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Gdańsk, Marii Skłodowskiej-Curie 3a, 80-210 Gdansk, Poland; sam-bor.sawicki@gumed.edu.pl
Department of Surgical Oncology, Medical University of Gdansk, Marii Skłodowskiej-Curie 3a,
80-210 Gdansk, Poland
Correspondence: karol.polom@gumed.edu.pl

Citation: Polom, J.; Kalinowski, L.;
Diana, M.; Chand, M.; Caballero, C.;
Sawicki, S.; Polom, K. Comprehensive
Review of Fluorescence Applications
in Gynecology. J. Clin. Med. 2021, 10,
4387. https://doi.org/10.3390/
jcm10194387
Academic Editor: Masahiro Sugimoto
Received: 8 September 2021
Accepted: 22 September 2021
Published: 25 September 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affiliations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses/by/
4.0/).

Abstract: Since the introduction of indocyanine green (ICG) as a fluorophore in near-infrared imaging,
fluorescence visualization has become an essential tool in many fields of surgery. In the field of
gynecology, recent new applications have been proposed and found their place in clinical practice.
Different applications in gynecology were investigated, subcategorized, and overviewed concerning
surgical applications and available dyes. Specific applications in which fluorescence-guided surgery
was implemented in gynecology are described in this manuscript—namely, sentinel node biopsy,
mesometrium visualization, angiography of different organs, safety issues in pregnant women,
ureters visualization, detection of peritoneal metastases, targeted fluorophores for cancer detection,
fluorescent contamination hysterectomy, lymphography for lower limb lymphedema prevention,
tumor margin detection, endometriosis, and metastases mapping. With evolving technology, further
innovative research on the new applications of fluorescence visualization in cancer surgery may
help to establish these techniques as standards of high-quality surgery in gynecology. However,
more investigations are necessary in order to assess if these innovative tools can also be effective to
improve patient outcomes and quality of life in different gynecologic malignancies.
Keywords: indocyanine green; image-guided surgery; fluorophore; fluorescence

