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Background and aims: Indocyanine Green Fluorescence (ICG-F)- guided surgery is becoming an
increasingly helpful tool in pediatric surgical care. This consensus statement investigates the utility of
ICG-F in various pediatric surgical applications, primarily focusing on its evidence base, safety, in-
dications, use across different surgical specialties and dosing strategies. The aim is to establish an in-
ternational consensus for ICG-F use in pediatric surgery.
Methods: An international panel of 15 pediatric surgeons from 9 countries was assembled. The struc-
tured process consisted of a rapid scoping review, iterative discussion sessions, mixed-methods studies
with key stakeholders, and voting rounds on individual statements to create draft consensus statements.
Results: 100 articles were identified during the review and summarized by application. Based on this
condensed evidence, consensus statements were generated after 3 iterative rounds of anonymous voting.
Key areas of agreement were quality of evidence, the safety of ICG, pediatric surgical indications, utili-
zation per surgical specialty, and dosing of ICG.
Conclusion: This consensus statement aims to guide healthcare professionals in managing ICG-F use in
pediatric surgical cases based on the best available evidence, key stakeholder consultation, and expert
opinions. Despite ICG-F's promising potential, the need for higher-quality evidence, prospective trials,
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and safety studies is underscored. The consensus also provides a framework for pediatric surgeons to
utilize ICG-F effectively.
Level of Evidence: III.
© 2024 Elsevier Inc. All rights are reserved, including those for text and data mining, AI training, and

similar technologies.
1. Introduction

Indocyanine Green (ICG) is a water-soluble, tricarbocyanine dye
initially synthesized in the early 1950s. Its medical utility was
recognized soon after its discovery, and it gained approval from the
U.S. Food and Drug Administration (FDA) in 1959 for use in clinical
settings. Primarily used as a diagnostic agent, ICG has been
employed in various medical applications due to its unique physi-
cochemical properties, notably its high binding affinity to plasma
proteins and its excitation and emission spectra in the near-infrared
(NIR) range [1,2].

ICG has been initially used in cardiology to evaluate cardiac
output, liver function, and circulatory parameters. In ophthalmology,
ICG angiography has been used for decades to visualize the choroidal
blood flow, aiding in diagnosing and managing conditions like age-
related macular degeneration and other choroidopathies.

ICG-fluorescence imaging (ICG-F) applications have expanded
to various surgical fields, including oncological surgery, neurosur-
gery, and gastrointestinal surgery. It aids in intraoperative visuali-
zation, tissue perfusion assessment, and lymphatic mapping,
among other functions. Recent research also explores its use in
pediatric populations across different surgical specialties.

The evidence base for ICG-F use in pediatric surgery is primarily
built on small-scale, retrospective studies, highlighting the need for
high-quality, prospective research to confirm its potential and
explore new applications [3]. While ICG-F holds much promise, it
remains unclear whether its use improves surgical outcomes in the
pediatric population. The application characteristics of pediatric
patients, distinct from adults, may influence the practical applica-
tions of ICG-F, necessitating age and pathology-specific guidelines
for its use.
1.1. The need for consensus

A set of guidelines for using ICG-F in pediatric surgery was
proposed, addressing central issues such as the quality of current
evidence, safety of ICG, specific pediatric indications, application
across surgical specialties, and dosing strategies.

We hypothesize that ICG-F can facilitate surgical procedures,
improve decision-making, and decrease complications in pediatric
surgery. This consensus statement offers clinicians, researchers,
and surgeons an authoritative reference point for using ICG-F in
pediatric surgery, formulating research objectives, promoting the
development of evidence-based guidelines, and identifying areas
requiring further in-depth exploration.
2. Methods

2.1. Phase 1: Literature review

PubMed was systematically searched via a scoping review
(intended to map the existing literature on a specific topic quickly)
[4e6] for articles on the use of ICG-F in pediatric surgery. Article
reference lists were additionally hand-searched. The review aimed
to identify, categorize, and summarize relevant publications to
Clinical Consensus Statemen
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provide insights into current practices, clinical outcomes, and gaps
in the existing body of evidence. Two researchers (MH and RMR)
independently conducted the study selection and screening pro-
cess. Standardized data extraction forms were used across all
topics. A uniform Excel database template for entering the data
extracted from the selected papers was provided to all panel par-
ticipants. The template contained predefined fields. The search
methodology is reported in Supplement 1 and the PRISMA flow
chart (Fig. 1).

Each article reviewed was assigned a level of evidence using the
original Center for Evidence-Based Medicine levels Level of evi-
dencewas classified according to Oxford Centre for Evidence-Based
Medicine (OCEBM) guidelines (http://www.cebm.net/ocebm-
levels-of-evidence/) and provided a grade of recommendation
(GoR) [7].

2.2. Phase 2: Stakeholder consultation and development of the
consensus process

A mixed-method survey via email (Supplement 2) and in-
terviews involving key stakeholders was undertaken to explore
clinical experiences, safety perceptions, and utilization preferences.
The Internal Review Board approved the study (IRB- 00002938). All
participants provided informed consent. With the findings from
these interviews, 15 expert pediatric surgeons, each with over five
years of post-qualification experience, were selected via snowball
and purposive sampling, informing the content of the drafted
consensus statements.

2.3. Phase 3: Delphi voting rounds

A modified electronic Delphi technique [8] was utilized to
develop the consensus statements. The draft consensus statements,
and evidence narrative syntheses generated from Phases 1 and 2
were presented to the panel electronically. The first round involved
presenting the literature review and quality of the evidence to
determine preliminary clinical consensus needs and address dis-
crepancies. Panelists reviewed these findings to agree upon or
adjust recommendations. The panelists were invited to provide
comments, propose additional supportive evidence, and suggest
statement modification.

The steering group retrieved the modified statements based on
the feedback and distributed the statements via RedCap™ survey,
expressing agreement, disagreement, or neutrality. The process
was repeated until at least 80% agreement was achieved on each
statement. Recommendations surpassing this threshold are
reported.

3. Results and consensus recommendations

3.1. Quality of evidence

The initial search identified 558 titles, from which 77 abstracts
were screened, 46 were located by additional methods, and 100
full-text papers were reviewed. The included studies are diverse,
t on the Use of Indocyanine Green Fluorescence-guided Surgery in
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Fig. 1. Preferred reporting items for Systematic Review and Meta-Analyses (PRISMA) methodology. 558 records were identified through database searches, and 123 records
remained after duplicates were removed. 100 full-text articles were assessed. Some articles addressed more than one of the pre-identified sections of the paper.

