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Introduction

Radiation therapy is an important treatment option for 
management of pelvic organ malignancies including 
urologic, gynecologic, and gastrointestinal cancers (1). 
Radiation toxicity results from DNA and cellular damage 
of healthy tissue in the radiation field and can ultimately 
lead to tissue necrosis or fibrosis. Radiation therapy of 

abdominal and pelvic malignancies can cause delayed 
adverse functional and anatomical effects that involve 
portions of the urinary tract, such as the ureters, bladder, 
and posterior urethra. These adverse effects are believed 
to result from damage to urinary tract epithelium and 
microvasculature (2,3). Ureteral stricture, contracted 
bladder, rectourethral fistula, bladder neck contracture, and 
urethral stricture disease are among the long-term toxicities 
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of pelvic radiation and usually require surgical intervention 
(4-7). Classically, open surgery has been considered the 
preferred approach for management of these conditions, 
potentially due to easier tissue handling and manipulation 
compared to minimally invasive techniques like laparoscopy. 
However, open surgery, especially in a radiated field, can be 
associated with higher morbidity than minimally invasive 
surgery with regard to wound complications, extended 
recovery and lower success with additional interventions 
and revisions needed (8). Newer technologies, such as 
robotic surgery, were introduced in the early 2000s. This 
technology, among other advancements, has continued to 
be developed and implemented as a feasible alternative to 
classic surgical techniques and approaches (9). In this review 
article, we will discuss the role of recent advancements in 
reconstructive surgery for urologic pathology following 
pelvic radiation. A PubMed search for all published articles 
and book chapters was performed using the following key 
words: post-radiation, urologic reconstruction, robotic 
surgery, immunofluorescence imaging, indocyanine 
green, ureteroplasty, bladder reconstruction, bladder neck 
reconstruction, and urethral reconstruction. 

Considerations for reconstruction of radiated 
tissue

The objective of successful urological reconstruction is to 
restore healthy, patent, and functional urinary tract structures 
to allow normal storage and passage of urine through the 
urinary tract. This objective is achieved through a variety of 
techniques including excision of fibrotic, unhealthy tissue 
and either mobilization of healthy urinary tract tissue or 
incorporation of extra-urinary tissue flaps (e.g., intestinal, 
muscle or omental flaps) or grafts (e.g., oral mucosa or rectal 
mucosa) to bridge the gap created by the abnormal tissue. 
The main challenge in radiated tissue reconstruction is the 
extensive tissue ischemia and fibrosis induced by radiation. 
Meticulous dissection and fine tissue handling are crucial 
to allow preservation of blood supply to the tissue that is 
being used in the reconstruction to prevent short term 
complications such as lack of healing, disruption of the 
anastomosis, and long-term complications such as recurrence 
of fibrosis and obstruction. Also, it is important to consider 
the effect of previous radiation on surrounding organs such as 
bowel, which may limit the availability of ileal or appendiceal 
flaps or other local tissue for reconstruction. Another 
consideration during post-radiation reconstruction is to 
provide a healthy vascular bed to support a potential graft. 

This can be challenging in a radiated field as application of 
graft on ischemic radiated bed can decrease the chances of 
graft survival. Harvesting a nearby healthy flap to be used as 
a bed for the graft can be considered if there are concerns 
regarding the viability of local tissue (8,10). 

Robotic surgery in post-radiation urologic 
reconstruction

In 2000, Intuitive’s da Vinci™ surgical robotic system 
was approved by the Federal Drug Administration 
(FDA) for laparoscopic surgery (9). Robotic surgery was 
then incorporated into many urological procedures and 
has subsequently become an essential part of current 
urologic practice. Although robotic technology is widely 
used in urologic oncology procedures, it has also been 
adopted early in the field of reconstructive urology. 
In 2005, the use of the robotic platform was reported 
in pyeloplasties in 50 adult patients (11). After these 
techniques were established for robotic pyeloplasty, they 
were then applied to other procedures for upper urinary 
tract reconstruction (11,12). The unpredictable extent of 
tissue fibrosis following radiation and the lack of viable 
tissue make reconstructive urologic procedures quite 
challenging and may explain the lag in implementation of 
the robotic approach in post-radiation reconstruction (8). 
However, robotic technology provides many advantages 
that may improve outcomes in this group of patients. In 
a series of open post-radiation urologic reconstructive 
procedures, the rate of post-operative morbidities was 
reported to be as high as 54% (8). The robotic approach 
has been reported to be associated with decreased early 
post-operative morbidities in other major urological 
procedures, which can be applied to post-radiation 
reconstruction to improve outcomes and decrease 
morbidities (13,14). 

