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Abstract

Background and Objective: Flaps and grafts are used for filling dead space, ureteral
substitution, and as mesh alternatives. The surgical robot is invaluable in urologic reconstructive
surgery due to the ability of the robot to reach the deep pelvis, its minimally invasive access, the
ability to use indocyanine green to identify structures and assess tissue perfusion and viability, and
ergonomics for the surgeon. Robotic reconstruction can involve tissue transfer in the form of flaps
and grafts to provide form and function to organs that have been damaged by iatrogenic injuries,
trauma, infections, cancer, radiation injury, or congenital abnormalities. Common flaps and grafts
can be readily adapted to the robotic approach. In this literature review, we examine the robotic
use of flaps and grafts in reconstructive urology.

Methods: A thorough literature review was conducted via a PubMed search for predefined terms.

Key Content and Findings: Flaps and grafts in reconstructive urology are used for
interposition, ureteral substitution, and as mesh alternatives. Omental flaps are used for tissue
interposition, or to provide structure and nutrients, and are easily employed with the robot.
Various robotic applications of peritoneal flaps have been described. Vascular rectus abdominis
musculocutaneous flaps are well-vascularized flaps that occupy dead space and provide structural
support, which can be harvested readily with the robot. Sigmoid epiploica are an excellent flap
for pelvic reconstruction. Gracilis flaps and fascia lata grafts are well-tolerated and provide space
occupying tissue. Boari flaps aid in robotic ureteral reconstruction, especially in the setting of
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long defects. Oral mucosa is excellent for ureteral or bladder neck reconstruction. Rectal mucosa
is well-tolerated and easy to harvest robotically for a variety of urinary tract reconstructive
applications. The appendix or ileum can be interposed for repair of damaged ureters.

Conclusions: Various flaps and grafts have been adapted for robotic reconstructive urology. As
the field develops, refinement of techniques and innovation in flaps and employment of the robot
will propel this field forward. More studies, especially comparative studies, are needed to elucidate
the flaps and grafts that are most likely to be successful with the least morbidity for each use case.

Keywords

Omental flap; peritoneal flap; ureteral reconstruction; vascular rectus abdominus
musculocutaneous flap; fistula repair

Introduction

Background

Robotic reconstruction of the urinary tract is intended to restore anatomy and function to
improve quality of life. Tissue substitution, in the form of flaps and grafts is a common
strategy to replace damaged or absent tissue and fill or obliterate dead space. Flaps are
tissues that remain attached to their original blood supply, which have the advantage of
increased perfusion, resulting in improved take and reduced infections. However, flaps

can be difficult to harvest, carry significant morbidity, or may not reach the desired

location for reconstructive use. Grafts are detached from their original blood supply and
then translocated to the desired location, which have the advantage of being able to

reach and being easy to harvest, resulting in reduced morbidity. Grafts rely on blood

and nutrient supply at the host site via imbibition (passive diffusion of nutrients) and
inosculation (ingrowth of new vasculature). When these processes are insufficient to support
the graft, graft failure and atrophy occur. Minimally invasive approaches using the robot
have the advantage of smaller incisions, better visualization, and shorter recovery than open
approaches.

Rationale and knowledge gap

Objective

Flaps and grafts are broadly employed in reconstructive urology. However, there are few
reviews discussing and comparing the properties of these various grafts and flaps and their
applicability to reconstructive urology employing a robotic approach.

In this review we will discuss flaps and grafts used in robotic reconstructive urologic
surgery, including their potential roles, and considerations for harvest and placement
during robotic surgery. The authors of this review will not take a position as to whether
tissue interposition is necessary for various reconstructive applications but rather discuss
options for flaps and grafts that are amenable to placement via a robotic approach when
tissue interposition is desired. We present this article in accordance with the Narrative
Review reporting checklist (available at https://ales.amegroups.com/article/view/10.21037/
ales-23-36/rc).
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A thorough literature search was conducted using PubMed to search for the terms listed in

Table 1 between June 5 and 6!, 2023 by KMD. Literature was then reviewed for relevance
by KMD. Literature review was evaluated for completeness by DA.