P.O. Szavay, A. Bondoc, C. Esposito et al. / Journal of Pediatric Surgery xxx (xxxx) xxx 3
comprising 41 case reports, 18 case series, 21 retrospective
studies, 13 prospective studies, and 7 others of various types
(Fig. 2).
3.1.1. Recommendation
The panel unanimously agreed on the need for high-quality

research and standardized ICG-F results reporting.
Fig. 2. Common Use of Indocyanine Green Fluorescence in Pediatric Patients. Numbers re
reported cases per application (light grey). Several articles in this rapid scoping review repor
because many authors report multiple applications per case.

Please cite this article as: Szavay PO et al., Clinical Consensus Statemen
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3.2. Safety of ICG

ICG has been utilized as a medical dye since the 1950s, with a
favorable safety profile. A A study of high doses of 75mg/patient
and a concentration of 25 mg/mL study on elderly ophthalmologic
patients in early 1990 demonstrated severe 0.05%e0.07%, moderate
0.2%, and mild allergic reactions occurring in 0.15% of exposed pa-
tients [9]. In the pediatric population, in a combined study of 75 (45
present the number of articles identified for each application (dark grey) and several
ted multiple applications per case. The number of cases per application is an estimation
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receiving ICG-F) patients evaluating gastrointestinal perfusion, no
complications were noted [10]. A recent Pediatric Health Informa-
tion System (PHIS) database study of ICG-F in pediatrics between
2016 and 2021 in 1270 cases across 38 participating hospitals
demonstrated no adverse events [11]. Of the 100 articles reviewed,
44 did not provide any safety information, and 56 articles reported
no ICG-related complications except two cases of temporary skin
color change from dermal ICG administration [12,13].

3.2.1. Statements and observations

1. Safety profile: ICG-F utilization has demonstrated a favorable
safety profile, including very young/small patients with rare
allergic reactions.

2. Pediatric safety: while ICG-F utilization has increased, data on
pediatric safety reporting remains limited.

3. Reported adverse events: when present, manifest as transient
phenomena (skin discoloration and dye retention without
necessitating medical intervention).

4. Data reporting: future research and study reporting should
commit to continued attention to possible unintended side ef-
fects to provide a more complete understanding of ICG's risk
profile in pediatric applications.

3.2.2. Recommendation

� We recommend utilization of ICG-F utilizing previously pub-
lished weight-based dosing given the positive safety record.

� This recommendation received a 100% agreement in the first
round of the online survey.

Level of evidence 3, Grade of Recommendation C.

3.3. Indocyanine green fluorescence in pediatric Surgical
applications

ICG-F continues to have an expanded role in pediatric surgery,
enhancing real-time visualization across applications such as tu-
mor visualization, perfusion assessment, visual assessment of
anatomical structures, and lymphatic mapping, among other clin-
ical utilities. Supplement 3 offers an overview of the articles by
surgical discipline.

3.4. Tumor visualization and tumor margin identification

In tumor visualization and margin identification, 22 articles
highlighted the efficacy of ICG-F for both primary and metastatic
tumors [14e35] (Table 1). Because ICG is hepatically cleared, ICG-F
has proven most helpful for hepatic tumors, both for local control
and metastatic operations. The utility of ICG-F for other tumor
types, including bone tumors, soft tissue sarcomas, and Wilms tu-
mors, has been more variable and remains under investigation. For
oncologic procedures, ICG-F surgery generally relies on adminis-
tering a larger dose of ICG administered 24 or more hours in
advance with washout of the dye from normal tissue but retention
in the abnormal tumor tissue (“enhanced permeability and reten-
tion effect”). However, false positives remain challenging due to
inexperience with the technology, background fluorescence, and
lack of objective criteria for assessing fluorescent signals (REF
Yamada). The timing varies based on the malignancy type and
administration route. The rarity of pediatric solid tumors limits the
scope and power of trials to evaluate ICG fluorescent guidance's
efficacy, and its impact on morbidity, survival, and quality of life
remains unknown. Harris (2023) [21] explored using ICG in
Please cite this article as: Szavay PO et al., Clinical Consensus Statemen
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minimally invasive surgery for pediatric oncology patients. The
results indicate that ICG can be used safely and effectively to
identify tumor margins and lymph node sampling during MIS for
oncological disease (Please see Thoracic Section applications of
pulmonary metastasectomy and lung biopsy).
3.4.1. Hepatoblastoma
Intraoperative IV ICG administration shows rapid liver uptake

with initial tumor sparing, but background liver fluorescence may
persist up to 24 h. Administration at least 48 h before resection is
advised to minimize bowel fluorescence interference. The utility of
ICG fluorescence in identifying deeper hepatic lesions is limited by
near-infrared light tissue penetration of 5e10 mm [36]. Qui et al.
(2022) [37] used intravenous ICG at 0.5 mg/kg 48 h before surgery,
adjusting resection planes according to liver fluorescence, resulting
in no recurrences to a median follow-up of 24months. Shen's study
(2023) [26], performed a retrospective analysis of 23 children who
underwent hepatoblastoma resection using IV ICG (0.5 mg/kg,
48e72 h preoperatively) to visualize hepatoblastoma lesions,
achieving negative resection margins in all cases.
3.4.2. Nephroblastoma
Nephroblastoma, the most common renal malignancy in chil-

dren, presents with bilateral tumors in 5% of cases, necessitating
nephron-sparing surgery. Abdelhafeez et al. [15] used IV ICG for
nephron-sparing surgery in eight children (12 kidneys) with
nephroblastoma, demonstrating renal parenchymal uptake and
tumor tissue sparing. This pattern contrasts with “second window”

observations in other tumors but matches adult renal tumors.
Equivalent positive margin rates with ICG fluorescence compared
to unguided resections were demonstrated, but it remains unclear
to what extent ICG fluorescence helps achieve negative margins in
nephron-sparing nephrectomies.
3.4.3. Statements and observations

1. Efficacy in Tumor Visualization ICG-F can significantly enhance
the visualization of hepatic tumors, especially in metastatic
settings, and play a pivotal role in delineating tumor margins.

2. Application in Various Tumors: The effectiveness of ICG-F for
bone tumors, soft tissue sarcomas, and Wilms tumor remains
under evaluation.

3. Procedure Specificity: For visualization during primary hepatic
tumors (Hepatoblastoma, hepatocellular carcinoma) or pulmo-
narymetastasis procedures, ICG 24 h ormore before the surgery,
leveraging the “enhanced permeability and retention effect,” is
recommended. However, ICG at the induction of anesthesia or
during the procedure is essential in assessing differences in
perfusion (for example, pheochromocytoma and insulinoma).

4. Safety and Efficacy in Pediatric Oncology: ICG-F application is
both safe and effective in minimally invasive surgeries for pe-
diatric oncology patients with known oncology subtypes that
fluoresce.

5. Utility in Hepatoblastoma: Studies underscore the value of ICG-F
in surgical margin identification and risk reduction of residual
tumors during hepatoblastoma resections in pediatric
populations.