Robotic technology provides a 3D image with 10 
to 15 folds magnification that enhances visualization 
of anatomical details, which is a particularly important 
advantage in radiated fields with dense scar reaction. 
In addition, small robotic instruments allow for better 
visualization and tissue manipulation in deep and hard 
to access areas known to be challenging using an open 
approach, such as bladder neck reconstruction. The wide 
degree of movement of articulated instruments and the 
dexterity provided aids in precise tissue dissection and 
easier suturing in narrow deep spaces, which is pivotal in 
reconstructive procedures (15).   
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Near-infrared fluorescence (NIRF) imaging 
“NIRF” technology

NIRF is one of many modalities that is being used for 
fluorescence image-guided surgery. This technology 
has been used in different settings, including open, 
microscopic, and minimally invasive approaches. It aims to 
enhance the surgeon’s ability to identify anatomical details 
that are difficult to be visualized under white light (16-18). 
This technology has become even more convenient for 
use in robotic surgery with the TilePro™ feature, which 
allows the surgeon to easily toggle between white light 3D 
and NIRF on the robotic console. NIRF was integrated 
with the da Vinci™ robotic system in 2009 under the 
name “FireFly™” to provide fluorescence imaging 
intraoperatively (18,19). NIRF imaging requires a NIR 
light source, collection optics, filter, and camera. Together 
with administration of a NIR contrast material that can 
be administered either intravenously or intraluminally, a 
fluorescence image is then incorporated with the white 
light image of the surgical field and displayed on the 
monitor (17,18). NIR light is invisible to the naked eye and 
requires a specialized camera for the light to be displayed 
on a monitor or the surgeon console. NIR light has a 
higher tissue penetration than white light and can penetrate 
up to 5–8 mm through tissue, which helps to better identify 
anatomical details of deeper structures (16,18,20).

Indocyanine green (ICG)

Indocyanine green is a water-soluble dye that can be 
used as a fluorescence contrast in combination with NIR 

imaging (18). It was FDA approved for medical use in 
1956 for evaluation of cardiac output, and later approved 
for hepatic and retinal angiography (17,18). ICG has been 
proven to be safe and effective and is now widely used in 
many different clinical applications. However, there are 
some side effects that need to be considered: in patients 
who are allergic to iodine, it can cause an allergic or 
anaphylactic reaction and can cause fatal arrhythmias if 
used 6 hours after preparation with saline. Therefore, ICG 
must be prepared immediately before administration and 
discarded after 6 hours (17,18). 

The combination of robotic NIRF technology and ICG 
was readily adopted by robotic urologic surgeons (17,18). 
When injected intravenously, ICG conjugates with plasma 
albumin and has a short half-life in the blood vessels  
(2.5–3 min), making it excellent for angiography and 
evaluation of tissue perfusion. By instilling ICG directly 
into structures such as the bladder or ureter, this 
technology can also aid in identification in an operative 
field with altered anatomy and fibrosis, such as previously 
radiated tissue (17,18,21) (Figure 1). The ability to evaluate 
tissue perfusion and to aid in structure identification 
intraoperatively are the main reasons that ICG/NIRF 
is becoming increasingly popular among reconstructive 
urologists in robotic surgery.

Intraluminal white light detection with NIRF

In their video article describing the technique for robotic 
bladder neck reconstruction, Granieri et al. described 
the use of intraluminal white light detection using the 
FireFly™ robotic feature with the da Vinci™ platform (22). 

Figure 1 Demonstration of the use of intraluminal ICG injected through a nephrostomy tube to identify the renal pelvis using NIRF 
imaging; (A) shows the white light image and (B) shows the NIRF image. ICG, indocyanine green; NIRF, near-infrared fluorescence. 

A B
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By advancing a cystoscope via the urethra up to the level of 
urethral stenosis, they were able to utilize FireFly™ vision 
to identify the urethral lumen and isolate the proximal end 
under fluorescence guidance, as even the white light from 
the scope is able to be detected using NIRF technology. 
This technique does not require the use of ICG or any 
other NIR contrast (22). Similarly, this same technique can 
be used to identify the edges of the bladder in a patient with 
dense adhesions and scar as well as the ureteral lumen and 
stricture site using the light emitted from a ureteroscope 
(Figure 2).  

Applications of new technology in post-radiation 
urologic reconstruction

In this section, we will highlight the application of 
aforementioned technologies in the field of post-radiation 
urologic reconstruction or in similar situations. 

