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Abstract

Objective: The aim of this guidance is to discuss the advantages of utilising adjunct tech-
nologies in minimally invasive surgery and to mitigate risks associated with these tech-
nologies in paediatric cancer surgery.

Methods: A literature search was conducted, focusing on robotics, single-site and image-
guided surgical approaches in paediatric cancer.

Results: The findings indicate significant improvements in surgical precision, reduced 
morbidity and enhanced recovery times. Technologies such as robotics, single-site and 
image-guided surgical approaches have shown promising results in improving the preci-
sion of tumour resection.

Conclusion: Integrating advanced technologies into paediatric cancer surgery offers the 
potential for improved surgical outcomes and quality of life for patients. However, ongo-
ing research and careful implementation are necessary to ensure safety and efficacy.

Keywords: minimally invasive surgery, paediatric cancer, robotics, single-site surgery, image-
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Introduction

Surgical resection is a cornerstone of the management of childhood solid tumours due to 
its critical role in achieving local control and improving survival outcomes [1–3]. Advances 
in treatment have highlighted the importance of minimally invasive surgical techniques, 
which aim to reduce the physical and psychological burdens of surgery [4]. 

Conventional laparoscopic surgery has been widely utilised in paediatric oncology for 
procedures such as tumour biopsy and resection [5, 6]. Laparoscopic approach typically 
involves multiple small ports, allowing for improved visualisation and reduced recov-
ery times compared to open surgery. Despite these benefits, traditional laparoscopic 
approaches can have limitations, including instrument maneuverability, reduced depth 
perception and increased surgeon fatigue due to ergonomics. Additionally, the complex-
ity of paediatric anatomy poses unique challenges in accessing tumours, particularly in 
the retroperitoneum of young children [5, 6]. Moreover, incomplete tumour resection 
remained a challenge since, for decades, intraoperative tumour identification relied on 
white light visualisation and tactile feedback. 
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The aim of this review is to discuss new technologies applications in paediatric cancer surgery, aiding more precise maneuverability, less 
tissue trauma and advanced tumour identification technologies such as robotic, single-site retroperitoneoscopic and image-guided surgical 
approaches, respectively. 

Robotic-assisted surgery

The application of robotic surgical systems in paediatric surgery has been limited by various intrinsic and extrinsic factors. However, their 
integration into the surgical management of solid tumours in children presents both unique challenges and significant opportunities. The 
gradual adoption of robotic technology in paediatric centers is poised to bring about a paradigm shift in surgical care, improving precision of 
movement and ergonomics [7].

A recent experience from a tertiary paediatric center demonstrated that oncology accounted for 23% of the total robotic surgical procedures 
since the program's inception. Within the oncology workload, 25% of tumours were treated using a robotic platform [8]. The median age of 
patients undergoing robotic-assisted surgery (RAS) was 7 years, with one-third of patients aged <5 years, one-third between 5 and 11 years 
and one-third >11 years. The most common tumour types included endocrine tumours (31%), neuroplastic tumours (29%) and renal tumours 
(19%). Notably, complication and conversion rates were minimal, underscoring the safety and efficacy of the robotic approach [8].

RAS offers enhanced precision, particularly in the delicate dissection of tumours and in situations where bleeding control is critical. However, 
the decision to use the robotic platform should be guided by factors such as tumour characteristics, preoperative imaging, tumour extent and 
the surgeon’s experience. Further research and the development of clearer, evidence-based guidelines are needed to refine its application 
across a broader range of paediatric solid tumours [8].

Contraindications for RAS in paediatric patients include neurogenic tumours with midline major vessels encasement, extension to the middle 
mediastinum (such as the pericardium, esophagus or trachea), as well as those involving more than two International Neuroblastoma Risk 
Factor Classification risk factors or involving unpaired vessels (e.g., the celiac artery or superior mesenteric artery) and/or both renal pedicles. 
Other contraindications include renal tumours crossing the median sagittal plane or tumours that invade the liver. Robotic surgery is also 
contraindicated for adrenocortical carcinomas and solid pseudopapillary tumours. Each indication of RAS must be validated by the multidis-
ciplinary tumour board (oncologist, surgeon and radiologist) [8, 9].