6. Recommendation for Future Applications: Ongoing research
and clinical trials are encouraged to explore the broader appli-
cability, refine guidelines, refine reporting to correlate with tu-
mor reporting guidelines, and further ascertain the safety and
efficacy of ICG-F across diverse pediatric oncologic conditions.
t on the Use of Indocyanine Green Fluorescence-guided Surgery in
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Table 1
Tumor visualization utilizing Indocyanine Green Fluorescence (ICG-F).

Citation Sample Size Age,
Mean (Range)

Procedure ICG Dosing [mg/kg body weight] Injection Protocol Adverse Events

General
Abdelhafeez, 2023 12 10.5 Y Tumor resection 1.5 mg/kg Intra-op No ICG-related adverse events.
Delgado-Miguel, 2023 1 8 M Tumor resection 0.5 mg/kg 24 h before surgery No ICG-related adverse events.
Harris, 2023 14 8e185 M Tumor resection or metastasectomy 0.5e2.0 mg/kg Pre-operatively, IV (ICG during

induction of anesthesia)
No ICG-related adverse events.

Richard, 2023 5 2.1e17.9 Y Tumor resection 1.5 mg/kg 24h pre-operatively No ICG-related adverse events.
Shen, 2023 23 (5 D to 80 M),

Median 26 M
Surgical resection (open) 0.1 mg/kg IV, 24e48 h before surgery N.R.

Shirota, 2017 1 15 Y Abdominal wall resection 0.05 mL (0.125 mg) - 3 injections Sub-Q and intradermally into
tumor core and margin, 20 h before

N.R.

Sound, 2016 1 16 Y (adult: 28e71 Y) Robotic adrenalectomy Per injection: 2.5e6.3 mg;
Per patient: 7.5e18.8 mg;
15 mg/10 mL solution; 2e3 injections

IV, intraoperatively No ICG related adverse events.

Tsuzuki, 2014 3 13 - 14 Y Neuroendoscopic biopsy, tumor
biopsy endoscopically, etc

12.5 mg Bolus injection, intraoperatively No ICG-related adverse events.

Liver
Chung, 2020 1 9 Y Laparoscopic hepatectomy 0.5 mg/kg 24h pre-operatively No ICG-related adverse events.
Mitani, 2014 1 32 months ICG-NIR for the intraoperative identification

of small HB for tumor resection
0.5 mg/kg Pre-operatively (2 days) injected

intravenously
No ICG-related adverse events.

Souzaki, 2019 5 12 - 36 Y Extended hepatectomy and Liver transplants,
Lung resections and lobectomies

0.5 mg/kg IV, 90.5 ± 33.7 h before No ICG-related adverse events.

Takahashi, 2019 1 14 Y Laparotomy for metastasectomy of the
peritoneally disseminated HBs

0.5 mg/kg (both procedures) IV, 72 h before (both procedures) N.R.

Yamada, 2019 36 8 M�14 Y 13 laparotomies (liver resection),
17 thoracotomies (pulmonary metastases),
6 other (lymph-node metastasis)

0.5 mg/kg N.R. N.R.

Yamamichi, 2015 3 1, 2, 6 Y Hepatectomy, Lobectomy 0.5 mg/kg IV, 3e4 days before surgery N.R.
Lung
Chen-Yoshikawa, 2017 1 3 Y Resection of lung metastatic lesion 0.5 mg/kg 24h pre-operatively N.R.
Fung, 2020 1 4 Y Pulmonary wedge resection 0.5 ml ICG Injection around the lesion No ICG-related adverse events.
Kitagawa, 2015 10 1-10 Y Lung metastasectomies 0.5 mg/kg Pre-operatively (24 h prior);

Intravenous injection
No ICG related adverse events.

Komatsu, 2022 1 1 Y Lung metastasectomies 0.5 mg/kg 1d Pre-op N.R.
Whitlock, 2022 14 10e228 M Thoracoscopic/thoracotomy

pulmonary metastasectomy,
partial hepatectomy

0.2e0.75 mg/kg IV, 48e96 h before surgery No ICG-related adverse events.

Yoshida, 2022 16 4 M�11 Y Resection of pulmonary metastases N.R. N.R. N.R.
Renal
Abdelhafeez, 2022 8 (1e10 Y), 3 Y Nephron-sparing surgery 1.5 mg/kg IV, day before surgery No ICG related adverse events.
Bone
Asayama, 2017 2 11 Y and 7 Y Skull bone tumor resection 0.2 mg/kg IV peripheral vein, intraoperatively No ICG related adverse events.

NR ¼ not recorded, IV ¼ intravenous, Y ¼ year, ICG ¼ indocyanine green.
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3.4.4. Recommendation

� ICG-F is an encouraging, emerging tumor visualization and
margin identification technology in pediatric oncological sur-
gery. ICG-F significantly improves tumor visualization in hepatic
and hepatoblastoma settings. Its efficacy for visualization of
other tumors is more variable and remains under investigation.
A more robust evidence base achieved through rigorous scien-
tific research is needed to confirm these preliminary findings
and to guide its integration into clinical practice protocols. ICG
administration timing is based on the difference in the assess-
ment goal desired (perfusion vs. retention).

� This recommendation received a 100 % agreement was reached
during the first round of the online survey.

Level of evidence 3, Grade of Recommendation C.

3.5. Perfusion assessment

In 31 articles, ICG-F effectively assessed tissue for bowel,
esophagus, abdominal wall, skin flap etc. perfusion [38e66].
Through monitoring ICG-F, surgeons identified compromised
perfusion, enabling timely interventions to reduce ischemic risks.
Le-Nguyen et al. (2023) [54] conducted a prospective study of 28
pediatric intestinal resections using ICG-F, including 14 patients
from the NICU. They found that ICG-F may impact bowel resection
sites by improving perfusion assessment and demonstrated a very
favorable safety profile, even for very small patients.

3.5.1. Statements and observations

1. ICG-FA is a potential intraoperative tool for real-time tissue
perfusion assessment,

2. Current non-randomized data supports ICG-FA's safety and ef-
ficacy in pediatric surgeries. Still, robust randomized trials are
essential to determine if this impacts complications such as
rates of anastomotic leak or stricture.

3. Future research should gauge its broad applicability, effect on
outcomes, and potential to reduce ischemic complications.

4. Economic aspects, including cost-effectiveness, should be
factored into broader adoption discussions.

3.5.2. Recommendation

� While ICG-FA is a promising pediatric surgical perfusion
assessment tool, additional standardization and research are
needed to determine its efficacy for avoiding ischemic compli-
cations before broader, standardized adoption.

� This recommendation received a 100% agreement was reached
during the first round of the online survey.

Level of evidence 3, Grade of Recommendation C.

