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Abstract: Indocyanine green (ICG) fluorescence imaging has revolutionized surgical practice across
various medical and surgical specialties. This article reviews the clinical applications of ICG in
abdominal, urological, thoracic, and gynecological surgery. ICG fluorescence imaging has been widely
adopted in general surgery for various applications, including perfusion assessment, intraoperative
visualization of the ureter, and tumor localization. It is particularly valuable in evaluating anastomotic
leaks and aiding in precise tumor resection during minimally invasive surgeries. Studies have shown
mixed results on its effectiveness in reducing anastomotic leak rates, highlighting the need for further
research. In thoracic surgery, ICG facilitates the identification and resection of pulmonary bullae, as
well as the precise localization of pulmonary nodules during video-assisted surgery. In urology, ICG
aids in localizing renal tumors and guiding selective arterial occlusion during partial nephrectomy.
Its role in identifying the lymphatic pathway in prostate cancer and sentinel lymph node biopsy
in gynecological cancer is also discussed. Despite its benefits, the use of ICG fluorescence faces
challenges such as limited tissue penetration, the potential for false results, a lack of standardized
protocols, and high equipment costs. Nonetheless, it remains a powerful tool that could improve
surgical outcomes.

Keywords: indocyanine green; minimally invasive; surgery

1. Introduction

“In the blackness of the night, I see a sparkle of a star” sings the lyrics of a song
by Yusuf Islam/Cat Stevens. Indeed, indocyanine green (ICG) proves to be a useful
illumination source that aids in the “blackness” of many challenging surgical procedures.
One fundamental principle in surgery is “never cut what you can’t see” [1]. However,
when visual cues are limited, surgeons rely on other senses for guidance. In minimally
invasive procedures, the challenge of working without direct tactile feedback and with
two-dimensional vision constantly challenges this principle. Distinguishing between
structures that need to be removed, such as tumor tissue and lymph nodes, and those that
must be preserved, such as blood vessels and bile ducts, is crucial in everyday surgical
scenarios [2–5]. Kitai’s pioneering work on utilizing ICG for fluorescence-guided surgery
(FGS) while performing sentinel node biopsy for breast cancer opened a new era of image-
guided surgery in the realm of general surgery [6]. Since then, ICG fluorescence imaging
has become an extensive scope of research. In the past, ICG, a water-soluble tricarbocyanine
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dye, found widespread use in determining cardiac output, evaluating hepatic function
and liver blood flow, and investigating chorioretinal disorders. Its safety profile is robust,
with adverse events rarely occurring below a dosage of 0.5 mg/kg. Upon intravenous
administration, ICG swiftly binds to plasma lipoproteins, exhibiting a plasma half-life of
3–5 min and biliary excretion within 15–20 min. Then, ICG is cleared exclusively through
the liver and then eliminated through the bile. It does not undergo metabolism. In the
literature, there are no complications associated with the use of ICG for surgery. It is known
that in very rare cases, the injection of preparations of indocyanine green can cause nausea
and anaphylactoid or anaphylactic reactions (<1/10,000). In patients with terminal renal
failure, the possibility of an anaphylactic reaction seems to have increased, and spasms of
the coronary artery have also been described.

Regarding the dosage and timing, based on the literature, there is no standard. The
timing and dose depend on the type of surgery and for what the fluorescence is used.
Moreover, doses are device-dependent. The International Society of Fluorescence Surgery
developed a table of ICG dosing for a single type of procedure based on recommendations
from worldwide surgeon experts in any single procedure, but this is not based on evidence.
Both excitation and fluorescent lights are in the near-infrared region where light absorption
by hemoglobin (and water) is small, so the light can travel long distances in the human body.
Indocyanine green (ICG) can be excited and emits fluorescence, which can be visualized
by appropriate camera systems approved worldwide. Live images from the fluorescent
dye and the surgical field are obtained using a combination of filters, lenses, and cameras.
During open surgery, hand-held devices are usually preferred for their ease of use and
mobility. Guided Surgery (FGS) can also be performed using minimally invasive devices
such as laparoscopes or endoscopes. In this case, a system of filters, lenses, and cameras is
attached to the end of the probe. There are a variety of camera systems approved and on
the market that are used in conjunction with indocyanine green (ICG) dye. Fluorescence-
Guided Surgery (FGS) devices can also be implemented for robotic surgery (for example,
in the da Vinci Surgical System) [7–12]. This facilitates the real-time identification of
anatomical structures and the assessment of blood flow. Augmented reality, leveraging
ICG’s fluorescence, augments conventional senses, offering precise anatomical localization
and real-time tissue functional data. Recently, several applications have been introduced
in daily clinical practice, ranging from oncologic and acute abdominal surgery to thoracic
surgery, urology, and gynecology [13,14]. Particularly in complicated scenarios marked
by inflammatory states and compromised blood supply due to underlying conditions,
this technology holds promise as a surgical game-changer [15,16]. We herein present
an overview of the principles of ICG imaging and its clinical use in different surgical
fields (Table 1).

Table 1. Summary of indocyanine green usage in surgery.

Disease Objective Method of Injection Timing Dose

Cholecystectomy
Anatomy

identification/Bile duct
visualization

I.V./intra-gallbladder
At least 45 min before

procedure/during
surgery

0.4 mL 2.5 mL,
equipment dependent

Hemicolectomy
Perfusion

assessment/extension
of resection

I.V. Intraoperatively 3–3.5 mL + 10 cc
saline flush

ureter identification Visualization of ureters
Cystoscopic-guided

retrograde intraureteral
ICG

Prior to pelvic
dissection

2.5 mg/mL 2 mL
per ureter

Esophagectomy Gastric conduit
perfusion evaluation I.V. Intraoperatively 3 mL + 10 cc

saline flush

Lymph node
mapping

Sentinel lymph node
localization Peritumoral area Preoperatively or

intraoperatively
0.5–1 mL on each tumor

quadrant



J. Clin. Med. 2024, 13, 4895 3 of 21

Table 1. Cont.

Disease Objective Method of Injection Timing Dose

Liver resection

Perfusion
assessment/Direct
identification and

resection

I.V./Positive staining
technique: inject in

portal branch

Prior to hepatic
dissection

2.5 mg per body/
0.25–2.5 mg/10 mL

Liver transplant Liver function and
blood flow I.V.

From 2 h to 20 min
before surgery/during

surgery

0.4 mL 2.5 mL,
equipment dependent

Bariatric surgery Perfusion assessment I.V.
From 2 h to 20 min

before surgery/during
surgery

0.4 mL 2.5 mL,
equipment dependent

Pulmonary bulla
resection/Pulmonary

nodules

Direct identification
and resection I.V. during surgery 0.4 mL 2.5 mL,

equipment dependent

Partial nephrectomy Direct identification
and resection I.V. during surgery 0.4 mL 2.5 mL,

equipment dependent

Laparoscopic Palomo
varicocelectomy Lymphatic sparing intratesticular during surgery 0.4 mL 2.5 mL,

equipment dependent

2. Material and Methods

A comprehensive literature search was conducted to identify relevant studies on the
use of indocyanine green (ICG) in surgery. The PubMed, Scopus, Web of Science, and
Cochrane Library databases were systematically searched from their inception until [30 June
2024]. The following keywords and Medical Subject Headings (MeSH) terms were used in
various combinations: “indocyanine green”, “ICG”, “fluorescence imaging”, “near-infrared
imaging”, “surgery”, and “intraoperative”. Boolean operators (AND, OR) were applied
to refine the search strategy. Articles were included if they focused on the application of
ICG in surgical procedures, were peer-reviewed original research articles, clinical trials,
case series, or meta-analyses, and were published in English. Exclusion criteria included
non-English language publications and studies without a specific focus on the surgical use
of ICG. Two independent reviewers screened the titles and abstracts of all identified studies.
The full texts of potentially relevant articles were retrieved and assessed for eligibility. Data
extracted from the selected studies included study design, patient demographics, surgical
procedures, ICG administration protocols, imaging techniques, outcomes measured, and
any reported complications or limitations. Discrepancies between reviewers were resolved
through discussion, and if necessary, a third reviewer was consulted. Given the narrative
nature of this review, a qualitative synthesis of the data was performed. The findings were
grouped based on the type of surgery (e.g., oncological, urologic, thoracic, etc.) and the
specific role of ICG (e.g., tissue perfusion assessment, lymphatic mapping, tumor margin
delineation). The trends, benefits, and limitations of ICG use in different surgical contexts
were analyzed and summarized. Regarding ethical considerations, as this study involved a
review of previously published data, ethical approval was not required.

3. Abdominal Surgery

Currently, several recent applications have been introduced into daily clinical practice.
Its uses include perfusion assessment, intraoperative visualization of the ureter, identifica-
tion of sentinel nodes, and visualization of lymphatic drainage. It has also been used to
localize and assess peritoneal and hepatic metastases [16–25].
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3.1. ICG Use for Perfusion Assessment

Regarding perfusion assessment, ICG finds valuable utility, particularly in evaluating
anastomotic leakage [26–28]. The occurrence of anastomotic leaks varies according to the
surgical procedure, with rates of this concerning postoperative complications reaching up
to 19% [29,30]. In any gastrointestinal surgical procedure involving resection, ensuring
proper healing of the anastomosis is crucial, requiring adequate vascularity and tension-free
connections (Figure 1). ICG offers a valuable means to intraoperatively evaluate anasto-
motic perfusion [31–35]. In 2018, Ris et al. conducted a multicenter, prospective, phase II
study aiming to evaluate the potential of indocyanine-green-guided fluoresce angiography
(ICG-FA) in guiding the selection of intestinal transection levels and assessing subsequent
anastomotic vascular sufficiency. This study enrolled 504 patients who underwent col-
orectal resection for benign and malignant diseases, defining anastomotic leakage (AL)
according to Clavien–Dindo (CD) grade ≥ 3. Among them, the planned transection line
was adjusted based on ICG-FA findings in 24 patients (4.7%). In five out of ninety patients
who underwent low anterior resection, the decision to construct a diverting stoma was
reconsidered based on ICG-FA results. Consequently, the surgical approach was modified
for 29 patients (5.8%) due to the utilization of ICG-FA. The overall AL rate for colorectal
resection in this study was 2.6%, significantly lower than the rate of 5.8% observed in
1173 procedures performed without ICG-FA at the participating centers [36]. In 2019,
Dinallo et al. conducted a retrospective study involving 554 cases of colorectal resec-
tion, comparing those with and without ICG-FA for benign and malignant diseases. The
study found no significant difference in AL rates between the ICG-FA and control groups.
However, the transection line was adjusted in 5.6% of cases in the ICG group, which
was significantly higher compared to the control group [37]. However, the majority of
these studies were single-center investigations, and considerable discrepancies existed
in the definition of AL, the specific disease under study, the surgical procedures per-
formed, and various other background factors influencing the occurrence of AL. In 2020,
Alekseev et al. presented the findings of the FLAG trial, a randomized controlled trial
conducted at a single center in Russia, which involved 377 patients undergoing sigmoid
and rectal resection. The results revealed a notable reduction in the rate of anastomotic
leakage (AL) in the ICG-FA group compared to the control group, particularly among the
216 patients who underwent low anastomosis [38]. In 2021, Jafari et al. presented findings
from the PILLAR-III trial, a multicenter randomized controlled trial conducted across
25 U.S. centers. This trial enrolled 347 patients with rectal neoplasms who underwent
low anterior resection with anastomoses located less than 10 cm from the anal verge. The
study results did not indicate a significant reduction in the AL rate in the ICG-FA group
compared to the control group [39]. Thus, while previous randomized controlled trials
did not provide evidence suggesting a significant reduction in AL rates with the use of
ICG-FA, recent developments have emerged. The authors of a randomized control trial
(RCT) conducted in Japan presented promising findings at the 30th International Congress
of Endoscopic Surgery in the European Union in 2022. This study, known as the EssentiAL
study, was a multicenter RCT involving 41 Japanese centers analyzing 839 patients who
underwent sphincter-preserving surgery for rectal cancer. The results demonstrated a
significantly lower AL rate in the ICG-FA group compared to the control group.
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Figure 1. ICG use for perfusion assessment during ileo-colic anastomosis. (A) Perfusion control
ileocolic anastomosis (colonic side), (B) evaluation of enterotomy closure perfusion.

