

  ijerph-20-06246




ijerph-20-06246







Int. J. Environ. Res. Public Health 2023, 20(13), 6246; doi:10.3390/ijerph20136246




Case Report



Indocyanine Green (ICG)-Guided Onlay Preputial Island Flap Urethroplasty for the Single-Stage Repair of Hypospadias in Children: A Case Report



Irene Paraboschi 1,*, Michele Gnech 1, Dario Guido Minoli 1[image: Orcid], Erika Adalgisa De Marco 1, Giovanni Parente 2[image: Orcid], Guglielmo Mantica 3[image: Orcid], Gianantonio Manzoni 1 and Alfredo Berrettini 1





1



Department of Pediatric Urology, Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico, 20122 Milan, Italy






2



Department of Pediatric Surgery, ASST Papa Giovanni XXIII Hospital, 24127 Bergamo, Italy






3



Department of Urology, IRCCS Ospedale Policlinico San Martino, 16132 Genoa, Italy









*



Correspondence: irene.paraboschi@hotmail.com







Academic Editor: Peng-Hui Wang



Received: 17 March 2023 / Revised: 30 April 2023 / Accepted: 21 June 2023 / Published: 28 June 2023



Abstract

:

First described by Duckett in 1981, and initially employed for the surgical correction of mid-penile hypospadias, the onlay preputial island flap urethroplasty has progressively gained increasing popularity, extending its indication to proximal forms. However, with the complexity of the penile anomaly, the rate of postoperative complications related to poor tissue perfusion (including skin and glans dehiscence, urethral stenoses, and fistulas) has also increased. Conventionally, the visual assessment of the onlay preputial island flap is the only option available to establish the appropriate tissue vascularization during surgery. To this end, we have first introduced the EleVision IR system (Medtronic Ltd., Hong Kong, China) to assess the vascular perfusion of the preputial island flap in a 13-month-old boy undergoing the onlay urethroplasty for the surgical correction of a mid-shaft hypospadias. This was possible 80 s after the intravenous injection of indocyanine green (ICG, 0.15 mg/kg, Diagnostic Green GmbH, Munich, Germany). ICG-based laser angiography helped define the proximal resection margin of the preputial flap, and proved to be safe, effective, and easy to employ. This innovative intraoperative imaging modality can be considered a useful adjunct for tissue perfusion evaluation and intraoperative decision-making during the onlay preputial island flap urethroplasty in children.
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1. Introduction


First described by Duckett in 1981, and initially employed for the surgical correction of mid and distal penile hypospadias, the onlay preputial island flap urethroplasty has progressively gained more popularity, extending its indication to proximal forms [1,2,3,4,5,6].



This surgical technique has proved to be particularly useful in children with a well-developed urethral plate, who exhibit little or no curvature after the release of the ventral penile chordees [1,2,3,4,5,6].



It involves the mobilization of the entire inner aspect of the prepuce, which is then brought to the ventrum of the penis on a vascular pedicle of adequate length.



The onlay preputial island flap is then fitted for the urethral plate, by excising the excess of the inner prepuce, and sutured onto it as an onlay with running sutures on each side for the urethroplasty on a catheter of adequate size. The glans wings are finally closed to form an apical urinary meatus [1,2,3,4,5,6].



Worth mentioning is that, with the complexity of the penile anomaly and the more proximal position of the external urethral meatus, the rate of postoperative complications related to poor vascular supply (including glans dehiscence, urethral stenosis, and fistula) has also increased, reaching up to 30–68% of cases [3,4,6].



In fact, a sufficient blood supply of the pedicled skin graft is one of the most important and critical factors for a successful surgical repair.



Conventionally, the visual assessment of the preputial island flap is the only option available to determine if the vascular perfusion of the preputial island flap is good, and to assess its viability during surgery.



More recently, however, fluorescence-guided surgery (FGS) has emerged as a very promising intraoperative imaging modality that can help surgeons assess the vascular perfusion of the tissues they operate on, in real-time, by administering near-infrared (NIR) fluorescent dyes [7,8,9,10].



Amongst them, indocyanine green (ICG) has largely proved to be a safe and effective fluorophore that can be administered prior to or during surgery, to guide procedures in which the tissue vascular perfusion is critical for the success of the surgical outcomes [7,8,9,10].



Already described for other urogenital procedures in pediatric urology and plastic surgery, the usefulness of ICG-based laser angiography in hypospadias repair has never been described before [7,8,9,10].



