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Abstract

Background: Indocyanine green (ICG) fluorescence imaging represents a recent advancement in pediatric
minimally invasive surgery (MIS), offering superior visualization of critical anatomical structures. Despite its
growing application, evidence on its specific utility in pediatric urology remains limited. This study aimed to
evaluate the safety, efficacy, and broader applications of ICG-guided fluorescence imaging in pediatric robotic
and laparoscopic surgery, with an emphasis on refining surgical precision and improving outcomes. Building
on our previous research on ICG applications, this work expands the focus to include a larger cohort and a di-
verse range of procedures to establish standardized protocols.

Methods: The records of all patients undergoing robotic or laparoscopic urological surgery with ICG-NIRF as-
sistance over a 7-year period (2018-2024), were analyzed retrospectively. ICG was administered using tailored
protocols for each procedure type, with fluorescence imaging applied to enhance intraoperative navigation
and decision-making. The ICG dosage ranged between 0.035 and 0.5 mg/kg.

Results: Patient cohort included 278 patients with median age of 9.2 years (range 1-18). Laparoscopic proce-
dures with ICG-NIRF were performed in 181 patients (65.1%), including pyeloplasty (n = 11), varicocelectomy
(n = 118), adnexal pathology resection (n = 33), partial nephrectomy (n = 10), nephrectomy (n = 6), and ura-
chal cyst excision (n = 3). The remaining 97 patients (34.9%) underwent robot-assisted procedures, includ-
ing pyeloplasty (n = 22), varicocelectomy (n = 34), adnexal pathology resection (n = 17), partial nephrectomy
(n = 4), nephrectomy (n = 4), excision of periureteral diverticulum and dismembered extravesical ureteral
reimplantation (n = 13), renal cyst removal (n = 2), and prostatic utricle cyst excision (n = 1). All procedures
were completed successfully without conversions to open surgery. Clear visualization of target anatomy was
achieved in all cases, with no intraoperative complications. The median hospital stay was 2.7 days (range 1-7).
The complication rate (Clavien 3b) was 0.7%, with no allergic reactions reported.

Conclusion: The findings of this study highlight the potential of ICG fluorescence as an innovative tool in the
pediatric urology field. While the current evidence supports its safety, feasibility, and ability to enhance intra-
operative visualization, prospective, controlled trials are needed to validate its efficacy, investigate functional
outcomes, and compare its utility with existing standard practices.
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time, high-contrast imaging of anatomical structures [1-3].
Its application in pediatric urology can potentially address
the inherent challenges posed by smaller anatomical struc-
tures, complex congenital anomalies, and the necessity for
minimally invasive approaches in children [4, 5]. The use
of ICG fluorescence technology has been authorized for
clinical application by both the Food and Drug Adminis-
tration (FDA) and the European Medicines Agency (EMA)
[6].

ICG is a near-infrared dye that binds to plasma proteins
after intravenous or intra-cavity administration, making it
ideal for visualizing vascular and tissue dynamics. Once
illuminated with near-infrared light, it emits fluorescence
that can be detected by specialized imaging systems,
providing surgeons with critical information about blood
flow, tissue perfusion, and anatomical landmarks. This re-
al-time feedback is invaluable in pediatric urology, where
precision is essential to avoid complications and preserve
organ function. To perform MIS using ICG near-infrared
fluorescence (NIRF), an ICG vial, along with specialized
optics and cameras, is necessary [7, 8]. Many fluorescence
imaging platforms are now commercially available and
healthcare professionals should basically know their tech-
nical characteristics to optimize their use for each clinical
indication [7]. In robotic-assisted surgery with the Da
Vinci Xi platform, this technology is already incorporated
into the system under the Firefly® module developed by
Novadaq” Technologies Inc., Toronto, Canada [9].

ICG fluorescence imaging represents a significant leap
forward in pediatric urology, bridging the gap between
traditional surgical techniques and modern, image-guided
interventions.

However, its application in the pediatric urology field is
still in its early phase, currently corresponding to IDEAL
Stage 2a [10]. Research conducted at this stage typically
involves small-scale and observational studies, focusing
on individual cases or small series. Key characteristics
of IDEAL Stage 2a include the absence of formal control
groups, reliance on descriptive data, and an exploratory
approach aimed at refining techniques and assessing feasi-
bility.