3.2. ICG Use for Tumor and Sentinel Lymph Node Localization

Another application of ICG in abdominal surgery is tumor localization [40]. While
minimally invasive treatments offer the advantage of reducing postoperative recovery time
and enhancing long-term quality of life for patients, the absence of direct tactile feedback
during laparoscopic or robotic procedures poses challenges, particularly in the early stages
of cancer when infiltration of the gastrointestinal serosa has not occurred [23]. This lim-
itation complicates intraoperative tumor localization and subsequent determination of
the resection line. Various methods have been proposed to address this issue, including
preoperative submucosal injection of India ink, the application of titanium clips, and direct
intraoperative endoscopic observation [41–46]. However, these approaches often prolong
intraoperative detection time and effort, and there is a risk of ink leakage compromising
the surgical field. To circumvent these challenges, ICG emerged as the preferred option due
to its enhanced visibility under specific lighting conditions, remaining invisible in natural
light and thereby minimizing interference with the surgical field (Figure 2). Moreover,
in radical surgeries for gastric cancer and colorectal cancer, there are instances where it
becomes necessary to reduce the surgical margin distance to spare normal tissues while
ensuring a safe margin distance. Preserving more healthy gastric tissues can significantly
enhance patients’ postoperative quality of life. Ultra-low anastomosis in rectal cancer
surgery presents a valuable option for patients seeking to retain their anus, with precise
tumor localization being key to its successful execution, ensuring the preservation of an
adequate length of the lower rectum. The potential benefits of successfully implementing
ICG fluorescence imaging (ICG-FI) in improving patients’ long-term quality of life after
surgery are evident. Furthermore, some studies have explored the use of preoperatively
placed fluorescent clips during endoscopy to aid intraoperative tumor localization via
fluorescent signals emitted by the clips [47–52]. The initial use of ICG for sentinel lymph
node (SLN) detection started with gastric cancer [53,54]. The SLN, being the primary station
of lymphatic drainage for gastric cancer, is highly susceptible to metastasis. However, the
application of SLN navigation surgery in gastrointestinal tumors remains contentious, with
complexities such as micro metastasis and skip metastasis in gastric cancer’s intricate lym-
phatic drainage. Accurate identification of the SLN remains a key focus for gastrointestinal
surgeons. A multicenter prospective trial in Japan employed the endoscopic dual-tracer
method, combining radiolabeled tin colloid and blue dye, for SLN detection in clinical stage
T1 primary gastric cancer of 4 cm or less, yielding favorable results. The dual-tracer method
achieved a high SLN detection rate and accuracy in assessing metastatic status based on
SLN evaluation [55]. However, challenges such as invasiveness, restrictions on radioactive
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colloid use, and high medical costs hinder its clinical applicability. The advantages of ICG,
including safety, convenience, affordability, and a shorter learning curve, outweigh those of
radioactive tracers. Tajima et al. demonstrated successful SLN identification using ICG in
both laparoscopy-assisted gastrectomy and open gastrectomy. In the laparoscopy-assisted
gastrectomy group, the accuracy and false-negative rates were high [56].
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3.3. ICG in Upper-GI Surgery

Regarding upper-GI surgery, despite recent technological innovations and the devel-
opment of minimally invasive surgery, esophagectomy remains an operation burdened
with severe postoperative complications because many factors could affect anastomotic
healing. Among the surgical-related factors, the aspects of paramount importance are
the tension of anastomosis and its location, the technique, and the length of the conduit
affecting vascularization. Although experienced surgeons are able to evaluate the blood
flow by de visu inspection, ICG is a possible tool for a more objective evaluation of the
gastric conduit. Based on a review by Tamburini N et al., ICG seems to be a promising and
safe method for reducing surgical morbidity following esophageal resection with continuity
restoration [57]. The authors reported that anastomotic leakage was reduced using ICG
fluorescence angiography. This finding was confirmed by the study of et Koyanagi K et al.
who reported that, although there was considerable interstudy heterogeneity among the
patients, a decrease in the incidence of anastomotic leakage was observed when blood
perfusion in the gastric conduit was evaluated objectively by ICG fluorescence imaging.
Unfortunately, there is a lot of variability in the way this tool has been used and what the
results indicate. Moreover, future studies are needed to establish the feasibility of ICG
lymphography to prevent chyle fistulas and guide lymphadenectomy [58].
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3.4. ICG in Laparoscopic Cholecystectomy

Another field of application of ICG fluorescence is elective minimally invasive chole-
cystectomy. Laparoscopic cholecystectomy (LC) remains one of the most commonly per-
formed procedures in adult and pediatric populations. Despite the advances made in
intraoperative biliary anatomy recognition, iatrogenic bile duct injuries during LC repre-
sent a dramatic complication, sometimes even life-threatening. Moreover, bile duct injuries
constitute an economic burden for healthcare systems. Based on the literature, a series of
methods have been proposed to prevent bile duct injury, with the use of ICG fluorescence
among them (Figure 3). Despite widespread adoption and evaluation in recent years,
variations persist in ICG’s clinical utility, including the dose, concentration, and timing
of administration. The most commonly reported method of ICG injection is intravenous
administration, while the literature lacks studies investigating the direct injection of ICG
into the gallbladder [59–61]. In a mini review by Symeonidis S. et al. including four
prospective cohort studies, three case–control studies, and one case report, intra gallbladder
ICG injection is a promising method to achieve biliary mapping, overcoming the limitations
of intraoperative cholangiography including intervention and radiation exposure, as well
as the high hepatic parenchyma signal and time interval needed in intravenous ICG fluo-
rescence [62]. The same findings were reported by the meta-analysis performed by LIM SH,
which compared ICG cholangiography with intraoperative cholangiography in minimal-
access cholecystectomy for visualization of the extrahepatic biliary tree. concluding that it
is safe and improves visualization of the bile duct [63].
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Figure 3. Structure identification during cholecystectomy. (A) Difficult identification of Calot triangle
with normal view. (B) Improvement of identification of Calot’s triangle with ICG. (C) Dissection of
Calot’s triangle elements with ICG vision.

3.5. ICG Use in Hepatobiliary Surgery and Transplant

In the context of hepatobiliary surgery, ICG has also found applications in liver re-
section and transplant. According to a different study, ICG-navigated resection is useful
for partial liver resection and anatomical liver resection for liver cancer and extended
cholecystectomy for gallbladder cancer [64–66]. Recently, indocyanine green ICG imaging
has been used to identify hepatic tumors and segmental boundaries during hepatectomy
(Figure 4). Based on the review of Takemura N et al., the advantages of ICG fluorescent
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segmental staining are its high reproducibility and sensitivity [67]. It stays in the injected
segment for a few hours because ICG is taken up by hepatocytes. Moreover, the segmental
border inside the liver can also be visualized by this technique, thus providing intraop-
erative navigation. Regarding another unique application of ICG fluorescence imaging,
Kawaguchi et al. applied ICG fluorescence imaging to investigate the decreased func-
tional reserve of the venous congestion area after the resection or clumping of drainage
veins [68]. They used the difference in fluorescence intensity, which was interrupted due
to venous congestion and subsequent interrupted portal uptake function. The effect of
the venous congestion area on liver function remains unclear. Sano et al. evaluated the
venous congestion area in liver grafts for liver transplantation [69]. They reported portal
flow regurgitation in the venous congested area and the necessity of venous reconstruction
in liver grafts. However, the opening of peripheral venous communication released venous
congestion in some patients. Mise et al. recommended subtracting the volume of the
venous congestion area from the future functional remnant liver volume that is calculated
before major hepatectomy [70]. Another use of ICG in liver transplant surgery is to assess
if the donor’s liver is suitable before transplantation. By injecting ICG into the donor’s
bloodstream, surgeons can evaluate the liver’s function and blood flow using ICG clearance
parameters, helping them to determine whether the organ is suitable for transplantation.
This preoperative assessment can help reduce the risk of complications and improve the
overall success of the procedure. After the transplantation, ICG can be used to continue
monitoring the graft’s function and blood flow during the postoperative period using ICG
kinetics during the following days after transplantation; this includes the evaluation of ICG
clearance just like in the preoperative phase. This can help detect any issues early on and
guide the management of the patient’s care [71].
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3.6. ICG in Bariatric Surgery

Bariatric surgery is currently a widely adopted therapeutic option for patients with
morbid obesity. The advancements in laparoscopic techniques and instruments, coupled
with recent refinements in procedure selection, have improved the safety and efficacy in
the treatment of patients with obesity. However, this surgery, performed in non-neoplastic
subjects, could lead to potentially fatal complications such as anastomotic leak, which
not only increases morbidity and mortality but also results in additional recovery time,
corrective procedures, increased healthcare costs, and potential malpractice. Currently, the
incidence of total major adverse events at 30 days is 5.0% for gastric bypasses and 2.6% for
sleeve resections, with the occurrence of leaks ranging from 0.4 to 2.7% of cases [72–74].
As reported by a systematic review by Hsu A. et al., ICG can be used intravascularly for
vascular mapping and assessing aberrant arterial anatomy, and to assess blood supply of
gastric sleeve or anastomoses during Roux and Y gastric bypass (RYGB) or biliopancreatic
diversion [75]. Moreover, as discussed by Ortega et al., the identification of aberrant
anatomy with ICG can lead to a change in surgical management to reduce the risk of
complications. Especially with the complicated vascular anatomy of the GE junction and
the variation in vascular patterns that patients can have, ICG becomes even more crucial
in allowing for meticulous dissection that preserves the blood supply of the proximal
stomach [76].

4. Acute Care and Trauma Surgery

Although there are many studies on the utility of ICG in elective surgery, to date,
there is still a lack of literature regarding its use during emergency surgery, in which
the surgeon and the patient can benefit the most from its use. In the acute care setting,
ICG can be applied in different fields such as trauma, acute cholecystitis, and intestinal
ischemia [77,78]. Overall, it seems that the use of ICG does not prolong surgical time in
acute settings but does not decrease the need for damage control operations in an acute
care surgery population. Based on our previous meta-analysis, the routine use of ICG
fluorescence could modify intraoperative strategies and improve patient outcomes [79]. The
benefits of using ICG fluorescence for acute cholecystitis, in terms of the clear identification
of biliary structures, were reported in a significant percentage of patients [80–84]. For
patients with mesenteric ischemia or trauma, the use of fluorescence resulted in a change
in surgical approach in a notable percentage of cases with both minimally invasive and
open approaches. Acute mesenteric ischemia remains a problematic issue with high
mortality rates [85,86]. Emergency surgery, often with extended intestinal resections in
order to remove the affected tissue, is necessary (Figure 5). Despite the high mortality
rate associated with mesenteric ischemia, no real progress has been made in improving
the survival of those patients in the last decade [87–91]. In the study by Ryu et al., the
use of ICG in patients with strangulated bowel obstruction led to fewer resections and
fewer complications [92]. Moreover, Karampinis et al., in a retrospective analysis of
52 patients with acute mesenteric ischemia who underwent surgery, concluded that the use
of ICG fluorescence angiography is a possible and reliable tool for perfusion assessment
of the bowel, with a rate of clinical benefit of 11% [93]. He also compared macroscopic
inspection with ICG and reported a discrepancy rate of 35%, which is relevant for the
correct identification of the resection margin [94–97]. Regarding trauma, studies on the
use of ICG fluorescence are still limited and have not focused on a minimally invasive
approach: ICG has been utilized to evaluate the viability of parenchymatous organs, assess
tissue impairment related to perfusion in extremity or craniofacial traumas, and reevaluate
the vascularization efficacy of surgical procedures. This improves the clinical outcomes of
surgery and patient safety [19,98–101].
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5. Thoracic Surgery

Indocyanine green finds various applications in thoracic surgery such as complete
resection of pulmonary bullae, precise demarcation of the segmental plane, pulmonary
nodule localization, and the tracing of sentinel lymph nodes (SLNs) [102,103]. Regard-
ing pulmonary bullae, while pulmonary bulla resection via video-assisted thoracoscopic
surgery is the preferred treatment for most patients with spontaneous pneumothorax,
studies have indicated a higher recurrence rate with minimally invasive surgery, primarily
attributed to residual bullae [104–107]. Compared to adjacent normal lung tissue, bullae
or emphysema lesions exhibit lower tissue density and reduced blood flow, resulting in a
lower concentration distribution of ICG following intravenous injection. Real-time near-
infrared fluorescence imaging allows for the immediate visualization of a sharp decline
in the ICG concentration, enabling clear differentiation between bullae and normal lung
tissue. Matsumoto et al. employed ICG to accurately outline the diseased lesion using
near-infrared fluorescence imaging in a patient with a sizable emphysematous lesion in the
right lower lobe [108].

Positioning sub-centimeter pulmonary nodules accurately during video-assisted thora-
coscopic surgery remains a considerable challenge. Traditional methods such as hook-wire
insertion, spring coil placement, and methylene blue injection are associated with complica-
tions like hook-wire slippage, dye dispersion, pneumothorax, and air embolism [109,110].
Studies have indicated that due to the enhanced permeability and retention effect, ICG
can accumulate in tumor tissue while sparing lung tissue and preserving pathological
diagnostic accuracy [111–115]. Okusanya et al. administered intravenous ICG 24 h prior to
surgery, resulting in a nodule detection rate. In recent years, indocyanine-green-guided
near-infrared (ICG NIRF) imaging technology has also been applied clinically to the precise
demarcation of the segmental plane [116]. Sekine et al. administered ICG directly into the
target pulmonary segment via the trachea. They then utilized fluorescent thoracoscopy
to visualize the segmental plane and precisely dissect the target segment [117]. Further-
more, Mun’s study demonstrated that intravenous systemic injection of ICG fluorescence
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yielded clear and sustained demarcation of the lung surface in a significant percentage of
patients [118–120].