Three factors that may influence morbidity in robotic surgery have been analysed [10]. First, small patients (≤15 kg) have been identified as 
a potential challenge for robotic-assisted laparoscopic surgery due to limited working space [11]. Second, an American Society of Anesthesi-
ologists (ASA) score of ≥3 is used as a marker of patient vulnerability, as it has been associated with increased perioperative morbidity from 
both surgical and anaesthetic factors [12, 13]. Third, surgical oncology was examined as a potential contributor to patient morbidity, given 
the complexity of procedures involving limited tumour exposure, the impact of preoperative chemotherapy on tissue dissection, potential 
multiorgan involvement, the risk of significant intraoperative bleeding and the oncological risks associated with tumour spillage or insuffi-
cient surgical margins [14]. In a recent study, none of these factors were linked to postoperative complications, although major complications 
(Clavien-Dindo ≥ III) may be more common in patients with a higher ASA score [10]. Figure 1 illustrates the locations of the robotic camera 
and ports for various tumour anatomies. 

Single-site surgery

Single-site surgery has gained attention as a minimally invasive technique in paediatric oncology, particularly for the resection of tumours 
located in the retroperitoneum. This approach involves making a single small incision through which multiple ports provide access to the 
retroperitoneal, intraperitoneal or thoracic spaces for tumour removal [15–18] (Figure 2). The main advantage of single-site retroperitoneo-
scopic surgery is its ability to offer enhanced precision and maneuverability in the confined retroperitoneal space, allowing for careful and 
meticulous dissection [15–18]. Additionally, the single incision provides a relatively larger working port, which can also be used for specimen 
retrieval [15–18].
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Figure 1. Anatomical sites of tumours and corresponding robotic resection camera and port approaches.

Figure 2. Single-site retroperitoneoscopic approach.

One key benefit of single-site retroperitoneoscopic surgery is faster access to control bleeding and potentially easier conversion into an open 
procedure if necessary [15–17]. Because the single-site incision is typically larger than those used in multiport access and is more directly 
aligned with the tumour site, it allows for a more straightforward transition to an open approach if complications occur.

For paediatric patients, this technique offers significant advantages, including reduced scarring, less postoperative pain and faster recovery 
times; factors that are especially important in children undergoing cancer treatment who benefit from quicker resumption of chemotherapy 
postoperatively [15–17]. Research has shown that single-site thoracoscopic surgery can be comparable to multiport thoracoscopic surgery 
in terms of postoperative pain and hospital stay [19]. Interestingly, the advantage of single-site retroperitoneoscopic surgery over conven-
tional laparoscopic surgery may stem more from the retroperitoneal approach itself—avoiding entry into the peritoneal cavity and the need 
to mobilise bowel—rather than the use of a single site per se [15–17].
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However, despite these benefits, the application of single-site surgery in paediatric oncology presents certain challenges. The learning curve 
to master the retroperitoneal approach, the complexity of retroperitoneal tumour resections, especially for large tumours or those involv-
ing critical structures like the renal vasculature, can limit the technique's applicability. Moreover, the process of creating the retroperitoneal 
space can sometimes result in unintentional breaches of the peritoneal cavity, causing it to collapse and reducing the available working space 
[20]. In such cases, conversion to laparoscopic access may be required. While peritoneal breaches can be repaired, this is technically chal-
lenging during retroperitoneoscopic surgery.

The success of this technique also depends heavily on the surgeon's experience with single-site retroperitoneoscopy and the availability of 
specialised equipment. Given these challenges, while the technique holds promise, further research and clinical experience are necessary to 
refine its application and establish comprehensive guidelines for its use in paediatric cancer surgery. Currently, applications for a single-site 
approach in paediatric cancers include resection of retroperitoneal primary and metastatic tumours, retroperitoneal staging template lym-
phatic dissection, nephron-sparing resection, resection of mediastinal tumours and resection of pulmonary metastatic nodules.