3.6. Visualization Enhancement

ICG-F enhances intra-operative visualization, aiding surgeons in
identifying key structures such as anatomic structures, vessels, and
tumors (Table 2). Of 28 identified articles [13,67e89], seven were
prospective clinical studies. Esposito et al. compared laparoscopic
partial nephrectomy with and without ICG-F in 40 patients, finding
that clearer vessels and renal visualization reduced operative time
[71]. Esposito et al. (2020) [90] confirmed ICG-F imaging effec-
tiveness and safety in pediatric minimally invasive surgery for
abdominal lymphoma and ovarian tumors. A review by Esposito et
al. (2022) showed that ICG-F enhances surgical visualization in
Please cite this article as: Szavay PO et al., Clinical Consensus Statemen
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urologic oncology procedures, particularly through tumor inverse
pattern of ICG-F visualization (hypo visualization of tumors) [91].

3.6.1. Statements and observations

1. ICG-F enhances visualization in pediatric surgery via contrasting
tissues, enhancing the visibility of vessels, anatomic structures,
and tumors.

2. While current studies confirm ICG-F's safety, feasibility, and
applicability, large-scale comparative trials are required to
validate its use comprehensively.

3. Preliminary findings suggest ICG-F's may reduce operative time
and complications related to anatomic visualization.

4. The absence of quantifiable data on ICG-F visualization intensity
calls for additional technology capabilities.

5. To achieve the best results, ICG-F integration in surgical pro-
cedures should consider the clinical impact, cost-effectiveness,
long-term results, and previous publications regarding specific
usage conditions.
3.6.2. Recommendation

� We recommend that ICG-F emerge as an asset for intricate
visualization in pediatric surgeries. This underlines the impor-
tance of thorough research and the establishment of detailed
clinical guidelines.

� This recommendation received a 100% agreement in the first
round of the online survey.

Level of evidence 3, Grade of Recommendation C.

3.7. Lymphatic System and Lymphatic mapping

Lymphatic mapping is essential for staging and surgical man-
agement in certain pediatric malignancies but carries morbidity. 16
articles described lymphatic drainage pathway mapping facilitated
by ICG-F, aiding in the identification and excision of sentinel lymph
nodes [12,27,50e52,67,92e101]. ICG-F reduced unnecessary lym-
phadenectomies and related complications. Jeremiasse et al. (2023)
[95] reported ICG-F's feasibility for imaging the sentinel lymph
node during pediatric melanoma, squamous cell carcinoma, or
sarcoma cases, noting superior detection rate and accuracy. Kato
et al. (2019) [96], studied lymphatic malformations and found ICG-F
useful in identifying and guiding the treatment of lymph flow
patterns in refractory lymphatic malformations. Mansfield et al.
(2020) [97] compared the outcomes of retroperitoneal lymph node
dissection (RPLND) for para testicular rhabdomyosarcoma,
concluding that a retroperitoneoscopic approach, combined with
ICG-F, enhanced outcomes.

3.7.1. Statements and observations

1. ICG-F-assisted lymphatic mapping is a promising tool for
enhancing the surgical approach to pediatric malignancies.

2. Existing literature affirms the safety and effectiveness of ICG-F
for sentinel lymph node detection, but comparative prospective
trials are required to ascertain ICG-F's advantage over conven-
tional techniques.

3. Implementing ICG-F for lymphatic mapping may diminish
complication risks by obviating certain lymphadenectomy s and
enabling precise lymph node operations.

4. ICG-F may be applicable for congenital lymphatic malformation
resection cases.
t on the Use of Indocyanine Green Fluorescence-guided Surgery in
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Table 2
Anatomic visualization utilizing Indocyanine Green Fluorescence (ICG-F).

Citation Sample
size

Age, mean (range) Procedure ICG dosing Injection protocol Adverse Events

Laparoscopic cholecystectomy
Bryant, 2020 1 17 Y Laparoscopic cholecystectomy N.R. N.R. N.R.
Calabro, 2020 51 6 - 18 Y Laparoscopic cholecystectomy 1 ml 0.25% ICG solution, IV Intraoperatively No ICG-related adverse events.
Esposito, 2019 215 Mean: 10.2 Y, (5e17 Y) Laparoscopic cholecystectomy 0.4 mg/kg IV, 18h pre-operatively No ICG-related adverse events.
Esposito, 2021 13 12.9 Y Laparoscopic cholecystectomy 0.35 mg/kg 15.6h pre-operatively, IV No ICG-related adverse events.
Esposito, 2022 22 11.5 (7e17) Y Laparoscopic cholecystectomy 0.35 mg/kg 15.5h pre-operatively, IV No ICG-related adverse events.
Graves, 2017 11 Mean: 16 Y Laparoscopic cholecystectomy Nine milliliters Direct Gallbladder ICG Injection No ICG-related adverse events.
Yanagi, 2019 10 74.8 (48e122) D Near-infrared fluorescence cholangiography 0.5 mg/kg IV, day before surgery N.R.
Varicocele Repairs and Renal Procedures
Esposito, 2019 46 15.8 Y (1e17) Y Varicocele repairs, nephrectomies,

partial nephrectomies, lymphoma excision
0.4 mg/kg 18h pre-operatively, IV No ICG related adverse events.

Esposito, 2020 76 N.R. Varicocelectomy, nephrectomies,
renal cyst deroofing, thoracoscopic procedures

various 15e18h pre-operatively,
intraoperatively

No ICG related adverse events.

Esposito, 2020 46 (1e19) Y Varicocele repairs, partial nephrectomy,
nephrectomy, renal cyst deroofing

0.3 mg/kg Intraoperatively, IV No ICG related adverse events.

Esposito, 2021 12 3.9 (1e10) Y Laparoscopic partial nephrectomy various, multiple injections
(~0.3 mg/kg)

1: inject. ureteral
catheter, 2: IV, 3: IV

No ICG related adverse events.

Tomita, 2017 2 13 Y (adult: 20e40 Y) Laparoscopic varicocelectomy 1 ml of 2.5 mg/ml IV, intraoperatively No ICG related adverse events.
Liver and Splenic Procedures
Bada-Bosch, 2020 1 13 Y Laparoscopic partial splenectomy 0.2 mg/kg IV, intraoperatively N.R.
Kobayashi, 2017 105 Median: 68 Y (17e83 Y) Liver resection: Portal vein territory

identification (PV)
0.25 mg Intraoperatively,

US-guided transhepatic
PV injection

No ICG-related adverse events.

Masuya, 2022 1 9 Y Laparoscopic surgery for congenital
biliary dilatation

0.6 mg/kg Intraoperatively
(immediately before
CBD dissection), IV

N.R.

Troisi, 2014 1 2 Y Left lateral sectionectomy for living donor
liver transplantation (open approach)

0.1 mg/kg IV, intraoperatively No ICG-related adverse events.

Cardiac Procedures
Kogon, 2009 40 N.R. Surgical reconstructions for

congenital heart defects
1.25 mg in infants (<1 yr),
2.5 mg in children (<16 years),
and 5 mg in adults

Intraoperatively, IV No ICG related adverse events.