1. Introduction
In 2005, when Kitai et al. introduced fluorescence-guided surgery (FGS) for breast
cancer sentinel node biopsy using indocyanine green (ICG), a new era of image-guided
surgery [1] was initiated. Some new systems can even merge these fluorescent images with
white light images and help to better orientate intraoperatively [2,3]. Currently, there are
only five FGS contrast agents approved for clinical use by the American Food and Drug
Administration (FDA), as well as by European Medicines Agency (EMA), i.e., fluorescein,
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ICG, methylene blue, and 5-alanine. Novel fluorophores are still under investigation
through ongoing clinical trials. We have to wait for stronger evidence before their wider
clinical use can be achieved.
This review summarizes currently available applications in gynecology using nearinfrared fluorescence imaging with special attention given to specific clinical applications.
2. Sentinel Node Biopsy
In gynecologic malignancies, the concept of SNB is not new. Historically, vulvar
cancer was one of the first malignancies for which this concept was evaluated [4,5]. In
endometrial cancer, the most common gynecologic malignancy, two randomized clinical
trials investigated the efficacy of this technique. However, these trials did not support
the hypothesis of improved survival after lymphadenectomy in the early stage of the
disease [6,7].
2.1. Endometrial Cancer
Even though radiocolloid and blue dye are the most commonly used tracers for SNB
in a majority of cancers based on a recent survey among American gynecologic oncologists,
ICG was most commonly used for SNB in endometrial cancer (97.3% of the responders)
and in cervical cancer (92.5%) [8,9].
The first application of ICG for the SNB procedure in endometrial cancer was published by Furukawa et al., in which fluorescent nodes were detected in 83% of patients, with
all cases found bilaterally [10]. No false-negative nodes were found. The first minimally
invasive SNB in endometrial cancer was published by Rossi et al., with the detection of
sentinel nodes in 85% of cases (17 patients) [11]. In 60% of cases, positive nodes were found
bilaterally, with no false-negative cases. In a study that compared ICG with isosulfan blue
(IB), the nodes were found with the naked eye in 77% of cases with IB and in 97% of cases
when using the fluorescent properties of ICG [12].
In a meta-analysis by Ruscito et al., ICG was compared to radiocolloid, blue dye,
or the combination of radiocolloid and blue dye found similar results in the bilateral or
unilateral detection rate, as well as a similar false-negative rate [13]. However, when
comparing ICG to a blue dye, the detection was significantly improved by 26.5% using
fluorescence guidance, as found in a randomized study [14]. Additionally, in a multicenter
study, the bilateral detection of sentinel nodes was 10.6% higher when using ICG versus
blue dye [15]. In a meta-analysis by How et al., ICG improved the overall detection rate by
94%, as compared to blue dye (86%) or radiocolloid (86%). This trend was also observed
in the case of bilateral detection but was not observed in the case of para-aortic SNB [16].
A high BMI was found to be accountable for difficulties in SNB [17]. In a publication by
Jewell et al., the median BMI in which SNB was found under fluorescence guidance was
30.1 kg/m2 in comparison to 41.2 kg/m2 , in which nodes were not found [17]. BMI also
had an impact on unilateral or bilateral SNBs for patients with a median BMI of 34 kg/m2
and 29.6 kg/m2 , respectively. In another study, BMI ≥ 30 was found to be accountable for
a successful bilateral node mapping, and ICG was superior to IB among patients with a
higher BMI [17].
We are waiting for the results of two clinical studies that investigate the role of ICG in
endometrial cancer SNB—SELECT study and SENTIRAD (NCT04291612; NCT02598219).
Survival data from these studies will provide evidence for the use of ICG in the case of
early stage endometrial cancer.
2.2. Cervical Cancer
The first experience in cervical cancer sentinel node biopsy using ICG was published
by Crane et al., in which a mixture of ICG and patent blue was injected for lymph node
staining [18]. SNB fluorescence was observed in 60% of cases (6 patients). Once pelvic
lymphadenectomy was performed, additional nodes (11 ones) showed fluorescence with
one fluorescent node harboring metastases. No false-negative results were found, and
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SNBs were found bilaterally in half of the cases. The detection rate in tumors below 2 cm
was 80% and only 40% in larger tumors.
An application of this procedure in cervical cancer is of the highest importance since
up to 20% of patients with early cervical cancer present with lymph node metastases. The
accurate detection of nodal disease impacts 5-year survival, which decreases from 92 to
64% for those with lymph node metastases [19,20]. The application of sentinel node biopsy
may decrease the long-term morbidity rate related to lymphadenectomy that occurs in up
to 20% of those undergoing the more radical procedure [21].
In a publication by van der Vorst et al., different concentrations of ICG mixed with
human serum albumin (HSA) were investigated. However, no significant difference
was found when analyzing different doses [22]. In another publication originating from
this group, i.e., randomization between ICG alone or ICG mixed with HSA, they found
that the sensitivity of fluorescent SNB was 83.3% with a negative predictive value of
92.3% [2]. In a randomized study (FLIM trial), ICG was compared with blue dye with more
nodes identified with ICG than with blue dye, without any difference in the pathological
confirmation of the nodes between both dyes [23]. In the meta-analysis by Ruscito et al.
in 2016, SNB in endometrial and cervical cancers showed similar results between ICG
and blue dye together with radiocolloid. However, 2 years later in a meta-analysis by
Ulain et al. including eight analyzed studies, ICG versus a combination of all other tracers
revealed higher unilateral and bilateral detection rates [24]. However, in the latter study,
no difference was found in the overall rate of SNB detection [24]. Additionally, when HSA
was mixed with ICG, it did not improve the detection rate, in comparison to ICG alone.
In this meta-analysis also, no benefit was found when combining ICG with blue dye or
using blue dye alone over ICG [24]. However, no conclusions were drawn concerning the
volume and concentration of ICG that should be injected, ranging from 0.5 to 5 mg/mL
with volumes ranging from 0.2 to 4.0 mL. Another issue that needs to be resolved is the
extent of injection that varies from a two-quadrant injection to a four-quadrant one, as well
as peritumoral injection [25]. All of the above-mentioned issues need to be standardized to
obtain improved results in the future.
2.3. Vulvar Cancer
The first description of an ICG use in vulvar cancer SNB was presented by Crane et al.
in 10 patients and showed that this technique was feasible but only in patients with a BMI
below 25 kg/m2 [26]. It was associated with limited penetration of fluorescence through
extensive adipose tissue in the groin. This issue was also highlighted in a publication by
Prader et al., in which the authors also found that in the group with BMI > 30 kg/m2 ,
sentinel nodes were found in 93.3% of patients when radiocolloid was used and in 86.7%
of patients in the ICG group [27]. In a publication by Verbeek et al., if ICG was mixed with
radiocolloid in 12 patients with early stage vulvar cancer, the detection rate of sentinel
nodes was 100% [28]. In a publication by Soergel et al. studying 27 patients, 8 sentinel nodes
were found with ICG but not when radiocolloid was used [29]. A higher rate of sentinel
nodes detected via ICG in comparison to radiocolloid was also published by Broach et al.
Mapping was performed among 96 patients with radiocolloid and ICG injected in the
groin. In 14.6% of cases, nodes were seen only with ICG [30]. In a multicenter randomized
trial including 48 patients that compared mixed ICG with radiocolloid with a standard
radiocolloid and a blue dye, sentinel node identification using fluorescence was possible
in 92.5% of cases and in 65.3% [31] of cases when a blue dye was used. Additionally, a
successful sentinel node detection rate in the standard method was found in 92.1% of cases
and in 97.2% of cases in the fluorophore group. Another valuable aspect from this trial was
that statistically significant more short-term postoperative complications were described in
the standard group. A worthwhile application of ICG sentinel node biopsy was presented
using a video endoscopic inguinal lymphadenectomy (VEIL) with sentinel node mapping
using a robotic system [32].
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2.4. Ovarian Cancer
In the systematic review from 2019, 10 articles were analyzed with a detection rate
of 90.3% [33]. Concerning ICG and radiocolloid in seven ovarian cancer patients, the
detection rate was 100% [34]. In a series of five patients using only ICG, sentinel nodes
were detected in all cases [35]. Recently, published preliminary results of the prospective
multicenter SELLY study, detection of sentinel nodes using ICG was 67.7%, with a much
higher detection rate of patients who underwent immediate staging [36]. Four patients
presented with lymph node metastases, and all four were identified with ICG. These data
were lower than the ones previously published in the review article in which the detection
rate was found to be 88% [37]. Further research is required to show the real potential of
fluorescent tracers in SNB procedures in ovarian cancer.
2.5. Vaginal Cancer
In this malignancy, only a case report presenting a successful sentinel node mapping
in vaginal cancer is available [38]. ICG was injected into the bilateral side of the tumor.
Sentinel nodes were found bilaterally in the obturator fossa.
3. Multi-Channel Fluorescence
The issue of the injection site in uterine cancer or of the cervical injection in endometrial
cancer is still debatable. Sentinel nodes might be visible using two fluorophores during
the same operation. In a study by Laios et al., the fluorescence properties of methylene
blue were used. Methylene blue and ICG were visible in two patients sharing common
lymphatic structures no matter the injection site [39]. In one case, the lymph nodes were
stained with both fluorophores. However, in the second case, the true positive para-aortic
sentinel node was only stained with ICG after uterine fundus injection but not with MB
after cervical injection. Similar multispectral fluorescence imaging during prostatectomy
was proposed using fluorescein and ICG mixed with radiocolloid [40]. Undoubtedly,
multispectral image-guided surgery will soon be a perfect tool to differentiate anatomical
structures from different fluorophores.
4. Mesometrium
Enhancements in surgical techniques that will help to improve oncologic outcomes
are among the key objectives of any surgical research. Total mesorectal excision (TME)
proposed by RJ Heald revolutionized the surgical technique for several cancers, as well as
the concept of embryological planes. This led to an improved local control after rectal cancer
surgery [41]. This idea was also adopted in other organ-specific surgical techniques [42,43].
Embryologically based compartmental surgery was also proposed by Höckel et al., in the
treatment of gynecologic cancer [44]. In the publication by Kimmig et al., the visualization
of compartments was supported by the injection of ICG into the uterine corpus [45]. Lymph
nodes, as well as complex lymphatic vessels, can be observed. Therefore, the whole organ
compartment can be seen with fluorescence. This intraoperative lymphography revealed
two pathways of lymphatic flow, the first one along the uterine vessels to the iliac lymph
nodes in the pelvis, and the second one along the ovarian vessels to the para-aortic lymph
nodes [46–48].
5. Fluorescent Angiography
5.1. Uterine Tube Perfusion
The concept of uterine transplantation is emerging, although it is still in its infancy
period. During donor hysterectomy, normally, both uterine tubes are transected [49]. In
the case of pregnancy, the recipient of the uterus has to undergo an in vitro fertilization
(IVF). It is hypothesized that transplantation made together with the uterine tubes may
facilitate a spontaneous conception [50]. In the study by Farag et al., they investigated
ex vivo and in vivo relative fluorescence, as well as the fluorescence intensity ratio [51],
using ICG angiography. Vascular perfusion for uterine tubes originates from utero-ovarian
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vasculature alone. This is especially important since a less extensive dissection for bilateral
arterial and veins is currently proposed during transplantation [52]. Additionally, the
authors found differences in the location of utero-ovarian vessels. The length of uteroovarian vessels may also help with an easier re-anastomosis and a safer surgery. This study
may pave the way for complex uterus and attached uterine tubes transplantation, based on
a tailored separation of utero-ovarian vasculature with fluorescence guidance, and facilitate
a spontaneous conception.
5.2. Ureteral Branch of Uterine Artery Detection
The surgical treatment of cervical cancer requires an extensive conventional radical
hysterectomy, which is sometimes associated with a poor blood supply of the ureters
postoperatively. This may lead to complex postoperative complications such as ischemic
necrosis of the ureter, urinary fistula, or stenosis of the ureter [53,54]. Possible prevention
of such complications might be proposed by preserving the ureteral branch of the uterine
artery [54]. A report of two cases with ureteral branch-sparing hysterectomy was presented
using fluorescence angiography for the identification of a ureteral branch [55]. Additionally,
with this fluorescence angiography technique, the authors also evaluated the perfusion
of the uterine artery and ureter. No postoperative complications related to the ureter
vasculature were reported.
5.3. Vaginal Cuff Angiography
Vaginal cuff dehiscence represents a severe complication after hysterectomy. The
implementation of robotic surgery increased the rate of this complication, with a rate of
0.6% for abdominal hysterectomy and up to 3.16% after robotic hysterectomy [56]. Vaginal
cuff angiography using ICG was performed after robotic hysterectomy in 20 patients [57].
No difference in terms of vaginal cuff dehiscence prevention was observed for monopolar
or ultrasonic devices. Only longer instrument activation times in the open cuff showed a decreased cuff perfusion. A similar study was performed for laparoscopic hysterectomy [58].
The added value of ICG guidance to vaginal cuff angiography and flap reconstructing is
improving the technique, as it is now used in daily practice. Then, another point is that it
helps to decrease the morbidity rates.
Future studies of this method to decrease postoperative complications will show its
clinical relevance, especially in robotic surgery.
5.4. Flap Reconstruction
Postoperative complications after bilateral groin lymphadenectomy is not a rare
situation. However, a wound breakdown is a difficult complication to treat. In the literature,
a case was reported with such a complication, and a pedunculated left anterolateral thigh
flap was presented [59]. A fluorescence angiography with ICG for flap viability was
performed without any further complications associated with flap healing. Two months
after the operation, the patient received radiotherapy.
5.5. Uterus Transplantation
From a surgical standpoint, the key to successful uterus transplantation is the quality of vascular anastomoses. An occlusion of anastomoses is complex and might be
associated with inadequate anticoagulation, poor graft fixation, low immunosuppression, inadequate surgical technique, patient’s age, and mutations associated with venous
thromboembolism [60]. Kengelbach et al. used different techniques in a sheep model for
intraoperative and postoperative blood flow measurements using ICG, as well as Doppler
flowmetry [60]. A similar study was performed in four cynomolgus macaques with an evaluation of uterine artery and vein anastomoses [61]. Both methods proved to be useful for
uterus vascularization, as well as for the patency of vessels. In a publication of Obara et al.
in four cynomolgus macaques, allogenic uterus transplantation was performed [62]. ICG
fluorescence angiography showed adequate blood flow to all transplants. In one case,
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fluorescence angiography showed blood flow from the left to the right side of the uterus.