General considerations

Reconstructive procedures in urology are employed to restore form and function in the
setting of injuries or congenital disruptions of typical passage of urine from the kidneys

out of the body. Robotic surgery is uniquely suited for urologic reconstruction owing to

the familiarity of many urologists with robotic surgery and the ability of the robot to

reach structures within the pelvis (1). Additionally, it has been increasingly established that
various flaps and grafts used in urologic reconstruction can be harvested and utilized via a
robotic approach (2-4). In selecting graft or flaps, it is important to consider desired tissue
properties as well as anatomic location of both donor and recipient site (Table 2). Assessing
health of flaps is tantamount to reconstructive success and the robotic approach has the
advantage of allowing indocyanine green to be employed to evaluate flap perfusion (5).

Obliterating dead space/interposition

Omental flaps—The omentum is a hammock of fat, connective tissue, and lymphatics
that is attached at the greater curvature of the stomach and the transverse colon. Omental
harvest is performed by dissecting it off the transverse colon and then rotating this flap to
the desired location, such as the pelvis. The omental flap is dependent on the right and left
gastroepiploic artery.

Surgical approach

Following preparation of the desired location of the omental flap, the omentum can often

be stretched or pulled and sutured in place with minimal dissection of the omentum itself
(Figure 1). It is important, however that the omentum is able to reach without tension to
facilitate adequate repair. In some individuals, the omentum is easily able to reach the pelvis
with minimal dissection. If it is unable to reach the desired location, it can safely be divided
along either the right or left gastroepiploic artery and will be perfused by its remaining
attachment. This maneuver allows for a great length of well-vascularized tissue. This tissue
can then be fixed into its desired location with suture.

Common uses and advantages

Advantages of this flap include that it is large and well-vascularized even following the
division of one arm of its blood supply. It can be used to occupy space, such as allowing for
exclusion of the small bowel from the pelvis or filling an intrabdominal defect.

Omental flaps are excellent for wrapping the ureter after ureteral reconstruction or
ureterolysis, which may disrupt the ureteral blood supply (6). A well-vascularized omentum
can supply needed nutrients to support ureteral health following ureteral surgery (6). An
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omental wrap can also be used to augment grafting for ureteral strictures, providing
additional blood supply and support (7). This strategy can work for native tissue or for
grafts, for example in wrapping a buccal graft ureteroplasty (8,9). Additionally, omental
flaps, which can reach the pelvis, can be used as an interposing flap to cover defects or
injuries when performing reconstructive surgery on the pelvic organs. One such use is
when the rectum is injured during a prostatectomy, during which omental coverage of a
primary rectal closure can provide extra tissue to prevent breakdown of the rectal repair and
subsequent fistula formation (10,11). Additionally, repair of fistulae, such as rectovesical,
rectourethral, and vesicovaginal fistula, can be successfully augmented with omental flaps
(1,12-15).

Disadvantages and complications

Port placement allowing for access to the omental blood supply as well as the desired
landing area must be carefully planned prior to employment of omental flaps during robotic
surgery. The omentum can shrink substantially in the setting of abdominal radiation or
malnutrition, leading to small size or low flap quality. Thus, when planning to use this

flap when either of these conditions are present, it is important to have a backup plan.
Additionally, when patients have had extensive prior abdominal surgeries, the omentum is
unlikely to be of adequate quality to be used (16). Use of omentum can be complicated

by delayed return of bowel function, ileus, small bowel obstruction (SBO), and bowel
injury during mobilization. Fortunately, the improved visualization with the robot aids in
recognition and management of bowel injuries during such cases.