As evidence supporting its efficacy continues to grow, it
is poised to become a cornerstone of surgical innovation,
improving outcomes for children with complex urological
conditions [11, 12]. Nonetheless, experience with ICG in
the pediatric population is still limited [13-15].

This study aimed to evaluate the safety, efficacy, and

broader applications of ICG-guided fluorescence imaging
in pediatric robotics and laparoscopy for urological indi-
cations, emphasizing its role in facilitating intraoperative
anatomical navigation and enhancing decision-making
during complex procedures. Building on our previous re-
search on ICG applications, this work expands the focus
to include a larger cohort and a diverse range of proce-
dures to establish standardized protocols.

Methods

The records of all patients undergoing robotic or laparo-
scopic urological surgery with ICG-NIRF assistance over
a 7-year period (2018-2024), were analyzed retrospec-
tively.

For all indications except varicocele, prostatic utricle,
PUD, and urachal cyst, ICG was administered intrave-
nously. For these specific cases, the ICG solution was
injected intraparenchymally or into the bladder. The ad-
ministered dose ranged between 0.035 and 0.5 mg/kg.
Laparoscopic surgeries were carried out using either the
IMAGE!1 S™ or the IMAGE1 S™ Rubina” system (KARL
STORZ SE & Co. KG, Tuttlingen, Germany). Robotic
surgeries utilized the da Vinci Xi robotic system (Intui-
tive Surgical, Sunnyvale, CA, USA) with a dual-console
setup. The Firefly” technology facilitated seamless switch-
ing between standard bright light and ICG-NIRF imaging
modes, ensuring precise visualization during surgery. Fur-
ther details on the dosage and administration methods for
specific indications are outlined below.

Operative procedures

Varicocelectomy

In laparoscopic procedures, one 10-mm optic port and two
5-mm working ports were inserted. In robotic procedures,
three 8-mm robotic ports and a single 5-mm assistant port
were placed, followed by docking the robotic system ac-
cording to the pelvic setup. After dissecting the spermatic
bundle, the ICG was injected into the body of the left
testis using a 23-gauge needle. The dosage of ICG was
adjusted based on the patient’s weight. Patients weighing
over 40 kg received a dose of 0.07 mg/kg, using a solution
with a concentration of 2.5 mg/mL. For patients weighing
less than 40 kg, a dose of 0.035 mg/kg was administered,
also using a solution with a concentration of 2.5 mg/mL.

A

B C

Figure 1. Laparoscopic varicocelectomy—lymphatics sparing on ICG-NIRF (A); clipping of spermatic vessels with lymphatics preservation (B);

spared lymphatics after spermatic vessels division (C).
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Figure 2. Laparoscopic partial nephr-
ectomy—the normal ureter, conta-
ining an ICG solution injected thro-
ugh a ureteral catheter, appears fluo-
rescent (A) using ICG-NIRF and can
be clearly distinguished from the pat-
hological ureter (B).

Once ICG-NIRF was activated, lymphatic vessels became
fluorescent within 60 seconds of the intratesticular injec-
tion, enabling clear visualization. These lymphatic ves-
sels were carefully dissected from the spermatic bundle
and preserved. The subsequent steps, including clipping/
ligating and sectioning the spermatic bundle in line with
the Palomo procedure, were then successfully performed
(Figure 1).

Pyeloplasty/nephrectomy/renal cyst removal

In laparoscopic procedures, one 10-mm optic port and
either two or three 5-mm working ports were utilized. For
robotic procedures, three 8-mm robotic ports and a single
5-mm assistant port were positioned, followed by docking
the robotic system according to the specific lateral setup
(right or left) for renal access.

After opening the Gerota fascia and before dissecting the
renal hilum, a dose of 0.3 mg/kg ICG was administered
intravenously via a peripheral vein using a solution with
a concentration of 2.5 mg/mL. Within 30 to 120 seconds,
the ICG-NIRF highlighted the renal vascular pedicle, pro-
viding valuable assistance in identifying vascular anoma-
lies or crossing vessels, especially in cases with distorted
anatomy caused by prior inflammation.

In cases involving simple renal cysts, ICG-NIRF facili-
tated visualization of the cyst dome, which displayed re-
duced fluorescence compared to the surrounding healthy
renal parenchyma. This difference in fluorescence enabled
a more precise and almost complete resection of the cyst
roof, ensuring an anatomical approach to the procedure.