6. Urologic Surgery

Golijanin et al. investigated the mechanism underlying ICG fluorescence in the kidney,
utilizing immunohistochemistry with polyclonal antibodies [121,122]. Their study revealed
the presence of bilitranslocase, a membrane protein, in the proximal and distal convoluted
tubules of normal kidney cells. Bilitranslocase facilitates the transport of organic anionic
molecules like ICG from the blood into the cell. However, its down-regulation in renal
cortical tumors results in decreased ICG uptake, explaining the hypofluorescence observed
in cancerous cells under ICG near-infrared fluorescence compared to normal and benign
tissue. The mechanism of intraureteral ICG use is less understood. Unlike kidney cells,
urothelial cells of the urinary tract lack absorption capabilities. Nevertheless, intraureteral
ICG injection allows for the identification of the ureter and differentiation between viable
and nonviable ureteral tissue. One hypothesis suggests that ICG binds to urothelial surface
proteins in viable ureteral tissue but not in nonviable tissue [25,123]. While ICG has not
yet been approved by the FDA for intraurethral use, the technique shows great promise.
In urologic surgery, ICG can play multiple roles [25,124–127]. Several authors report the
role of ICG in tumor localization during partial nephrectomy [128–130]. In 2011, Tobis et al.
published their initial clinical findings involving patients who underwent near-infrared
fluorescence imaging with ICG during robotic partial nephrectomy. The objective was to
utilize ICG to distinguish between normal and malignant tissue and visualize the renal
vasculature. Among the patients, the majority were found to have malignancies upon
final pathology examination [131]. In 2015, Bjurlin et al. conducted a literature review
on ICG-guided tumor localization during robotic partial nephrectomy. They highlighted
promising but inconsistent results due to variations in ICG dosing [132]. Angell et al. aimed
to refine dosing strategies and achieve histologic prediction accuracy. While this accuracy
was deemed insufficient for guiding tumor margin resections, the authors suggested it
could benefit less experienced surgeons [133]. In Italy, researchers introduced a novel
technique for the near-infrared fluorescence localization of renal tumors. They utilized
preoperative renal angiography and super-selective transarterial delivery of a lipiodol–ICG
mixture to improve the visualization of tumor margins in off-clamp partial nephrectomies.
Although the initial results showed improved visualization and negative surgical mar-
gins for all patients, comparative data for this technique are currently lacking [134,135].
Moreover, during partial nephrectomy, ICG can be used as a guide for selective arterial
clamping. Using near-infrared fluorescence with ICG selective arterial clamping offers
surgeons an intraoperative renal angiogram. This enables them to selectively clamp minor
arteries rather than the main renal artery. The objective is to enhance long-term functional
outcomes by minimizing ischemia in normal renal parenchyma [136,137]. In 2012, Borofsky
et al. conducted a matched-pair analysis comparing robotic partial nephrectomy outcomes
using indocyanine green-guided selective arterial clamping vs. conventional main renal
artery clamping, all performed by the same surgeon. The short-term follow-up revealed
only a decrease in the estimated glomerular filtration rate in the selective arterial clamping
group, in contrast to a decrease in eGFR observed in the conventional main renal artery
clamping group [138]. Another promising application of ICG in urology is the identifi-
cation of the lymphatic pathway in prostatic cancer. Prostate cancer ranks among the
most prevalent urinary cancers in men worldwide [139–141]. Although prostate-specific
membrane antigen (PSMA) imaging is the gold standard for lymph node staging in prostate
cancer, its sensitivity varies according to lymph node size and Prostasti Specific Antigen
(PSA) level. The limitations of PSMA imaging, including the invasiveness, high cost, and
potential adverse effects of anesthesia, restrict its widespread application. Sentinel lymph
node biopsy (SLNB) offers an alternative method for lymph node staging, with lower
morbidity and comparable sensitivity. Despite extensive research, there remains no con-
sensus regarding the optimal technique for SLNB in prostate cancer, with variations in the
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choice of tracer and injection site [142]. Another application of ICG in urologic surgery is
during the Laparoscopic Palomo varicocelectomy. As reported by Esposito C. et al., this is a
standardized technique to perform lymphatic sparing and avoid post-operative hydrocele.
However, while no data regarding the safety of intratesticular injection of ICG are currently
available, they reported the safety of intratesticular injection of ICG at mid-term follow-up,
without specific risks for either the testis or the patient [143].

7. Gynecological Surgery

The clinical application of ICG in gynecologic surgery has garnered significant in-
terest in recent years. Gynecologic oncology encompasses various malignant conditions,
including cervical, endometrial, ovarian, vaginal, and vulvar cancers. Intraoperative ICG
fluorescence imaging has emerged as a promising adjunct to conventional surgical tech-
niques, offering real-time visualization and localization of sentinel lymph nodes (SLNs)
and enhanced identification of tumors. The feasibility and accuracy of ICG fluorescence
imaging for SLN mapping in gynecologic cancers were first demonstrated in studies investi-
gating cervical cancer [144–153]. Cervical cancer commonly metastasizes via the lymphatic
system, with pelvic and para-aortic lymph node involvement being key prognostic factors.
SLN mapping aims to accurately identify and remove the initial lymph node(s) receiving
lymphatic drainage from the primary tumor, potentially avoiding the need for extensive
lymphadenectomy and reducing associated morbidity. Beyond cervical cancer, the ap-
plication of ICG in other gynecological malignancies has shown promising results. In
endometrial cancer, ICG has been utilized to enhance the detection of SLNs, aiding in pre-
cise staging and reducing the likelihood of overtreatment. Studies have also indicated the
potential of ICG in improving the visualization of SLNs in patients with early-stage ovarian
cancer, thereby aiding in the surgical staging process and potentially impacting treatment
decisions. Moreover, the use of ICG fluorescence imaging has extended to minimally
invasive surgical approaches, such as laparoscopy and robotic-assisted surgery. These
techniques benefit from the enhanced visualization capabilities of ICG, allowing surgeons
to perform more precise dissections and reduce the risk of complications. The integration of
ICG fluorescence imaging into these advanced surgical modalities represents a significant
advancement in the field of gynecological oncology. In addition to SLN mapping, ICG has
been employed to delineate tumor margins more accurately during surgery, particularly in
complex cases where distinguishing between malignant and healthy tissue is challenging.
This capability is crucial for ensuring complete tumor resection while preserving as much
healthy tissue as possible, ultimately improving patient outcomes. Minimally invasive
surgery for cervical cancer may risk peritoneal contamination. Klapdor et al. [154] proposed
using ICG to detect contamination during colpotomy. This approach, though based on a
single study, could serve as a quality assessment tool for surgical techniques. Pelvic exen-
teration is the final curative option for patients with recurrent or persistent gynecological
tumors who have previously undergone radiotherapy. This surgery is associated with
high morbidity and complications related to urinary diversion. Intraoperative ICG can be
used to assess ureteral perfusion. Studies have reported that better intraoperative ureteral
perfusion, as assessed by ICG, correlates with reduced rates of benign ureteral stenosis.
For instance, a pilot study by Bizzarri et al. [155] utilized intraoperative angiography with
ICG to evaluate ureteral-ileal anastomoses, ileo-ileal anastomosis, and the ileal conduit,
though the small number of patients prevented significant conclusions. Despite limited
evidence, ICG angiography shows promise in reducing morbidity associated with pelvic
exenteration, warranting further prospective studies to validate its efficacy. Moreover, in gy-
necological cancer surgeries, radical procedures often involve total hysterectomy followed
by vaginal suture, which can be performed abdominally in open approaches or laparoscop-
ically/vaginally in minimally invasive settings. A complication, vaginal cuff dehiscence
(VCD), occurs at varying rates depending on the surgical method. Risk factors for VCD
include premenopausal status, smoking, surgical-site infection, and chemotherapy. ICG
administration can evaluate vaginal cuff vascularity during surgery. Studies by Beran et al.
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in 2016 [156,157] on laparoscopic and robotic hysterectomies validated ICG’s use for assess-
ing vaginal cuff vascularization. Prospective trials are needed to confirm these findings
and potentially reduce postoperative VCD rates through intraoperative suture revisions
and closer follow-up for high-risk patients. Radical vulvectomy, the main treatment for
vulvar cancer, sometimes necessitates flap reconstruction for large or recurrent tumors.
ICG angiography, although limited to a few case reports, offers a simple and affordable
method to verify flap vascularization. In a series by Capozzi et al. [158], patients under-
going radical vulvectomy with flap reconstruction had no surgical infections, dehiscence,
or necrosis. ICG angiography for flap viability, described by Gentileschi et al., showed no
further complications, suggesting its potential for quick intraoperative assessment. Techno-
logical improvements are necessary to enhance this method’s reliability. Moreover, ICG’s
therapeutic potential in gynecological cancers includes photothermal and sonodynamic
therapies, combined with chemotherapy. Nanocarriers encapsulating ICG enhance its
stability and targeting ability. Preclinical models show promising results for a tailored
therapeutic approach, but further research is necessary to advance these technologies. Over-
all, the incorporation of ICG fluorescence imaging into gynecological oncology surgery
offers numerous benefits, including enhanced accuracy in SLN mapping, improved tumor
localization, and better surgical outcomes. Ongoing research and technological advance-
ments are likely to further expand its applications and efficacy in the management of
gynecological cancers [144–159].

8. Pediatric Surgery

ICG technology offers significant advantages in pediatric surgery. Moreover, a review
by Breuking EA et al. [160] reported that ICG may be safe to use in neonates since all
but one study reported the absence of any complication or adverse event occurring when
ICG was used in infants ≤ 3 months. Two studies reported side effects of retention of the
injected dye or a change in skin color after the use of ICG, but these effects are temporary
and fully disappear in several weeks. ICG has the same applications as in adults concerning
lymph node mapping, the evaluation of anastomotic perfusion, and the assessment of the
extent of intestinal resections [161]. Additionally, it has specific applications related to
pediatric-specific conditions: in pediatric urology, ICG is used for assessing renal perfu-
sion and visualizing the urinary tract for conditions like hydronephrosis, ureteropelvic
junction obstruction, and kidney transplantation [162]. Another very good indication of
ICG-enhanced fluorescence in pediatric surgery is intraoperative lymphography during
laparoscopic varicocelectomy to separate the lymphatic vessels from the blood vessels,
avoiding postoperative hydrocele formation [163].

In gastrointestinal surgeries, ICG can be used to assess bowel perfusion, particularly
in cases of intestinal atresia, necrotizing enterocolitis, and other congenital anomalies. It
helps ensure the viability of bowel segments before anastomosis. In congenital vascu-
lar malformations and pediatric vascular surgeries, ICG helps to assess the patency of
blood vessels and the effectiveness of anastomoses. It is also valuable in evaluating tis-
sue perfusion during reconstructive procedures [160]. Experience in pediatric surgery,
however, remains limited, and the indications of ICG-guided NIRF are not yet as clear in
pediatric patients.

9. Limitations

There are some pitfalls that have to be addressed: the accuracy of ICG fluorescence
can be affected by various factors leading to false-positive or false-negative results. For
instance, inflammation, scarring, or other pathological changes can alter the uptake and
distribution of ICG, potentially leading to misinterpretation. Moreover, there is a lack of
standardized protocols for the use of ICG fluorescence. Variations in the dosage, timing
of administration, and imaging techniques can lead to inconsistent results across different
practitioners and institutions. Lastly, the equipment required for ICG fluorescence imaging,
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including near-infrared cameras and specialized software, can be expensive and may not
be readily available in all surgical centers, particularly in low-resource settings.

10. Conclusions

IGC fluorescence imaging represents a versatile tool in various surgical specialties,
including general surgery, acute care surgery, thoracic surgery, urologic surgery, pediatric
surgery, and gynecological surgery. Its real-time visualization capabilities enable surgeons
to improve precision and safety during complex procedures, ranging from tumor local-
ization and lymph node mapping to perfusion assessment and tissue viability evaluation.
Despite ongoing research efforts, further investigation is warranted to elucidate optimal
dosing regimens, injection techniques, and imaging protocols, with the ultimate goal of
optimizing patient outcomes and enhancing the standard of care in surgery.

Author Contributions: Conceptualization, P.F. and G.C.; methodology, P.F.; validation, M.M., F.R.
and A.C.; formal analysis, P.F. and A.C.; investigation, P.F., M.M. and F.R.; writing—original draft
preparation, P.F. and G.M.G.; writing—review and editing, P.F. and G.C.; visualization, G.B. and G.C.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Roberts, W.C. Facts and ideas from anywhere. Bayl. Univ. Med. Cent. Proc. 2009, 22, 377–384. [CrossRef]
2. Colan, J.; Davila, A.; Hasegawa, Y. A Review on Tactile Displays for Conventional Laparoscopic Surgery. Surgeries 2022,

3, 334–346. [CrossRef]
3. Supe, A.N.; Kulkarni, G.V.; Supe, P.A. Ergonomics in laparoscopic surgery. J. Minim. Access Surg. 2010, 6, 31–36. [CrossRef]

[PubMed]
4. Fransvea, P.; Chiarello, M.M.; Fico, V.; Cariati, M.; Brisinda, G. Indocyanine green: The guide to safer and more effective surgery.

