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Abstract: The vascular supply of the pelvic structures and the external genitalia can be easily injured during the one-stage delayed
bladder closure and radical soft-tissue mobilization (Kelly procedure) for bladder exstrophy surgical repair. Aiming to help surgeons
assessing and confirming tissue perfusion and viability, indocyanine green (ICG)-based laser angiography was incorporated into the
operative approach to reduce the risk of ischemic injuries. The EleVision IR system (Medtronic Ltd) was adopted to confirm the
identification of the vascular pedicles and assess the tissue perfusion in real-time in a 5-month-old with bladder exstrophy undergoing
the one-stage delayed bladder closure and radical soft-tissue mobilization (Kelly procedure). ICG (0.15 mg/kg) was intravenously
administered at 6 key steps during surgery with the ability to be re-dosed every 15 minutes. ICG-based laser angiography helped to
confirm the correct identification of the vascular structures during surgery and to assess tissue perfusion in real-time. Blood flow did
not change considerably after initial dissection or upon approximating the pubis symphysis. At the end of the procedure, good penile
perfusion was shown, proving that no direct injury or substantial compression of the pudendal vessels had occurred following the
mobilization and the reconstructive phase. ICG-based laser angiography 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 bladder
exstrophy Kelly repair.
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Introduction
The most appropriate surgical technique for bladder exstrophy reconstruction has been strongly debated. Advocates of
the one-stage delayed bladder closure and radical soft-tissue mobilization (Kelly procedure) highlight the potential
benefits of minimizing surgical steps, favoring the development of the bladder plate, increasing bladder outlet resistance,
and enhancing penile elongation.'* Nevertheless, the complete mobilization of the corpora cavernosa from the ischio-
pubic rami has been associated in certain cases with irreversible injury to the tissue perfusion and consequent penile
loss.?

Conventionally, the visual inspection of the bladder and penile vascularization is the only modality used to assess
tissue viability. More recently, however, fluorescence-guided surgery (FGS) has been increasingly involved in surgical
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settings, being considered a very promising intraoperative imaging modality to help surgeons visualize the tissue vascular
supply in real-time thanks to the administration of near-infrared (NIR) fluorescent dyes or fluorescently labeled
molecules.*®

Worth noting, FGS has also been extending its applications in many fields of pediatric urology, where it has shown its
value as a fundamental intraoperative tool to improve surgical and functional outcomes, minimize anesthetic time, and
lower the overall healthcare costs.*®

In particular, indocyanine green (ICG)-guided FGS has gained great popularity in surgical procedures in which the
visual inspection of the tissue perfusion may not be very reliable to determine its viability.*®

In recently published studies, Kaefer et al” and Rained et al'® have highlighted the role of ICG-FGS for penile
perfusion measurement in infants with bladder exstrophy undergoing closure in both complete repairs and staged repairs.
However, bladder and penile perfusion testing using intraoperative laser angiography in children with bladder exstrophy
undergoing the one-stage delayed bladder closure and radical soft-tissue mobilization (Kelly procedure) for bladder
exstrophy repair have never been reported.

In this case report, we describe the first step-by-step protocol to perform ICG-FGS during the one-stage delayed
bladder closure and radical soft-tissue mobilization (Kelly procedure) for bladder exstrophy repair in a 5-year-old boy.
We hypothesize that the bladder and penile assessment of tissue perfusion at various points of the procedure may be
a reasonable adjunct in patients undergoing closure of bladder exstrophy to lower the risk of intra- and post-operative
complications while improving anatomical and functional surgical outcomes.

Case Presentation

This case report showed for the first time the step-by-step protocol for ICG-based one-stage delayed bladder closure and
radical soft-tissue mobilization (Kelly procedure) for the repair of bladder exstrophy in a 5-year-old boy aiming to reduce
the risks of intraoperative complications (Figure 1a).

The bladder and penile perfusion assessments were easy to evaluate, and no substantial technical difficulties were
encountered.

ICG-based laser angiography helped to confirm the correct identification of the vascular structures during surgery (ie
the neurovascular pedicle exiting the Alcock’s canal) and to assess tissue perfusion in real-time.

The first perfusion assessment (ICG, 0.15 mg/kg) was performed after the mobilization of the bladder plate and the
exposure of both corpora (Figure 2a). This NIR fluorescent agent provided the real-time assessment of the tissue
perfusion 80 seconds post-infusion with the ability to re-dose every 15 minutes.