Ureteral reconstruction

With the growing incorporation of robotic surgery in 
many reconstructive urologic procedures, efforts have 
been made to mimic the techniques for open ureteral 
reconstruction with the use of robotic technology (23,24). 
The Collaborative of Reconstructive Robotic Ureteral 
Surgery (CORRUS) reported the largest series of robotic 
reconstruction following radiation in 32 patients and 
35 ureteral units. They illustrated available options and 
techniques that can be employed for challenging post 
radiation cases. They reported a success rate of 88.2% in 

this group of patients at 13 months follow-up. It is crucial 
for the reconstructive surgeon to be familiar with different 
strategies and techniques, as often the intraoperative 
findings can be different from preoperative imaging 
and evaluation. Therefore, having a variety of tools and 
techniques available can maximize the chance of success. 
Five major techniques were described: dismembered 
end-to-end and non-dismembered side-to-side ureteral 
reimplantation, augmentation ureteroplasty using buccal 
mucosal and appendiceal flaps, and ureteral segment 
replacement using ileal interposition. Psoas hitch and Boari 
flap are adjunct techniques that can be employed to achieve 
tension free anastomosis when indicated (10). 

NIRF imaging is particularly helpful in ureteral 
reconstruction. It can be used for ureteral identification 
and visualization with better localization of the strictured 
ureteral segment via intraluminal injection. ICG can be 
instilled through a preplaced nephrostomy tube to delineate 
the proximal ureter (Figure 1) and through a ureteral 
catheter placed from the bladder to outline the distal ureter 
as described by Lee et al. (21). Alternatively, ICG can be 
injected intravenously to evaluate tissue perfusion. A poorly 
perfused ureteral segment, identified by lack of fluorescent 
color, maybe excised or trimmed until healthy vascularized 
tissue is reached prior to starting the anastomosis (18,25). 
The combination of NIRF technology with intraluminal 
white light, delivered endoscopically via cystoscope in lower 
urinary tract reconstruction, can also applied to ureteral 
reconstruction by using a ureteroscope to identify the level 
of ureteral stricture and using NIRF imaging to locate the 
tip of the ureteroscope (22) (Figure 2). 

Figure 2 Demonstration of the use of intraluminal white light delivered endoscopically via ureteroscopy and detected using NIRF imaging. 
(A) The white light image and the ureteroscopy image displayed on the surgeon console via TilePro demonstrating the level of stricture 
intraluminally. (B) The NIRF image identifying the level of obstruction. NIRF, near-infrared fluorescence.
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Bladder reconstruction

Bladder contracture and dysfunction are side effects of 
pelvic radiation that can lead to serious medical morbidity 
including renal function deterioration, persistent urinary 
tract infections, lower urinary tract symptoms, or 
persistent hemorrhagic cystitis (8). In such cases, surgical 
intervention may be indicated to achieve preservation 
of renal function and improve quality of life (8). The 
decision regarding options for reconstruction is usually 
made on a case-by-case basis due to the complex nature 
of this pathology. Treatment plans should be made after 
a thorough and extensive evaluation, taking into account 
renal function, upper tract anatomy, bladder function 
and capacity, identification of associated anatomic 
urinary tract pathology such as fistulae or strictures, and 
previous abdominal surgeries that could limit options for 
reconstruction (23). Options for reconstruction in the 
post-radiation contracted bladder include augmentation 
ileocystoplasty with or without a catheterizable stoma 
versus cystectomy with urinary diversion (8). Robotic 
augmentation cystoplasty in adults has been reported in 
case reports with no larger studies available. However, these 
reports illustrate the feasibility of incorporating the robotic 
approach into a complex procedure (26-28). Urinary 
diversion is a valid option if the bladder is unsalvageable 
due to extensive pathology (29). Robotic intracorporeal 
urinary diversion is currently gaining more popularity with 
early data suggesting some benefits over the extracorporeal 
technique, including smaller incisions, decreased fluid 
loss from exposure of the abdominal contents, decrease 
postoperative gastrointestinal complications, and decreased 
manipulation of tissue (30-32). This approach can also be 
utilized for patients with post-radiation contracted bladder 
in need of urinary diversion. 

Urinary fistulae, including uro-gynecological, uro-
cutaneous, and uro-enteric fistulae, can be long-term 
sequalae of pelvic radiation (8). The use of the robotic 
approach has been reported in management of vesicovaginal 
and vesico-rectal fistulae and show the feasibility of robotic 
surgery in these situations. The benefits and success rates 
of the robotic assisted radiated fistula repair and closure 
are considered advanced techniques secondary to rarity and 
the heterogenic nature of these cases (33-37). A successful 
repair of a radiated fistula lies in the ability to place a robust 
interposition flap between the two tissue planes. Whether 
this is approached robotically or perineally depends on the 
location of the fistula and access to a well vascularized flap.