World J. Gastrointest. Surg. 2024, 16, 641–649. [CrossRef]
5. Alaraimi, B.; El Bakbak, W.; Sarker, S.; Makkiyah, S.; Al-Marzouq, A.; Goriparthi, R.; Bouhelal, A.; Quan, V.; Patel, B. A randomized

prospective study comparing acquisition of laparoscopic skills in three-dimensional (3D) vs. two-dimensional (2D) laparoscopy.
World J. Surg. 2014, 38, 2746–2752. [CrossRef]

6. 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] [PubMed]

7. Goncalves, L.N.; van den Hoven, P.; van Schaik, J.; Leeuwenburgh, L.; Hendricks, C.H.F.; Verduijn, P.S.; van der Bogt, K.E.A.;
van Rijswijk, C.S.P.; Schepers, A.; Vahrmeijer, A.L.; et al. Perfusion Parameters in Near-Infrared Fluorescence Imaging with
Indocyanine Green: A Systematic Review of the Literature. Life 2021, 11, 433. [CrossRef]

8. Maarek, J.M.; Holschneider, D.P.; Harimoto, J.; Yang, J.; Scremin, O.U.; Rubinstein, E.H. Measurement of cardiac output with
indocyanine green transcutaneous fluorescence dilution technique. Anesthesiology 2004, 100, 1476–1483. [CrossRef] [PubMed]

9. Aguree, S.; Gernand, A.D. An efficient method for measuring plasma volume using indocyanine green dye. MethodsX 2019,
6, 1072–1083. [CrossRef] [PubMed]

10. Rocha, F.G. Chapter 4—Liver blood flow: Physiology, measurement, and clinical relevance. In Blumgart’s Surgery of the Liver,
Pancreas and Biliary Tract, 5th ed.; Saunders, W.B., William, R.J., Leslie, H.B., Eds.; Elsevier: Amsterdam, The Netherlands, 2012;
pp. 74–86. ISBN 9781437714548. [CrossRef]

11. Desmettre, T.; Devoisselle, J.M.; Mordon, S. Fluorescence properties and metabolic features of indocyanine green (ICG) as related
to angiography. Surv. Ophthalmol. 2000, 45, 15–27. [CrossRef] [PubMed]

12. Stanga, P.E.; Lim, J.I.; Hamilton, P. Indocyanine green angiography in chorioretinal diseases: Indications and interpretation: An
evidence-based update. Ophthalmology 2003, 110, 15–23. [CrossRef]

13. Vettoretto, N.; Foglia, E.; Ferrario, L.; Gerardi, C.; Molteni, B.; Nocco, U.; Lettieri, E.; Molfino, S.; Baiocchi, G.L.; Elmore, U.; et al.
Could fluorescence-guided surgery be an efficient and sustainable option? A SICE (Italian Society of Endoscopic Surgery) health
technology assessment summary. Surg. Endosc. 2020, 34, 3270–3284. [CrossRef] [PubMed]

14. Lim, Z.Y.; Mohan, S.; Balasubramaniam, S.; Ahmed, S.; Siew, C.C.H.; Shelat, V.G. Indocyanine green dye and its application in
gastrointestinal surgery: The future is bright green. World J. Gastrointest. Surg. 2023, 15, 1841–1857. [CrossRef] [PubMed]

15. Dip, F.; Boni, L.; Bouvet, M.; Carus, T.; Diana, M.; Falco, J.; Gurtner, G.C.; Ishizawa, T.; Kokudo, N.; Menzo, E.L.; et al. Consensus
Conference Statement on the General Use of Near-infrared Fluorescence Imaging and Indocyanine Green Guided Surgery: Results
of a Modified Delphi Study. Ann. Surg. 2022, 275, 685–691. [CrossRef] [PubMed]

https://doi.org/10.1080/08998280.2009.11928563
https://doi.org/10.3390/surgeries3040036
https://doi.org/10.4103/0972-9941.65161
https://www.ncbi.nlm.nih.gov/pubmed/20814508
https://doi.org/10.4240/wjgs.v16.i3.641
https://doi.org/10.1007/s00268-014-2674-0
https://doi.org/10.2325/jbcs.12.211
https://www.ncbi.nlm.nih.gov/pubmed/16110291
https://doi.org/10.3390/life11050433
https://doi.org/10.1097/00000542-200406000-00020
https://www.ncbi.nlm.nih.gov/pubmed/15166567
https://doi.org/10.1016/j.mex.2019.05.003
https://www.ncbi.nlm.nih.gov/pubmed/31193322
https://doi.org/10.1016/B978-1-4377-1454-8.00004-7
https://doi.org/10.1016/S0039-6257(00)00123-5
https://www.ncbi.nlm.nih.gov/pubmed/10946079
https://doi.org/10.1016/S0161-6420(02)01563-4
https://doi.org/10.1007/s00464-020-07542-3
https://www.ncbi.nlm.nih.gov/pubmed/32274626
https://doi.org/10.4240/wjgs.v15.i9.1841
https://www.ncbi.nlm.nih.gov/pubmed/37901741
https://doi.org/10.1097/SLA.0000000000004412
https://www.ncbi.nlm.nih.gov/pubmed/33214476


J. Clin. Med. 2024, 13, 4895 15 of 21

16. Alius, C.; Tudor, C.; Badiu, C.D.; Dascalu, A.M.; Smarandache, C.G.; Sabau, A.D.; Tanasescu, C.; Balasescu, S.A.; Serban, D.
Indocyanine Green-Enhanced Colorectal Surgery-between Being Superfluous and Being a Game-Changer. Diagnostics 2020,
10, 742. [CrossRef] [PubMed]

17. Lobbes, L.A.; Schier, K.; Tiebie, K.; Scheidel, N.; Pozios, I.; Hoveling, R.J.M.; Weixler, B. Optimizing Indocyanine Green Dosage for
Near-Infrared Fluorescence Perfusion Assessment in Bowel Anastomosis: A Prospective, Systematic Dose-Ranging Study. Life
2024, 14, 186. [CrossRef] [PubMed]

18. Hoven, P.V.D.; Osterkamp, J.; Nerup, N.; Svendsen, M.B.S.; Vahrmeijer, A.; Van Der Vorst, J.R.; Achiam, M.P. Quantitative
perfusion assessment using indocyanine green during surgery—Current applications and recommendations for future use.
Langenbecks Arch. Surg. 2023, 408, 67. [CrossRef]

19. Lütken, C.D.; Achiam, M.P.; Osterkamp, J.; Svendsen, M.B.; Nerup, N. Quantification of fluorescence angiography: Toward a
reliable intraoperative assessment of tissue perfusion—A narrative review. Langenbecks Arch. Surg. 2021, 406, 251–259. [CrossRef]

20. Kim, J.; Jang, Y.; Choi, S.H.; Jung, Y.W.; Kim, M.-L.; Yun, B.S.; Seong, S.J.; Jun, H.S. Intraoperative Fluorescent Ureter Visualization
in Complex Laparoscopic or Robotic-Assisted Gynecologic Surgery. J. Pers. Med. 2023, 13, 1345. [CrossRef] [PubMed]

21. 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]

22. White, L.A.; Joseph, J.P.; Yang, D.Y.; Kelley, S.R.; Mathis, K.L.; Behm, K.; Viers, B.R. Intraureteral indocyanine green augments
ureteral identification and avoidance during complex robotic-assisted colorectal surgery. Color. Dis. 2021, 23, 718–723. [CrossRef]

23. Serban, D.; Dascalu, A.M.; Tribus, L.; Alius, C.; Cristea, B.M.; Suceveanu, A.I.; Voiculescu, D.; Dumitrescu, D.; Bobirca, F.;
Suceveanu, A.P.; et al. Factors Affecting the Efficiency of Near-Infrared Indocyanine Green (NIR/ICG) in Lymphatic Mapping for
Colorectal Cancer: A Systematic Review. Cureus 2024, 16, e55290. [CrossRef]

24. He, M.; Jiang, Z.; Wang, C.; Hao, Z.; An, J.; Shen, J. Diagnostic value of near-infrared or fluorescent indocyanine green guided
sentinel lymph node mapping in gastric cancer: A systematic review and meta-analysis. J. Surg. Oncol. 2018, 118, 1243–1256.
[CrossRef]

25. Baldari, L.; Boni, L.; Cassinotti, E. Lymph node mapping with ICG near-infrared fluorescence imaging: Technique and results.
Minim. Invasive Ther. Allied Technol. 2023, 32, 213–221. [CrossRef]

26. Lucarini, A.; Guida, A.M.; Orville, M.; Panis, Y. Indocyanine green fluorescence angiography could reduce the risk of anastomotic
leakage in rectal cancer surgery: A systematic review and meta-analysis of randomized controlled trials. Color. Dis. 2024,
26, 408–416. [CrossRef]

27. Ma, Z.; Deng, J.; Ma, B.; Chen, H. Real-time indocyanine green fluorescence technique reduces anastomotic leakage in bilioenteric
anastomosis: A case report and literature review. Photodiagnosis Photodyn. Ther. 2023, 42, 103609. [CrossRef] [PubMed]

28. Chiarello, M.M.; Fransvea, P.; Cariati, M.; Adams, N.J.; Bianchi, V.; Brisinda, G. Anastomotic leakage in colorectal cancer surgery.
Surg. Oncol. 2022, 40, 101708. [CrossRef] [PubMed]

29. Griffiths, E.A. Oesophago-Gastric Anastomotic Audit (OGAA) Collaborative; Writing Committee; Predictors of anastomotic leak
and conduit necrosis after oesophagectomy: Results from the oesophago-gastric anastomosis audit (OGAA). Eur. J. Surg. Oncol
2024, 50, 107983. [CrossRef]

30. Kvist, E.; Helminen, O.; Helmiö, M.; Huhta, H.; Jalkanen, A.; Junttila, A.; Kallio, R.; Koivukangas, V.; Kokkola, A.; Laine, S.; et al.
Stapled vs. handsewn anastomosis and anastomotic leaks in gastric cancer surgery-a population-based nationwide study in
Finland. J. Gastrointest. Surg 2024, 28, 820–823. [CrossRef]

31. Goulder, F. Bowel anastomoses: The theory, the practice and the evidence base. World J. Gastrointest. Surg. 2012, 4, 208–213.
[CrossRef] [PubMed]

32. Choy, P.Y.; Bissett, I.P.; Docherty, J.G.; Parry, B.R.; Merrie, A.; Fitzgerald, A. Stapled versus handsewn methods for ileocolic
anastomoses. Cochrane Database Syst. Rev. 2011, 9, CD004320. [CrossRef] [PubMed]

33. Phillips, R.K.S.; Steele, R.J.C. A Companion to Specialist Surgical Practice: Colorectal Surgery, 4th ed.; Elsevier Saunders: Philadelphia,
PA, USA, 2009; pp. 58–59.

34. Kirk, R.M.; Winslet, M. Essential General Surgical Operations; Churchill Livingstone: Edinburgh, UK, 2001.
35. Paterson-Brown, S.; Beck, D.E.; Whitlow, C.B. A Companion to Specialist Surgical Practice: Core Topics in General and Emergency

Surgery, 4th ed.; Elsevier Saunders: Philadelphia, PA, USA, 2009; pp. 167–192.
36. Ris, F.; Liot, E.; Buchs, N.C.; Kraus, R.; Ismael, G.; Belfontali, V.; Douissard, J.; Cunningham, C.; Lindsey, I.; Guy, R.; et al.

Multicentre phase II trial of near-infrared imaging in elective colorectal surgery. Br. J. Surg. 2018, 105, 1359–1367. [CrossRef]
37. Dinallo, A.M.; Kolarsick, P.; Boyan, W.P.; Protyniak, B.; James, A.; Dressner, R.M.; Arvanitis, M.L. Does routine use of indocyanine

green fluorescence angiography prevent anastomotic leaks? A retrospective cohort analysis. Am. J. Surg. 2019, 218, 136–139.
[CrossRef] [PubMed]

38. Alekseev, M.; Rybakov, E.; Shelygin, Y.; Chernyshov, S.; Zarodnyuk, I. A study investigating the perfusion of colorectal
anastomoses using fluorescence angiography: Results of the FLAG randomized trial. Color. Dis. 2020, 22, 1147–1153. [CrossRef]

39. Jafari, M.D.; Pigazzi, A.; McLemore, E.C.; Mutch, M.G.; Haas, E.; Rasheid, S.H.; Wait, A.D.; Paquette, I.M.; Bardakcioglu, O.;
Safar, B.; et al. Perfusion Assessment in Left-Sided/Low Anterior Resection (PILLAR III): A Randomized, Controlled, Parallel,
Multicenter Study Assessing Perfusion Outcomes with PINPOINT Near-Infrared Fluorescence Imaging in Low Anterior Resection.
Dis. Colon. Rectum. 2021, 64, 995–1002. [CrossRef] [PubMed]

https://doi.org/10.3390/diagnostics10100742
https://www.ncbi.nlm.nih.gov/pubmed/32987841
https://doi.org/10.3390/life14020186
https://www.ncbi.nlm.nih.gov/pubmed/38398695
https://doi.org/10.1007/s00423-023-02780-0
https://doi.org/10.1007/s00423-020-01966-0
https://doi.org/10.3390/jpm13091345
https://www.ncbi.nlm.nih.gov/pubmed/37763114
https://doi.org/10.1177/1553350619827152
https://doi.org/10.1111/codi.15407
https://doi.org/10.7759/cureus.55290
https://doi.org/10.1002/jso.25285
https://doi.org/10.1080/13645706.2023.2217916
https://doi.org/10.1111/codi.16868
https://doi.org/10.1016/j.pdpdt.2023.103609
https://www.ncbi.nlm.nih.gov/pubmed/37187271
https://doi.org/10.1016/j.suronc.2022.101708
https://www.ncbi.nlm.nih.gov/pubmed/35092916
https://doi.org/10.1016/j.ejso.2024.107983
https://doi.org/10.1016/j.gassur.2024.03.005
https://doi.org/10.4240/wjgs.v4.i9.208
https://www.ncbi.nlm.nih.gov/pubmed/23293735
https://doi.org/10.1002/14651858.CD004320.pub3
https://www.ncbi.nlm.nih.gov/pubmed/21901690
https://doi.org/10.1002/bjs.10844
https://doi.org/10.1016/j.amjsurg.2018.10.027
https://www.ncbi.nlm.nih.gov/pubmed/30360896
https://doi.org/10.1111/codi.15037
https://doi.org/10.1097/DCR.0000000000002007
https://www.ncbi.nlm.nih.gov/pubmed/33872284


J. Clin. Med. 2024, 13, 4895 16 of 21

40. Takemasa, I.; Watanabe, J.; Kotake, M.; Noura, S.; Ikeda, M.; Suwa, H.; Tei, M.; Takano, Y.; Munakata, K.; Matoba, S.; et al.
Randomized Phase III Trial Evaluating the Efficacy of ICG Fluorescence Imaging on Anastomotic Leakage in Laparoscopic
Surgery for Rectal Cancer (EssentiAL study). In Proceedings of the 30th International Congress of the European Association for
Endoscopic Surgery, Krakow, Poland, 5–8 July 2022.