The aim of this case report is, therefore, to present the first step-by-step protocol to perform ICG-based FGS during the surgical repair of a male infant with a mid-shaft form of hypospadias. A new tool capable of assessing the vascular perfusion of the onlay preputial island flap urethroplasty was safely adopted, allowing surgeons to reach successful and lasting surgical outcomes.




2. Detailed Case Description


A 13-month-old boy referred to our tertiary referral hospital for mid-shaft hypospadias was scheduled for the onlay preputial island flap urethroplasty (Figure 1a).



In this specific case, a preoperative course of androgens was not required, because the urethral plate, glans, and penile shaft were all well-developed.



At the time of the surgical procedure, 0.15 mg/kg of ICG (Diagnostic Green GmbH, Munich, Germany) was intravenously administered and the EleVision IR system (Medtronic Ltd.) was adopted intraoperatively to assess the vascular perfusion of the preputial island flap in real-time (Supplementary Materials Video S1).



As the standard onlay preputial island flap urethroplasty, the procedure began with the demarcation of the urethral plate and the catheterization of the mid-shaft meatus (Figure 2a). Following the application of a tourniquet at the base of the penis for maintaining a bloodless field, the penis was degloved, preserving the urethral plate. An artificial erection test was then performed, which showed no ventral penile curvature (Figure 2b). After measuring the length of the urethra to be reconstructed, a transverse preputial island flap of suitable length (i.e., 35 mm) was then prepared (Figure 2c). At this point, 0.15 mg/kg of ICG (Diagnostic Green GmbH, Munich, Germany) was administered, and the EleVision IR system (Medtronic Ltd.) was incorporated to help assess the perfusion of the preputial island flap in real-time. The aim of their employment during surgery was to reduce the complications associated with a poorly vascularized preputial flap (Figure 3). Favorable fluorescence was obtained 80 s after the injection, confirming the proper vascularization of the onlay preputial island flap elevated on its pedicle, especially on its proximal left side (Figure 3a,b). Hence, the ICG-based navigation system applied to the surgical field helped define the proximal resection margin, and guided the excision of the distal part, significantly impacting the intraoperative decision-making (Figure 3c,d).



The preputial island flap was then placed as an onlay over an 8 Ch catheter, to create the neo-urethra. Again, the perfusion of the ventral part of the neo-urethra was assessed by using the EleVision IR system (Medtronic Ltd.), and proved to be adequate (Figure 3e,f). A single-layer glanduloplasty and skin closure followed, as in standard onlay repairs (Figure 1b).



No ICG-related side effects were experienced during surgery, and the postoperative course was also favorable. The patient was discharged 2 days after surgery, and the 8 Ch catheter was removed on postoperative day (POD) 7. At the 11-month follow-up, the esthetic and functional outcomes proved to be excellent, confirming the early postoperative results (Figure 1c).




3. Discussion


Since its first description by Duckett in 1981, onlay preputial island flap urethroplasty has progressively achieved great recognition globally, and pediatric urologists dealing with these complex forms of hypospadias have early recognized the important advancement provided by this surgical technique [1,2,3,4,5,6].



Despite the improved surgical skills, the growing experience, and the body of information collected internationally on this surgical technique, the treatment of mid-shaft and proximal hypospadias continues to be a challenge for pediatric urologists even today, and perioperative complications remain a significant problem [3,4,5]. Even today, skin and glans dehiscence, urethral strictures and stenoses, and urethral fistulas are frequent short- and long-term postoperative complications following proximal and mid-shaft hypospadias repair, occurring in up to 30–68% of cases [3,4,6]. Various reasons for their occurrence have been identified, including inadequate blood supply, tension at the anastomosis, or damage of the intramural blood supply during urethroplasty [3,4].



Unsuccessful outcomes are mainly related to technical difficulties encountered during the surgical repair, since most children with severe hypospadias have a small penis, a narrow urethral plate, and a flat glans [3,4]. Therefore, in these patients, a preoperative course of androgens can be routinely prescribed to increase the penile length and circumference, and the glans width and vascularity, in this way facilitating the surgical repair [11,12,13,14,15]. Although preoperative androgens can increase the size of a poorly developed phallus, in the literature, several preclinical studies have shown that male sex steroid hormones can also prevent a normal cutaneous regenerative process or favor untoward bleedings. Hormone stimulation prior to hypospadias correction is, therefore, a controversial topic, and scarce scientific data can be found in the scientific literature to support such a practice [11,12,13,14,15].