In another study, six cynomolgus macaques were evaluated after unresponsive immunosuppression [63]. They analyzed all different clinicopathological factors associated with
transplant rejection. An ICG fluorescence imaging of all transplanted grafts showed a
swollen uterus without fluorescence of this organ. Another study evaluated the number
of vessels necessary for uterine blood flow in animal models [64]. They found that even
one uterine artery is sufficient to visualize the fluorescence of the uterus. Additionally,
ovarian vessels did not show any significance related to uterine fluorescence. However,
when uterine arteries were still clamped via the ovarian arteries, it prolonged the time to
reach perfusion at its maximum. In pregnant macaques with only the right uterine artery
and vein, fluorescence using ICG was performed [65]. In the third trimester, fluorescence
imaging was performed, and under near-infrared light, a uterine body was visualized from
the right to the center with additional collateral circulation, starting from the right artery
next to the left uterine artery, showing the left part of the uterine body at the end.
5.6. Trachelectomy and Uterine Artery Angiography
Trachelectomy is performed in early stage cervical cancer among patients desiring
future fertility. There is some extensive literature evidence regarding its safety, as well
as good outcomes associated with 16 to 23% of the pregnancy rate. However, one of the
questions associated with surgical steps is the preservation of the uterine artery during
this operation. In the group of 20 patients, half of them underwent uterine artery sparing
trachelectomy, and the second half, uterine non-sparing surgery [66]. A uterine fluorescence
with ICG was measured for both groups. No difference in fundal fluorescence perfusion
was found between the two analyzed groups, which proved that uterine viability is not
associated with uterine artery preservation during trachelectomy.
5.7. Intestinal Angiography for Gynecology
The role of ICG fluorescence angiography for colorectal surgery is well documented [67].
In an article describing 100 consecutive bowel anastomoses for gynecologic malignancies, ICG was used for colon angiography [68]. For low anterior resections (LARs), an
endoscopic camera system was used transanally, and for other types of anastomoses, a
handheld system was used. ICG angiography has led to two anastomotic revisions and
one diverting ileostomy [68]. There was one postoperative leakage. In a case report of a
rectosigmoid endometriotic nodule and an intravenous ICG angiography of the ischemic
area around the rectal lesion, a transection line was selected based on this examination [69].
In a publication by Bourdel et al. studying a group of 21 patients who underwent deep
infiltrating endometriosis (DIE) resection, ICG angiography was used for vascularization
checkup after rectal shaving [70]. Adequate fluorescence of this area was possible in 81% of
cases. In one patient, two stitches were made to reapproximate the rectal muscularis layer,
which improved the fluorescence of this area. No postoperative fistula was diagnosed.
A valuable application of ICG angiography in gynecology using laparoscopic intestinal
angiography was presented during intestinal vaginoplasty for intestinal segment perfusion
in six transgender patients [71]. In one patient, fluorescence angiography was inadequate,
and vaginoplasty was aborted.
6. Other Major Applications of ICG
6.1. ICG Safety in Pregnant Women
The safety of ICG use in pregnant women is still not entirely investigated. It was
shown that ICG was not found in fetal cord blood or in umbilical vein blood just after
birth [72]. It was demonstrated that ICG was found in the fetus in mouse models. In
addition, drugs can increase their distribution to the fetus [73]. The study that analyzed an
impact of ICG transplacental transfer in ex vivo perfusion models from cesarean deliveries
showed a minor fetal reservoir of ICG [74]. Additionally, they found that it was probably
mediated by means of an organic anion transporting polypeptide (OATP). It seems that
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the placenta is a protective barrier for ICG spread to the fetus even though it is not a
full barrier.
6.2. Ureteral Visualization
Ureter injury during surgery is a rare event. However, it is considered to be one of
the most severe postoperative complications. After the extensive resection of the ureteral
endometrial masses, the local perfusion of the ureter was examined in 31 ureters [75].
Local ischemia was suspected in five cases (16.1%). However, in three cases, irregular
fluorescence or absent fluorescence was observed, and stent placement was administered.
No postoperative complications were noted.
Another valuable idea is to administer intraurethral ICG via a cystoscopic catheter. In
a group of 30 operations, the preoperative procedure of cystoscopy prolonged time over
approximately 7 minutes and in 10 patients (33%); in case of difficulties to intraoperatively
find the ureter in normal light, the fluorescence-guided identification made it possible to
find its position faster [76]. In a group of 16 gynecologic oncology operations, all bilateral
ureters were visualized after the cystoscopic insertion of 8 mL of ICG with 6 French ureteral
catheters [77]. Fluorescence visualization of the ureters and the bladder was used during
neovagina creation in congenital vaginal agenesis [78]. In a group of four patients, ICG
was injected into both ureters through six French catheters. This technique seems to be
effective. However, the fact that more time is needed during an operation, and that an
invasive catheter insertion is performed, leading to the risk of iatrogenic ureteral injury, are
disadvantages of this method.
Methylene blue is another dye presenting fluorescence properties, which can be used to
visualize ureters. The first description of methylene blue visualization in the ureters during
a colorectal operation after intravenous injection was published by Verbeek et al. [79]. In
addition, other investigators described the use of this dye for the fluorescent search for
ureters [80–82].
New drugs are investigated to visualize ureters in fluorescence. One of these has
been recently used in a phase 1 study during a hysterectomy (IS-001 [83]). The ureters
were visualized in all investigated patients. In 41 patients, nerindocianine sodium was
investigated as another drug, and fluorescence of the ureters was found in 88.9% of
cases [84]. In a recent systematic review of clinically available and experimental dyes
for ureteral visualization in near-infrared light in laparoscopic surgery, it was found that
methylene blue was better than ICG, and additionally, ZW800-1 showed greater fluorescent
properties, making it a promising fluorophore in the future [85].
6.3. Peritoneal Metastases
Due to difficulties in finding tiny nodules in the whole abdomen during cytoreductive
surgery, it is sometimes impossible to resect all metastatic nodules. In a group of 10 patients,
20 mg of ICG, administered intravenously after opening the abdominal cavity, was used
for the fluorescent detection of suspected gynecologic cancer [86]. Only six patients had a
malignant disease, only two had peritoneal metastases, and eight metastatic lesions were
found under near-infrared light. The authors highlighted the fact that 13 non-malignant
lesions were also found, reaching a false positive rate of 62%. Additionally, as they analyzed
signal-to-background ratios between malignant and non-malignant nodules, no difference
was found (2.0 vs. 2.0). In a recent meta-analysis of ICG use in the detection of peritoneal
metastases in different cancers, sensitivity varied from 72.4 to 100% and specificity from
54.2 to 100% [87].
6.4. Targeted Fluorophores for Cancer Detection
Another step forward in the detection of a malignant tumor and its metastases are
targeted fluorescent probes that may specifically bind to cancer antigens and be detected
by adjacent fluorophores. Surgical tumor margins, metastatic lymph nodes, peritoneal and
other solid organ metastases might be seen intraoperatively in fluorescent light [88]. In a
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clinical model, five most prominent targets in ovarian cancer were proposed: folate receptor
α, vascular endothelial growth factor, epidermal growth factor receptor, chemokine receptor
4, and matrix metalloproteinase. The first-in-human trial showed a possible potential in
tumor-specific fluorescence of ovarian cancer using FR α targeted agent folate FITC [89]. In
peritoneal carcinomatosis, a tumor lesion detected when using tumor-specific fluorescence,
a median of 34 vs. 7 lesions was found when using the naked eye only [89]. An OTL-38
was used in a preliminary study in four patients with serous or clear cell endometrial
cancer [90]. Lymph node metastases and omental lesions were detected with targeted
fluorescence. An interesting OTL-38 -a fluorescent probe that targets folate receptor α
allowed the identification of 29% more metastatic lesions during surgery for ovarian
cancer in 12 patients when compared to standard clinical inspection and or palpation [91].
However, 11 out of 13 lymph nodes stained with this fluorophore were tumor-free after
pathological examination [91].
Other targets were investigated by the same group, and an expression of EpCAM
showed a similar expression as folate receptor α in peritoneal metastases and was not
found in lymph nodes [92]. Here, we have to point out that EpCAM, as well as folate
receptor α, represent a high expression in epithelial cells of tumor negative uterine tubes
and uterine endometrial cells, which may interfere in early stage cancer detection in the
future [92]. Undoubtedly, this field is rapidly evolving and, in the future, we will probably
have a few specific targeted dyes for different cancers in gynecology.
6.5. Fluorescent Contamination Hysterectomy
Minimally invasive surgery is currently receiving more attention in gynecology. However, in two randomized studies on cervical cancer, the minimally invasive approach
was associated with worse disease-free survival, as well as with overall survival [93,94].
The reason behind this is still unknown and an intracorporeal colpotomy during radical
hysterectomy might be accountable for the intraperitoneal dissemination of tumor cells.
An interesting study was published that used ICG to show hypothetical contamination
of cervical secretion caused by manipulation during intracorporeal colpotomy [94]. After
ICG application to the cervical surface, minimally invasive surgery was performed [95]. In
12 patients, peritoneal contamination was found in nine patients (75%). Additionally, in
seven patients (58%), contamination of laparoscopic instruments was found. Undoubtedly,
other factors may also play a role in achieving worse results after a minimally invasive hysterectomy. However, this application of ICG may serve in the future as a quality assessment
tool of peritoneal contamination with cervical secretion.
6.6. Lymphography to Prevent Lower Limb Lymphedema
Lower limb lymphedema is one of the most difficult postoperative complications to
treat after an extended lymphadenectomy in small pelvis cancer surgeries [96]. In lower
limb lymphedema, Yamamoto et al. described three patterns of lymphedema after ICG
injection: splash pattern, stardust, and diffuse pattern [97]. In a group of 68 patients,
37 of them developed lower limb lymphedema after cervical cancer treatment [98]. The
splash pattern at the groin level was found to be present in patients with clinically reduced
lymphedema, whereas significant lymphedema was found in a diffuse pattern on the
whole length of the lower limb. A possible lymphaticovenular anastomosis for lower
limb and genital lymphedema was found in case of severe lymphorrhea [98]. Another
possibility to treat lower limb lymphedema is to harvest right supraclavicular lymph
nodes with lower limb node flap transfer in 10 patients, with 6 cases after endometrial
cancer lymphadenectomy [99]. ICG lymphography was performed to visualize lower limb
lymphatic mapping, as well as the supraclavicular area. An effective decrease in lower
limb lymphedema was reported in all patients.
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6.7. Margin Detection
The real-time detection of tumor margins may help to achieve a better complete
resection. Two case reports presented an interesting use of ICG in vulvar and vaginal
cancer for surgical resection guidance [100]. In the first case after primary incomplete
resection of vulvar cancer, an intravenous ICG injection determined the free margin after
resection. In the second case, peritumoral ICG injection 1 cm around the upper vagina
cancer showed a clear resection margin on the final pathological finding [100]. Both
methods need to be evaluated on a larger scale. However, they seem to be valuable
techniques for an image-guided surgery approach in gynecology [100].
6.8. Endometriosis
The ICG use for endometriosis detection is made possible via the intraoperative
visualization of tissue vascularization. In a group of 27 patients in a pilot study of the
Gre-Endo trial, 100 lesions were seen in white light, and an additional 16 lesions were
found under fluorescence guidance [101]. In a group of 63 patients, 173 lesions were
excised, and 90.4% of them were confirmed to be histologically proven endometriosis [102].
A total of 166 (96%) lesions were found with the naked eye and 32 (18.5%) lesions with
ICG [102]. Here, 22 lesions proved to be endometriosis. Only seven additional lesions
were identified with ICG, and only one proved to be endometriosis. In a systematic
review based on 17 studies, 8 lesions showed the usefulness of ICG for endometriosis
detection. One randomized trial, and one prospective study failed to show any advantage
of ICG in endometriosis detection. Eight other studies showed the usefulness of ICG in the
evaluation of intestinal angiography anastomoses, as well as ureterolysis in deep infiltrating
endometriosis [103]. The use of ICG was shown to be effective in the case of segmental
resection of deep infiltrating endometriosis of the rectosigmoid part of the colon [103]. In a
publication by Raimondo et al., a correlation between vascular patterns of rectosigmoid
endometriosis was found in 30 patients with a hypovascular pattern (60%) in larger bowel
endometriosis [69]. The potential use of artificial intelligence (AI) in intraoperative tissue
classification with ICG perfusion of colorectal cancer was recently published, and this idea
might be also translated into endometriosis evaluation [104].
In a publication by Lier et al., 3D imaging showed significantly better sensitivity and a
non-inferior specificity in comparison to 2D standard imaging [105]. The additional use of
narrow-band imaging (NBI) or ICG-based FGS showed no improvement in endometriosis
detection [105].
In endometriosis FGS, it has to be stressed that previous retroperitoneal surgery,
fibrosis, reduction of neo-angiogenesis with the use of estrogen–progestin, or gonadotropinreleasing hormone agonist might alter microcirculation and ultimately endometriosis
detection [102,106,107].
Potential ureteral microcirculation after ureterolysis was already described in Section 6.2
“Ureteral Visualization”.
6.9. Metastases Mapping
In three patients with metastatic-suspected lesions caused by cervical cancers or
carcinosarcoma found on PET/CT-scan, a tomography-guided percutaneous injection of
ICG was performed, and the lesions were then identified during laparoscopic fluorescent
visualization [108]. Such a technique might be used for difficult-to-reach or small lesions
suspected of malignancy.
7. Conclusions
Fluorescence-guided surgery also found a well-established place in gynecology. This
image-guided surgery offers real-time control of the operative view with a clear benefit
for the surgeon. We outlined an extensive review of currently available applications in
gynecology, showing that this field also uses this modern technology for a variety of
adopted strategies. Undoubtedly, for wider use of this technology, we will need large-scale,
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well-designed trials, which will prove the necessary evidence of possible applications of
this technology.
Author Contributions: Conceptualization, J.P., L.K., M.D., M.C., C.C., S.S. and K.P.; data acquisition,
J.P., K.P.; supervision, L.K., M.D., M.C., C.C., S.S. and K.P. All authors have read and agreed to the
published version of the manuscript.
Funding: This work was partially supported by the Ministry of Education and Science under contract
10/E-389/SPUB/SP/2020 (J.P., L.K.).
Conflicts of Interest: The authors declare no conflict of interest.