41. Hyung, W.J.; Lim, J.S.; Cheong, J.H.; Kim, J.; Choi, S.H.; Song, S.Y.; Noh, S.H. Intraoperative tumor localization using laparoscopic
ultrasonography in laparoscopic–assisted gastrectomy. Surg. Endosc. 2005, 19, 1353–1357. [CrossRef]

42. Matsuda, T.; Iwasaki, T.; Hirata, K.; Tsugawa, D.; Sugita, Y.; Ishida, S.; Kanaji, S.; Kakeji, Y. Simple and reliable method for tumor
localization during totally laparoscopic gastrectomy: Intraoperative laparoscopic ultrasonography combined with tattooing.
Gastric Cancer 2017, 20, 548–552. [CrossRef]

43. Cho, Y.B.; Lee, W.Y.; Yun, H.R.; Lee, W.S.; Yun, S.H.; Chun, H.K. Tumor localization for laparoscopic colorectal surgery. World J.
Surg. 2007, 31, 1491–1495. [CrossRef] [PubMed]

44. Park, J.W.; Sohn, D.K.; Hong, C.W.; Han, K.S.; Choi, D.H.; Chang, H.J.; Lim, S.-B.; Choi, H.S.; Jeong, S.-Y. The usefulness of
preoperative colonoscopic tattooing using a saline test injection method with prepackaged sterile India ink for localization in
laparoscopic colorectal surgery. Surg. Endosc. 2008, 22, 501–505. [CrossRef] [PubMed]

45. Acuna, S.A.; Elmi, M.; Shah, P.S.; Coburn, N.G.; Quereshy, F.A. Preoperative localization of colorectal cancer: A systematic review
and meta-analysis. Surg. Endosc. 2017, 31, 2366–2379. [CrossRef]

46. Szura, M.; Pasternak, A.; Solecki, R.; Matyja, M.; Szczepanik, A.; Matyja, A. Accuracy of preoperative tumor localization in large
bowel using 3D magnetic endoscopic imaging: Randomized clinical trial. Surg. Endosc. 2017, 31, 2089–2095. [CrossRef] [PubMed]

47. Konstantinidis, M.K.; Ioannidis, A.; Vassiliu, P.; Arkadopoulos, N.; Papanikolaou, I.S.; Stavridis, K.; Gallo, G.; Karagiannis, D.;
Chand, M.; Wexner, S.D.; et al. Preoperative tumor marking with indocyanine green (ICG) prior to minimally invasive colorectal
cancer: A systematic review of current literature. Front. Surg. 2023, 10, 1258343. [CrossRef] [PubMed]

48. Miyoshi, N.; Ohue, M.; Noura, S.; Yano, M.; Sasaki, Y.; Kishi, K.; Yamada, T.; Miyashiro, I.; Ohigashi, H.; Iishi, H.; et al. Surgical
usefulness of indocyanine green as an alternative to India ink for endoscopic marking. Surg. Endosc. 2009, 23, 347–351. [CrossRef]
[PubMed]

49. Satoyoshi, T.; Okita, K.; Ishii, M.; Hamabe, A.; Usui, A.; Akizuki, E.; Okuya, K.; Nishidate, T.; Yamano, H.; Nakase, H.; et al.
Timing of indocyanine green injection prior to laparoscopic colorectal surgery for tumor localization: A prospective case series.
Surg. Endosc. 2021, 35, 763–769. [CrossRef] [PubMed]

50. Watanabe, M.; Murakami, M.; Ozawa, Y.; Yoshizawa, S.; Matsui, N.; Aoki, T. Intraoperative Identification of Colonic Tumor Sites
Using a Near-Infrared Fluorescence Endoscopic Imaging System and Indocyanine Green. Dig. Surg. 2017, 34, 495–501. [CrossRef]
[PubMed]

51. Tanaka, C.; Kanda, M.; Funasaka, K.; Miyahara, R.; Murotani, K.; Tanaka, Y.; Takeda, S.; Kobayashi, D.; Hirooka, Y.;
Fujiwara, M.; et al. Detection of indocyanine green fluorescence to determine tumor location during laparoscopic gastrectomy for
gastric cancer: Results of a prospective study. Asian J. Endosc. Surg. 2020, 13, 160–167. [CrossRef]

52. Lee, S.J.; Sohn, D.K.; Han, K.S.; Kim, B.C.; Hong, C.W.; Park, S.C.; Kim, M.J.; Park, B.K.; Oh, J.H. Preoperative Tattooing Using
Indocyanine Green in Laparoscopic Colorectal Surgery. Ann. Coloproctol. 2018, 34, 206–211. [CrossRef]

53. Skubleny, D.; Dang, J.T.; Skulsky, S.; Switzer, N.; Tian, C.; Shi, X.; de Gara, C.; Birch, D.W.; Karmali, S. Diagnostic evaluation of
sentinel lymph node biopsy using indocyanine green and infrared or fluorescent imaging in gastric cancer: A systematic review
and meta-analysis. Surg. Endosc. 2018, 32, 2620–2631. [CrossRef]

54. Zhang, Z.; Deng, C.; Guo, Z.; Liu, Y.; Qi, H.; Li, X. Safety and efficacy of indocyanine green near-infrared fluorescent imaging-
guided lymph node dissection during robotic gastrectomy for gastric cancer: A systematic review and meta-analysis. Minim.
Invasive Ther. Allied Technol. 2023, 32, 240–248. [CrossRef] [PubMed]

55. Kitagawa, Y.; Takeuchi, H.; Takagi, Y.; Natsugoe, S.; Terashima, M.; Murakami, N.; Fujimura, T.; Tsujimoto, H.; Hayashi, H.;
Yoshimizu, N.; et al. Sentinel node mapping for gastric cancer: A prospective multicenter trial in Japan. J. Clin. Oncol. 2013,
31, 3704–3710. [CrossRef]

56. Tajima, Y.; Murakami, M.; Yamazaki, K.; Masuda, Y.; Kato, M.; Sato, A.; Goto, S.; Otsuka, K.; Kato, T.; Kusano, M. Sentinel node
mapping guided by indocyanine green fluorescence imaging during laparoscopic surgery in gastric cancer. Ann. Surg. Oncol.
2010, 17, 1787–1793. [CrossRef]

57. Tamburini, N.; Chiozza, M.; Maniscalco, P.; Resta, G.; Marino, S.; Quarantotto, F.; Anania, G.; Cavallesco, G. Application of
Indocyanine Green Enhanced Fluorescence in Esophageal Surgery: A Mini Review. Front. Surg. 2022, 9, 961856. [CrossRef]
[PubMed]

58. Koyanagi, K.; Ozawa, S.; Ninomiya, Y.; Yatabe, K.; Higuchi, T.; Yamamoto, M.; Kanamori, K.; Tajima, K. Indocyanine green
fluorescence imaging for evaluating blood flow in the reconstructed conduit after esophageal cancer surgery. Surg. Today 2022,
52, 369–376. [CrossRef]

59. Wang, S.; Yuan, W.; Yu, A.; Gu, W.; Wang, T.; Zhang, C.; Zhang, C. Efficacy of different indocyanine green doses in fluorescent
laparoscopic cholecystectomy: A prospective, randomized, double-blind trial. J. Surg. Oncol. 2024, 129, 1534–1541. [CrossRef]
[PubMed]

60. Pavel, M.-C.; Boira, M.A.; Bashir, Y.; Memba, R.; Llácer, E.; Estalella, L.; Julià, E.; Conlon, K.C.; Jorba, R. Near infrared indocyanine
green fluorescent cholangiography versus intraoperative cholangiography to improve safety in laparoscopic cholecystectomy for
gallstone disease-a systematic review protocol. Syst. Rev. 2022, 11, 36. [CrossRef] [PubMed]

https://doi.org/10.1007/s00464-004-8196-3
https://doi.org/10.1007/s10120-016-0635-z
https://doi.org/10.1007/s00268-007-9082-7
https://www.ncbi.nlm.nih.gov/pubmed/17534547
https://doi.org/10.1007/s00464-007-9495-2
https://www.ncbi.nlm.nih.gov/pubmed/17704874
https://doi.org/10.1007/s00464-016-5236-8
https://doi.org/10.1007/s00464-016-5203-4
https://www.ncbi.nlm.nih.gov/pubmed/27572063
https://doi.org/10.3389/fsurg.2023.1258343
https://www.ncbi.nlm.nih.gov/pubmed/37638121
https://doi.org/10.1007/s00464-008-9938-4
https://www.ncbi.nlm.nih.gov/pubmed/18443867
https://doi.org/10.1007/s00464-020-07443-5
https://www.ncbi.nlm.nih.gov/pubmed/32072278
https://doi.org/10.1159/000458450
https://www.ncbi.nlm.nih.gov/pubmed/28219066
https://doi.org/10.1111/ases.12710
https://doi.org/10.3393/ac.2017.09.25
https://doi.org/10.1007/s00464-018-6100-9
https://doi.org/10.1080/13645706.2023.2165415
https://www.ncbi.nlm.nih.gov/pubmed/36639136
https://doi.org/10.1200/JCO.2013.50.3789
https://doi.org/10.1245/s10434-010-0944-0
https://doi.org/10.3389/fsurg.2022.961856
https://www.ncbi.nlm.nih.gov/pubmed/35874138
https://doi.org/10.1007/s00595-021-02296-4
https://doi.org/10.1002/jso.27684
https://www.ncbi.nlm.nih.gov/pubmed/38736301
https://doi.org/10.1186/s13643-022-01907-6
https://www.ncbi.nlm.nih.gov/pubmed/35241165


J. Clin. Med. 2024, 13, 4895 17 of 21

61. Vlek, S.L.; van Dam, D.A.; Rubinstein, S.M.; Klerk, E.S.M.d.L.-D.; Schoonmade, L.J.; Tuynman, J.B.; Meijerink, W.J.H.J.; Ankersmit,
M. Biliary tract visualization using near-infrared imaging with indocyanine green during laparoscopic cholecystectomy: Results
of a systematic review. Surg. Endosc. 2017, 31, 2731–2742. [CrossRef]

62. Symeonidis, S.; Mantzoros, I.; Anestiadou, E.; Ioannidis, O.; Christidis, P.; Bitsianis, S.; Bisbinas, V.; Zapsalis, K.; Karastergiou, T.;
Athanasiou, D.; et al. Near-infrared cholangiography with intragallbladder indocyanine green injection in minimally invasive
cholecystectomy. World J. Gastrointest. Surg. 2024, 16, 1017–1029. [CrossRef] [PubMed]

63. Lim, S.H.; Tan, H.T.A.; Shelat, V.G. Comparison of indocyanine green dye fluorescent cholangiography with intra-operative
cholangiography in laparoscopic cholecystectomy: A meta-analysis. Surg. Endosc. 2021, 35, 1511–1520. [CrossRef]

64. Urade, T.; Sawa, H.; Iwatani, Y.; Abe, T.; Fujinaka, R.; Murata, K.; Mii, Y.; Man-I, M.; Oka, S.; Kuroda, D. Laparoscopic anatomical
liver resection using indocyanine green fluorescence imaging. Asian J. Surg. 2020, 43, 362–368. [CrossRef]

65. Xu, Y.; Chen, M.; Meng, X.; Lu, P.; Wang, X.; Zhang, W.; Luo, Y.; Duan, W.; Lu, S.; Wang, H. Laparoscopic anatomical liver
resection guided by real-time indocyanine green fluorescence imaging: Experience and lessons learned from the initial series in a
single center. Surg. Endosc. 2020, 34, 4683–4691. [CrossRef]

66. Takemura, N.; Ito, K.; Inagaki, F.; Mihara, F.; Kokudo, N. Added value of indocyanine green fluorescence imaging in liver surgery.
Hepatobiliary Pancreat. Dis. Int. 2022, 21, 310–317. [CrossRef]

67. Takemura, N.; Kokudo, N. Do we need to shift from dye injection to fluorescence in respective liver surgery? Surg. Oncol. 2020,
33, 207–209. [CrossRef] [PubMed]