Bladder neck reconstruction

Bladder neck contracture or stenosis can result from many 
treatment modalities for prostate cancer: prostatectomy, 
radiation therapy, or the combination of both (38). Robotic 
surgery recently has become part of the treatment algorithm 
for this pathology. Few reports in the literature describe the 
robotic approach for bladder neck reconstruction. Although 
bladder neck reconstruction after transurethral resection 
prostate resection or bladder outlet reduction surgery 
is relatively straight forward, the radiated post-radical 
prostatectomy bladder neck reconstruction is much more 
challenging. The robotic approach in these cases provides 
superior visualization, tissue manipulation and precise 
suturing in the retropubic deep pelvis space. The use of 
NIRF imaging in combination with intraluminal endoscopic 
white light helps identify healthy urethral anatomy, accurate 
scar excision, and precise dissection (22). The TilePro™ 
feature of the robotic system allows for simultaneous display 
of images from the robotic camera and cystoscope within 
the surgeon console during cases, providing side-by-side 
information regarding the patient’s anatomy (39,40). The 
addition of NIRF imaging to detect intraluminal white light 
with direct intraluminal visualization using the TilePro™ 
feature facilitates identification of abnormal anatomy for 
scar excision and facilitates reconstruction of the posterior 
urethra and bladder neck, especially if the lumen is 
completely obliterated (39,40). 

Posterior urethral reconstruction

Reconstruction of the posterior urethra and proximal 
bulbar urethra is classically done via an open perineal 
approach. This procedure becomes more challenging 
when the injured urethra is located high behind the pubic 
symphysis. A posterior urethroplasty can become even more 
challenging following radiation where the tissue is fixed 
and fibrotic as many of the natural planes are obliterated. 
The scar tissue must be dissected and excised carefully to 
ensure adequate mobilization of the remaining urethra for 
a tension free anastomosis (41). Robotic technology can 
be used to facilitate precise proximal suture placement. 
In this technique, use of the robotic system to place 
proximal sutures offers enhanced visualization and superior 
magnification in the narrow and deep space where suturing 
is to occur (40,42). The surgeon benefits from improved 
ergonomics with improved identification of the healthy 
proximal and distal mucosal edges while avoiding the 
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extreme neck and back positional torsion which often occurs 
when performing the procedure. This application of robotic 
technology in post radiation posterior urethroplasty may 
contribute to improved outcomes in this challenging disease 
process (41). The role of NIRF/ICG in posterior urethral 
reconstruction has not yet been studied in the literature. 
Future studies are needed to evaluate the incorporation of 
this technology in such cases.  

Other applications

The technologies and techniques used in post-radiation 
reconstruction can also be readily applied to many aspects 
of urological reconstruction, particularly in other instances 
with poor tissue quality and severe fibrosis such as patients 
who have had numerous infections, significant urinary leaks, 
prior chemotherapy, or previous surgery. As demonstrated 
by this recent publication on robotic assisted reconstruction 
of the kidney transplant ureter, prior complex open surgery 
can be successfully managed using a robotic assisted 
technique. The authors describe the benefits of the robotic 
approach with the use of with NIRF and TilePro™ for 
successful ureteral reimplantation in post kidney transplant 
ureteral strictures (39). 

Future directions

Recently, new technological advancements in the field of 
minimally invasive and robotic surgery have been introduced 
and applied to many urologic surgeries. This includes the 
single-port (SP) platform that was FDA approved in 2018 (43).  
After it was commercially available, the applications of 
the new platform have been reported in many urological 
procedures including reconstructive surgeries (44,45). 
The double-jointed articulation of the robotic camera 
and instruments provides better accessibility to deep 
narrow anatomy with less chance of instrument clashing 
(43,45). The role of the SP robotic platform in post-
radiation reconstruction is yet to be explored and evaluated. 
Another technology that is currently under investigation is 
intraluminal trans-endoscopic robotic surgery which may 
be a new arena for super minimally invasive surgery. The 
potentials of this technology may become one of the main 
future focuses of reconstructive urology research (46,47).  

Conclusions

Post-radiation urologic reconstructive procedures can be 

challenging and complex due to extensive tissue ischemia 
and fibrosis. Recent advances in robotic assisted surgery 
such as NIRF/ICG technology, improved visualization and 
access, precise suturing are valuable assets in improving the 
operative care and recovery in this group of patients.  
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