References
1.
2.

3.
4.

5.

6.

7.
8.
9.
10.
11.
12.

13.

14.

15.

16.
17.

Kitai, T.; Inomoto, T.; Miwa, M.; Shikayama, T. Fluorescence navigation with indocyanine green for detecting sentinel lymph
nodes in breast cancer. Breast Cancer 2005, 12, 211–215. [CrossRef]
Schaafsma, B.E.; Mieog, J.S.D.; Hutteman, M.; van der Vorst, J.R.; Kuppen, P.; Löwik, C.W.; Frangioni, J.V.; Van De Velde, C.J.;
Vahrmeijer, A.L. The clinical use of indocyanine green as a near-infrared fluorescent contrast agent for image-guided oncologic
surgery. J. Surg. Oncol. 2011, 104, 323–332. [CrossRef]
Polom, K.; Murawa, D.; Rho, Y.-S.; Nowaczyk, P.; Hünerbein, M.; Murawa, P. Current trends and emerging future of indocyanine
green usage in surgery and oncology. Cancer 2011, 117, 4812–4822. [CrossRef]
Oonk, M.H.; van Hemel, B.M.; Hollema, H.; A de Hullu, J.; Ansink, A.C.; Vergote, I.; Verheijen, R.H.; Maggioni, A.;
Gaarenstroom, K.N.; Baldwin, P.J.; et al. Size of sentinel-node metastasis and chances of non-sentinel-node involvement and
survival in early stage vulvar cancer: Results from GROINSS-V, a multicentre observational study. Lancet Oncol. 2010, 11, 646–652.
[CrossRef]
Levenback, C.F.; Ali, S.; Coleman, R.L.; Gold, M.A.; Fowler, J.M.; Judson, P.L.; Bell, M.C.; De Geest, K.; Spirtos, N.M.; Potkul, R.K.;
et al. Lymphatic Mapping and Sentinel Lymph Node Biopsy in Women With Squamous Cell Carcinoma of the Vulva: A
Gynecologic Oncology Group Study. J. Clin. Oncol. 2012, 30, 3786–3791. [CrossRef] [PubMed]
Panici, P.B.; Basile, S.; Maneschi, F.; Lissoni, A.A.; Signorelli, M.; Scambia, G.; Angioli, R.; Tateo, S.; Mangili, G.; Katsaros, D.; et al.
Systematic Pelvic Lymphadenectomy vs No Lymphadenectomy in Early-Stage Endometrial Carcinoma: Randomized Clinical
Trial. J. Natl. Cancer Inst. 2008, 100, 1707–1716. [CrossRef] [PubMed]
Swart, A.M. The Writing Committee ASTEC Study Group Efficacy of systematic pelvic lymphadenectomy in endometrial cancer
(MRC ASTEC trial): A randomised study. Lancet 2009, 373, 125–136. [CrossRef]
Renz, M.; Diver, E.; English, D.; Kidd, E.; Dorigo, O.; Karam, A. Sentinel Lymph Node Biopsies in Endometrial Cancer: Practice
Patterns among Gynecologic Oncologists in the United States. J. Minim. Invasive Gynecol. 2020, 27, 482–488. [CrossRef]
Chambers, L.M.; Vargas, R.; Michener, C.M. Sentinel lymph node mapping in endometrial and cervical cancer: A survey of
practices and attitudes in gynecologic oncologists. J. Gynecol. Oncol. 2019, 30, e35. [CrossRef] [PubMed]
Furukawa, N.; Oi, H.; Yoshida, S.; Shigetomi, H.; Kanayama, S.; Kobayashi, H. The Usefulness of Photodynamic Eye for Sentinel
Lymph Node Identification in Patients with Cervical Cancer. Tumori J. 2010, 96, 936–940. [CrossRef]
Rossi, E.C.; Ivanova, A.; Boggess, J.F. Robotically assisted fluorescence-guided lymph node mapping with ICG for gynecologic
malignancies: A feasibility study. Gynecol. Oncol. 2012, 124, 78–82. [CrossRef]
Holloway, R.W.; Bravo, R.A.M.; Rakowski, J.A.; James, J.A.; Jeppson, C.N.; Ingersoll, S.B.; Ahmad, S. Detection of sentinel lymph
nodes in patients with endometrial cancer undergoing robotic-assisted staging: A comparison of colorimetric and fluorescence
imaging. Gynecol. Oncol. 2012, 126, 25–29. [CrossRef] [PubMed]
Ruscito, I.; Gasparri, M.L.; Braicu, E.I.; Bellati, F.; Raio, L.; Sehouli, J.; Mueller, M.D.; Panici, P.B.; Papadia, A. Sentinel Node
Mapping in Cervical and Endometrial Cancer: Indocyanine Green Versus Other Conventional Dyes—A Meta-Analysis. Ann.
Surg. Oncol. 2016, 23, 3749–3756. [CrossRef] [PubMed]
Rozenholc, A.; Samouelian, V.; Warkus, T.; Gauthier, P.; Provencher, D.; Gauthier, F.; Drakopoulos, P.; Cormier, B. Green versus
blue: Randomized controlled trial comparing indocyanine green with methylene blue for sentinel lymph node detection in
endometrial cancer. Gynecol. Oncol. 2019, 153, 500–504. [CrossRef]
Papadia, A.; Zapardiel, I.; Bussi, B.; Ghezzi, F.; Ceccaroni, M.; De Ponti, E.; Elisei, F.; Imboden, S.; de la Noval, B.D.; Gasparri, M.L.;
et al. Sentinel lymph node mapping in patients with stage I endometrial carcinoma: A focus on bilateral mapping identification
by comparing radiotracer Tc99m with blue dye versus indocyanine green fluorescent dye. Journal of Cancer Research and Clinical
Oncology 2017, 143, 475–480. [CrossRef] [PubMed]
How, J.A.; Patrick, O.; Zainab, A.; Susie, L.; Shannon, S.; Emily, H.; H, G.W. Sentinel lymph node mapping in endometrial cancer:
A systematic review and meta-analysis. Minerva Ginecol 2018, 70, 194–214. [CrossRef]
Jewell, E.L.; Huang, J.J.; Abu-Rustum, N.R.; Gardner, G.J.; Brown, C.L.; Sonoda, Y.; Barakat, R.R.; Levine, D.A.; Leitao, M.M.
Detection of sentinel lymph nodes in minimally invasive surgery using indocyanine green and near-infrared fluorescence imaging
for uterine and cervical malignancies. Gynecol. Oncol. 2014, 133, 274–277. [CrossRef] [PubMed]