The launch of the single-port robotic system is a new frontier combining two advanced surgical approaches that would further enhance the 
precision of childhood cancer surgery [21]. 

Image-guidance surgery

Image-guided surgery is increasingly recognised as a transformative tool in the treatment of paediatric cancers, potentially offering greater 
precision in primary tumour and metastatic deposits identification [22–32]. This technique includes several imaging modalities, with fluores-
cence-guided surgery and navigation imaging standing out as two of the most promising [22–34]. Fluorescence-guided surgery relies on the 
use of fluorescent agents that either passively or actively target tumour tissues [25–30]. Passive targeting agents, such as indocyanine green 
(ICG), are highly sensitive and can highlight tumour areas effectively. However, their specificity is often limited, which can sometimes result in 
false positives or difficulty distinguishing tumour from surrounding healthy tissue [25–30]. On the other hand, active targeting agents, often 
coupled with tumour-specific antibodies or receptors, are being explored in paediatric cancers but are still in the early stages of development. 
Their efficiency and clinical applicability remain to be fully evaluated [22, 24–30].

Augmented reality (AR) and navigation systems are also playing an increasingly important role in enhancing tumour localisation and improv-
ing surgeons’ understanding of tumour anatomy before (during the planning phase) and during surgery [22–24]. These technologies allow for 
the overlay of preoperative imaging data onto the surgical field in real time, creating an intuitive visualisation of tumour structures. Together, 
AR and navigation systems provide an additional layer of precision, potentially improving the likelihood of complete tumour resection while 
preserving healthy tissues, which is especially critical in paediatric patients.

In the context of paediatric cancers, ultrasound-guided tumour resection is emerging as a particularly promising tool. High-resolution ultra-
sound has shown great potential in liver surgeries and nephron-sparing procedures for bilateral Wilms tumour, allowing for localisation of 
deep tumour nodules [25, 26]. The application of such high-resolution ultrasound could be extended to other paediatric tumours, particularly 
in soft tissue tumours and sarcomas, where real-time visualisation of tumour boundaries is critical. 

While many of these technologies are still evolving and require further refinement and validation, their combined use in paediatric cancer 
surgeries is paving the way for less invasive, more effective treatments, with the potential for better outcomes and reduced long-term effects 
for young patients.

Discussion

The advent of advanced technologies such as robotic surgery, single-site surgery and image-guided surgical approaches is potentially trans-
forming the landscape of paediatric cancer surgery. These technologies may offer improvements in surgical precision, which is a crucial 
consideration when treating paediatric cancer patients. Minimally invasive techniques, bolstered by these adjunct technologies, present 
promising opportunities to improve surgical outcomes and minimise the long-term physical and psychological burdens traditionally associ-
ated with open surgery.
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Robotic surgery offers advantages in terms of dexterity, precision and visualisation. The ability to perform complex dissection with 3D imag-
ing and articulated instruments enables surgeons to navigate complex anatomical structures with greater ease, which is particularly beneficial 
in the paediatric population, where working space is limited and vascular involvement is not uncommon. The enhanced visualisation and fine 
motor control provided by robotic systems are invaluable in paediatric oncology, where precision is critical, especially for tumours located 
near vital structures and major blood vessels.

However, the integration of robotic surgery into paediatric cancer treatment is not without challenges. The limited availability of robotic 
systems and the high cost of these technologies remain significant barriers to widespread adoption, particularly in resource-limited settings. 
Additionally, robotic surgery requires specialised training and it may not be suitable for all tumour types or locations, as certain tumours may 
pose challenges in terms of access or require more extensive resection than robotic systems can currently accommodate. Despite these chal-
lenges, the potential benefits in terms of precision and reduced morbidity make robotic surgery an exciting option for paediatric oncologic 
procedures and warren outcome comparative studies.

Single-site surgery, which involves performing procedures through a single small incision, is slowly gaining traction as a minimally invasive 
technique in paediatric oncology. One of its key advantages is the reduced scarring compared to traditional multiport laparoscopy, which 
can improve cosmetic outcomes, an important consideration in paediatric patients. Additionally, the use of a single incision can potentially 
minimise postoperative pain and expedite recovery, allowing for faster resumption of chemotherapy or other treatments [15–17].