Partial nephrectomy

In laparoscopic procedures, one 10-mm optic port and
either two or three 5-mm working ports were utilized. For
robotic procedures, three 8-mm robotic ports and a single
5-mm assistant port were positioned, followed by docking
the robotic system according to the specific lateral setup
(right or left) for renal access.

In both surgical approaches, ICG was administered in
three distinct phases to enhance visualization and guide
the procedure.

- First Injection: 10 mL of ICG solution with a concentra-
tion of 2.5 mg/mL was delivered via a ureteral catheter,
which had been placed through cystoscopy into the ureter
of the normally functioning renal moiety. This allowed
the normal ureter to fluoresce green under ICG-NIRF,
enabling clear differentiation from the pathological and
dilated ureter of the non-functioning moiety (Figure 2).

- Second Injection: A bolus of ICG (dose 0.3 mg/kg) using
a solution with a concentration of 2.5 mg/mL was admin-
istered intravenously to initiate the angiographic phase.
This step facilitated visualization of the main hilar vessels
and the smaller vessels supplying the non-functioning re-
nal moiety (Figure 3).

- Third Injection: Following the clipping and division of
the vessels supplying the non-functioning renal moiety,
another bolus of ICG (dose 0.3 mg/kg) using a solution
with a concentration of 2.5 mg/mL was administered in-
travenously. This step served two purposes: it provided
a clear demarcation line between the ischemic moiety to
be removed (which appeared non-fluorescent) and the
perfused healthy renal moiety (Figure 4), and it allowed
assessment of the perfusion of the remaining functional
moiety after parenchymal resection of the non-functioning
renal pole (Figure 5).

Dismembered extravesical ureteral reimplantation and di-
verticulectomy

After establishing pneumoperitoneum and positioning the
ports (three 8-mm robotic ports and one 5-mm assistant
port), the robotic system was docked according to the
pelvic-specific setup. ICG-NIRF was predominantly uti-
lized in cases of complex primary obstructive megaureter
(POM) associated with PUD.

For this indication, two separate ICG injections were per-
formed:

- First Injection: 5-10 mL of ICG solution with a con-
centration of 2.5 mg/mL was injected through a ureteral
catheter that had been placed via cystoscopy into the di-
verticulum. This step enabled precise visualization of the
diverticulum’s point of entry into the bladder, significantly

Figure 3. Laparoscopic partial nephrectomy—-ICG-NIRF facilitated
visualization of the small vessels supplying the non-functioning renal
moiety.
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Figure 4. Laparoscopic partial nephrectomy—ICG-NIRF provided a clear demarcation line between the ischemic moiety (non-fluorescent) and the
perfused healthy moiety (fluorescent) (A-B) and aided the parenchymal resection (C).

aiding in its dissection and ligation.

- Second Injection: Following the detachment of the
dilated ureter from the bladder and subsequent ureteral
tapering, a bolus of ICG (dose 0.3 mg/kg) using a solu-
tion with a concentration of 2.5 mg/mL was administered
intravenously. This allowed for the evaluation of ureteral
perfusion, ensuring adequate blood supply to the recon-
structed ureter.

Resection of adnexal pathology

In laparoscopic procedures, one 10-mm optic port and two
5-mm working ports were utilized. For robotic procedures,
three 8-mm robotic ports and a single 5-mm assistant port
were positioned, followed by docking the robotic system
over the patient’s feet, aligning with the pelvic (gyneco-
logic) specific setup.

During the procedure, a dose of 0.5 mg/kg ICG was ad-
ministered intravenously using a solution with a concen-
tration of 2.5 mg/mL. Fluorescence became evident in the
target organs in approximately 60 seconds, aiding in the
identification of resection margins and the assessment of
tissue perfusion. ICG-NIRF was specifically utilized in
cases of ovarian masses to delineate resection margins and
assist intraoperative decision-making (Figure 6).
Additionally, in cases of adnexal torsion or paratubal le-
sions, ICG-NIRF was employed to evaluate perfusion
patterns both before and after detorsion or excision. This
provided crucial information to support decisions for con-
servative management when feasible (Figure 7).