Pourmoghadam, 2014 3 7, 14, 15 Y Congenital cardiac surgery N.R. N.R. N.R.
Other Procedures
DeLong, 2018 60 (17e87 Y) Surgical resection 3 mL of ICG (2.5 mg/ml), IV Intraoperatively No ICG related adverse events.
Esposito, 2020 3 Mean: 8 Y, (5e15 Y) Cyst deroofing 0.35 mg/kg Intraoperatively, IV No ICG related adverse events.
Lemoine, 2022 1 5 Y Anastomosis 0.5 mg/kg IV, intra-op No ICG related adverse events.
Masuya, 2022 1 13 Y Laparoscopic dome resection 0.6 mg/kg Intraoperatively, IV No ICG related adverse events.
Mayorga-Buiza, 2019 1 Newborn Reconstruction of the myelomeningocele 1.5 mg/kg IV, intra N.R.
Pandey, 2012 6 N.R. Superficial temporal artery middle

cerebral artery anastomosis
0.3 mg/kg Intraoperatively, IV No ICG related adverse events.

Shirotsuki, 2018 10 (1e10 D), Mean: 2.0 D Thoracoscopic tracheoesophageal fistula surgery
and thoracoscopic repair of chylothorax

0.025 mg Inter-toe, 1 h before No ICG related adverse events.

Tanabe, 2017 8 4 - 13 Y (adult: 23e66 Y) Fronto-temporal craniotomy 5 mg IV N.R.
Ueba, 2020 1 19 M Resection of spinal cord hemangioblastoma 0.2e0.5 mg/kg (5.0 mg) IV, intraoperatively N.R.
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5. Further work is required to determine whether ICG-F can pre-
vent the need for preoperative Tc lymphoscintigraphy.

3.7.2. Recommendation

� ICG-F is a pivotal advancement in pediatric lymphatic mapping.
It showcases the potential for refining surgical accuracy and
decreasing associated risks. Embracing ICG-F in this domain
requires comparative effectiveness studies.

� This recommendation received a 100% agreement in the first
round of the online survey.

Level of evidence 3, Grade of Recommendation C.

3.8. Fluorescence cholangiography

In total, 23 articles describing the application of ICG-F in hep-
atopancreatobiliary surgery [18,24,26,29,30,32e34,40,44,53,68,69,
75e78,80,81,87,89] covering procedures such as laparoscopic cho-
lecystectomy, Kasai procedure, and partial hepatectomy. Calabro
et al. (2020) [69] studied the effects of ICG-F cholangiography (ICG-
FC) during laparoscopic cholecystectomy in 50 pediatric patients,
finding it safe and effective for biliary tree identification. Esposito
et al. published two retrospective studies in 2019 and 2022 [73,75].
The first analyzed 215 children's long-term outcomes after lapa-
roscopic cholecystectomy, showing its long-term safety and effec-
tiveness. The 2022 study on 43 patients compared standard
laparoscopic cholecystectomy to ICG-FC cholecystectomy. ICG-FC
enhanced visualization and reduced specific operative step time,
but overall operative time and hospital stay were insignificant be-
tween the comparative groups.

3.8.1. Statements and observations

1. ICG-F is a safe and potentially effective instrument for a range of
hepatobiliary operations within the pediatric population.

2. Existing research validates ICG-F's capability to improve visual
clarity during surgery, especially in laparoscopic cholecystec-
tomy, despite unclear impact on operative time and reduction of
complications.

3. Emphasis should be placed on future research and standardizing
application guidelines across pediatric hepatobiliary surgery.

3.8.2. Recommendation

� While current evidence supports the implementation of ICG-F in
pediatric HPB surgery for enhanced surgical outcomes, further
rigorous research is needed to substantiate these findings and
incorporate them into clinical guidelines.

� This recommendation received a 93% agreement in the first
round of the online survey.

Level of evidence 3, Grade of Recommendation C.

3.9. Pediatric colorectal and pelvic reconstructive surgery

ICG-F is increasingly utilized in pediatric colorectal and pelvic
reconstruction surgeries [49,57,62,66], aiding in repairs like ano-
rectal malformations, Hirschsprung disease, and complex reopera-
tions. It proves useful for evaluating tissue perfusion in structures
such as the neovagina and colon and is crucial in re-operative fields
for assessing pedicle viability. In Hirschsprung disease, ICG-F as-
sesses visualizing colonic derotation and selecting vessels for divi-
sion [60]. Clinical findings in adult colorectal surgeries demonstrate
Please cite this article as: Szavay PO et al., Clinical Consensus Statemen
Pediatric Patients, Journal of Pediatric Surgery, https://doi.org/10.1016/j.j
that ICG-F enhances surgical quality and reduces complications
[102]. While one must be cautious extrapolating findings to pediat-
rics, ICG-F was demonstrated as safe and feasible in intestinal re-
sections, with positive feedback from the surgical team, suggesting
improved visualization and patient outcomes [54].

3.9.1. Statements and observations

1. ICG-F has demonstrable efficacy in enhancing surgical visuali-
zation and decision-making in pediatric colorectal and pelvic
reconstructive surgeries for viability of bowel pedicles and
anastomotic perfusion.

2. Extrapolation from adult data suggests similar benefits in pe-
diatric settings, albeit this requires more rigorous validation.

3.9.2. Recommendation

� We recommend the role of ICG-F as a safe and effective tool in
pediatric colorectal and pelvic reconstructive surgeries, albeit
more robust research is necessary for full clinical validation.

� This recommendation received a 100% agreement in the first
round of the online survey.

Level of evidence 3, Grade of Recommendation C.

3.10. Pediatric urological Surgeries and the role of ICG-F

Ten studies examined the utility of ICG-F in pediatric urological
procedures [15,38,59,71,72,75,86,103,104]. ICG-F was employed in
lymphatic sparring varicocele repairs, various renal surgeries
(partial and total nephrectomies and renal cyst unroofing), ureteral
mapping, and evaluating vascular and tissue perfusion for living-
donor kidney transplantation. It has also been utilized in complex
duplex renal surgeries, retroperitoneal lymph node dissections, and
to define the ureter during tumor resections (ICG-F applied cys-
toscopically). Esposito et al. (2020) [72] detailed 57 urological
procedures, including 41 varicocele repairs featuring intraoperative
lymphography and 16 renal surgeries. Intravenous injection of ICG
was used for renal procedures, whereas intra-testicular injection
was employed for varicocele repairs, resulting in visualization
within 30e60 s after injection. The study confirmed ICG as a reli-
able tool for improving visualization in pediatric urology.

3.10.1. Statements and observations

1. ICG-F is a safe and effective tool for visualizing anatomical and
vascular structures in pediatric urological surgeries.