The second measurement was performed after the full mobilization of the left corpus (Figure 2b). The periosteum of
the left ischiopubic rami was incised and peeled away to allow the full mobilization of the ipsilateral corpus. Since ICG
half-life is between 150—180 s, this helped to identify the neurovascular pedicle exiting the Alcock’s canal.

Figure | One-stage delayed bladder closure and radical soft-tissue mobilization (Kelly procedure) in a 5-month-old boy with bladder exstrophy repair. (a) Preoperative
aspect of the bladder plate and external genitalia. (b) Immediate postoperative results. (c) Aspects of the external genitalia at the |-month follow-up.
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Figure 2 Tissue perfusion assessment using the EleVision IR system (Medtronic Ltd) to detect 0.15 mg/kg of ICG intraoperatively administered following i) the mobilization
of the bladder plate and the exposure of both corpora (al and a2); ii) the mobilization of the left corpus (bl and b2); the mobilization of both corpora (cl and c2); the
complete detachment of the urethral plate (d1 and d2); the approximation of the pubic symphysis (el and e2); the surgical reconstruction (fl and f2).

The third perfusion assessment was performed after the full mobilization of the bladder and both corpora cavernosa
(Figure 2c). The right corpus together with the striated muscular structures linking the anterior pelvic ring were detached
from the bones. This dissection was likely to induce reflex vasoconstriction and edema, factors that could predispose to
ischemia. However, the blood flow did not change to any substantial degree.

The following assessment was performed after the separation of the epispadic urethral plate and corpora (Figure 2d).
Penile disassembly epispadias repair allowed the freeing of the corpora from the short urethral plate and their external
rotation. The urethral plate proved to be entirely mobilized.

The second-last perfusion assessment was performed at the end of the reconstructive phase (Figure 2e). Following the
funnel-shaped cervicoplasty, the urethral plate was tabularized and the muscular structures previously mobilized were wrapped
around the neo-urethra aiming to achieve physiological urinary continence. The bladder was then closed, the corpora were re-
approximated, and the rectus abdominal muscles were sutured. Finally, also the pubic bones were re-approximated.

The intraoperative real-time laser angiography proved good tissue vascularization at the end of the mobilization and
reconstructive phase. The bladder plate blood flow did not change to any substantial degree either after initial dissection
or upon rotation of the hips with apposition of the symphysis pubis. This helped to proceed with the complete repair and
deciding not to perform a staged approach.

The last ICG-based perfusion assessment was performed after the neo-urethra was transposed ventrally in a scrotal
position, allowing for penile elongation (Figure 2f). The penile skin was then re-orientated dorsally to reconstruct the
penile skin shaft (Figure 1b).
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At the end of the procedure, good penile perfusion was shown, proving that no direct injury or substantial
compression of the pudendal vessels had occurred following the mobilization and the reconstructive phase of the
procedure.

The perioperative course was uneventful. Both esthetic and functional outcomes proved to be excellent also at one
month’s follow-up (Figure lc).

Discussion

In the last few decades, the management of infants born with bladder exstrophy has considerably improved, particularly,
following the introduction of the radical soft-tissue mobilization (Kelly procedure) in the early nineties.'>"''"'* This
surgical technique has reached great recognition worldwide. Pediatric urologists dealing with the difficulties associated
with the surgical reconstruction of this daunting congenital malformation early realized the remarkable advances
provided by this procedure, including better functional, anatomical, and cosmetic outcomes.'>'''* Despite the
increasing global experience and information on their surgical treatment, however, infants born with bladder exstrophy
still continue to represent a surgical challenge for pediatric urologists. In fact, intra- and post-operative complications
remain important issues to deal with. In particular, skin dehiscence, urinary fistula formation, hemicorpora and glans loss
have been reported as common short-term postoperative complications during the surgical repair of bladder
exstrophy.>'*'¢ Several causes for their occurrence have been evoked, including an inadequate blood supply, tension
at the site of the surgical anastomosis, extensive mobilization of the soft tissues, and vascular compression during pubic
approximation.>'* '