Excision of prostatic utricle cyst

Initial cystourethroscopy confirmed the presence of the
utricular remnant and identified its orifice on the verumon-
tanum. A ureteral catheter was then placed into the utricu-

lar cyst and left in situ. After placing the ports—three 8-mm
robotic ports and one 5-mm assistant port—the robotic
system was docked following the pelvic-specific setup.
At this stage, 2.5-3 mL of ICG solution with a concentra-
tion of 2.5 mg/mL were injected directly into the utricular
cyst via the ureteral catheter. This injection enabled ICG-
guided fluorescence imaging, which provided enhanced
visualization of the cyst. This facilitated its careful dissec-
tion between the bladder and rectum using monopolar and
bipolar energy for precise and safe separation, ensuring
secure ligation of its connection to the urethra. Once freed
from the surrounding tissues, the neck of the cyst was li-
gated with a loop and excised. The cyst was then removed
through the umbilical port, completing the procedure.

Excision of urachal remnant

Before initiating the surgery, the bladder was filled with
approximately 150 mL of ICG solution with a concentra-
tion of 0.8 mg/mL. A 10-mm trocar was inserted for a
0-degree laparoscope, along with two additional 5-mm
working trocars positioned in the left and right upper ab-
dominal quadrants. The urachal remnant was identified
along its entire length, extending from the umbilicus to
the bladder dome. The peritoneum overlaying the cyst was
incised using either monopolar scissors or an energy de-
vice. Dissection began midway between the umbilicus and
the bladder dome to locate the median umbilical ligament.
The cyst was dissected in the direction of the umbilicus,
and its attachment was either ligated or divided. Subse-
quently, the dissection continued toward the supravesical
portion of the cyst. During this step, near-infrared fluores-
cence provided excellent visualization through the bladder
wall, which had been filled with ICG solution. This en-
hanced visibility helped prevent accidental bladder injury

Figure 5. Laparoscopic partial
nephrectomy—ICG-NIRF was
helpful to assess perfusion of
the remaining functional moiety
after parenchymal resection of
the non-functioning renal pole.
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Figure 6. Ovarian mass—ICG-NIRF allowed to assess the resection
margin and decide for ovarian sparing surgery.

during dissection. The cyst was then excised along with a
small segment of the bladder dome, and the opening was
closed proximally using a 2/0 endoloop (Figure 8).

To further secure the closure, a 2/0 transfixed suture was
placed, with knots tied on both the anterior and posterior
sides of the bladder. Once the cyst was removed, the in-
tegrity of the bladder closure was verified by instilling
saline through the bladder catheter while observing lapa-
roscopically for potential leaks. The excised cyst and as-
sociated tissue were extracted via the umbilical incision.

Results

The patient cohort consisted of 278 patients (192 boys
and 86 girls), with median age of 9.2 years (range 1-18).
Of these, 181 patients (65.1%) underwent laparoscopic
procedures with ICG-NIRF guidance, including py-
eloplasty (n = 11), varicocelectomy (n = 118), adnexal
pathology resection (n = 33), partial nephrectomy (n =
10), nephrectomy (n = 6), and urachal cyst excision (n =
3). The remaining 97 patients (34.9%) underwent robot-
assisted procedures, which included pyeloplasty (n = 22),
varicocelectomy (n = 34), adnexal pathology resection
(n = 17), partial nephrectomy (n = 4), nephrectomy (n =
4), excision of periureteral diverticulum (PUD), ureteral
dismembering and extravesical ureteral reimplantation (n=

13), renal cyst removal (n = 2), and prostatic utricle cyst
excision (n=1).

All procedures were completed successfully without con-
versions to open surgery. The median time for robot dock-
ing was 12 minutes, ranging from 5 to 26 minutes. For in-
traoperative ICG-NIRF visualization, patients undergoing
Palomo varicocelectomy had a median lymphatic visual-
ization time of 60 seconds (range 30-120) after intrates-
ticular injection. The lymphatics remained clearly visible
for 5 to 7 minutes before the dye diffused into the sper-
matic artery and veins, at which point lymphatic visibility
decreased. The time required to preserve the lymphatics
ranged between 1 and 4 minutes, enabling successful
lymphatic sparing in all cases. In renal procedures involv-
ing intravenous dye administration, the median time for
target organ visualization was 60 seconds, with a range of
30 to 120 seconds post-injection. In trans-catheter injec-
tions, ICG-NIRF was instantly visible in structures such
as the ureter, bladder, diverticulum, or utricle remnant. In
gynecological procedures, fluorescence appeared in ovary
or fallopian tube in approximately 60 seconds (range 40-
80) following the injection. The adnexal masses typically
appeared hypo-fluorescent compared to the surrounding
ovarian parenchyma. Histopathology confirmed the diag-
nosis of immature teratoma (n = 7), mature teratoma (n =
6), mucinous cystadenoma (n = 2), theco-fibroma (n = 1),
granulosa cell tumor (n = 1).