Single-site retroperitoneoscopic surgery has shown promise for tumour resections in the retroperitoneal space, such as neuroblastomas, 
other neurogenic tumours, metastatic lymphadenopathy and staging lymph nodes sampling [15–17]. The main advantage of single-site ret-
roperitoneoscopic surgery is the ability to offer greater precision and maneuverability in confined anatomical spaces. Moreover, the relatively 
larger working port provided by the single incision facilitates specimen retrieval and bleeding control, which can be more challenging with 
multiport access. This approach can also allow for easier conversion to an open procedure in retroperitoneal surgery if complications arise, 
since the incision is generally more directly oriented toward the tumour site.

However, the applicability of single-site surgery is not without limitations. The complexity of paediatric retroperitoneal surgeries, especially 
when dealing with large tumours or tumours involving critical structures such as vessels, can make this approach challenging. The risk of 
unintentional breaches into the peritoneal cavity during the creation of the retroperitoneal space is another concern, as it can reduce the 
available working space and necessitate conversion to laparoscopic or open surgery [19]. As with robotic surgery, the surgeon’s experience 
and expertise play a critical role in determining whether single-site surgery is a viable option for a given patient. More research is needed to 
refine this technique and establish best practice guidelines for its use in paediatric oncology.

Image-guided surgery is becoming increasingly important in paediatric oncology, offering the potential for preoperative planning, real-time 
tumour localisation and enhanced surgical precision. Fluorescence-guided surgery, for instance, has shown promise in localisation of tumour 
and metastatic deposits, which is particularly valuable in cases where traditional white light visualisation may be insufficient [26]. Fluores-
cent agents like ICG can highlight tumour areas with high sensitivity, though their specificity remains limited, making it challenging to clearly 
distinguish between tumour and surrounding healthy tissue [26]. The development of active targeting agents, such as those coupled with 
tumour-specific antibodies, holds promise for increasing the specificity and accuracy of fluorescence-guided surgery, though these agents 
are still in the early stages of clinical evaluation in paediatric cancers [22].

In addition to fluorescence guidance, other image-guided techniques such as AR and intraoperative navigation are increasingly being incor-
porated into paediatric cancer surgery. These technologies allow surgeons to overlay preoperative imaging data onto the surgical field in real 
time, potentially enhancing tumour localisation and improving the accuracy of resection. 

Ultrasound-guided surgery has been particularly useful in liver surgeries and nephron-sparing procedures for bilateral Wilms tumour. Ultra-
sound provides real-time visualisation of the tumour boundaries, enabling the surgeon to precisely delineate tumour anatomy during resec-
tion. The integration of intraoperative cross-sectional imaging into the surgical workflow, however, remains complex due to challenges in 
maintaining real-time dynamic imaging without disrupting the surgical process. Nevertheless, high-resolution ultrasound and other imaging 
technologies have the potential to expand the scope and effectiveness of minimally invasive paediatric cancer surgery.

While the application of these advanced technologies in paediatric cancer surgery is promising, several challenges remain. The integration of 
new technologies into clinical practice requires substantial investment in equipment and training. Additionally, long-term studies are needed 
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to establish the safety, efficacy and cost-effectiveness of these techniques. Robotic surgery, single-site approaches and image-guided sur-
gery can potentially reduce morbidity and improve surgical outcomes; however, evidence supporting these advantages yet remains of very 
low quality. Moreover, evidence examining the long-term impact of these techniques on overall survival and recurrence rates in paediatric 
cancer patients is lacking.

As these technologies continue to evolve, it will be essential to ensure that they are accessible to all paediatric cancer patients, regardless 
of socioeconomic status. Ethical considerations, including cost, access and informed consent, must also be addressed as these technologies 
become more integrated into clinical practice.