New surgical techniques and intraoperative navigation systems are, therefore, required to help pediatric urologists guarantee optimal surgical outcomes in children with severe hypospadias.



Aiming to reduce the rate of postoperative complications, nearly a hundred surgical methods have been spawned over time, and many effective techniques have been described more recently, including the modified transverse preputial island flap repair [16]. This technique involves the creation of a wedge or spoon anastomosis between the proximal urethral meatus and the neourethra, therefore providing support and blood supply for the neourethra. Additionally, it stretched the urethral plate width at the anastomosis and urethral meatus, effectively lowering the occurrence of postoperative urethral strictures [16].



Although many pediatric urologists prefer a two-stage procedure to guarantee long-lasting surgical outcomes, several studies have shown the high success of one-stage procedures in experienced hands. These are preferred by many surgeons to shorten the treatment period and reduce the economic and psychological burden frequently faced by children and their caregivers.



With the aim of further lowering the incidence of postoperative complications (especially those associated with a poor vascular supply), the development of innovative surgical techniques and intraoperative technologies has been highly encouraged internationally.



In this scenario, the administration of fluorescence dyes before or during surgery has progressively gained increasing popularity in many fields of adult and pediatric urology, where it has shown great potential to improve both surgical and functional outcomes, while minimizing anesthetic time and healthcare costs [7,8,9,10].



In this regard, ICG, a U.S. Food and Drug Administration (FDA)-approved water-soluble tricarbocyanine fluorophore, with a well-defined safety profile in humans, has been employed, with growing interest in several fields of pediatric urology, ranging from varicocele repairs to heminephrectomy, renal cyst deroofing, and renal tumor resection [7,8,9,10].



However, the clinical application of FGS in the field of hypospadias repair has never been described before [7,8,9,10]. Establishing adequate perfusion of the preputial island flap is a critical requisite for achieving long-lasting results, including a urethra of adequate size, and preventing postoperative complications, including urethral stenoses and fistulas.



In this regard, identifying a proper vascular supply of the flap, and maintaining a good vascular pedicle (without tension or kink at the anastomosis site), are key elements for providing long-lasting anatomical and functional outcomes.



Our case report first described a step-by-step protocol to perform FGS during the surgical repair of a male infant with mid-shaft hypospadias. The EleVision IR system (Medtronic Ltd.) helped assess the vascular perfusion of the preputial island flap in real-time, and the performance of a procedure exempted from intra- and post-operative complications.



In our hands, ICG-based FGS proved to be a safe and effective intraoperative imaging device. No ICG-related adverse effects occurred during or after surgery. We employed the 0.15 mg/kg dose and reached a high-quality fluorescence for several minutes, without experiencing any side effects. The dose we adopted was within the range reported in the literature to date (0.05 to 0.5 mg/kg) [7,8,9,10]. The vascular perfusion of the onlay preputial island flap was determined 80 s after the intraoperative administration of ICG. In comparison with the conventional clinical visual assessment of the tissue perfusion, ICG-based FGS offered objective data and significantly impacted intraoperative decision-making. In fact, it helped establish the proximal resection margin of the ventrally transposed prepuce. Furthermore, the EleVision IR system (Medtronic Ltd.) was also employed to monitor the perfusion of the ventral part of the neo-urethra. This step was considered important to support the vascular perfusion of the anastomosis and reduce the risk of postoperative complications in the neo-urethra, including dehiscence and stenosis, at this site.



In summary, the main advantages provided by this innovative intraoperative imaging modality were associated with excellent contrast, high sensitivity, and great spatial resolution of the preputial island flap, elevated on its pedicle. They were all provided without exposing the child to any ionizing radiation [7,8,9,10].



In the literature, several optical imaging devices have been described in children to detect the fluorescence signal and guide urological surgical procedures in real-time [7,8,9,10]. We opted for the EleVision IR system (Medtronic Ltd.). This intraoperative imaging device comes with two independent channels for the visible and the NIR signals, providing images of excellent quality, even with small doses of ICG.



Although further studies enrolling more patients undergoing hypospadias repair, and continued experience with fluorescent dyes and cameras, are needed to confirm our results and provide more robust data, we envisage that this technology has the potential to become part of the armory of pediatric hypospadiologists soon. The aim is to reduce the risk of intra- and postoperative complications associated with poor vascular supply, including skin and glans dehiscence, urethral stenosis, stricture, and fistulas.