There were no allergic or anaphylactic reactions to ICG.
Clear visualization of target anatomy was achieved in all
cases, with no intraoperative complications. The median
hospital stay was 2.7 days, ranging from 1 to 7 days. Re-
garding postoperative complications, hemoperitoneum
caused by bleeding from a parietal vessel occurred in a
17-year-old patient after robotic Palomo varicocelectomy
(Clavien 3b). This required reoperation 48 hours later to
evacuate the hemoperitoneum and control the bleeding.
Another case involved a 5-year-old boy who experienced
double-J stent dislodgement following robot-assisted py-
eloplasty (Clavien 3b). Ureteroscopy was performed three
days after the initial surgery to remove the displaced stent
and replace it with a new one.

Regarding functional outcomes, after varicocelectomy,
no varicocele recurrence or postoperative hydrocele was
observed in patients operated on using both approaches.
Similarly, no loss of function of the residual kidney moi-
ety was observed on renal scans at 1-year follow up in all
patients undergoing laparoscopic or robot-assisted partial

A

B C

Figure 7. Laparoscopic removal of giant paratubal lesion—following the removal of the paratubal lesion (A-B), ICG-NIRF aided to assess the

perfusion pattern of the fallopian tube (C).
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Figure 8. Laparoscopic removal of urachal remnant-ICG-NIRF allowed
to visualize the bladder dome and remove the urachal cyst along with a
small cuff of the bladder dome using an endoloop.

nephrectomy. In cases of pyeloplasty, a significant reduc-
tion in antero-posterior diameter (median 11.7 mm, range
0-22 mm) was observed at 1-year follow-up compared to
preoperative values (median 33.8 mm, range 28-70 mm).
Patient demographics and outcome parameters of laparo-
scopic and robotic approaches are reported in Table 1 and
Table 2, respectively.

Discussion

The primary objective of any surgical procedure is to
achieve the best possible outcomes by ensuring precise
visualization and identification of key anatomical struc-
tures. ICG fluorescence has emerged as a valuable adjunct

in this context, enhancing visibility in pediatric urologi-
cal procedures [1-3]. In pyeloplasty, for instance, it aids
in confirming the viability of the renal pelvis and ensur-
ing proper anastomosis of the ureter [16, 17]. Similarly,
during nephron-sparing surgeries, ICG-NIRF enables
delineation of tumor margins and preservation of healthy
renal parenchyma, which are crucial for maintaining long-
term renal function [18, 19]. Its application in complex
reconstructive surgeries, such as cases involving ectopic
ureters, highlights its potential to visualize structures that
are challenging to identify using conventional techniques
[20, 21].

A significant advantage of ICG-guided fluorescence lies in
its role as a non-ionizing alternative to intraoperative im-
aging, reducing reliance on fluoroscopy and minimizing
radiation exposure, particularly in young patients. This
technology, facilitating minimally invasive and robot-
assisted surgeries, contributes to faster recovery times,
reduced postoperative pain, and shorter hospital stays [2,
22-24]. Moreover, its biocompatibility, rapid clearance,
and absence of significant side effects make it particularly
well-suited for pediatric patients [2, 23]. These advantages
align with the principles of precision medicine and mini-
mally invasive surgery, emphasizing safety and patient-
centric outcomes.

In our clinical practice, we have integrated ICG fluores-
cence technology into minimally invasive surgery (MIS)
protocols, yielding consistently favorable outcomes.
Established protocols for ICG administration, including
timing, dosage, and delivery methods, have facilitated
its application across various indications [3, 5]. One
prominent application is in the management of varico-

Table 1. Patient demographics and outcome parameters of laparoscopic approaches.