Conclusion

The integration of robotic surgery, single-site techniques and advanced image guidance into minimally invasive paediatric cancer surgery 
marks a significant advancement in the field. These technologies hold the potential to enhance surgical precision, reduce patient morbidity 
and improve the overall quality of life for patients. However, to fully realise their benefits, ongoing research, collaboration and innovation 
among clinicians, researchers and technologists are essential. This will ensure that these techniques are refined, standardised and imple-
mented safely across paediatric oncology surgery. As the field continues to evolve, the combination of cutting-edge technology with expert 
surgical care will pave the way for a new era of precision surgery—one that offers more effective, less invasive treatments with better out-
comes for paediatric cancer patients.

Conflicts of interest

The authors declare that there are no conflicts of interest related to this work.

Funding

This research received no specific grant from any funding agency in the public, commercial or not-for-profit sectors.

References

	 1.	 Polites SF, Rhee DS, and Seitz G, et al (2024) Contemporary surgical management of pediatric non-rhabdomyosarcoma soft tissue sar-
coma Pediatr Blood Cancer 71(11) e31257 https://doi.org/10.1002/pbc.31257 PMID: 39138613

	 2.	 Fischer J, Pohl A, and Volland R, et al (2017) Complete surgical resection improves outcome in INRG high-risk patients with localized 
neuroblastoma older than 18 months BMC Cancer 17(1) 520 https://doi.org/10.1186/s12885-017-3493-0 PMID: 28778185 PMCID: 
5543757

	 3.	 Gow KW, Lautz TB, and Malek MM, et al (2024) Children's oncology group's 2023 blueprint for research: surgery Pediatr Blood Cancer 
71(3) e30766 https://doi.org/10.1002/pbc.30766

	 4.	 Dieffenbach BV, Murphy AJ, and Liu Q, et al (2023) Cumulative burden of late, major surgical intervention in survivors of childhood 
cancer: a report from the childhood cancer survivor study (CCSS) cohort Lancet Oncol 24(6) 691–700 https://doi.org/10.1016/S1470-
2045(23)00154-7 PMID: 37182536 PMCID: 10348667

	 5.	 Acker SN, Bruny JL, and Garrington TP, et al (2015) Minimally invasive surgical techniques are safe in the diagnosis and treatment of 
pediatric malignancies Surg Endosc 29(5) 1203–1208 https://doi.org/10.1007/s00464-014-3795-0

http://www.ecancer.org
https://doi.org/10.3332/ecancer.2025.2029
https://doi.org/10.1002/pbc.31257
http://www.ncbi.nlm.nih.gov/pubmed/39138613
https://doi.org/10.1186/s12885-017-3493-0
http://www.ncbi.nlm.nih.gov/pubmed/28778185
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5543757
https://doi.org/10.1002/pbc.30766
https://doi.org/10.1016/S1470-2045(23)00154-7
https://doi.org/10.1016/S1470-2045(23)00154-7
http://www.ncbi.nlm.nih.gov/pubmed/37182536
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10348667
https://doi.org/10.1007/s00464-014-3795-0


Re
se

ar
ch

ecancer 2025, 19:2029; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2025.2029� 7

	 6.	 Abdelhafeez, et al (2019) Minimally invasive surgery in pediatric surgical oncology: practice evolution at a contemporary single-center 
institution and a guideline proposal for a randomized controlled study J Laparoendosc Adv Surg Tech A 29(8) 1046–1051 https://doi.
org/10.1089/lap.2018.0467 PMID: 31241404

	 7.	 Svetanoff WJ, Carter M, and Diefenbach KA, et al (2024) Robotic-assisted pediatric thoracic and abdominal tumor resection: an initial 
multicenter review J Pediatr Surg 59(8) 1619–1625 https://doi.org/10.1016/j.jpedsurg.2024.02.021 PMID: 38490885

	 8.	 Blanc T, et al (2024) Robotic surgery in paediatric oncology: expanding boundaries and defining relevant indications J Pediatr Surg 60(3) 
162017 https://doi.org/10.1016/j.jpedsurg.2024.162017 PMID: 39477752

	 9.	 Li P, Zhou H, and Cao H, et al (2021) Robot-assisted laparoscopic management of bladder/prostate rhabdomyosarcoma in children: 
initial series and 1-year outcomes J Endourol 35(10) 1520–1525 https://doi.org/10.1089/end.2020.1238 PMID: 34254831

