Author

injection, Complications due
%

Time to

and year of

to ICG Results

visualization

injection site

localization

Country sample size

publication

NIR-ICG is a valid surgery tool

NR

Retrospective, PE and DIE 0.25 mg/ 3D robotic 15-30 min 0%

multicenter

Italy

Vizzielli

to recognize the endometriotic
lesions. No statistically

Firefly®imaging

kg - NR

et al (2020)12

system of daVinci®

- intravenous

case-control
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significative difference was

Xi Surgical System vs
2D-Laparoscopy with

study - 20 cases
vs 27 controls

observed between 3D and 2D

imagine

Olympus ICG Imaging
System Prototype

based on the Visera
Pro System® and a

special lens laparoscope
optimized for infrared

transmission

DIE, deep infiltrating endometriosis; MVD, microvessel density; NA, not available; NBI, narrow-band imaging; NIR-ICG, near infrared radiation-indocyanine green; NIR-ICG, near-infrared imaging with

indocyanine green; NPV, negative predictive value; NR, not reported; PE, peritoneal superficial endometriosis; PPV, positive predictive value; WL, white light.

estimated blood loss of 23 mL. The length of hospital stay was 1 day
with no perioperative or postoperative complications attributable to
ICG administration during the follow up of 5.6 months.?*

Unlike the aforementioned authors,?®?* Raimondo et al inves-
tigated the ureteral perfusion with intravenous administration of
ICG in 36 symptomatic patients who had undergone laparoscopic
conservative surgery for ureteral endometriotic involvement. The
ICG assessment required 5.4 + 2.3 minutes. Local ischemia support-
ing ureteral stent placement was suspected in five ureters (16.1%)
at WL. Of these, two (40.0%) presented regular fluorescence and
ureteral stent placement was avoided. In the remaining three
(60.0%), ureteral stent placement was necessary. Inter-operator
agreement regarding NIR-ICG evaluation was high, both using WL
(Cohen’s kappa coefficient [x] = 0.87, 95% confidence interval [Cl]
0.70-1.0] and NIR-ICG (x = 1.0, 95% Cl 1.0-1.0), respectively. At the
3-month follow up, all procedures were clinically and radiologically

successful.?®

3.3 | Bowel endometriosis

The simultaneous involvement of multiple abdominal and pelvic or-
gans, such as ureter and bowel, is rather common in patients with
advanced endometriosis. In two video articles?>?’ the use of ICG,
in laparoscopy and robot-assisted surgery, turned out to be very
helpful in DIE surgery, enabling real-time evaluation of ureters and
bowel and a successful resection of nodules overlying the ureter
and rectum. Recently, Raimondo et al have published a prospective
pilot study to describe the different rectosigmoid endometriosis
vascular patterns and to find a correlation with clinicopathologic
data. A diffuse or abundant fluorescence, through intraoperative
(ICG) angiography, was reported in 12/30 women (40%). In the re-
maining 18/30 women (60%), the nodules appeared hypovascular-
ized; these did not show any significant difference from the first
group of nodules regarding preoperative, intraoperative or histo-
logical variables analyzed, except for a greater maximum diameter
of bowel lesions (MVD) (39.5 + 15.6 vs 30.3 + 11.4 mm, P < .05) and
a lower microvessel density (154.6+/43.6 vs 281.1+/77.4, P < .05).
ICG angiography turned out to be an intraoperatively feasible and
safe technique for the evaluation of rectosigmoid endometriosis
vascularization, showing how the nodules with hypovascular pat-
tern seemed to be associated with a larger nodule size and lower
MvD.®