Recently, ICG-based FGS has been introduced in several fields of pediatric surgery and urology, thanks to its
ability to identify in real-time the tissue vascular perfusion.’ ”"'” Initially developed for NIR photography by
Kodak Research Laboratories in 1955, ICG was finally approved for clinical use by the Food and Drug
Administration (FDA) in 1956.'® Intravenously administered, ICG has unique pharmacokinetics. In fact, by
binding albumin, it is sequestrated in the vascular stream and completely excreted into the biliary tract within
a few hours after its administration. Initially, its water solubility and fast biliary secretion made it a very
promising tool for evaluating hepatic and cardiac function. In recent years, however, its clinical and surgical
applications have considerably expanded, becoming a fundamental adjunct for several surgical procedures in both
adults and children.'®

In this regard, a recently published study performed by the Pediatric Urology Midwest Alliance (PUMA)’ has
described the successful repair of § infants with bladder exstrophy who underwent either the Complete Primary Repair of
Exstrophy (CPRE) or the first portion of a staged procedure incorporating penile perfusion testing using ICG-based laser
angiography. The authors demonstrated that the closure of the bony pelvis resulted in decreased penile perfusion further
accentuated in patients undergoing penile reconstruction. An objective and detailed method for penile perfusion
assessment using ICG during CPRE has been also described in a 4-month-old boy by Raines et al.'® Further studies
using this intraoperative imaging modality were advocated to develop individualized approaches in children with bladder
exstrophy.

Aiming to reduce the risk associated with a bladder plate and penile poor vascular supply (eg skin dehiscence, urinary
fistulas, penile corporal loss), we first incorporated ICG-laser angiography in the one-stage delayed bladder closure and
radical soft-tissue mobilization (Kelly procedure) for the repair of bladder exstrophy.

In these infants, during the surgical procedure, it is fundamental to identify an adequate vascular supply of the bladder
plate and maintain good vascular perfusion of the corpora and glans without tension or kink at the site of the surgical
anastomosis. In fact, anatomic variations and congenital aberrations are extremely frequent in infants with bladder
exstrophy, making the surgical procedure rather challenging.

The tremendous spatial resolution of even fine anatomical structures (eg the neurovascular pedicle exiting the
Alcock’s canal), the great contrast, the high sensitivity, the lack of ionizing radiation, and the low cost are a few of
the advantages provided by this novel intraoperative technique, we proved to be easily employed for the surgical
treatment of infants with bladder exstrophy.
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Our first case demonstrated that this novel intraoperative technique is a safe and effective intraoperative imaging
adjunct in infants undergoing the one-stage delayed bladder closure and radical soft-tissue mobilization (Kelly proce-
dure), and no adverse effects occurred.

The dose of ICG usually recommended ranges from 0.05 mg/kg to 0.15 mg/kg. We only used 0.15 mg/kg of ICG and
achieved excellent ICG fluorescence, without reporting any side effects.

Regarding optical imaging devices, several cameras have been employed in pediatric surgery and urology to detect
the fluorescence signal intraoperatively in real-time. To date, the Photodynamic Eye marketed by Hamamatsu Photonics
Co (Hamamatsu, Japan), and the Image 1 S marketed by the Karl Storz GmbH & Co (Tuttlingen, Germany) have been
the most commonly adopted devices.'’

The EleVisionTM IR platform (Medtronic Ltd., UK) proved to be an excellent imaging system. It required a small
amount of ICG and clearly delineate the tissue vascular perfusion in real-time. This device has two independent
channels (one for visible and one for infrared light), which made the sensitivity of the NIR signal optimal for our
goals.

Further studies involving more patients and longer experience with fluorophores and optical imaging devices are
warranted to reach more firm conclusions. In fact, we are aware that a single case report and the fact that no numerical or
objective way of measuring ICG change was presented represent the main limits of the current study. Despite these
limits, the encouraging results provided by our and other studies”'® suggest that ICG-based laser angiography will soon
become a useful adjunct for tissue perfusion evaluation and intraoperative decision-making during the surgical repair of
infants with bladder exstrophy. We believe its use will reduce the incidence of intraoperative complications, including
skin dehiscence, urinary fistulas, and penile loss.

Conclusion

ICG-based one-stage delayed bladder closure and radical soft-tissue mobilization (Kelly procedure) using the
EleVisionTM IR platform (Medtronic Ltd) was safe and effective in intraoperatively evaluating the blood supply
of critical vascular structures during surgery. We believe that FGS will soon become part of the armory of
pediatric urologists, being a promising intraoperative adjunct to lower the risk of intra- and postoperative
complications.
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