2. It proves essential for renal surgeries, ureteral mapping, and
varicocele repairs with lymphography.

3. Intravenous or intra-testicular ICG administration results in
rapid visualization, enhancing surgery outcomes.

4. Further research and standardized training for ICG-F applica-
tions are encouraged.

3.10.2. Recommendation

� ICG-F provides a reliable and safe means to visualize anatomical
and vascular structures in pediatric urological procedures. It is
crucial for renal operations, ureteral mapping, and lympho-
graphic varicocele repairs. Rapid visualization is achievable
through intravenous or intra-testicular ICG administration,
optimizing surgical results. Continued research and uniform
training for its application remains paramount.
t on the Use of Indocyanine Green Fluorescence-guided Surgery in
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� This recommendation received a 87% agreement in the first
round of the online survey.

Level of evidence 3, Grade of Recommendation C.

3.11. Pediatric neurosurgical applications of ICG-F

Ten studies examined ICG-F's role in pediatric neurosurgical
procedures [16,31,47,48,61,63,83,85,88]. ICG-F enhances the visu-
alization and localization of cerebral lesions and maps vascular
structures during operations, including tumor resections and
arteriovenous malformation surgeries. Lehner et al. (2023) [105]
demonstrated ICG-F's ability to visualize the basilar artery during
an endoscopic third ventriculostomy for an infant with congenital
hydrocephalus. Horie et al. (2014) [48] evaluate the utility of ICG
video angiography (ICG-VA) in 50 patients to assess postoperative
hyperperfusion in Moya and atherosclerotic disease cases. They
found that ICG-VA provides real-time cerebral blood flow data and
helps identify patients at risk for postoperative hyperperfusion.
Tanabe et al. (2017) [85] studied 19 patients (8 pediatric) and
demonstrated ICG-F's efficacy in visualizing the middle meningeal
artery before craniotomy for Moya disease.

3.11.1. Statements and observations

1. ICG-F is an instrumental tool in pediatric neurosurgical appli-
cations, playing a significant role in enhancing visualization,
delineating cerebral and vascular structures, and tissue
perfusion.

2. The technology demonstrates utility in intraoperative applica-
tions, contributing significantly to the safety and efficacy of
complex procedures.

3. Evidence from prospective studies suggests that ICG-F can
provide real-time information crucial for surgical 44
decision-making in intricate vascular neurosurgical diseases like
MMD.

3.11.2. Recommendation

� We recommend ICG-F, which has emerged as a useful tool in
pediatric neurosurgery, showing promise in various applications
ranging from lesion visualization to intraoperative guidance.
However, further research is warranted to validate its clinical
utility across broader neurosurgical contexts.

� This recommendation received a 80 % agreement in the first
round of the online survey.

Level of evidence 4, Grade of Recommendation D.

3.12. Thoracic

Sixteen articles in the review discussed the utility of ICG-F in
pediatric thoracic surgery [13,15,17,19e23,29,32e35,84,105,106]
covering thoracoscopic tracheoesophageal fistula surgery, tumor
resections, lung metastasectomies, and congenital cardiac surgery,
thoracoscopic vascular ring surgery, and thoracoscopic repair of
chylothorax. A prospective study by Abdelhafeez et al. (2023) [14]
investigated ICG-F's efficacy in localizing metastatic pulmonary
nodules in pediatric patients with solid tumors. Of the 50 patients
with 63 pulmonary nodules, ICG-F accurately detected 75% of
positive nodules, falling short of the 90% accuracy goal. Notably,
while pre-operative CT missed 26% of nodules linked to primary
Please cite this article as: Szavay PO et al., Clinical Consensus Statemen
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liver tumors, ICG-F was sensitive to them. The study advocated for
further ICG-focused trials and measured the use of ICG-F based on
tumor histology. The study also suggested the cautious application
of ICG-F imaging in patients with non-hepatic tumor metastases,
depending on the tumor histology.

Intraoperative ICG fluorescence has been used to identify hep-
atoblastoma tissue in the lungs. Lung tissue does not absorb ICG
dye, enhancing contrast with metastatic lesions. Kitagawa (2015)
[22] used IV ICG at 0.5 mg/kg 24 h prior to thoracotomy, removing
250 fluorescently labeled lesions across 37 operations with five
non-fluorescent nodules resected that were not malignant and ICG
imaging on chemotherapy-resistant hepatoblastoma pulmonary
metastases in n ¼ 10 patients. The results show that this method
can be highly effective in detecting small lesions and can be a
valuable tool for surgeons.Whitlock et al. [32] reported a sensitivity
of 77% for pulmonary disease, with ten fluorescent-negative ma-
lignant lesions. These findings suggest that ICG fluorescence-
guided surgery for pulmonary metastases may improve meta-
stasectomy completeness, though certain tumor subtypes may
show limited ICG retention.

3.12.1. Statements and observations

1. ICG-F has demonstrated utility in many pediatric thoracic sur-
gical interventions.

2. ICG-F has a 75% accuracy for metastatic pulmonary nodules,
without meeting the predefined target accuracy rate of 90%, but
picks up 26% of preoperative CT missed nodules from hepatic
solid tumors.

3.12.2. Recommendation

� We recommend ICG-F, which has shown promise in various
applications in pediatric thoracic surgery. However, its limita-
tions in the context of nodule detection indicate a need for
further prospective clinical trials using accepted standards for
assessment and validation. The most reliable is solid hepatic
tumor metastasis.

� This recommendation received a 93% agreement in the first
round of the online survey.

Level of evidence 3, Grade of Recommendation C.

3.13. Additional Surgical applications of ICG-F

The utility of ICG-F has been reported in various other surgical
domains, including head and neck surgeries [25,45,46], orthopedics
[39,41,42], endocrinological interventions, and plastic and recon-
structive surgeries [55]. A comprehensive review of these studies is
available in Supplement 3. The limited breadth of the literature
presents a pressing need for more research to assess the efficacy
and safety of ICG-F in these surgical fields. However, preliminary
results suggest a promising role for ICG-F potential as an adjunctive
tool for enhancing the visualization of anatomical structures and
assessing tissue perfusion in diverse surgical settings (Table 2).

3.13.1. Statements and observations
The expert concurs on ICG-F's significant potential in delivering

real-time tissue perfusion insights across various surgical settings.
Specifically, ICG-F shows potential in pediatric surgery by ampli-
fying intraoperative clarity. Improved visualization could
contribute to greater surgical precision and better decision-making,
t on the Use of Indocyanine Green Fluorescence-guided Surgery in
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Table 3
Procedural dosing Indocyanine Green Fluorescence (ICG-F) in Pediatric Surgical Patients.

Procedure Purpose Examples Injection type Injection timing ICG dosing/age
group

First detection Duration of
Fluorescence

#
patients

Comments Citations

Cholecystectomy Anatomic
visualization

Biliary disease, symptomatic
cholelithiasis, acute
cholecystitis, and cholangitis.