Encouraging data comes from a study where patients with symp-
tomatic rectovaginal DIE nodules, scheduled for a laparoscopic
rectal shaving, were enrolled.}* Six patients underwent a fluores-
cence-guided laparoscopic shaving procedure for the treatment
of non-obstructive rectovaginal DIE nodules. In one patient, the
main lesion as well as the posterior vaginal fornix were removed
without intraoperative rectal perforation. After 2 days, the pa-
tients were dismissed. During the follow-up period of 16 months
(range = 2-23 months), no postoperative rectovaginal fistula was

reported.'
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Bar-shavit et al used ICG fluorescent imaging to perform rec-
tal shaving in 3 patients with DIE: they found it useful because a
very good fluorescence level (score = 4) at the rectal shaving area,
assessed by the Likert-type, was obtained.’ Finally, Seracchioli
et al described the ICG fluorescence-guided laparoscopy as helpful
in separating the endometriotic nodules overlying the ureter and
rectum from the healthy tissue in the case of resection and in al-
lowing assessment of the perfusion of the bowel, selection of the
transaction line as well as evaluation of the adequacy of the blood

supply to anastomosis.?¢

4 | DISCUSSION

One of the main objectives of surgical techniques for the treatment
of endometriosis, in addition to managing pain and achieving preg-

nancy when desired,??3°

is to reduce the complications related to
such a demanding surgery.’

The rationale for the use of NIR-ICG is well known and in the last
few years its ability to bind to plasma proteins has been exploited to
visualize in real-time the perfusion of organs or tissues and to evalu-
ate the possible risk of leakage of intestinal anastomosis or skin flap
necrosis.>!

Perfusion is vital for healing and inadequate blood flow can re-
sult in failure of anastomotic healing and leakage.®? The NIR-ICG
usefulness and effectiveness have been extensively described in
colorectal surgery to assess the perfusion of the bowel and select
the transecting line.3%3¢ Nevertheless, the data related to endo-
metriosis surgery are still being debated. Seracchioli and Malzoni
recently confirmed in their video abstract, encouraging results on
the feasibility, safety and usefulness of NIR-ICG during segmental
resection for bowel endometriosis.?22° In 2020, Raimondo et al tried
to find a correlation between different rectosigmoid endometriosis
vascular patterns and clinicopathologic data demonstrating a higher
frequency of hypovascular patterns (60%) among larger endometri-
osis bowel nodules.!®

Starting from the same concept, its use has also been reported
for the evaluation of ureteral vascularization after ureterolysis for
parametrial endometriosis, proving to be more sensitive than WL
observation.?® A better evaluation of the ureteral arterial microcir-
culation could allow more rational use of the positioning of a “pro-
tection” ureteral stent after ureterolysis for DIE.?> Furthermore,
exploiting the fluorescence of the ICG by cystoscopy-guided in-
traureteral injection can potentially allow easier visualization of
the entire course of the ureter,?*?” thus limiting possible iatro-
genic lesions.

The major limitation of NIR-ICG is the subjectivity of the flu-
orescence assessment; currently, in fact, evaluation of the micro-
circulation is based on an “impression” of the surgeon and not on a
quantitative analysis.”?° In this sense, a more objective analysis of
fluorescence has been proposed in colorectal surgery, based on its
variation in intensity from the first visualization to the maximum

luminescence. The time needed to obtain adequate perfusion is

directly proportional to the risk of leakage of the colorectal anas-
tomosis.>” Moreover, as reported in Table 1, there is moderate
heterogeneity in the type of fluorescence detection modality by
2D/3D-laparoscopy and 3D robotic imaging system; currently, we
cannot assess whether it has any influence on endometriosis de-
tection during surgery.

Recently, Gonzales-Abos et al reported on the use of a new de-
vice for fluorescent-guided surgery with quantitative measurement
of the luminescence intensity, which may play a role in discriminating
between benign and malign tissue, during debulking surgery for peri-
toneal carcinomatosis.®®

Moving in this direction, the use of mathematical algorithms and
software applied to the biomedical field will make it possible to use
NIR-ICG in a more objective and systematic way, limiting the inter-
pretation error of the individual surgeon.