Peritoneal flaps—The peritoneum is the tissue overlying the abdominal wall and visceral
organs, which can be easily mobilized to cover other structures in the abdomen. The visceral
peritoneum is supplied by the superior and inferior mesenteric arteries. Use of a peritoneal
flap for robotic-assisted laparoscopic vesicovaginal fistula repair was first reported in 2005
by Melamud et a/. (17). Since then it has been used extensively in robotic reconstruction.

Surgical approach

To harvest the graft robotically, the peritoneal tissue is incised at the desired location using
electrocautery. It is then sharply and bluntly dissected from the extraperitoneal fat. Once
mobilized from the fatty tissue, it can be rotated into the pelvis for an additional layer of
closure.

Uses and advantages

Peritoneal flaps can be used for management of fistulae, including vesicovaginal fistulas and
prostatosymphyseal fistulas (16—18). Additionally, the peritoneum is conveniently located
to serve as a flap when rectal injuries occur in the course of the posterior dissection of

a prostatectomy, which may reduce the risk of subsequent fistula formation (11). Gender
affirming feminizing genitoplasty also frequently utilizes peritoneal flaps in the creation of
the apex of the neovagina (19). Use of peritoneum in this setting enhances vaginal length
(20). Recently, there has been significant interest in the use of peritoneal flaps during
robotic prostatectomy to prevent lymphoceles. Multiple randomized clinical trials have been
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conducted to demonstrate reduction in lymphoceles following employment of this simple
technique (21-23) (Figure 2).

Disadvantages and complications

Peritoneal flaps are associated with few complications even in the setting of complex
surgeries (18,20). However, one study did report a fistula between the urethra and the
neovagina following feminizing genitoplasty, without clearly implicating the peritoneal

flap harvest as a contributing factor (24). Peritoneal flaps following prostatectomy do not
completely eliminate lymphocele risk, so it is important to remain vigilant for symptomatic
lymphoceles even with employment of this technique (25). Additionally, the peritoneum can
be affected by the disease process that caused the need for reconstruction, such as radiation
damage, which can cause it to be unhealthy and unusable.

Vascular rectus abdominis musculocutaneous (VRAM) flaps—The rectus
abdominis attaches at the 57t costal cartilage and the pubic symphysis, and is enclosed
by the rectus sheath. This muscle is supplied by the deep inferior epigastric artery and vein,
from the external iliac vessels, which enter the muscle laterally (4).

Surgical approach

VRAM flaps are easily harvested robotically via three trocars placed on the contralateral
side of the abdomen (4) (Figure 3A). The flap can be mobilized robotically by incising the
anterior peritoneum vertically to the costal margin cranially and the arcuate line caudally
(Figure 3B). The rectus muscle is then sharply and bluntly dissected off the anterior rectus
sheath. The superior epigastric artery is ligated and the muscle is transected, allowing the
cranial aspect of the flap to be rotated into the pelvis for reconstruction (Figure 3C) (4). The
flap can then be transposed into the desired location (Figure 3D).

Uses and advantages

These flaps are large and have a robust blood supply, making them an excellent space
occupying flap (4). VRAM flaps are commonly employed in urologic oncology for
reconstruction following pelvic exenteration or for coverage of groin wounds following
removal of inguinal lymph nodes (26-28). It is easily rotated from its donor site into the
inguinal region to cover large defects (27). VRAM flaps also provide excellent coverage
for fistulas, especially in the setting of an inability to use omental flaps due to atrophic or
radiated omentum (29).