10.	 Vinit N, et al (2023) Adverse events and morbidity in a multidisciplinary pediatric robotic surgery program. A prospective, observational 
study Ann Surg 278(5) e932–e938 https://doi.org/10.1097/SLA.0000000000005808 PMID: 36692109

11.	 Molinaro F, et al (2019) Low weight child: can it be considered a limit of robotic surgery? Experience of two centers J Laparoendosc Adv 
Surg Tech A 29(5) 698–702 https://doi.org/10.1089/lap.2017.0681 PMID: 30973303

12.	 Fantola G, Brunaud L, and Nguyen-Thi PL, et al (2017) Risk factors for postoperative complications in robotic general surgery Updates 
Surg 69 45–54 https://doi.org/10.1007/s13304-016-0398-4

13.	 Murat I, Constant I, and Maud’Huy H (2004) Perioperative anaesthetic morbidity in children: a database of 24 165 anaesthetics over a 
30-month period Paediatr Anaesth 14 158–166 https://doi.org/10.1111/j.1460-9592.2004.01167.x PMID: 14962332

14.	 Blanc T, Meignan P, and Vinit N, et al (2022) Robotic surgery in pediatric oncology: lessons learned from the first 100 tumors—a nation-
wide experience Ann Surg Oncol 29 1315–1326 https://doi.org/10.1245/s10434-021-10777-6

15.	 Mansfield SA, Murphy AJ, and Talbot L, et al (2020) Alternative approaches to retroperitoneal lymph node dissection for paratesticular 
rhabdomyosarcoma J Pediatr Surg 55(12) 2677–2681 https://doi.org/10.1016/j.jpedsurg.2020.03.022 PMID: 32345499

16.	 Pio L, Melero Pardo AL, and Zaghloul T, et al (2023) Retroperitoneoscopic or transperitoneal approach for neurogenic and adrenal 
tumors in children? A comparison on the way to enhanced recovery in pediatric surgical oncology J Pediatr Surg 58(11) 2135–2140 
https://doi.org/10.1016/j.jpedsurg.2023.06.003 PMID: 37385908

17.	 El-Gohary Y, Mansfield S, and Talbot L, et al (2020) Single-site retroperitoneoscopy in pediatric metastatic lymphadenopathy J Pediatr 
Surg 55(11) 2430–2434 https://doi.org/10.1016/j.jpedsurg.2020.03.007 PMID: 32276851

18. 	Pio L, Zaghloul T, and Zaghloul T (2023) Indocyanine green fluorescence-guided lymphadenectomy with single site retroperitoneos-
copy in children J Pediatr Urol 19(4) 491–492 https://doi.org/10.1016/j.jpurol.2023.04.037 PMID: 37179199

19.	 Fernandez-Pineda I, Seims AD, and VanHouwelingen L, et al (2019) Modified uniportal video-assisted thoracic surgery versus three-port 
approach for lung nodule biopsy in pediatric cancer patients J Laparoendosc Adv Surg Tech A 29(3) 409–414 https://doi.org/10.1089/
lap.2018.0120

20.	 Theilen TM, Paran TS, and Rutigliano D, et al (2011) Experience with retroperitoneoscopy in pediatric surgical oncology Surg Endosc 
25(8) 2748–2755 https://doi.org/10.1007/s00464-011-1583-7 PMID: 21487888

21.	 Marshall MB, Wee JO, and Soukiasian HJ, et al (2024) Initial evaluation of the safety and performance of single-port robotic-assisted 
thymectomy via subxiphoid incision Ann Thorac Surg 119(5 May 2025) 1099–1106 https://doi.org/10.1016/j.athoracsur.2024.11.022