68. Kawaguchi, Y.; Ishizawa, T.; Miyata, Y.; Yamashita, S.; Masuda, K.; Satou, S.; Tamura, S.; Kaneko, J.; Sakamoto, Y.; Aoki, T.; et al.
Portal uptake function in veno-occlusive regions evaluated by real-time fluorescent imaging using indocyanine green. J. Hepatol.
2013, 58, 247–253. [CrossRef]

69. Sano, K.; Makuuchi, M.; Miki, K.; Maema, A.; Sugawara, Y.; Imamura, H.; Matsunami, H.; Takayama, T. Evaluation of hepatic
venous congestion: Proposed indication criteria for hepatic vein reconstruction. Ann. Surg. 2002, 236, 241–247. [CrossRef]

70. Mise, Y.; Hasegawa, K.; Satou, S.; Aoki, T.; Beck, Y.; Sugawara, Y.; Makuuchi, M.; Kokudo, N. Venous reconstruction based on
virtual liver resection to avoid congestion in the liver remnant. Br. J. Surg. 2011, 98, 1742–1751. [CrossRef]

71. Ducas, A.; Martinino, A.; Evans, L.A.; Manueli Laos, E.G.; Giovinazzo, F.; on behalf of the Smageics Group. Use of Fluorescence
Imaging in Liver Transplant Surgery. J. Clin. Med. 2024, 13, 2610. [CrossRef] [PubMed]

72. Pavone, G.; Fersini, A.; Pacilli, M.; De Fazio, M.; Panzera, P.; Ambrosi, A.; Tartaglia, N. Can indocyanine green during laparoscopic
sleeve gastrectomy be considered a new intraoperative modality for leak testing? BMC Surg. 2022, 22, 341. [CrossRef]

73. Iossa, A.; Abdelgawad, M.; Watkins, B.M.; Silecchia, G. Leaks after laparoscopic sleeve gastrectomy: Overview of pathogenesis
and risk factors. Langenbecks Arch. Surg. 2016, 401, 757–766. [CrossRef]

74. Nedelcu, M.; Danan, M.; Noel, P.; Gagner, M.; Nedelcu, A.; Carandina, S. Surgical management for chronic leak following sleeve
gastrectomy: Review of literature. Surg. Obes. Relat. Dis. 2019, 15, 1844–1849. [CrossRef]

75. Hsu, A.; Mu, S.Z.; James, A.; Ibrahim, M.A.; Saber, A.A. Indocyanine Green in Bariatric Surgery: A Systematic Review. Obes. Surg.
2023, 33, 3539–3544. [CrossRef]

76. Ortega, C.B.; Guerron, A.D.; Yoo, J.S. The Use of Fluorescence Angiography During Laparoscopic Sleeve Gastrectomy. JSLS 2018,
22, e2018.00005. [CrossRef] [PubMed]

77. Khalaf, M.H.; Abdelrahman, H.; El-Menyar, A.; Afifi, I.; Kloub, A.; Al-Hassani, A.; Rizoli, S.; Al-Thani, H. Utility of indocyanine
green fluorescent dye in emergency general surgery: A review of the contemporary literature. Front. Surg. 2024, 11, 1345831.
[CrossRef] [PubMed]

78. Perini, D.; Martellucci, J. Don’t forget emergency surgery! Lessons to learn from elective indocyanine green-guided gastrointestinal
interventions. World J. Gastrointest. Surg. 2024, 16, 270–275. [CrossRef]

79. Fransvea, P.; Fico, V.; Puccioni, C.; D’agostino, L.; Costa, G.; Biondi, A.; Brisinda, G.; Sganga, G. Application of fluorescence-guided
surgery in the acute care setting: A systematic literature review. Langenbecks Arch. Surg. 2023, 408, 375. [CrossRef]

80. Di Maggio, F.; Hossain, N.; De Zanna, A.; Husain, D.; Bonomo, L. Near-infrared fluorescence cholangiography can be a useful
adjunct during emergency cholecystectomies. Surg. Innov. 2022, 29, 526–531. [CrossRef]

81. Nitta, T.; Kataoka, J.; Ohta, M.; Ueda, Y.; Senpuku, S.; Kurashima, Y.; Shimizu, T.; Ishibashi, T. Laparoscopic cholecystectomy for
cholecystitis using direct gallbladder indocyanine green injection fluorescence cholangiography: A case report. Ann. Med. Surg.
2020, 57, 218–222. [CrossRef]

82. Paludis, H.; Saukane, E.; Bobrovs, E.; Pupelis, G. Identification of biliovascular anatomy using indocyanine green fluorescent
cholangiography in patients with acute cholecystitis: First experience in single institution. HPB 2020, 22, S278. [CrossRef]

83. She, W.H.; Cheung, T.T.; Chan, M.Y.; Chu, K.W.; Ma, K.W.; Tsang, S.H.Y.; Dai, W.C.; Chan, A.C.Y.; Lo, C.M. Routine use of ICG
to enhance operative safety in emergency laparoscopic cholecystectomy: A randomized controlled trial. Surg. Endosc. 2022,
36, 4442–4451. [CrossRef]

84. Tsutsui, N.; Yoshida, M.; Ito, E.; Ohdaira, H.; Kitajima, M.; Suzuki, Y. Laparoscopic cholecystectomy using the PINPOINT((R))
Endoscopic fluorescence imaging system with intraoperative fluorescent imaging for acute cholecystitis: A case report. Ann Med.
Surg. 2018, 35, 146–148. [CrossRef]

85. Hess, B.; Cahenzli, M.; Forbes, A.; Burgos, R.; Coccolini, F.; Corcos, O.; Holst, M.; Irtun, Ø.; Klek, S.; Pironi, L.; et al. Management
of acute mesenteric ischaemia: Results of a worldwide survey. Clin. Nutr. ESPEN 2023, 54, 194–205. [CrossRef]

https://doi.org/10.1007/s00464-016-5318-7
https://doi.org/10.4240/wjgs.v16.i4.1017
https://www.ncbi.nlm.nih.gov/pubmed/38690057
https://doi.org/10.1007/s00464-020-08164-5
https://doi.org/10.1016/j.asjsur.2019.04.008
https://doi.org/10.1007/s00464-020-07691-5
https://doi.org/10.1016/j.hbpd.2021.12.007
https://doi.org/10.1016/j.suronc.2019.07.003
https://www.ncbi.nlm.nih.gov/pubmed/31375295
https://doi.org/10.1016/j.jhep.2012.09.028
https://doi.org/10.1097/00000658-200208000-00013
https://doi.org/10.1002/bjs.7670
https://doi.org/10.3390/jcm13092610
https://www.ncbi.nlm.nih.gov/pubmed/38731139
https://doi.org/10.1186/s12893-022-01796-5
https://doi.org/10.1007/s00423-016-1464-6
https://doi.org/10.1016/j.soard.2019.03.015
https://doi.org/10.1007/s11695-023-06801-1
https://doi.org/10.4293/JSLS.2018.00005
https://www.ncbi.nlm.nih.gov/pubmed/29950800
https://doi.org/10.3389/fsurg.2024.1345831
https://www.ncbi.nlm.nih.gov/pubmed/38419940
https://doi.org/10.4240/wjgs.v16.i2.270
https://doi.org/10.1007/s00423-023-03109-7
https://doi.org/10.1177/1553350620958562
https://doi.org/10.1016/j.amsu.2020.07.057
https://doi.org/10.1016/j.hpb.2020.04.194
https://doi.org/10.1007/s00464-021-08795-2
https://doi.org/10.1016/j.amsu.2018.09.019
https://doi.org/10.1016/j.clnesp.2022.12.022


J. Clin. Med. 2024, 13, 4895 18 of 21

86. Fransvea, P.; Costa, G.; Pepe, G.; LA Greca, A.; Magalini, S.; Puccioni, C.; D’Agostino, L.; Altieri, G.; Borello, A.; Cozza, V.; et al.
Acute intestinal ischemia in patients with COVID-19: Single-centre experience and literature review. Eur. Rev. Med. Pharmacol.
Sci. 2022, 26, 1414–1429. [CrossRef] [PubMed]

87. Alemanno, G.; Somigli, R.; Prosperi, P.; Bergamini, C.; Maltinti, G.; Giordano, A.; Valeri, A. Combination of diagnostic laparoscopy
and intraoperative indocyanine green fluorescence angiography for the early detection of intestinal ischemia not detectable at CT
scan. Int. J. Surg. Case Rep. 2016, 26, 77–80. [CrossRef] [PubMed]

88. Daskalopoulou, D.; Kankam, J.; Plambeck, J.; Ambe, P.C.; Zarras, K. Intraoperative real-time fluorescence angiography with
indocyanine green for evaluation of intestinal viability during surgery for an incarcerated obturator hernia: A case report. Patient
Saf. Surg. 2018, 12, 24. [CrossRef] [PubMed]

89. Ganguly, A.; Acharya, A.; Pai, M.V.; Augustine, A.J. Assessment of bowel vascularity using indocyanine green fluorescence in
incarcerated hernia. Int. Surg. J. 2021, 8, 2834. [CrossRef]

90. Irie, T.; Matsutani, T.; Hagiwara, N.; Nomura, T.; Fujita, I.; Kanazawa, Y.; Kakinuma, D.; Uchida, E. Successful treatment of
non-occlusive mesenteric ischemia with indocyanine green fluorescence and open-abdomen management. Clin. J. Gastroenterol.
2017, 10, 514–518. [CrossRef] [PubMed]

91. Ishizuka, M.; Nagata, H.; Takagi, K.; Iwasaki, Y.; Yamagishi, H.; Tanaka, G.; Kubota, K. Usefulness of intraoperative observation
using a fluorescence imaging instrument for patients with nonocclusive mesenteric ischemia. Int. Surg. 2015, 100, 593–599.
[CrossRef] [PubMed]

92. Ryu, S.; Yoshida, M.; Ohdaira, H.; Tsutsui, N.; Suzuki, N.; Ito, E.; Nakajima, K.; Yanagisawa, S.; Kitajima, M.; Suzuki, Y. A case of
incarcerated femoral hernia with intestinal blood flow assessment by brightfield full-color near-infrared fluorescence camera:
Report of a case. Int. J. Surg. Case Rep. 2016, 29, 234–236. [CrossRef] [PubMed]

93. Karampinis, I.; Keese, M.; Jakob, J.; Stasiunaitis, V.; Gerken, A.; Attenberger, U.; Post, S.; Kienle, P.; Nowak, K. Indocyanine green
tissue angiography can reduce extended bowel resections in acute mesenteric ischemia. J. Gastrointest. Surg. 2018, 22, 2117–2124.
[CrossRef] [PubMed]

94. Alexander, K.; Ismail, M.; Alexander, M. Use of ICG imaging to confirm bowel viability after upper mesenteric stenting in patient
with acute mesenteric ischemia: Case report. Int. J. Surg. Case Rep. 2019, 61, 322–326. [CrossRef] [PubMed]

95. Mehdorn, M.; Ebel, S.; Kohler, H.; Gockel, I.; Jansen-Winkeln, B. Hyperspectral imaging and indocyanine green fluorescence
angiography in acute mesenteric ischemia: A case report on how to visualize intestinal perfusion. Int. J. Surg. Case Rep. 2021,
82, 105853. [CrossRef]

96. Nakagawa, Y.; Kobayashi, K.; Kuwabara, S.; Shibuya, H.; Nishimaki, T. Use of indocyanine green fluorescence imaging to
determine the area of bowel resection in non-occlusive mesenteric ischemia: A case report. Int. J. Surg. Case Rep. 2018, 51, 352–357.
[CrossRef]

97. Nitori, N.; Deguchi, T.; Kubota, K.; Yoshida, M.; Kato, A.; Kojima, M.; Kadomura, T.; Okada, A.; Okamura, J.;
Kobayashi, M.; et al. Successful treatment of non-occlusive mesenteric ischemia (NOMI) using the HyperEye Medical
System for intraoperative visualization of the mesenteric and bowel circulation: Report of a case. Surg. Today 2014, 44, 359–362.
[CrossRef] [PubMed]

98. Lütken, C.D.; Achiam, M.P.; Svendsen, M.B.; Boni, L.; Nerup, N. Optimizing quantitative fluorescence angiography for visceral
perfusion assessment. Surg. Endosc. 2020, 34, 5223–5233. [CrossRef] [PubMed]

99. Afifi, I.; Abdelrahman, H.; El-Faramawy, A.; Mahmood, I.; Khoschnau, S.; Al-Naimi, N.; El-Menyar, A.; Al-Thani, H.; Rizoli, S.
The use of Indocyanine green fluorescent in patients with abdominal trauma for better intraoperative decision-making and less
bowel anastomosis leak: Case series. J. Surg. Case Rep. 2021, 2021, rjab235. [CrossRef] [PubMed]

100. Green, J.M., III; Sabino, J.; Fleming, M.; Valerio, I. Intraoperative fluorescence angiography: A review of applications and outcomes
in war-related trauma. Mil. Med. 2015, 180 (Suppl. S3), 37–43. [CrossRef] [PubMed]

101. Osterkamp, J.T.F.; Patel, M.Q.; Steyn, E.; Svendsen, L.-B.; Forgan, T.; Achiam, M.P. Usability of fluorescence angiography with
indocyanine green in the surgical management of penetrating abdominal trauma: A case series. Int. J. Surg. Open 2021, 30, 100319.
[CrossRef]