J. Clin. Med. 2021, 10, 4387

18.

19.
20.
21.
22.

23.

24.
25.

26.

27.

28.

29.

30.
31.

32.

33.
34.

35.

36.

37.
38.
39.

11 of 15

Crane, L.M.A.; Themelis, G.; Pleijhuis, R.G.; Harlaar, N.J.; Sarantopoulos, A.; Arts, H.J.G.; Van Der Zee, A.G.J.; Vasilis, N.; Van
Dam, G.M. Intraoperative Multispectral Fluorescence Imaging for the Detection of the Sentinel Lymph Node in Cervical Cancer:
A Novel Concept. Mol. Imaging Biol. 2010, 13, 1043–1049. [CrossRef]
Macdonald, O.K.; Chen, J.; Dodson, M.; Lee, C.; Gaffney, D.K. Prognostic Significance of Histology and Positive Lymph Node
Involvement Following Radical Hysterectomy in Carcinoma of the Cervix. Am. J. Clin. Oncol. 2009, 32, 411–416. [CrossRef]
Kim, S.M.; Choi, H.S.; Byun, J.S. Overall 5-year survival rate and prognostic factors in patients with stage IB and IIA cervical
cancer treated by radical hysterectomy and pelvic lymph node dissection. Int. J. Gynecol. Cancer 2000, 10, 305–312. [CrossRef]
Conte, M.; Panici, P.B.; Guariglia, L.; Scambia, G.; Greggi, S.; Mancuso, S. Pelvic lymphocele following radical para-aortic and
pelvic lymphadenectomy for cervical carcinoma: Incidence rate and percutaneous management. Obstet. Gynecol. 1990, 76.
van der Vorst, J.R.; Hutteman, M.; Gaarenstroom, K.N.; Peters, A.A.; Mieog, J.S.; Schaafsma, B.E.; Kuppen, P.J.; Frangioni, J.V.;
van de Velde, C.J.; Vahrmeijer, A.L. Optimization of near-infrared fluorescent sentinel lymph node mapping in cervical cancer
patients. Int J. Gynecol. Cancer. 21, 1472–1478. [CrossRef] [PubMed]
Frumovitz, M.; Plante, M.; Lee, P.S.; Sandadi, S.; Lilja, J.F.; Escobar, P.F.; Gien, L.T.; Urbauer, D.L.; Abu-Rustum, N.R. Near-infrared
fluorescence for detection of sentinel lymph nodes in women with cervical and uterine cancers (FILM): A randomised, phase 3,
multicentre, non-inferiority trial. Lancet Oncol. 2018, 19, 1394–1403. [CrossRef]
Ulain, Q.; Han, L.; Wu, Q.; Zhao, L.; Wang, Q.; Tuo, X.; Wang, Y.; Wang, Q.; Ma, S.; Sun, C.; et al. Indocyanine green can stand
alone in detecting sentinel lymph nodes in cervical cancer. J. Int. Med Res. 2018, 46, 4885–4897. [CrossRef] [PubMed]
Zapardiel, I.; Alvarez, J.; Barahona, M.; Barri, P.; Boldo, A.; Bresco, P.; Gasca, I.; Jaunarena, I.; Kucukmetin, A.; Mancebo, G.; et al.
Utility of Intraoperative Fluorescence Imaging in Gynecologic Surgery: Systematic Review and Consensus Statement. Ann. Surg.
Oncol. 2021, 28, 3266–3278. [CrossRef] [PubMed]
Crane, L.M.; Themelis, G.; Buddingh, K.T.; Harlaar, N.J.; Pleijhuis, R.G.; Sarantopoulos, A.; Van Der Zee, A.G.; Ntziachristos, V.;
Van Dam, G.M. Multispectral Real-time Fluorescence Imaging for Intraoperative Detection of the Sentinel Lymph Node in
Gynecologic Oncology. J. Vis. Exp. 2010, e2225. [CrossRef]
Prader, S.; Du Bois, A.; Harter, P.; Breit, E.; Schneider, S.; Baert, T.; Heitz, F.; Traut, A.; Ehmann, S.; Pauly, N.; et al. Sentinel
lymph node mapping with fluorescent and radioactive tracers in vulvar cancer patients. Arch. Gynecol. Obstet. 2020, 301, 729–736.
[CrossRef]
Verbeek, F.P.; Tummers, Q.R.; Rietbergen, D.D.; Peters, A.A.; Schaafsma, B.E.; Van De Velde, C.J.; Frangioni, J.V.; van Leeuwen, F.;
Gaarenstroom, K.N.; Vahrmeijer, A.L. Sentinel Lymph Node Biopsy in Vulvar Cancer Using Combined Radioactive and Fluorescence Guidance. Int. J. Gynecol. Cancer 2015, 25, 1086–1093. [CrossRef]
Soergel, P.; Hertel, H.; Nacke, A.K.; Klapdor, R.; Derlin, T.; Hillemanns, P. Sentinel Lymphadenectomy in Vulvar Cancer Using
Near-Infrared Fluorescence From Indocyanine Green Compared With Technetium 99m Nanocolloid. Int. J. Gynecol. Cancer 2017,
27, 805–812. [CrossRef]
Broach, V.; Abu-Rustum, N.R.; Sonoda, Y.; Brown, C.L.; Jewell, E.; Gardner, G.; Chi, D.S.; Zivanovic, O.; Jr, M.M.L. Evolution and
outcomes of sentinel lymph node mapping in vulvar cancer. Int. J. Gynecol. Cancer 2020, 30, 383–386. [CrossRef]
Deken, M.M.; van Doorn, H.C.; Verver, D.; Boogerd, L.S.; de Valk, K.S.; Rietbergen, D.D.; van Poelgeest, M.I.; de Kroon, C.D.;
Beltman, J.J.; van Leeuwen, F.W.; et al. Near-infrared fluorescence imaging compared to standard sentinel lymph node detection
with blue dye in patients with vulvar cancer – a randomized controlled trial. Gynecol. Oncol. 2020, 159, 672–680. [CrossRef]
Naldini, A.; Vizzielli, G.; Perrone, E.; Gallotta, V.; Scambia, G. Robotic video endoscopic inguinal lymphadenectomy (R-VEIL) for
vulvar cancer with sentinel node mapping using indocyanine green and near-infrared fluorescence imaging technology. Gynecol.
Oncol. 2018, 150, 203–204. [CrossRef]
Dell’Orto, F.; Laven, P.; Marchette, M.D.; Lambrechts, S.; Kruitwagen, R.; Buda, A. Feasibility of sentinel lymph node mapping of
the ovary: A systematic review. Int. J. Gynecol. Cancer 2019, 29, 1209–1215. [CrossRef] [PubMed]
Buda, A.; Passoni, P.; Corrado, G.; Bussi, B.; Cutillo, G.; Magni, S.; Vizza, E. Near-infrared Fluorescence-guided Sentinel Node
Mapping of the Ovary With Indocyanine Green in a Minimally Invasive Setting: A Feasible Study. J. Minim. Invasive Gynecol.
2017, 24, 165–170. [CrossRef] [PubMed]
Angelucci, M.; Corrado, G.; Mancini, E.; Baiocco, E.; Chiofalo, B.; Zampa, A.; Bufalo, A.; Vizza, E. Laparoscopic indocyanine
green sentinel lymph node mapping in early ovarian cancer. A pilot study and review of the literature. Ital. J. Gynaecol. Obstetrics.
2016, 28, 23–28.
Uccella, S.; Nero, C.; Vizza, E.; Vargiu, V.; Corrado, G.; Bizzarri, N.; Ghezzi, F.; Cosentino, F.; Turco, L.C.; Fagotti, A.; et al.
Sentinel-node biopsy in early-stage ovarian cancer: Preliminary results of a prospective multicentre study (SELLY). Am. J. Obstet.
Gynecol. 2019, 221, 324.e1–324.e10. [CrossRef] [PubMed]
Uccella, S.; Gisone, B.; Stevenazzi, G.; Ghezzi, F. Laparoscopic sentinel node detection with ICG for early ovarian cancer:
Description of a technique and literature review. Eur. J. Obstet. Gynecol. Reprod. Biol. 2018, 221, 193–194. [CrossRef]
Lee, I.O.; Lee, J.-Y.; Kim, S.; Kim, S.W.; Kim, Y.T.; Nam, E.J. Sentinel lymph node mapping with indocyanine green in vaginal
cancer. J. Gynecol. Oncol. 2017, 28. [CrossRef]
Laios, A.; Volpi, D.; Tullis, I.D.C.; Woodward, M.; Kennedy, S.; Pathiraja, P.N.J.; Haldar, K.; Vojnovic, B.; Ahmed, A.A. A
prospective pilot study of detection of sentinel lymph nodes in gynaecological cancers using a novel near infrared fluorescence
imaging system. BMC Res. Notes 2015, 8, 608. [CrossRef] [PubMed]