22.	 Fusco JC, Abdelhafeez AH, and Krauel L, et al (2024) Imaging adjuvants in pediatric surgical oncology Pediatr Blood Cancer e31241 
https://doi.org/10.1002/pbc.31241 PMID: 39101518

http://www.ecancer.org
https://doi.org/10.3332/ecancer.2025.2029
https://doi.org/10.1089/lap.2018.0467
https://doi.org/10.1089/lap.2018.0467
http://www.ncbi.nlm.nih.gov/pubmed/31241404
https://doi.org/10.1016/j.jpedsurg.2024.02.021
http://www.ncbi.nlm.nih.gov/pubmed/38490885
https://doi.org/10.1016/j.jpedsurg.2024.162017
http://www.ncbi.nlm.nih.gov/pubmed/39477752
https://doi.org/10.1089/end.2020.1238
http://www.ncbi.nlm.nih.gov/pubmed/34254831
https://doi.org/10.1097/SLA.0000000000005808
http://www.ncbi.nlm.nih.gov/pubmed/36692109
https://doi.org/10.1089/lap.2017.0681
http://www.ncbi.nlm.nih.gov/pubmed/30973303
https://doi.org/10.1007/s13304-016-0398-4
https://doi.org/10.1111/j.1460-9592.2004.01167.x
http://www.ncbi.nlm.nih.gov/pubmed/14962332
https://doi.org/10.1245/s10434-021-10777-6
https://doi.org/10.1016/j.jpedsurg.2020.03.022
http://www.ncbi.nlm.nih.gov/pubmed/32345499
https://doi.org/10.1016/j.jpedsurg.2023.06.003
http://www.ncbi.nlm.nih.gov/pubmed/37385908
https://doi.org/10.1016/j.jpedsurg.2020.03.007
http://www.ncbi.nlm.nih.gov/pubmed/32276851
https://doi.org/10.1016/j.jpurol.2023.04.037
http://www.ncbi.nlm.nih.gov/pubmed/37179199
https://doi.org/10.1089/lap.2018.0120
https://doi.org/10.1089/lap.2018.0120
https://doi.org/10.1007/s00464-011-1583-7
http://www.ncbi.nlm.nih.gov/pubmed/21487888
https://doi.org/10.1016/j.athoracsur.2024.11.022
https://doi.org/10.1002/pbc.31241
http://www.ncbi.nlm.nih.gov/pubmed/39101518


Re
se

ar
ch

ecancer 2025, 19:2029; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2025.2029� 8

23.	 Valls-Esteve A, Adell-Gómez N, and Pasten A, et al (2023) Exploring the potential of three-dimensional imaging, printing, and model-
ing in pediatric surgical oncology: a new era of precision surgery Children (Basel, Switzerland) 10(5) 832 PMID: 37238380 PMCID: 
10217626

24.	 Shah NR, Weadock WJ, and Williams KM, et al (2024) Use of modern three dimensional imaging models to guide surgical planning 
for local control of pediatric extracranial solid tumors Pediatr Blood Cancer 71(5) e30933 https://doi.org/10.1002/pbc.30933 PMID: 
38430473

25.	 Pio L, Wijnen MHWA, and Giuliani S, et al (2023) Identification of pediatric tumors intraoperatively using indocyanine green (ICG) Ann 
Surg Oncol 30(12) 7789–7798 https://doi.org/10.1245/s10434-023-13953-y PMID: 37543553

26.	 Abdelhafeez A, Talbot L, and Murphy AJ, et al (2021) Indocyanine green-guided pediatric tumor resection: approach, utility, and chal-
lenges Front Pediatr 9 689612 https://doi.org/10.3389/fped.2021.689612 PMID: 34616696 PMCID: 8489593

27.	 Abdelhafeez AH, Murphy AJ, and Brennan R, et al (2022) Indocyanine green-guided nephron-sparing surgery for pediatric renal tumors 
J Pediatr Surg 57(9) 174–178 https://doi.org/10.1016/j.jpedsurg.2021.08.006

28.	 Goldstein SD, Heaton TE, and Bondoc A, et al (2021) Evolving applications of fluorescence guided surgery in pediatric surgical oncol-
ogy: a practical guide for surgeons J Pediatr Surg 56(2) 215–223 https://doi.org/10.1016/j.jpedsurg.2020.10.013