102. Chiu, C.-H.; Chao, Y.-K.; Liu, Y.-H.; Wen, C.-T.; Chen, W.-H.; Wu, C.-Y.; Hsieh, M.-J.; Wu, Y.-C.; Liu, H.-P. Clinical use of
near-infrared fluorescence imaging with indocyanine green in thoracic surgery: A literature review. J. Thorac. Dis. 2016, 8
(Suppl. S9), S744–S748. [CrossRef]

103. Fung, A.C.; Wong, K.K. Use of indocyanine green (ICG) fluorescence spectroscopy in thoracoscopic surgery: Seeing beyond the
unseen. J. Thorac. Dis. 2022, 14, 3692–3694. [CrossRef]

104. Inoue, M.; Nakagawa, K.; Kameda, M.; Toyoshima, K.; Yasumitsu, T. Video-assisted thoracoscopic bullectomy for spontaneous
pneumothorax in a Swyer-James syndrome patient. Jpn. J. Thorac. Cardiovasc. Surg. 2002, 50, 439–442. [CrossRef]

105. Cho, S.; Jheon, S.; Kim, D.K.; Kim, H.R.; Huh, D.M.; Lee, S.; Ryu, K.M.; Cho, D.G. Results of repeated video-assisted thoracic
surgery for recurrent pneumothorax after primary spontaneous pneumothorax. Eur. J. Cardiothorac. Surg. 2018, 53, 857–861.
[CrossRef]

106. Vuong, N.L.; Elshafay, A.; Thao, L.P.; Abdalla, A.R.; Mohyeldin, I.A.; Elsabaa, K.; Omran, E.S.; Yu, F.; Hirayama, K.; Huy, N.T.
Efficacy of treatments in primary spontaneous pneumothorax: A systematic review and network meta-analysis of randomized
clinical trials. Respir. Med. 2018, 137, 152–166. [CrossRef]

https://doi.org/10.26355/eurrev_202202_28135
https://www.ncbi.nlm.nih.gov/pubmed/35253199
https://doi.org/10.1016/j.ijscr.2016.07.016
https://www.ncbi.nlm.nih.gov/pubmed/27474829
https://doi.org/10.1186/s13037-018-0173-1
https://www.ncbi.nlm.nih.gov/pubmed/30154915
https://doi.org/10.18203/2349-2902.isj20213630
https://doi.org/10.1007/s12328-017-0779-3
https://www.ncbi.nlm.nih.gov/pubmed/28956274
https://doi.org/10.9738/INTSURG-D-14-00038.1
https://www.ncbi.nlm.nih.gov/pubmed/25875538
https://doi.org/10.1016/j.ijscr.2016.11.041
https://www.ncbi.nlm.nih.gov/pubmed/27918980
https://doi.org/10.1007/s11605-018-3855-1
https://www.ncbi.nlm.nih.gov/pubmed/29992520
https://doi.org/10.1016/j.ijscr.2019.07.077
https://www.ncbi.nlm.nih.gov/pubmed/31401077
https://doi.org/10.1016/j.ijscr.2021.105853
https://doi.org/10.1016/j.ijscr.2018.09.024
https://doi.org/10.1007/s00595-013-0503-y
https://www.ncbi.nlm.nih.gov/pubmed/23404392
https://doi.org/10.1007/s00464-020-07821-z
https://www.ncbi.nlm.nih.gov/pubmed/32696147
https://doi.org/10.1093/jscr/rjab235
https://www.ncbi.nlm.nih.gov/pubmed/34150193
https://doi.org/10.7205/MILMED-D-14-00632
https://www.ncbi.nlm.nih.gov/pubmed/25747629
https://doi.org/10.1016/j.ijso.2021.02.001
https://doi.org/10.21037/jtd.2016.09.70
https://doi.org/10.21037/jtd-22-1155
https://doi.org/10.1007/BF02913179
https://doi.org/10.1093/ejcts/ezx409
https://doi.org/10.1016/j.rmed.2018.03.009


J. Clin. Med. 2024, 13, 4895 19 of 21

107. Li, H.; Zhou, J.; Chi, C.; Mao, Y.; Yang, F.; Tian, J.; Wang, J. Clinical application of near-infrared thoracoscope with indocyanine
green in video-assisted thoracoscopic bullectomy. J. Thorac. Dis. 2016, 8, 1841–1845. [CrossRef] [PubMed]

108. Matsumoto, K.; Sano, I.; Taniguchi, H.; Yamasaki, N.; Tsuchiya, T.; Miyazaki, T.; Tomoshige, K.; Nagayasu, T. Thoracoscopic
surgery for lung emphysema using an infrared camera. J. Cardiothorac. Surg. 2013, 8, 134. [CrossRef] [PubMed]

109. Wang, Z.; Tian, X.; Yang, F.; Wang, L.; Li, H.; Zhang, Z.; He, K.; Chi, C.; Li, Y.; Zhou, J. Indocyanine green inhalation visualizes
lung tumour during video-assisted thoracoscopic surgery. Interdiscip. Cardiovasc. Thorac. Surg. 2023, 36, ivad071. [CrossRef]
[PubMed]

110. Wang, K.; Huang, W.; Chen, X.; Li, G.; Li, N.; Huang, X.; Liao, X.; Song, J.; Yang, Q.; He, K.; et al. Efficacy of Near-Infrared
Fluorescence Video-Assisted Thoracoscopic Surgery for Small Pulmonary Nodule Resection with Indocyanine Green Inhalation:
A Randomized Clinical Trial. Ann. Surg. Oncol. 2023, 30, 5912–5922. [CrossRef] [PubMed]

111. Chiba, R.; Ebihara, Y.; Shiiya, H.; Ujiie, H.; Fujiwara-Kuroda, A.; Kaga, K.; Li, L.; Wakasa, S.; Hirano, S.; Kato, T. A novel system
for analyzing indocyanine green (ICG) fluorescence spectra enables deeper lung tumor localization during thoracoscopic surgery.
J. Thorac. Dis. 2022, 14, 2943–2952. [CrossRef] [PubMed]

112. Azari, F.; Kennedy, G.T.; Bou-Samra, P.; Singhal, S. Intraoperative molecular imaging in thoracic oncology: Pushing the
boundaries of precision resection for occult non-small cell lung cancer in the era of minimally invasive surgery. J. Thorac. Dis. 2022,
14, 3688–3691. [CrossRef] [PubMed]

113. Bou-Samra, P.; Singhal, S. Precision Oncology in Lung Cancer Surgery. Surg. Oncol. Clin. N. Am. 2024, 33, 311–320. [CrossRef]
[PubMed]

114. Ebihara, Y.; Li, L.; Noji, T.; Kurashima, Y.; Murakami, S.; Shichinohe, T.; Hirano, S. A novel laparoscopic near-infrared fluorescence
spectrum system with indocyanine green fluorescence overcomes limitations of near-infrared fluorescence image-guided surgery.
J. Minim. Access Surg. 2022, 18, 125–128. [CrossRef] [PubMed]

115. Mao, Y.; Chi, C.; Yang, F.; Zhou, J.; He, K.; Li, H.; Chen, X.; Ye, J.; Wang, J.; Tian, J. The identification of sub-centimetre nodules by
near-infrared fluorescence thoracoscopic systems in pulmonary resection surgeries. Eur. J. Cardiothorac. Surg. 2017, 52, 1190–1196.
[CrossRef]

116. Okusanya, O.T.; Hess, N.R.; Luketich, J.D.; Sarkaria, I.S. Infrared intraoperative fluorescence imaging using indocyanine green in
thoracic surgery. Eur. J. Cardiothorac. Surg. 2018, 53, 512–518. [CrossRef]

117. Sekine, Y.; Ko, E.; Oishi, H.; Miwa, M. A simple and effective technique for identification of intersegmental planes by infrared
thoracoscopy after transbronchial injection of indocyanine green. J. Thorac. Cardiovasc. Surg. 2012, 143, 1330–1335. [CrossRef]
[PubMed]

118. Mun, M.; Okumura, S.; Nakao, M.; Matsuura, Y.; Nakagawa, K. Indocyanine green fluorescence-navigated thoracoscopic
anatomical segmentectomy. J. Vis. Surg. 2017, 3, 80. [CrossRef] [PubMed]

119. Pischik, V.G.; Kovalenko, A. The role of indocyanine green fluorescence for intersegmental plane identification during video-
assisted thoracoscopic surgery segmentectomies. J. Thorac. Dis. 2018, 10 (Suppl. S31), S3704–S3711. [CrossRef]

120. Yotsukura, M.; Okubo, Y.; Yoshida, Y.; Nakagawa, K.; Watanabe, S.I. Indocyanine green imaging for pulmonary segmentectomy.
JTCVS Tech. 2021, 6, 151–158. [CrossRef]

121. Golijanin, J.; Amin, A.; Moshnikova, A.; Brito, J.M.; Tran, T.Y.; Adochite, R.-C.; Andreev, G.O.; Crawford, T.; Engelman, D.M.;
Andreev, O.A.; et al. Targeted imaging of urothelium carcinoma in human bladders by an ICG pHLIP peptide Ex Vivo. Proc. Natl.
Acad. Sci. USA 2016, 113, 11829–11834. [CrossRef]

122. Brito, J.; Golijanin, B.; Kott, O.; Moshnikova, A.; Mueller-Leonhard, C.; Gershman, B.; Andreev, O.A.; Reshetnyak, Y.K.; Amin,
A.; Golijanin, D. Ex-Vivo Imaging of Upper Tract Urothelial Carcinoma Using Novel pH Low Insertion Peptide (Variant 3), a
Molecular Imaging Probe. Urology 2020, 139, 134–140. [CrossRef]

123. 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 2020, 30, 278. [CrossRef] [PubMed]

124. Petrut, B.; Bujoreanu, C.E.; Porav-Hodade, D.; Hardo, V.V.; Coste, B.O.; Maghiar, T.T.; Achimas-Cadariu, P.; Vlad, C. Indocyanine
green use in Urology. J. BUON 2021, 26, 266–274.

125. Esposito, C.; Coppola, V.; Del Conte, F.; Cerulo, M.; Esposito, G.; Farina, A.; Crocetto, F.; Castagnetti, M.; Settimi, A.; Escolino, M.
Near-Infrared fluorescence imaging using indocyanine green (ICG): Emerging applications in pediatric urology. J. Pediatr. Urol.
2020, 16, 700–707. [CrossRef]

126. Cacciamani, G.E.; Shakir, A.; Tafuri, A.; Gill, K.; Han, J.; Ahmadi, N.; Hueber, P.A.; Gallucci, M.; Simone, G.; Campi, R.; et al.
Best practices in near-infrared fluorescence imaging with indocyanine green (NIRF/ICG)-guided robotic urologic surgery: A
systematic review-based expert consensus. World J. Urol. 2020, 38, 883–896. [CrossRef]

127. Pathak, R.A.; Hemal, A.K. Intraoperative ICG-fluorescence imaging for robotic-assisted urologic surgery: Current status and
review of literature. Int. Urol. Nephrol. 2019, 51, 765–771. [CrossRef] [PubMed]

128. Soga, N.; Inoko, A.; Furusawa, J.; Ogura, Y. Evaluation to Differentiate between Tumor Lesions and the Parenchyma in Partial
Nephrectomies for Renal Tumors Based on Quantitative Fluorescence Imaging Using Indocyanine Green Dye. Curr. Urol. 2019,
13, 74–81. [CrossRef] [PubMed]

129. Yang, Y.-K.; Hsieh, M.-L.; Chen, S.-Y.; Liu, C.-Y.; Lin, P.-H.; Kan, H.-C.; Pang, S.-T.; Yu, K.-J. Clinical Benefits of Indocyanine Green
Fluorescence in Robot-Assisted Partial Nephrectomy. Cancers 2022, 14, 3032. [CrossRef] [PubMed]

https://doi.org/10.21037/jtd.2016.06.02
https://www.ncbi.nlm.nih.gov/pubmed/27499979
https://doi.org/10.1186/1749-8090-8-134
https://www.ncbi.nlm.nih.gov/pubmed/23705766
https://doi.org/10.1093/icvts/ivad071
https://www.ncbi.nlm.nih.gov/pubmed/37171877
https://doi.org/10.1245/s10434-023-13753-4
https://www.ncbi.nlm.nih.gov/pubmed/37389655
https://doi.org/10.21037/jtd-22-244
https://www.ncbi.nlm.nih.gov/pubmed/36071764
https://doi.org/10.21037/jtd-22-1100
https://www.ncbi.nlm.nih.gov/pubmed/36389330
https://doi.org/10.1016/j.soc.2023.12.003
https://www.ncbi.nlm.nih.gov/pubmed/38401912
https://doi.org/10.4103/jmas.JMAS_165_20
https://www.ncbi.nlm.nih.gov/pubmed/35017402
https://doi.org/10.1093/ejcts/ezx207
https://doi.org/10.1093/ejcts/ezx352
https://doi.org/10.1016/j.jtcvs.2012.01.079
https://www.ncbi.nlm.nih.gov/pubmed/22361249
https://doi.org/10.21037/jovs.2017.05.06
https://www.ncbi.nlm.nih.gov/pubmed/29078643
https://doi.org/10.21037/jtd.2018.04.84
https://doi.org/10.1016/j.xjtc.2020.12.005
https://doi.org/10.1073/pnas.1610472113
https://doi.org/10.1016/j.urology.2019.01.008
https://doi.org/10.1136/ijgc-2019-000895
https://www.ncbi.nlm.nih.gov/pubmed/31722965
https://doi.org/10.1016/j.jpurol.2020.07.008
https://doi.org/10.1007/s00345-019-02870-z
https://doi.org/10.1007/s11255-019-02126-0
https://www.ncbi.nlm.nih.gov/pubmed/30903392
https://doi.org/10.1159/000499289
https://www.ncbi.nlm.nih.gov/pubmed/31768173
https://doi.org/10.3390/cancers14123032
https://www.ncbi.nlm.nih.gov/pubmed/35740695