Disadvantages and complications

To employ a VRAM flap via a robotic approach, surgeons must be familiar with both the
flap and robotic surgery. Thus, adoption of this flap may be reduced by a lack of robotically
trained plastic surgeons or urologic surgeons familiar with the harvest of VRAM flaps.
Furthermore, the trocar positioning that is optimal for VRAM flap harvest is different than
that of most pelvic surgeries, and thus may require extra port placement for this portion of
a case or suboptimal port placement for both parts of the procedure (4). Use of a VRAM
flap can result in a defect/bulge at the donor site as the rectus abdominis muscle provides
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significant support for the abdominal wall (30). This complication is especially common

in individuals with larger abdominal girth or history of prior abdominal surgery. Mesh can
be placed into the abdominal wall at the time of flap harvest to reduce the risk of this
complication (30). Other donor site complications include dehiscence and infections (28).
Finally, while devitalization and failure of this flap is uncommon, it does occur, which may
result in failure of a reconstructive surgery and need for additional procedures to further
restore structure and function (28).

Sigmoid epiploica—The colon is studded with pedunculated fat or epiploica, which can
both occupy space and provide support for structures in reconstructive urology (31).

Surgical approach

To use this flap, the sigmoid colon is mobilized and relocated near the desired recipient
site and sutured in place (1,16) (Figure 4). The epiploic fat remains attached to the colon,
allowing for a rich nutrient supply.

Uses and advantages

Multiple groups have described using sigmoid epiploic fat as an interposition flap in to
facilitate repair of vesicovaginal fistulae (1,16,31). The sigmoid colon is already within the
pelvis, making this flap a convenient interposition flap for fistula repair without extensive
mobilization (16). The sigmoid colon is suitable for repair of fistulae to the bladder, even
down to the level of the trigone (31). Use of this tissue is well tolerated and associated with
few complications (16,31).

Disadvantages and complications

The epiploic appendix can experience ischemia or torsion if care is not taken to place
the epiploic fat in its anatomic position (31). Additionally, the requirement for bowel
mobilization can result in large bowel obstruction or injury, which can require additional
procedures to manage or extend the length of hospital stay.

Gracilis flaps—The gracilis muscle is found in the medial thigh and can be relocated as a

flap without causing significant deficits in most patients. They can be harvested from the leg
and then passed through into the pelvis for use in robotic reconstruction. The gracilis muscle
is supplied by the medial femoral circumflex system.

Surgical approach

In some instances, its mobilization will be done by plastic surgeons working alongside

the urologist. Mobilization begins with identification of the adductor longus; approximately
2-3 cm below this the surgeon identifies the gracilis muscle. A longitudinal incision on

the medial thigh is made with care to protect the greater saphenous vein. The gracilis is
dissected from the adductor longus, protecting the pedicle. The muscle is released distally
from the tendon after measuring the desired length, and then can be rotated proximally into
the perineum for use (32-37).
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Uses and advantages

Gracilis flaps are used for perineal and pelvic reconstruction owing to the proximity of

the donor site to the pelvis and the high-quality, well vascularized flap that results (28,32).
Gracilis flaps can be used as an interposition flap during repair of pelvic fistulas, such

as complex vesicovaginal fistulas and post-prostatectomy rectourethral fistulas (33-35).
Gracilis is extensively used to reconstruct defects following pelvic exenteration procedures
for urinary tract and bowel cancers (28). Gracilis flaps are also used to provide blood
supply in the setting of complex urethroplasties to prevent necrosis at the bulbar segment,
although to our knowledge this has not been performed via a robotic approach (36). The
use of the gracilis muscle has been described for gender affirming masculinizing surgery
(32,37). During this procedure, a vaginectomy is performed with use of vaginal mucosa
and labial tissue to form the pars fixa (37). The pars fixa has a high stricture rate owing

to the risk for ischemia of this tissue following mobilization (37). The gracilis muscle can
serve as support and is a well vascularized flap, which provide much needed blood supply
to this area (32,37). Gracilis muscle harvest takes approximately 20 minutes and thus does
not add significant duration to a surgery (37). Additionally, when the vaginectomy is being
performed robotically, the gracilis flap harvest can be performed simultaneously, which is an
advantage of the robotic employment of this flap (32). This procedure is well-tolerated and
all patients were able to ambulate in one series on post-operative day 1 (37).