J. Clin. Med. 2021, 10, 4387

40.

41.
42.
43.
44.
45.

46.

47.
48.
49.
50.
51.

52.

53.
54.

55.
56.
57.
58.

59.
60.

61.

62.
63.

12 of 15

Berg, N.S.V.D.; Buckle, T.; KleinJan, G.H.; van der Poel, H.G.; van Leeuwen, F.W. Multispectral Fluorescence Imaging During
Robot-assisted Laparoscopic Sentinel Node Biopsy: A First Step Towards a Fluorescence-based Anatomic Roadmap. Eur. Urol.
2017, 72, 110–117. [CrossRef]
Heald, R.; Ryall, R. RECURRENCE AND SURVIVAL AFTER TOTAL MESORECTAL EXCISION FOR RECTAL CANCER. Lancet
1986, 327, 1479–1482. [CrossRef]
Hohenberger, W.; Weber, K.; Matzel, K.; Papadopoulos, T.; Merkel, S. Standardized surgery for colonic cancer: Complete mesocolic
excision and central ligation—Technical notes and outcome. Color. Dis. 2009, 11, 354–364. [CrossRef]
Xie, D.; Osaiweran, H.; Liu, L.; Wang, X.; Yu, C.; Tong, Y.; Hu, J.; Gong, J. Mesogastrium: A fifth route of metastasis in gastric
cancer? Med Hypotheses 2013, 80, 498–500. [CrossRef]
Höckel, M.; Hentschel, B.; Horn, L.-C. Association between developmental steps in the organogenesis of the uterine cervix and
locoregional progression of cervical cancer: A prospective clinicopathological analysis. Lancet Oncol. 2014, 15, 445–456. [CrossRef]
Kimmig, R.; Iannaccone, A.; Aktas, B.; Buderath, P.; Heubner, M. Embryologically based radical hysterectomy as peritoneal
mesometrial resection (PMMR) with pelvic and para-aortic lymphadenectomy for loco-regional tumor control in endometrial
cancer: First evidence for efficacy. Arch. Gynecol. Obstet. 2015, 294, 153–160. [CrossRef] [PubMed]
Kimmig, R.; Buderath, P.; Rusch, P.; Aktas, B. Technique of ICG-guided Targeted Compartmental Pelvic Lymphadenectomy (TCL)
combined with Pelvic Peritoneal Mesometrial Resection (PMMR) for locoregional control of endometrial cancer - A proposal.
Gynecol. Oncol. Rep. 2017, 20, 125–126. [CrossRef]
Buderath, P.; Rusch, P.; Mach, P.; Kimmig, R. Cancer field surgery in endometrial cancer: Peritoneal mesometrial resection and
targeted compartmental lymphadenectomy for locoregional control. J. Gynecol. Oncol. 2021, 32, e7. [CrossRef] [PubMed]
Kimmig, R.; Buderath, P.; Rusch, P.; Aktas, B. Surgical anatomy of the ligamentous mesometrium and robotically assisted
ICG-guided resection in cervical cancer. Gynecol. Oncol. Rep. 2017, 20, 4. [CrossRef] [PubMed]
Ejzenberg, D.; Mendes, L.R.B.C.; Haddad, L.B.D.P.; Baracat, E.C.; D’Albuquerque, L.A.C.; Andraus, W. Uterine transplantation: A
systematic review. Clin. 2016, 71, 679–683. [CrossRef]
Fageeh, W.; Raffa, H.; Jabbad, H.; Marzouki, A. Transplantation of the human uterus. Int. J. Gynecol. Obstet. 2002, 76, 245–251.
[CrossRef]
Farag, S.; Padilla, P.F.; A Smith, K.; Flyckt, R.; Sprague, M.L.; E Zimberg, S. Fallopian tube perfusion in ex-vivo and in-vivo
laparoscopic hysterectomy specimens: Potential application for uterine transplantation. Hum. Reprod. 2018, 33, 2232–2240.
[CrossRef]
Testa, G.; Koon, E.C.; Johannesson, L.; McKenna, G.J.; Anthony, T.; Klintmalm, G.B.; Gunby, R.T.; Warren, A.M.; Putman, J.M.;
DePrisco, G.; et al. Living Donor Uterus Transplantation: A Single Center’s Observations and Lessons Learned From Early
Setbacks to Technical Success. Arab. Archaeol. Epigr. 2017, 17, 2901–2910. [CrossRef]
Likic, I.S.; Kadija, S.; Ladjevic, N.G.; Stefanovic, A.; Jeremic, K.; Petkovic, S.; Dzamic, Z. Analysis of urologic complications after
radical hysterectomy. Am. J. Obstet. Gynecol. 2008, 199, 644.e1–644.e3. [CrossRef] [PubMed]
Yoo, S.; Terai, Y.; Tanaka, T.; Tanaka, Y.; Tsunetoh, S.; Kanemura, M.; Ohmichi, M. Role of the two-point pull-up technique for
treating the uterine arteries during radical hysterectomy and trachelectomy. Eur. J. Obstet. Gynecol. Reprod. Biol. 2013, 170,
544–549. [CrossRef] [PubMed]
Long, Y.; Yao, Y.; Yao, D.-S. Indocyanine green angiography for preserving the ureteral branch of the uterine artery during radical
hysterectomy. Med. 2018, 97, e12692. [CrossRef] [PubMed]
Weizman, N.F.; Einarsson, J.I.; Wang, K.C.; Vitonis, A.F.; Cohen, S.L. Vaginal Cuff Dehiscence: Risk Factors and Associated
Morbidities. JSLS J. Soc. Laparoendosc. Surg. 2015, 19. [CrossRef]
Beran, B.D.; Shockley, M.; Padilla, P.F.; Farag, S.; Escobar, P.; Zimberg, S.; Sprague, M.L. Laser Angiography to Assess the Vaginal
Cuff During Robotic Hysterectomy. JSLS J. Soc. Laparoendosc. Surg. 2018, 22. [CrossRef]
Beran, B.D.; Shockley, M.; Arnolds, K.; Escobar, P.; Zimberg, S.; Sprague, M.L. Laser Angiography with Indocyanine Green to
Assess Vaginal Cuff Perfusion during Total Laparoscopic Hysterectomy: A Pilot Study. J. Minim. Invasive Gynecol. 2017, 24,
432–437. [CrossRef]
Gentileschi, S.; Albanese, R.; Servillo, M.; Pino, V.; Stefanizzi, G.; Garganese, G.; Scambia, G.; Salgarello, M. Pedicled neurocutaneous anterolateral thigh flap for groin reconstruction – A case report. Microsurg. 2019, 39, 447–451. [CrossRef]
Kengelbach-Weigand, A.; Lotz, L.; Schmid, R.; Lang, W.; Beckmann, M.W.; Hoffmann, I.; Horch, R.E.; Renner, S.P.; Dittrich, R.;
Boos, A.M.; et al. Intra- and Postoperative Blood Flow Monitoring in a Sheep Model of Uterus Transplantation. Vivo 2019, 33,
325–336. [CrossRef]
Mihara, M.; Kisu, I.; Hara, H.; Iida, T.; Yamamoto, T.; Araki, J.; Hayashi, Y.; Moriguchi, H.; Narushima, M.; Banno, K.; et al. Uterus
autotransplantation in cynomolgus macaques: Intraoperative evaluation of uterine blood flow using indocyanine green. Hum.
Reprod. 2011, 26, 3019–3027. [CrossRef] [PubMed]
Obara, H.; Kisu, I.; Kato, Y.; Yamada, Y.; Matsubara, K.; Emoto, K.; Adachi, M.; Matoba, Y.; Umene, K.; Nogami, Y.; et al. Surgical
technique for allogeneic uterus transplantation in macaques. Sci. Rep. 2016, 6, 35989. [CrossRef] [PubMed]
Kisu, I.; Emoto, K.; Masugi, Y.; Yamada, Y.; Matsubara, K.; Obara, H.; Matoba, Y.; Banno, K.; Kato, Y.; Saiki, Y.; et al. Clinical
features of irreversible rejection after allogeneic uterus transplantation in cynomolgus macaques. Sci. Rep. 2020, 10, 1–9.
[CrossRef]

J. Clin. Med. 2021, 10, 4387

64.