Intravenous 15he18h
pre-operatively

0.35e0.40 mg/kg
| 7e16 years

Visible during
surgery

Visible
during
surgery

50 most of the dye has
accumulated in the
extrahepatic duct, whereas the
absence of fluorescence was
typically noticeable in the liver
parenchyma

Esposito, 2019, 2020,
2021;

Intravenous intra-operatively 1 ml of 25 mg in
10 ml H2O | 6e18
years

Within minutes,
maximum
absorption peak
within 2h

Visible
during
surgery

107 ICG is excreted into the bile
within minutes after
intravenous injection, reaching
a maximum absorption peak
within 2 h.

Calabro, 2020; Shafy,
2020

Anastomosis Perfusion
Assessment

Gastro-intestinal:
Hirschsprung disease,
necrotizing enterocolitis,
anorectal malformations,
Repair of esophageal atresia

Intravenous Intra-operatively 0.1e0.5 mg/kg Within minutes Minutes 137 Le-Nguyen, 2023;
Numanoglu, 2011;
Rentea, 2020; Shafy
2020; Meisner 2023

Hepatoblastoma,
liver cell
carcinoma

Tumor
identification

Surgical resection, hepatic
resections

Intravenous 24e96 h pre-OP 0.1e0.75 mg/kg |
5D - 12 Y

Visible during
surgery

Visible
during
surgery

40 Zeineddin: Hepatic -
Administered days before
surgery to demarcate margins
during liver resection

Shen, 2023; Whitlock,
2022; Souzaki, 2019;
Zeineddin, 2022

Pulmonary
metastases of
hepatoblastoma

Tumor
identification

Lung metastasectomy Intravenous 1 Day pre-OP 0.5 mg/kg |
4 M�11 Y

Visible during
surgery

Visible
during
surgery

26 Yoshida, 2022: Using ICG
fluorescent imaging, even
lesions <1 mm and located up
to 10 mm in depth from the
surface were expected to be
detectable

Yoshida, 2022,
Kitagawa, 2015

Congenital heart
defects

Anatomic
visualization,
perfusion
assessment

(1) coronary reimplants, (2)
coarctations, (3) variable
palliative shunts, and (4)
pulmonary reconstructions,
Intraoperative fluorescence
angiography during coronary
artery reimplantation

Intravenous
OR direct
injection in
aortic root

intra-operatively 1.25mg in infants
(<1 yr), 2.5 mg in
children (<16
years)

Within minutes Not reported 55 Kogon, 2009; Said, 2021

Lymphatic
Mapping, SLNB

Anatomic
visualization

lymphovenous anastomosis,
vascularized lymph node
transfer, sentinel lymph node
procedure, lymphaticovenous
anastomosis

IV or
subdermally

intra-operatively
OR 1e2 day prior
to Surgery (SLN
lymphatic
mapping,
Jeremiasse, 2023)

0.25 mg -
inconsistent
reporting

Within minutes Not reported 62 Chen, 2020; Jeremiasse,
2023; Mansfield, 2020;
Mahira, 2015;
Shibasaki, 2014

Urology Anatomic
visualization

Varicocele repairs,
lymphography, partial
nephrectomy, Laparoscopic
partial nephrectomy, renal cyst
deroofing, laparoscopic
heminephrectomy

IV intra-operatively 0.2e0.5 mg/kg |
0.8e19 years

Within minutes Not reported 46 Esposito, 2020;
Esposito, 2021; Herz,
2016

Tumor/tumor
margin
identification

Nephron-sparing surgery, renal
tumors

IV 1 Day pre-OP 1.25 mg/kg Visible during
surgery

Not reported 8 Abdelhafeez, 2022

Kasai Procedure Anatomic
visualization

Biliary atresia Intravenous 1 day before
surgery

0.5 mg/kg Visible during
surgery

Visible
during
surgery

Hirayama, 2015;
Yanagi, 2019
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Table 4
Structural Framework guidelines for Adaptation and utilization of consensus
guidelines for the Indocyanine Green Fluorescence (ICG-F) in Pediatric Surgical
Patients.

1. Literature Review & Recommendations

- Comprehensive examination of all existing research related to ICG-F usage in
pediatric patients.

- Identification of standard dosing guidelines based on the literature.
- Recommendations on the frequency and mode of ICG-F administration in
different surgical scenarios.

2. OR Technology Awareness

- Training modules for surgical teams on the correct utilization of ICG-F
technology.

- Integration of ICG-F technology into regular OR protocols, ensuring consistent
usage.

- Periodic review and updates based on advancements in ICG-F technology.

3. Operational Notes & Documentation

- Clear documentation on the specific dosing of ICG-F used for each surgical
procedure.

- Machine specifics: Details of the machine or technology used to administer or
visualize the ICG-F.

- Captured Images: Maintenance of a visual log (securely stored) of the
fluorescence patterns and observations during surgery.

- Management Changes: Notes any alterations made to the surgical approach
based on ICG-F observations.

- Confirmation Protocols: Checklists or procedures in place to verify and
validate the successful application and visualization of ICG-F during surgery.

4. Safety Protocols

- Monitoring for any adverse reactions in pediatric patients' post-surgery.
- Protocol for immediate intervention in case of unexpected reactions or
complications related to ICG-F.

- Ongoing assessment of long-term effects or potential risks associated with
ICG-F usage in pediatric populations.

5. Feedback and Continuous Improvement

- Collection of feedback from surgical teams on the ease of use, effectiveness,
and potential improvements in ICG-F guidelines.

- Periodic reviews of the guidelines based on new research, feedback, and
technological advancements.

- Commitment to refining and enhancing the guidelines for improving pediatric
patient outcomes.

6. Stakeholder Collaboration

- Collaborative efforts with ICG-F technology manufacturers to understand the
nuances of the technology and ensure its best application.

- Engaging surgeons, anesthesiologists, peri-operative leadership, and other
stakeholders in the discussion to ensure a holistic approach to using ICG-F
in surgeries.

7. Patient and Parent Education

- Informative sessions or materials for parents and caregivers on the benefits,
procedure, and safety of ICG-F usage.

- Ensuring informed consent by explaining the role of ICG-F in the surgical
procedure and any associated risks or benefits.
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ultimately enhancing patient outcomes. However, it is crucial to
underscore that the prevailing evidence supporting these applica-
tions is of low quality.

3.13.2. Recommendation

� We recommend further research to standardize additional sur-
gical applications and to investigate its clinical benefit.

� This recommendation received a 100% agreement in the first
round of the online survey.

Level of evidence 4, Grade of Recommendation D.