4. Conclusions


This report described the first step-by-step protocol for ICG-based laser angiography to guide the onlay preputial island flap urethroplasty in a child with mid-shaft hypospadias. The EleVision IR system (Medtronic Ltd.) proved to be safe, effective, and easy to employ, and should be considered as a reasonable adjunct for tissue perfusion assessment and operative decision-making in patients undergoing the onlay preputial island flap urethroplasty for severe hypospadias.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/ijerph20136246/s1, Video S1: Indocyanine green (ICG)-guided onlay preputial island flap urethroplasty for the single-stage repair of hypospadias in a 13-month-old boy.





Author Contributions


I.P., G.M. (Guglielmo Mantica) and A.B. have given substantial contributions to the conception of the design of the manuscript; D.G.M., E.A.D.M., G.P. and M.G. contributed to the acquisition, analysis, and interpretation of the data; All authors participated in drafting the manuscript; I.P. and G.M. (Gianantonio Manzoni) revised it critically. All authors have read and agreed to the published version of the manuscript.




Funding


This work was supported by the “Associazione per il Bambino Nefropatico ABN Onlus”, 20122, Via Commenda 16, Milan, Italy, and by the “Centro di riferimento per le malformazioni congenite del rene e delle vie urinarie: prevenzione e cura del danno renale dal feto al bambino Sergio Bonelli”. This study was funded by the Italian Ministry of Health—Fondazione IRCCS Cà Granda Ospedale Maggiore Policlinico, Milano, Italy.




Institutional Review Board Statement


Ethical review and approval were waived for this study. Indocyanine green (ICG) is the most adopted NIR fluorescent probe in clinical and surgical practice. ICG was developed for NIR photography by Kodak Research Laboratories in 1955 and approved for clinical use by the Food and Drug Administration (FDA) in 1956.




Informed Consent Statement


Written parental consent for publishing this study was obtained.




Acknowledgments


We thank Penelope Anne Bristow for recording the background voice of the Supplementary Video.




Conflicts of Interest


The company had no role in the design of the study; in the collection, analysis, or interpretation of data; in the writing of the manuscript; or in the decision to publish the results.




References


	



Elder, J.S.; Duckettf, J.W.; Snyder, H.M. Onlay Island Flap in the Repair of Mid and Distal Penile Hypospadias Without Chordee. J. Urol. 1987, 138, 376–379. [Google Scholar] [CrossRef] [PubMed]

	



Gearhart, J.P.; Borland, R.N. Onlay Island Flap Urethroplasty: Variation on a Theme. J. Urol. 1992, 148, 1507–1509. [Google Scholar] [CrossRef] [PubMed]

	



Manzoni, G.; Bracka, A.; Palminteri, E.; Marrocco, G. Hypospadias surgery: When, what and by whom? BJU Int. 2004, 94, 1188–1195. [Google Scholar] [CrossRef] [PubMed]

	



Castagnetti, M.; El-Ghoneimi, A. Surgical Management of Primary Severe Hypospadias in Children: Systematic 20-Year Review. J. Urol. 2010, 184, 1469–1475. [Google Scholar] [CrossRef] [PubMed]

	



Springer, A.; Krois, W.; Horcher, E. Trends in hypospadias surgery: Results of a worldwide survey. Eur. Urol. 2011, 60, 1184–1189. [Google Scholar] [CrossRef] [PubMed]

	



Wang, C.X.; Zhang, W.P.; Song, H.C. Complications of proximal hypospadias repair with transverse preputial island flap urethroplasty: A 15-year experience with long-term follow-up. Asian J. Androl. 2019, 21, 300. [Google Scholar] [CrossRef] [PubMed]

	



Paraboschi, I.; Mantica, G.; Minoli, D.G.; De Marco, E.A.; Gnech, M.; Bebi, C.; Berrettini, A. Fluorescence-Guided Surgery and Novel Innovative Technologies for Improved Visualization in Pediatric Urology. Int. J. Environ. Res. Publ. Health 2022, 19, 11194. [Google Scholar] [CrossRef] [PubMed]

	



Parabosch, I.; Farneti, F.; Jannello, L.; Manzoni, G.; Berrettini, A.; Mantica, G. Narrative review on applications of fluorescence-guided surgery in adult and paediatric urology. AME Med. J. 2022, 7, 1–10. [Google Scholar] [CrossRef]

	