65.

66.

67.

68.

69.
70.

71.

72.
73.
74.
75.

76.
77.
78.
79.

80.
81.
82.
83.
84.
85.

86.

13 of 15

Kisu, I.; Banno, K.; Mihara, M.; Lin, L.-Y.; Tsuji, K.; Yanokura, M.; Hara, H.; Araki, J.; Iida, T.; Abe, T.; et al. Indocyanine Green
Fluorescence Imaging for Evaluation of Uterine Blood Flow in Cynomolgus Macaque. PLOS ONE 2012, 7, e35124. [CrossRef]
[PubMed]
Kisu, I.; Banno, K.; Yanokura, M.; Nogami, Y.; Umene, K.; Tsuji, K.; Masuda, K.; Ueki, A.; Kobayashi, Y.; Aoki, D. Indocyanine
green fluorescence imaging in the pregnant cynomolgus macaque: Childbearing is supported by a unilateral uterine artery and
vein alone? Arch. Gynecol. Obstet. 2013, 288, 1309–1315. [CrossRef]
Escobar, P.F.; Ramirez, P.T.; Ocasio, R.E.G.; Pareja, R.; Zimberg, S.; Sprague, M.; Frumovitz, M. Utility of indocyanine green (ICG)
intra-operative angiography to determine uterine vascular perfusion at the time of radical trachelectomy. Gynecol. Oncol. 2016,
143, 357–361. [CrossRef] [PubMed]
Arezzo, A.; Bonino, M.A.; Ris, F.; Boni, L.; Cassinotti, E.; Foo, D.C.C.; Shum, N.F.; Brolese, A.; Ciarleglio, F.; Keller, D.S.; et al.
Intraoperative use of fluorescence with indocyanine green reduces anastomotic leak rates in rectal cancer surgery: An individual
participant data analysis. Surg. Endosc. 2020, 34, 1–10. [CrossRef]
Degett, T.H.; Andersen, H.S.; Gögenur, I. Indocyanine green fluorescence angiography for intraoperative assessment of gastrointestinal anastomotic perfusion: A systematic review of clinical trials. Langenbeck’s Archives of Surgery 2016, 401, 767–775.
[CrossRef]
Seracchioli, R.; Raimondo, D.; Arena, A.; Zanello, M.; Mabrouk, M. Clinical use of endovenous indocyanine green during
rectosigmoid segmental resection for endometriosis. Fertil. Steril. 2018, 109, 1135. [CrossRef]
Bourdel, N.; Jaillet, L.; Bar-Shavit, Y.; Comptour, A.; Pereira, B.; Canis, M.; Chauvet, P. Indocyanine green in deep infiltrating
endometriosis: A preliminary feasibility study to examine vascularization after rectal shaving. Fertil. Steril. 2020, 114, 367–373.
[CrossRef]
Van Der Sluis, W.B.; Bouman, M.-B.; Al-Tamimi, M.; Meijerink, W.J.; Tuynman, J.B. Real-time indocyanine green fluorescent
angiography in laparoscopic sigmoid vaginoplasty to assess perfusion of the pedicled sigmoid segment. Fertil. Steril. 2019, 112,
967–969. [CrossRef]
Fineman, M.S.; Maguire, J.I.; Fineman, S.W.; Benson, W.E. Safety of indocyanine green angiography during pregnancy: A survey
of the retina, macula, and vitreous societies. Arch. Ophthalmol. 2001, 119, 353–355. [CrossRef]
Bishara, A.; Meir, M.; Portnoy, E.; Shmuel, M.; Eyal, S. Near Infrared Imaging of Indocyanine Green Distribution in Pregnant
Mice and Effects of Concomitant Medications. Mol. Pharm. 2015, 12, 3351–3357. [CrossRef]
Rubinchik-Stern, M.; Shmuel, M.; Bar, J.; Eyal, S.; Kovo, M. Maternal–fetal transfer of indocyanine green across the perfused
human placenta. Reprod. Toxicol. 2016, 62, 100–105. [CrossRef]
Raimondo, D.; Borghese, G.; Mabrouk, M.; Arena, A.; Ambrosio, M.; Del Forno, S.; Degli Esposti, E.; Casadio, P.; Mattioli, G.;
Mastronardi, M.; et al. Use of Indocyanine Green for Intraoperative Perfusion Assessment in Women with Ureteral Endometriosis:
A Preliminary Study. J. Minim. Invasive Gynecol. 2021, 28, 42–49. [CrossRef] [PubMed]
Mandovra, P.; Kalikar, V.; Patankar, R.V. Real-Time Visualization of Ureters Using Indocyanine Green During Laparoscopic
Surgeries: Can We Make Surgery Safer? Surg. Innov. 2019, 26, 464–468. [CrossRef]
Cabanes, M.; Boria, F.; Gutiérrez, A.H.; Zapardiel, I. Intra-operative identification of ureters using indocyanine green for
gynecological oncology procedures. Int. J. Gynecol. Cancer 2019, 30, 278. [CrossRef] [PubMed]
Oliveira, A.F.; Ferreira, H. Neovagina creation in congenital vaginal agenesis: New mini-laparoscopic approach applying
intraoperative indocyanine green fluorescence. Surg. Innov. 2020, 28, 24–32. [CrossRef] [PubMed]
Verbeek, F.P.; Van Der Vorst, J.R.; Schaafsma, B.E.; Swijnenburg, R.-J.; Gaarenstroom, K.; Elzevier, H.W.; Van De Velde, C.J.;
Frangioni, J.V.; Vahrmeijer, A.L. Intraoperative Near Infrared Fluorescence Guided Identification of the Ureters Using Low Dose
Methylene Blue: A First in Human Experience. J. Urol. 2013, 190, 574–579. [CrossRef]
Barnes, T.G.; Hompes, R.; Birks, J.; Mortensen, N.J.; Jones, O.; Lindsey, I.; Guy, R.; George, B.; Cunningham, C.; Yeung, T.M.
Methylene blue fluorescence of the ureter during colorectal surgery. Surg. Endosc. 2018, 32, 4036–4043. [CrossRef]
Al-Taher, M.; Bos, J.V.D.; Schols, R.M.; Bouvy, N.D.; Stassen, L.P.S. Fluorescence Ureteral Visualization in Human Laparoscopic
Colorectal Surgery Using Methylene Blue. J. Laparoendosc. Adv. Surg. Tech. 2016, 26, 870–875. [CrossRef]
Cwalinski, T.; Polom, W.; Marano, L.; Roviello, G.; D’Angelo, A.; Cwalina, N.; Matuszewski, M.; Roviello, F.; Jaskiewicz, J.;
Polom, K. Methylene Blue—Current Knowledge, Fluorescent Properties, and Its Future Use. J. Clin. Med. 2020, 9, 3538. [CrossRef]
Farnam, R.W.; Arms, R.G.; Klaassen, A.H.; Sorger, J.M. Intraoperative ureter visualization using a near-infrared imaging agent. J.
Biomed. Opt. 2019, 24, 066004. [CrossRef]
Huh, W.K.; Johnson, J.L.; Elliott, E.; Boone, J.D.; Leath, C.A.; Kovar, J.L.; Kim, K.H. Fluorescence Imaging of the Ureter in
Minimally Invasive Pelvic Surgery. J. Minim. Invasive Gynecol. 2021, 28, 332–341. [CrossRef]
Faber, R.A.; Verbeek, F.P.R.; De Valk, K.S.; Burggraaf, J.; Vahrmeijer, A.L.; Mieog, J.S.D. A systematic review of clinically available
and experimental dyes for intraoperative near-infrared fluorescence imaging of the ureters during laparoscopic surgery. Laparosc.
Surg. 2021, 5, 4. [CrossRef]
Tummers, Q.R.J.G.; Hoogstins, C.E.S.; Peters, A.A.W.; De Kroon, C.D.; Trimbos, J.B.M.Z.; Van De Velde, C.J.H.; Frangioni, J.V.;
Vahrmeijer, A.L.; Gaarenstroom, K. The Value of Intraoperative Near-Infrared Fluorescence Imaging Based on Enhanced
Permeability and Retention of Indocyanine Green: Feasibility and False-Positives in Ovarian Cancer. PLoS ONE 2015, 10, e0129766.
[CrossRef]

J. Clin. Med. 2021, 10, 4387

87.
88.
89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.
103.
104.