3.14. ICG-F dosing: current landscape and challenges

Considerable variations in ICG-F dosing protocols emphasize the
absence of uniform reporting standards. According to the product
guidelines from a recognized ICG distributor,1 the following
maximum daily dosing parameters are recommended: Adults and
Elderly: Up to 5 mg/kg of body weight. Adolescents (11e18 years):
Up to 5 mg/kg of body weight. Children (2e11 years): Up to 2.5 mg/
kg of body weight. Infants (0 monthse2 years): Up to 1.25 mg/kg of
body weight.

However, most research articles advocate a more conservative
daily dose of 0.6 mg/kg of ICG. A notable exception is the study by
Abdelhafeez et al. (2022) [107], which prescribes up to 1.5 mg/kg.
Some use higher doses for non-liver lung metastasis, such as 4 mg/
kg. Due to robust, evidence-driven research scarcity, the optimal
dosing standard protocols still need to be determined. Table 3
presents a comprehensive outline of ICG-F dosing and application
methods from studies.

3.14.1. Statements and observations
The panel unanimously agrees that a weight-based dosing

methodology appears most appropriate currently. However, ideal
dosages may be contingent upon specific surgical procedures and
individual patient characteristics. The present research needs to be
more adequate for establishing evidence-based dosing guidelines,
underlining the need for further rigorous scientific studies.

3.14.2. Recommendation

� We recommend further research to standardize the technique of
weight-based dosing during ICG-F applications and to utilize
previously published literature as a guide.

� This recommendation received a 100% agreement was reached
during the first round of the online survey.

Level of evidence 3, Grade of Recommendation C.

4. Discussion

Our study delineates the consensus on applying indocyanine
green fluorescence (ICG-F) in pediatric surgery, providing a col-
lective expert opinion on its efficacy and safety. The low quality of
evidence is validated by using an anonymous Delphi votingmethod
to identify the best-standardized practice amongst a group of
multi-center international specialists. Through the Delphi method,
we found a strong agreement on ICG-F's utility in enhancing
intraoperative visualizationda critical aspect that aligns with its
reported ability to improve surgical precision and patient out-
comes. The impact of this consensus is significant, suggesting that
1 https://diagnosticgreen.com/row/product-information/ [29.Sept.2023].

Please cite this article as: Szavay PO et al., Clinical Consensus Statemen
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incorporating ICG-F into pediatric surgical protocols may lead to
improved procedural accuracy and reduced complication rates.

Despite the promising applications of ICG-F, interpretations of
the data warrant caution. While the results corroborate the ad-
vantages of ICG-F, such as aiding in tumor delineation and assessing
tissue viability, these findings derive from a heterogeneous mix of
studies, including case reports and small series. This variability
underscores the need for standardized methodologies to solidify
the evidence base in future studies.

ICG-F provides enhanced real-time imaging, which may
contribute to improved surgical outcomes. This capability stems
from its unique ability to fluoresce in the near-infrared range when
excited by light of specific wavelengths. It allows it to provide real-
time visualization of critical structures and processes during
surgery.
t on the Use of Indocyanine Green Fluorescence-guided Surgery in
pedsurg.2024.07.042
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Compared with findings in the adult literature, it is evident that
the use of ICG-F in pediatric surgery is still emerging, with many
articles being case studies or small series reports. However, the
consistent reporting of positive outcomes across a variety of sur-
gical specialties indicates a promising trend. The use of ICG-F for
tumor visualization aligns with findings from other research that
suggest its potential for delineating tumor boundaries and aiding
surgical planning. Similarly, our findings on perfusion assessment
are supported by studies that have reported ICG-F's usefulness in
determining tissue viability, thus aiding surgical decision-making.

Challenges exist when applying consensus-driving guidelines.
Table 4 provides a structural framework for ICG-F utilization rooted
in the consensus statements. The results of this review can poten-
tially be generalized across other pediatric surgical contexts beyond
those identified in the reviewed articles. ICG-F might also be useful
in other disease states where visualization of anatomical structures
or perfusion status is essential and in different populations such as
adult patients or those with different co-morbid conditions.
Furthermore, there are additional fluorescence-guided surgery
techniques either available [108] or under development for the
foreseeable future [109].

Future research should focus on large-scale, prospective trials
that employ consistent dosing protocols. Such studies would not
only solidify the current consensus but could also extend the
applicability of ICG-F to other patient demographics and surgical
contexts. Moreover, adapting ICG-F usage to suit individual patient
characteristics and specific surgical needs will be an essential step
toward personalized surgical care.

5. Limitations

The consensus process highlighted several limitations: the di-
versity in study designs and the lack of large-scale trials limit the
strength of the evidence. Additionally, the variability in ICG-F
dosing and reporting protocols across the literature underscores
the necessity for standardized guidelines. These limitations are
particularly evident in delineating pediatric solid tumor resection
margins compared to standard care. Most studies have focused on
ICG's ability to identify tumors and potentially visualize non-
detectable metastases or guide the extent of resection visually at
the commencement of surgery. These issues underline the pre-
liminary nature of the consensus and the need for ongoing evalu-
ation as further evidence emerges.

Pediatric studies on ICG-F are particularly heterogeneous
regarding age, utilization, and consistent outcome reporting. There
is no quantifiable data from the intraoperative evaluation of fluo-
rescence to make reliable comparisons. Additionally, the number of
patients needed to treat (NNT) for ICG-F utilization is often high,
indicating that many patients must be treated to achieve one more
beneficial outcome than a control group. The NNT to prevent
complications, such as common bile duct injury during laparo-
scopic ICG-guided cholecystectomy, has not been fully elucidated,
and data in available studies has not been recorded in standardized
manners, even if it changes or confirms intraoperative decision-
making. Thus, while ICG is a useful adjunct in surgery, it does not
yet provide conclusive answers to these comparative questions and
raises questions about the cost-effectiveness and practical value of
using ICG-F in rare cases.

Efforts to quantify perfusion based on fluorescent patterns are
subjective, although ongoing, and scoring systems may be required
to standardize this process. Additionally, operative reports must
provide detailed reporting on dosing, utilization, timing of dose to
fluorescence, and any changes in operative management due to
ICG-F use. As seen in the case of non-hepatic malignancies, ICG-F
fails to adequately target a wide range of pathologies that would
Please cite this article as: Szavay PO et al., Clinical Consensus Statemen
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benefit from enhanced intraoperative guidance. Comparative
studies between ICG-F and non-ICG-F cases are also lacking, with
much of the current literature comprising case reports under-
scoring the need for more comprehensive and comparative studies.

6. Conclusion

In summary, this consensus statement on ICG-F use in pediatric
surgery is a foundational reference highlighting its potential ben-
efits. While promising, the current evidence calls for further
investigation to establish comprehensive, evidence-based guide-
lines. The collective expert opinion, nevertheless, recognizes ICG-F
as a valuable tool in pediatric surgical practice, with the potential to
substantially elevate the standard of care.
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