HOUVASHA

Resection of

Excision of

Parameter Varicocelectomy Pyeloplasty  Nephrectomy Partial nephrectomy adnexalpathology. urachallcyst

Patients, n 118 11 6 10 33 3

MVFE, n/n 118/0 6/5 2/4 5/5 0/33 2/1

Median age,

years (range) 14.1 (11-16) 43 (1-7) 10.6 (8-12) 5137 14.3 (11-15) 9.1 (4-12)

Median weight,

ke (range) 59.5 (40-65) 19.4 (13.8-28)  41.6 (32-55) 23.1(19-29) 50.9 (38-60) 26.6 (21-36)

Operative time,

min (range) 24.6 (15-39) 105 (84-150) 66 (55-80) 95 (78-130) 38 (21-70) 51 (40-69)

Intra—qpergtlve 0 0 0 0 0 0

complications, n

Conversion, n 0 0 0 0 0 0

ICG administration  Intratesticular Intravenous Intravenous Trans-catheter Intravenous Trans-catheter
2) Intravenous

Timing of ICG-NIRF 60 (30-120) 60 (30-120) 60 (30-120) 60 (30-120) 60 (40-80) 0

Post-operative 0 0 0 0 0 0

complications, n

Median LOS,

days (range) 1.1 (0-1.5) 3.5(3-5) 2.3(2-4) 3.5(2-5) 1.3 (1-2) 2.1 (2-4)

Allergy or systemic

adverse reactionto 0 0 0 0 0 0

ICG, 1 (%)

Note: LOS = length of stay.
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cele, where the laparoscopic lymphatic sparing Palomo
procedure is a standard approach in pediatric patients
[25]. In such indication, the ICG dye is administered via
intra- or para-testicular injection, leading to equally good
visualization of lymphatic vessels with minimal risk of
testicular injuries [26, 27]. Robotic-assisted varicocelec-
tomy further enhances precision, eliminating the need for
surgical clips by enabling efficient ligation of spermatic
vessels [28, 29]. In selecting the surgical approach for
patients with varicocele, we preferentially opted for the
robotic approach in patients weighing over 70 kg, primar-
ily to avoid the use of large 12 mm clips for closing large
vessels. Adopting ligatures for spermatic cord ligation is
less time-consuming and technically demanding in ro-
botics rather than in laparoscopy. The median operative
time for laparoscopic varicocelectomy was 24.6 minutes
(range 15-39), while it was 34.5 minutes (range 30-46)
for robotic approach. However, as the docking time, aver-
aging 10 minutes (range 5-15), was included in the total
operative time of the robotic procedure, no significant
difference in operative time was observed between lapa-
roscopic and robotic approaches. Additionally, no extra
material costs were associated with the robotic approach,
apart from the consumables required for the robotic kit.
By adopting ligatures instead of clips, costs were further
reduced, as ligatures are significantly less expensive than
clip appliers. No associated anesthesiologic complications
were observed during these procedures.

ICG fluorescence has also proven effective in partial ne-
phrectomy, involving three injections: the first through a
ureteral catheter to distinguish normal ureteral structures,
the second intravenously to visualize vascular supply, and
the third to delineate resection boundaries. This approach
ensures accurate preservation of functional renal tissue
while removing pathological portions [30, 31].

For nephrectomy, ICG fluorescence facilitates identifica-
tion of renal vessels, even in challenging cases involving
severe adhesions or anatomical alterations due to prior
inflammation. ICG fluorescence allows to visualize the
dome of giant renal cysts, which do not fluoresce after
injection [32, 33]. In pyeloplasty for ureteropelvic junc-
tion obstruction, ICG fluorescence is particularly valuable
when there is suspicion of extrinsic obstruction caused by
crossing vessels. It highlights the renal vascular pedicle,
making it easier to identify vascular anomalies or crossing
vessels, even in anatomies altered by prior inflammation.
Moreover, it ensures proper vascularization of the ureter
following isolation and spatulation, providing critical
guidance before the anastomosis is performed.

Regarding functional outcomes, after varicocelectomy,
no varicocele recurrence or postoperative hydrocele was
observed in patients operated on using both approaches.
Similarly, no loss of function of the residual kidney moi-
ety was observed on renal scans at 1-year follow up in all
patients undergoing laparoscopic or robot-assisted partial
nephrectomy. In cases of pyeloplasty, a significant reduc-
tion in antero-posterior diameter was observed at 1-year
follow-up compared to preoperative values.

For pathologies involving the bladder, ureter, and urethra,

ICG fluorescence enhances surgical precision. In cases of
prostatic utricle, injecting ICG through a ureteral catheter
into the utricle produces green fluorescence, guiding the
robotic dissection. Similarly, in bladder diverticula, ICG
can be injected into the diverticulum to aid dissection. In
ureteral reimplantation, ICG fluorescence is employed
to assess ureteral vascularization, particularly in cases
involving megaureters that require tapering before reim-
plantation into the bladder. In cases of urachal remnants,
ICG-NIRF proved highly effective during cyst dissection,
providing clear visualization of the bladder dome, and
helping to prevent injury.