Paraboschi, I.; De Coppi, P.; Stoyanov, D.; Anderson, J.; Giuliani, S. Fluorescence imaging in pediatric surgery: State-of-the-art and future perspectives. J. Pediatr. Surg. 2021, 56, 655–662. [Google Scholar] [CrossRef] [PubMed]

	



Privitera, L.; Paraboschi, I.; Dixit, D.; Arthurs, O.J.; Giuliani, S. Image-guided surgery and novel intraoperative devices for enhanced visualisation in general and paediatric surgery: A review. Innov. Surg. Sci. 2022, 6, 161–172. [Google Scholar] [CrossRef]

	



Netto, J.M.B.; Ferrarez, C.E.P.F.; Schindler Leal, A.A.; Tucci, S.; Gomes, C.A.; Barroso, U. Hormone therapy in hypospadias surgery: A systematic review. J. Pediatr. Urol. 2013, 9, 971–979. [Google Scholar] [CrossRef] [PubMed]

	



Wright, I.; Cole, E.; Farrokhyar, F.; Pemberton, J.; Lorenzo, A.J.; Braga, L.H. Effect of Preoperative Hormonal Stimulation on Postoperative Complication Rates After Proximal Hypospadias Repair: A Systematic Review. J. Urol. 2013, 190, 652–660. [Google Scholar] [CrossRef] [PubMed]

	



Chua, M.E.; Gnech, M.; Ming, J.M.; Silangcruz, J.M.; Sanger, S.; Lopes, R.I.; Braga, L.H. Preoperative hormonal stimulation effect on hypospadias repair complications: Meta-analysis of observational versus randomized controlled studies. J. Pediatr. Urol. 2017, 13, 470–480. [Google Scholar] [CrossRef] [PubMed]

	



Chao, M.; Zhang, Y.; Liang, C. Impact of preoperative hormonal stimulation on postoperative complication rates after hypospadias repair: A meta-analysis. Minerva Urol. Nephrol. 2017, 69, 253–261. [Google Scholar] [CrossRef] [PubMed]

	



Scarpa, M.G.; Minoli, D.G.; Paraboschi, I.; De Marco, E.A.; Manzoni, G.; Berrettini, A. Androgen stimulation before the one-stage urethroplasty with preputial island flap (the Duckett’s procedure) for proximal hypospadias repair. Minerva Urol. Nephrol. 2022, 74, 641–642. [Google Scholar] [CrossRef] [PubMed]

	



Lyu, Y.; Chen, F.; Xie, H.; Huang, Y.; Wu, M.; Li, X.; Peng, Z. One-stage repair of proximal hypospadias by in situ tubularization of the transverse preputial island flap. World J. Urol. 2023, 41, 813–819. [Google Scholar] [CrossRef] [PubMed]








[image: Ijerph 20 06246 g001 550] 





Figure 1. Aspect of the external genitalia of a 13-month-old boy referred to our tertiary referral hospital for mid-shaft hypospadias, who was scheduled for the onlay preputial island flap urethroplasty. (a) Preoperative aspect of the penis, characterized by a mid-shaft displacement of the external urinary meatus (*), mild ventral penile curvature, and a ventrally deficient hooded foreskin (→). (b) Immediate postoperative results, showing a straight penis with an apical neo-meatus. (c) Results at the 5-month follow-up, confirming the excellent esthetic and functional outcomes. 
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Figure 2. Main steps of the onlay preputial island flap urethroplasty. (a) Demarcation of the well-developed urethral plate. (b) Artificial erection test proving the lack of curvature after the release of the ventral skin chordees. (c) Transverse preputial island flap elevated on its pedicle (*). (d) Transverse preputial island flap (*) brought to the ventrum of the penis on its vascular pedicle sewn to the margins of the original urethral plate (→). 
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Figure 3. Main steps of the indocyanine green (ICG)-guided onlay preputial island flap urethroplasty in a 13-month-old boy referred to our tertiary referral hospital for a mid-shaft hypospadias. (a,b) Assessment of the vascular supply (*) of the transverse preputial island flap elevated on its pedicle, 80 s after the injection of 0.15 mg/kg of ICG (Diagnostic Green GmbH, Munich, Germany) and the incorporated the EleVision IR system (Medtronic Ltd.) on the surgical field. (c,d) Assessment of the vascular supply (*) of the transverse preputial island flap transposed ventrally and sewn to the margins of the urethral plate. (e,f) Assessment of the vascular supply (*) of the ventral part of the neo-urethra. 
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