29.	 Abdelhafeez AH, Mothi SS, and Pio L, et al (2023) Feasibility of indocyanine green guided localization of pulmonary nodules in children 
with solid tumors Pediatr Blood Cancer 70 e30437 https://doi.org/10.1002/pbc.30437

30.	 Richard C, White S, and Williams R, et al (2023) Indocyanine green near infrared-guided surgery in children, adolescents, and young 
adults with otolaryngologic malignancies Auris Nasus Larynx 50(4) 576585 https://doi.org/10.1016/j.anl.2022.11.007

31.	 Abdelhafeez AH, Davidoff AM, and Murphy AJ, et al (2022) Fluorescence-guided lymph node sampling is feasible during upfront or 
delayed nephrectomy for Wilms tumor J Pediatr Surg 57(12) 920–925 https://doi.org/10.1016/j.jpedsurg.2022.06.002 PMID: 35794043

32.	 Pio L, Richard C, and Zaghloul T, et al (2024) Sentinel lymph node mapping with indocyanine green fluorescence (ICG) for pediatric 
and adolescent tumors: a prospective observational study Sci Rep 14(1) 30135 https://doi.org/10.1038/s41598-024-80543-7 PMID: 
39627247 PMCID: 11615220

33.	 Johnston ME, Farooqui ZA, and Nagarajan R, et al (2023) Fluorescent-guided surgery and the use of indocyanine green sentinel lymph 
node mapping in the pediatric and young adult oncology population Cancer 129(24) 3962–3970 https://doi.org/10.1002/cncr.35023 
PMID: 37740680

34.	 Jeremiasse B, van Scheltinga CEJT, and Smeele LE, et al (2023) Sentinel lymph node procedure in pediatric patients with melanoma, 
squamous cell carcinoma, or sarcoma using near-infrared fluorescence imaging with indocyanine green: a feasibility trial Ann Surg 
Oncol 30(4) 2391–2398 https://doi.org/10.1245/s10434-022-12978-z PMID: 36641516 PMCID: 10027760

35.	 Felsted AE, Shi Y, and Masand PM, et al (2015) Intraoperative ultrasound for liver tumor resection in children J Surg Res 198(2) 418–423 
https://doi.org/10.1016/j.jss.2015.03.087 PMID: 25940155

36.	 Aldrink JH, Cost NG, and Mcleod DJ, et al (2018) Technical considerations for nephron-sparing surgery in children: what is needed to 
preserve renal units? J Surg Res 232 614–620 https://doi.org/10.1016/j.jss.2018.07.022 PMID: 30463781

http://www.ecancer.org
https://doi.org/10.3332/ecancer.2025.2029
http://www.ncbi.nlm.nih.gov/pubmed/37238380
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10217626
https://doi.org/10.1002/pbc.30933
http://www.ncbi.nlm.nih.gov/pubmed/38430473
https://doi.org/10.1245/s10434-023-13953-y
http://www.ncbi.nlm.nih.gov/pubmed/37543553
https://doi.org/10.3389/fped.2021.689612
http://www.ncbi.nlm.nih.gov/pubmed/34616696
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8489593
https://doi.org/10.1016/j.jpedsurg.2021.08.006
https://doi.org/10.1016/j.jpedsurg.2020.10.013
https://doi.org/10.1002/pbc.30437
https://doi.org/10.1016/j.anl.2022.11.007
https://doi.org/10.1016/j.jpedsurg.2022.06.002
http://www.ncbi.nlm.nih.gov/pubmed/35794043
https://doi.org/10.1038/s41598-024-80543-7
http://www.ncbi.nlm.nih.gov/pubmed/39627247
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11615220
https://doi.org/10.1002/cncr.35023
http://www.ncbi.nlm.nih.gov/pubmed/37740680
https://doi.org/10.1245/s10434-022-12978-z
http://www.ncbi.nlm.nih.gov/pubmed/36641516
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10027760
https://doi.org/10.1016/j.jss.2015.03.087
http://www.ncbi.nlm.nih.gov/pubmed/25940155
https://doi.org/10.1016/j.jss.2018.07.022
http://www.ncbi.nlm.nih.gov/pubmed/30463781