In pediatric and adolescent gynecology, ICG fluorescence
imaging has proven useful for both cancer and non-cancer
conditions [34]. Regarding oncological applications,
the adnexal masses typically appeared hypo-fluorescent
compared to the surrounding ovarian parenchyma. Histo-
pathology confirmed the diagnosis of immature teratoma,
mature teratoma, mucinous cystadenoma, theco-fibroma,
and granulosa cell tumor. The lack of avidity for ICG
observed in such tumors was probably related to absence
of enhanced permeability and retention (EPR) effects,
characteristic of specific tumor pathophysiologies, and
considered prerequisites for fluorescence detection [35].
However, its utility in detecting neoplastic lesions should
be further validated, considering the limited data on its
specificity and sensitivity for various tumor types.

In gynecological emergencies such as ovarian torsion,
ICG fluorescence highlights the ovarian vascular network,
aiding in both diagnosis and post-detorsion assessment of
organ viability [36-38].

Despite these benefits, there are important limitations and
considerations. From a cost perspective, while the price
of an ICG vial (approximately €40) is relatively modest,
the investment in imaging systems is substantial. The ini-
tial cost of acquiring fluorescence-capable laparoscopic
or robotic platforms can range from tens to hundreds of
thousands of euros, depending on the system’s features
and capabilities. This cost can be prohibitive in certain
settings, particularly in smaller or resource-limited hos-
pitals. However, when weighed against the potential sav-
ings from shorter hospital stays, reduced complications,
and faster recovery times, the technology may prove cost-
effective over the long term. Additionally, reconstituted
ICG vials can be utilized for multiple procedures within
their stability window, optimizing resource use. Efforts to
lower the cost of imaging platforms through technological
innovation could further enhance accessibility. Moreover,
manufacturers could explore rental models or bundled
pricing strategies to facilitate adoption by institutions with
limited capital budgets.

The safety profile of ICG has been well documented, with
no significant systemic or local adverse effects reported in
our clinical experience. However, rare allergic reactions,
including mild cutaneous manifestations and, in extremely
rare cases, anaphylaxis, have been observed and must be
anticipated and managed appropriately [39, 40]. These
reactions necessitate preoperative screening for known io-
dine or shellfish allergies, as ICG is iodine-based. Further-
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more, careful monitoring during administration is essen-
tial to detect and address adverse effects promptly. ICG’s
rapid clearance from the body and its biocompatibility
make it a preferred choice for pediatric applications, but
vigilance remains critical to ensure patient safety.

The learning curve for this technology needs to be further
elaborated, particularly regarding the specific roles of the
surgical team. For instance, while the surgeon must famil-
iarize themselves with interpreting fluorescence imaging,
the anesthetist’s role in administering the dye typically
involves straightforward protocols that require minimal
additional training. This division of responsibilities sug-
gests that the overall learning curve may not be as steep as
initially perceived. Moreover, surgical staff can leverage
existing training programs and simulation tools to acceler-
ate the adoption of ICG fluorescence technology, ensuring
a more efficient integration into routine clinical practice.
Technological advancements addressing the limitations
of current systems, such as black-and-white transitions in
imaging modes, are necessary to enhance usability and
provide a more intuitive experience for surgeons.

This study is not without limitations. The retrospective
nature of the analysis introduces inherent biases, and the
absence of a control group restricts the ability to draw
definitive conclusions regarding the efficacy of ICG fluo-
rescence. Further prospective, controlled studies with
larger cohorts are essential to validate these preliminary
observations and refine the application of ICG technology
in pediatric urology.

Conclusions

The findings of this study highlight the potential of ICG
fluorescence as an innovative tool in the pediatric urol-
ogy field. While the current evidence supports its safety,
feasibility, and ability to enhance intraoperative visualiza-
tion, the study’s exploratory nature necessitates further re-
search. Prospective, controlled trials are needed to validate
its efficacy, investigate long term functional outcomes,
and compare its utility with existing standard practices.
Until these data are available, ICG fluorescence should be
considered a promising adjunct rather than a standard of
care. While its application in specific procedures, such as
partial nephrectomy, varicocele repair, and ureteral recon-
struction, demonstrated its versatility, safety, and potential
to improve surgical precision, further research is required
to optimize its applications and address its limitations.
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