105.

106.

14 of 15

Baiocchi, G.L.; Gheza, F.; Molfino, S.; Arru, L.; Vaira, M.; Giacopuzzi, S. Indocyanine green fluorescence-guided intraoperative
detection of peritoneal carcinomatosis: Systematic review. BMC Surg. 2020, 20, 1–8. [CrossRef]
Vahrmeijer, A.L.; Hutteman, M.; Van Der Vorst, J.R.; Van De Velde, C.J.H.; Frangioni, J.V. Image-guided cancer surgery using
near-infrared fluorescence. Nat. Rev. Clin. Oncol. 2013, 10, 507–518. [CrossRef] [PubMed]
Van Dam, G.M.; Themelis, G.; Crane, L.M.A.; Harlaar, N.J.; Pleijhuis, R.G.; Kelder, W.; Sarantopoulos, A.; De Jong, J.S.; Arts, H.J.G.;
Van Der Zee, A.G.J.; et al. Intraoperative tumor-specific fluorescence imaging in ovarian cancer by folate receptor-α targeting:
First in-human results. Nat. Med. 2011, 17, 1315–1319. [CrossRef] [PubMed]
Boogerd, L.S.; Hoogstins, C.E.; Gaarenstroom, K.; De Kroon, C.D.; Beltman, J.J.; Bosse, T.; Stelloo, E.; Vuyk, J.; Low, P.S.;
Burggraaf, J.; et al. Folate receptor-α targeted near-infrared fluorescence imaging in high-risk endometrial cancer patients: A
tissue microarray and clinical feasibility study. Oncotarget 2017, 9, 791–801. [CrossRef] [PubMed]
Hoogstins, C.E.; Tummers, Q.R.; Gaarenstroom, K.; De Kroon, C.D.; Trimbos, J.B.M.; Bosse, T.; Smit, V.T.; Vuyk, J.;
Van De Velde, C.J.; Cohen, A.F.; et al. A Novel Tumor-Specific Agent for Intraoperative Near-Infrared Fluorescence Imaging: A
Translational Study in Healthy Volunteers and Patients with Ovarian Cancer. Clin. Cancer Res. 2016, 22, 2929–2938. [CrossRef]
De Muynck, L.D.A.N.; Gaarenstroom, K.N.; Sier, C.F.M.; Van Duijvenvoorde, M.; Bosse, T.; Mieog, J.S.D.; De Kroon, C.D.;
Vahrmeijer, A.L.; Peters, I.T.A. Novel Molecular Targets for Tumor-Specific Imaging of Epithelial Ovarian Cancer Metastases.
Cancers 2020, 12, 1562. [CrossRef]
Melamed, A.; Margul, D.J.; Chen, L.; Keating, N.L.; Del Carmen, M.G.; Yang, J.; Seagle, B.-L.L.; Alexander, A.; Barber, E.L.;
Rice, L.W.; et al. Survival after Minimally Invasive Radical Hysterectomy for Early-Stage Cervical Cancer. New Engl. J. Med. 2018,
379, 1905–1914. [CrossRef]
Ramirez, P.T.; Frumovitz, M.; Pareja, R.; Lopez, A.; Vieira, M.; Ribeiro, R.; Buda, A.; Yan, X.; Shuzhong, Y.; Chetty, N.; et al.
Minimally Invasive versus Abdominal Radical Hysterectomy for Cervical Cancer. N. Engl. J. Med. 2018, 379, 1895–1904. [CrossRef]
[PubMed]
Klapdor, R.; Hertel, H.; Hillemanns, P.; Röttger, M.; Soergel, P.; Kuehnle, E.; Jentschke, M. Peritoneal contamination with ICG
-stained cervical secretion as surrogate for potential cervical cancer tumor cell dissemination: A proof-of-principle study for
laparoscopic hysterectomy. Acta Obstet. et Gynecol. Scand. 2019, 98, 1398–1403. [CrossRef] [PubMed]
Thompson, M.; Korourian, S.; Henry-Tillman, R.; Adkins, L.; Mumford, S.; Westbrook, K.C.; Klimberg, V.S. Axillary Reverse
Mapping (ARM): A New Concept to Identify and Enhance Lymphatic Preservation. Ann. Surg. Oncol. 2007, 14, 1890–1895.
[CrossRef] [PubMed]
Abbaci, M.; Conversano, A.; De Leeuw, F.; Laplace-Builhe, C.; Mazouni, C. Near-infrared fluorescence imaging for the prevention
and management of breast cancer-related lymphedema: A systematic review. Eur. J. Surg. Oncol. (EJSO) 2019, 45, 1778–1786.
[CrossRef]
Yamamoto, T.; Yamamoto, N.; Yoshimatsu, H.; Hayami, S.; Narushima, M.; Koshima, I. Indocyanine green lymphography for
evaluation of genital lymphedema in secondary lower extremity lymphedema patients. J. Vasc. Surg. Venous Lymphat. Disord.
2013, 1, 400–405.e1. [CrossRef]
Yamamoto, T.; Koshima, I.; Yoshimatsu, H.; Narushima, M.; Miahara, M.; Iida, T. Simultaneous multi-site lymphaticovenular
anastomoses for primary lower extremity and genital lymphoedema complicated with severe lymphorrhea. J. Plast. Reconstr.
Aesthetic Surg. 2011, 64, 812–815. [CrossRef]
Nguyen-Xuan, H.-T.; Macias, R.M.; Bonsang-Kitzis, H.; Deloménie, M.; Ngô, C.; Koual, M.; Bats, A.-S.; Hivelin, M.; Lécuru, F.;
Balaya, V. Use of fluorescence to guide surgical resection in vulvo-vaginal neoplasia: Two case reports. J. Gynecol. Obstet. Hum.
Reprod. 2021, 50, 101768. [CrossRef]
Cosentino, F.; Vizzielli, G.; Turco, L.C.; Fagotti, A.; Cianci, S.; Vargiu, V.; Zannoni, G.F.; Ferrandina, G.; Scambia, G. Near-Infrared
Imaging with Indocyanine Green for Detection of Endometriosis Lesions (Gre-Endo Trial): A Pilot Study. J. Minim. Invasive
Gynecol. 2018, 25, 1249–1254. [CrossRef] [PubMed]
Siegenthaler, F.; Knabben, L.; Mohr, S.; Nirgianakis, K.; Imboden, S.; Mueller, M.D. Visualization of endometriosis with laparoscopy
and near-infrared optics with indocyanine green. Acta Obstet. et Gynecol. Scand. 2020, 99, 591–597. [CrossRef] [PubMed]
Ianieri, M.M.; Della Corte, L.; Campolo, F.; Cosentino, F.; Catena, U.; Bifulco, G.; Scambia, G. Indocyanine green in the surgical
management of endometriosis: A systematic review. Acta Obstet. et Gynecol. Scand. 2020. [CrossRef]
Soltesz, E.G.; Kim, S.; Kim, S.-W.; Laurence, R.G.; De Grand, A.M.; Parungo, C.P.; Cohn, L.H.; Bawendi, M.G.; Frangioni, J.V.
Sentinel Lymph Node Mapping of the Gastrointestinal Tract by Using Invisible Light. Ann. Surg. Oncol. 2006, 13, 386–396.
[CrossRef]
A Cahill, R.; O’Shea, D.F.; Khan, M.F.; A Khokhar, H.; Epperlein, J.P.; Mac Aonghusa, P.G.; Nair, R.; Zhuk, S.M. Artificial
intelligence indocyanine green (ICG) perfusion for colorectal cancer intra-operative tissue classification. BJS 2021, 108, 5–9.
[CrossRef]
Lier, M.C.I.; Vlek, S.L.; Ankersmit, M.; Van De Ven, P.M.; Dekker, J.J.M.L.; Bleeker, M.; Mijatovic, V.; Tuynman, J.B. Comparison of
enhanced laparoscopic imaging techniques in endometriosis surgery: A diagnostic accuracy study. Surg. Endosc. 2020, 34, 96–104.
[CrossRef]

J. Clin. Med. 2021, 10, 4387

15 of 15

107. Vizzielli, G.; Cosentino, F.; Raimondo, D.; Turco, L.C.; Vargiu, V.; Iodice, R.; Mastronardi, M.; Mabrouk, M.; Scambia, G.;
Seracchioli, R. Real three-dimensional approach vs two-dimensional camera with and without real-time near-infrared imaging
with indocyanine green for detection of endometriosis: A case-control study. Acta Obstet. et Gynecol. Scand. 2020, 99, 1330–1338.
[CrossRef] [PubMed]
108. Kreklau, A.; Benitez, R.L.; Fornaro, J.; Meili, G.; Günthert, A. Computer Tomography-Guided Percutaneous Indocyanine Green
Injection for Intraoperative Mapping of Metastatic Suspected Lesions. Front. Med. 2018, 5. [CrossRef] [PubMed]