J. Clin. Med. 2024, 13, 4895 20 of 21

130. Giulioni, C.; Mulawkar, P.M.; Castellani, D.; De Stefano, V.; Nedbal, C.; Gadzhiev, N.; Pirola, G.M.; Law, Y.X.T.; Wroclawski, M.L.;
Keat, W.O.L.; et al. Near-Infrared Fluorescence Imaging with Indocyanine Green for Robot-Assisted Partial Nephrectomy: A
Systematic Review and Meta-Analysis. Cancers 2023, 15, 5560. [CrossRef] [PubMed]

131. Tobis, S.; Knopf, J.K.; Silvers, C.; Messing, E.; Yao, J.; Rashid, H.; Wu, G.; Golijanin, D. Robot-assisted and laparoscopic partial
nephrectomy with near infrared fluorescence imaging. J. Endourol. 2012, 26, 797–802. [CrossRef] [PubMed]

132. Bjurlin, M.A.; McClintock, T.R.; Stifelman, M.D. Near-infrared fluorescence imaging with intraoperative administration of
indocyanine green for robotic partial nephrectomy. Curr. Urol. Rep. 2015, 16, 20. [CrossRef] [PubMed]

133. Angell, J.E.; Khemees, T.A.; Abaza, R. Optimization of near infrared fluorescence tumor localization during robotic partial
nephrectomy. J. Urol. 2013, 190, 1668–1673. [CrossRef]

134. Simone, G.; Tuderti, G.; Anceschi, U.; Ferriero, M.; Costantini, M.; Minisola, F.; Vallati, G.; Pizzi, G.; Guaglianone, S.;
Misuraca, L.; et al. “Ride the Green Light”: Indocyanine Green-marked Off-clamp Robotic Partial Nephrectomy for Totally
Endophytic Renal Masses. Eur. Urol. 2019, 75, 1008–1014. [CrossRef]

135. Licari, L.C.; Bologna, E.; Proietti, F.; Flammia, R.S.; Bove, A.M.; D’annunzio, S.; Tuderti, G.; Leonardo, C. Exploring the
Applications of Indocyanine Green in Robot-Assisted Urological Surgery: A Comprehensive Review of Fluorescence-Guided
Techniques. Sensors 2023, 23, 5497. [CrossRef]

136. McClintock, T.R.; Bjurlin, M.A.; Wysock, J.S.; Borofsky, M.S.; Marien, T.P.; Okoro, C.; Stifelman, M.D. Can selective arterial
clamping with fluorescence imaging preserve kidney function during robotic partial nephrectomy? Urology 2014, 84, 327–332.
[CrossRef]

137. Zhou, L.; Zhou, J.; Shuai, H.; Xu, Q.; Tan, Y.; Luo, J.; Xu, P.; Duan, X.; Mao, X.; Wang, S.; et al. Comparison of perioperative
outcomes of selective arterial clipping guided by near-infrared fluorescence imaging using indocyanine green versus undergoing
standard robotic-assisted partial nephrectomy: A systematic review and meta-analysis. Int. J. Surg. 2024, 110, 1234–1244.
[CrossRef]

138. Borofsky, M.S.; Gill, I.S.; Hemal, A.K.; Marien, T.P.; Jayaratna, I.; Krane, L.S.; Stifelman, M.D. Near-infrared fluorescence imaging
to facilitate super-selective arterial clamping during zero-ischaemia robotic partial nephrectomy. BJU Int. 2013, 111, 604–610.
[CrossRef]

139. Sekhoacha, M.; Riet, K.; Motloung, P.; Gumenku, L.; Adegoke, A.; Mashele, S. Prostate Cancer Review: Genetics, Diagnosis,
Treatment Options, and Alternative Approaches. Molecules 2022, 27, 5730. [CrossRef]

140. Litwin, M.S.; Tan, H. The Diagnosis and Treatment of Prostate Cancer: A Review. JAMA 2017, 317, 2532–2542. [CrossRef]
[PubMed]

141. Dunn, M.W.; Kazer, M.W. Prostate cancer overview. Semin. Oncol. Nurs. 2011, 27, 241–250. [CrossRef]
142. Jeschke, S.; Lusuardi, L.; Myatt, A.; Hruby, S.; Pirich, C.; Janetschek, G. Visualisation of the lymph node pathway in real time by

laparoscopic radioisotope- and fluorescence-guided sentinel lymph node dissection in prostate cancer staging. Urology 2012,
80, 1080–1086. [CrossRef]

143. Esposito, C.; Borgogni, R.; Chiodi, A.; Cerulo, M.; Autorino, G.; Esposito, G.; Coppola, V.; Del Conte, F.; Di Mento, C.; Escolino, M.
Indocyanine green (ICG)-GUIDED lymphatic sparing laparoscopic varicocelectomy in children and adolescents. Is intratesticular
injection of the dye safe? A mid-term follow-up study. J. Pediatr. Urol. 2024, 20, 282.e1–282.e6. [CrossRef] [PubMed]

144. Perera, M.; Touijer, K.A. Point-Counterpoint: Radioisotope-guided Lymphadenectomy for Pelvic Node Staging: The SENTINELLE
Study. J. Urol. 2023, 210, 244–246. [CrossRef] [PubMed]

145. Yuen, K.; Miura, T.; Sakai, I.; Kiyosue, A.; Yamashita, M. Intraoperative Fluorescence Imaging for Detection of Sentinel Lymph
Nodes and Lymphatic Vessels during Open Prostatectomy using Indocyanine Green. J. Urol. 2015, 194, 371–377. [CrossRef]
[PubMed]

146. Raffone, A.; Raimondo, D.; Oliviero, A.; Raspollini, A.; Travaglino, A.; Torella, M.; Riemma, G.; La Verde, M.; De Franciscis,
P.; Casadio, P.; et al. The Use of near Infra-Red Radiation Imaging after Injection of Indocyanine Green (NIR-ICG) during
Laparoscopic Treatment of Benign Gynecologic Conditions: Towards Minimalized Surgery. A Systematic Review of Literature.
Medicina 2022, 58, 792. [CrossRef]

147. 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. Gynecol. Scand. 2021, 100, 189–199. [CrossRef] [PubMed]

148. 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. Gynecol. Scand. 2020, 99, 591–597. [CrossRef] [PubMed]

149. Spagnolo, E.; Zapardiel, I.; Gorostidi, M. Role of fluorescence imaging for intraoperative intestinal assessment in gynecological
surgery: A systematic review. Minim. Invasive Ther. Allied Technol. 2022, 31, 992–999. [CrossRef]

150. 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]

151. Rocha, A.; Domínguez, A.M.; Lécuru, F.; Bourdel, N. Indocyanine green and infrared fluorescence in detection of sentinel lymph
nodes in endometrial and cervical cancer staging—A systematic review. Eur. J. Obstet. Gynecol. Reprod. Biol. 2016, 206, 213–219.
[CrossRef]

152. Handgraaf, H.J.; Verbeek, F.P.; Tummers, Q.R.; Boogerd, L.S.; van de Velde, C.J.; Vahrmeijer, A.L.; Gaarenstroom, K.N. Real-time
near-infrared fluorescence guided surgery in gynecologic oncology: A review of the current state of the art. Gynecol. Oncol. 2014,
135, 606–613. [CrossRef]

https://doi.org/10.3390/cancers15235560
https://www.ncbi.nlm.nih.gov/pubmed/38067266
https://doi.org/10.1089/end.2011.0604
https://www.ncbi.nlm.nih.gov/pubmed/22250958
https://doi.org/10.1007/s11934-015-0495-9
https://www.ncbi.nlm.nih.gov/pubmed/25698588
https://doi.org/10.1016/j.juro.2013.04.072
https://doi.org/10.1016/j.eururo.2018.09.015
https://doi.org/10.3390/s23125497
https://doi.org/10.1016/j.urology.2014.02.044
https://doi.org/10.1097/JS9.0000000000000924
https://doi.org/10.1111/j.1464-410X.2012.11490.x
https://doi.org/10.3390/molecules27175730
https://doi.org/10.1001/jama.2017.7248
https://www.ncbi.nlm.nih.gov/pubmed/28655021
https://doi.org/10.1016/j.soncn.2011.07.002
https://doi.org/10.1016/j.urology.2012.05.050
https://doi.org/10.1016/j.jpurol.2023.11.018
https://www.ncbi.nlm.nih.gov/pubmed/38061982
https://doi.org/10.1097/JU.0000000000003494
https://www.ncbi.nlm.nih.gov/pubmed/37192376
https://doi.org/10.1016/j.juro.2015.01.008
https://www.ncbi.nlm.nih.gov/pubmed/25584996
https://doi.org/10.3390/medicina58060792
https://doi.org/10.1111/aogs.13971
https://www.ncbi.nlm.nih.gov/pubmed/32895911
https://doi.org/10.1111/aogs.13803
https://www.ncbi.nlm.nih.gov/pubmed/31943126
https://doi.org/10.1080/13645706.2022.2064715
https://doi.org/10.1016/j.ygyno.2011.09.025
https://doi.org/10.1016/j.ejogrb.2016.09.027
https://doi.org/10.1016/j.ygyno.2014.08.005


J. Clin. Med. 2024, 13, 4895 21 of 21

153. Darin, M.C.; Gómez-Hidalgo, N.R.; Westin, S.N.; Soliman, P.T.; Escobar, P.F.; Frumovitz, M.; Ramirez, P.T. Role of Indocyanine
Green in Sentinel Node Mapping in Gynecologic Cancer: Is Fluorescence Imaging the New Standard? J. Minim. Invasive Gynecol.
2016, 23, 186–193. [CrossRef] [PubMed]

154. 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. Gynecol. Scand. 2019, 98, 1398–1403. [CrossRef] [PubMed]

155. Bizzarri, N.; Foschi, N.; Loverro, M.; Tortorella, L.; Santullo, F.; Rosati, A.; Alletti, S.G.; Costantini, B.; Gallotta, V.; Ferrandina, G.;
et al. Indocyanine green to assess vascularity of ileal conduit anastomosis during pelvic exenteration for recurrent/persistent
gynecological cancer: A pilot study. Front. Oncol. 2021, 11, 727725. [CrossRef]

156. 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]

157. Beran, B.D.; Shockley, M.; Padilla, P.F.; Farag, S.; Escobar, P.; Zimberg, S.; Sprague, M.L. Laser angiography toassess the vaginal
cuff during robotic hysterectomy. JSLS 2018, 22, e2018.00001. [CrossRef] [PubMed]

158. Capozzi, V.A.; Monfardini, L.; Sozzi, G.; Armano, G.; Rosati, A.; Alletti, S.G.; Cosentino, F.; Ercoli, A.; Cianci, S.; Berretta, R.
Subcutaneous vulvar flap viability evaluation with near-infrared probe and indocyanine green for vulvar cancer reconstructive
surgery: A feasible technique. Front. Surg. 2021, 8, 721770. [CrossRef] [PubMed]

159. Loverro, M.; Bizzarri, N.; Capomacchia, F.; Watrowski, R.; Querleu, D.; Gioè, A.; Naldini, A.; Santullo, F.; Foschi, N.;
Fagotti, A.; et al. Indocyanine green fluorescence applied to gynecologic oncology: Beyond sentinel lymph node. Int. J.
Surg. 2024, 110, 3641–3653. [CrossRef] [PubMed]

160. Breuking, E.A.; van Varsseveld, O.C.; Harms, M.; Tytgat, S.H.A.J.; Hulscher, J.B.F.; Ruiterkamp, J. Safety and Feasibility of
Indocyanine Green Fluorescence Angiography in Pediatric Gastrointestinal Surgery: A Systematic Review. J. Pediatr. Surg. 2023,
58, 1534–1542. [CrossRef] [PubMed]

161. Sincavage, J.; Gulack, B.C.; Zamora, I.J. Indocyanine green (ICG) fluorescence-enhanced applications in pediatric surgery. Semin.
Pediatr. Surg. 2024, 33, 151384. [CrossRef]

162. Esposito, C.; Borgogni, R.; Autorino, G.; Cerulo, M.; Carulli, R.; Esposito, G.; Del Conte, F.; Escolino, M. Applications of
Indocyanine Green-Guided Near-Infrared Fluorescence Imaging in Pediatric Minimally Invasive Surgery Urology: A Narrative
Review. J. Laparoendosc. Adv. Surg. Tech. A 2022, 32, 1280–1287. [CrossRef]
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