ICG as a diagnostic tool for the detection of endometriosis was
investigated in three larger trials and three case reports. 112141524
Consentino et al described how NIR-ICG may be a tool for intraop-
erative diagnosis, for confirmation of visible endometriosis lesions,
such as PE, and as a marker for identifying occult endometrio-
sis when the WL evaluation had misinterpreted several lesions.!?
However, these data should be analyzed by evaluating the real ad-
vantage of surgical radicality in the treatment of DIE, which is not
acknowledged by all authors.”

In a case series, the use of NIR-ICG was investigated as optical
guidance for the resection of DIE, allowing surgeons to separate the
rectovaginal DIE nodules from the healthy rectal tissue and also to
decide whether the resection needs to be enlarged to the posterior
vaginal fornix.**

The dosage of ICG, waiting time to visualization and way of appli-
cation vary substantially between these papers, ans in some cases is
not reported at all (Table 1). Worthy of mention is the use of ICG for
visualization of the ureters after intraureteral injection reported by
Park et al:>* used in this way, ICG allowed the detection of endome-
triotic lesions and also the prevention of iatrogenic ureteral injury.?*

Although the neoangiogenesis and increased blood vessel den-
sity typical of DIE3%40 present a rationale for the use of NIR-ICG
technology, there are elements to consider that can influence the
success of this method and that may explain the difference in sensi-
tivity reported by various authors.®1%'215 previous retroperitoneal
surgery, fibrosis and the reduction of neoangiogenesis related to
the use of estrogen-progestin or gonadotropin-releasing hormone
agonist, may be responsible for an altered microcirculation at the
level of peritoneal lesions or DIE nodules.® The variability among the
various authors, regarding the times reported between the adminis-
tration of ICG and the visualization of the fluorescence, should also
be considered, with times for viewing varying from a few seconds to

30 minutes.8’“'12’15’16'23'25'27

I*> showed no ad-

Conversely, Siegenthaler et al® and Lier et a
vantage for NIR fluorescence imaging with ICG. Indeed, in their
pilot study of 63 patients, Siegenthaler et al® reported a sensitivity
of NIR-ICG of 14.7%, very different from that found by Cosentino'?

and Vizzielli,*> whose sensitivity was 82%. This inhomogeneity
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is difficult to interpret: in the two papers, the substantial differ-
ences concern the percentage of patients with previous surgery
for endometriosis, 54% for Siegenthaler8 and 44% in Cosentino’s
work!! and the fluorescence display time, which varies for the
Siegenthaler between 2 and 20 minutes and for Cosenti between
5 and 30 minutes.

Regarding the detection system of fluorescence, Vizzielli et al'?
investigated the effect of the 3D robotic Firefly® imaging system of
daVinci® Xi Surgical System compared with 2D-laparoscopy on the
detection rate of occult endometriosis, finding no statistically sig-
nificant difference. The usefulness of robotic NIR fluorescence-ICG
imaging technique compared with robotic and laparoscopic WL was
also demonstrated in a further study where a statistically signif-
icant higher number of lesions (13.4 vs 7.4 vs 4.7, P = .012) were
detected.®®

De Neef et al'* investigated the use of ICG as optical guidance
for the resection of DIE. Park et al** along with Mandrova et al?®
used ICG for visualization of the ureters after intraurethral injection.

This paper represents the first review on this topic. Nevertheless,
two limitations have to be reported: First, the lack of randomized con-
trolled studies in the literature and as a consequence in our review,
with one exception.!® and second, the heterogeneity of included stud-
ies in the analysis due to the presence of case report/series, video-ar-

ticles, retrospective and prospective studies.

5 | CONCLUSION

NIR-ICG appears useful in the evaluation of vascularization of in-
testinal anastomoses after segmental resection, confirming its role
even after ureterolysis for parametrial DIE. However, its usefulness
as a tool in the detection of endometriosis during surgery is consist-
ent. Despite the growing interest in the use of NIR-ICG in the surgi-
cal treatment of endometriosis and its promising role, data of the
scientific literature are still not of adequate quality to recommend its
systematic use. But with increasing application of the tool, the qual-
ity and volume of the evidence for fluorescence dye use in surgery
for DIE will continue to grow.
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