Disadvantages and complications

In one series of subjects undergoing robotic masculinizing surgery with gracilis flaps,

one subject developed a seroma and one developed an infection (37). Other donor site
complications include wound dehiscence (28). Gracilis flaps, like any flaps, can fail, which
may require additional reconstructive surgeries for management (28). Gracilis flap harvest is
associated with a mild deficit in hamstring strength, which improves with time (38). Thus,
use of this flap is generally well-tolerated.

Alloderm™—Alloderm™ is a commercially available extracellular matrix depleted of cells
which can be implanted as a space occupying material. It is available in various sizes and
thicknesses. Following implantation, the matrix is then populated by ingrowth of cells from
the surrounding tissue.

Surgical approach

After selecting the Alloderm™ graft that is most suitable for the desired tissue location, the
Alloderm™ graft is soaked in sterile normal saline for approximately 2 minutes. It can then
be placed in the desired location and stitched into place with absorbable sutures (Figure 5).

Uses and advantages

Alloderm™ has been successfully used to repair a rectourethral fistula via a transrectal
approach (39). Alloderm™ has also been used during revision vaginoplasty for gender
affirmation with a high degree of success (40). Because Alloderm™ is an exogenous
product, it has the advantage of avoiding the morbidity of graft or flap harvest. There is also
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an ongoing clinical trial concerning the use of Alloderm™ to close the donor site following
buccal graft harvest (41).

Disadvantages and complications

Complications with Alloderm™ are fairly uncommon. One study noted that 2/9 subjects
undergoing vaginoplasty with alloderm had an area of excess Alloderm™ that failed to
epithelialize (40). Because it is not a flap and does not have a blood supply it may fail, and
does not provide any nutritional support to surrounding tissues following placement. Other
complications observed in this study were likely not attributable to the use of Alloderm™.
Thus, its use is fairly well-tolerated.

Ureteral substitution

Boari flaps—A Boari flap is a tubularized strip of bladder tissue mobilized from the
superior bladder (42,43). Boari flaps can be quite long and are able to bridge substantial
gaps (8-15 cm) in the urinary system (43,44). They are dependent on the blood supply of the
bladder and, in harvesting these flaps, it is important to maintain a broad base to facilitate
good blood supply to the entire segment (42,45).

Surgical approach

The ureteral remnant is spatulated to facilitate a patent repair. A full thickness flap of a
desired length is raised from the anterior bladder wall with an ideal length to width ratio of
2:1-5:1 (46). This is then sutured to the spatulated ureter and this is tunneled submucosally
into the bladder and sutured in place. The flap is then tubularized, often with placement of a
double-J stent, and the bladder opening is closed in 2 layers.

Uses and advantages

Boari flaps are especially useful for ureteral reconstruction with a long defect because they
can cover an extended distance to form a tension free anastomosis between the remaining
ureter and the bladder (42). Such situations include long distal ureteral strictures, iatrogenic
ureteral injuries or avulsions, and resection of distal ureteral segments for management of
tumors (42,44,45,47). One group demonstrated the harvest of a long Boari flap to perform
a calycovesicostomy for a refractory ureteropelvic junction obstruction (48). Thus, this flap
is able to create a long, tubularized segment with a high degree of success for bridging gaps
between the ureter and the bladder (43). Additionally, if a Boari flap results in insufficient
length, it can be augmented with other procedures such as mobilization of the kidney or the
use of grafts (49).

Disadvantages and complications

The use of a Boari flap can be complicated by urine leak, which may require drainage (43).
Other structures can be injured during dissection of the flap and, in one study, a rectovesical
fistula was noted following Boari flap creation in 1 patient of a cohort of 721, indicating that
this is a rare scenario (43). Additionally, if the proximal portion of the flap is too narrow, the
segment can become ischemic, resulting in stricture formation (42). Cystoscopy should be
performed prior to the utilization of a Boari flap in the setting of urothelial cancer to verify
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that no bladder tumors are present. Additionally, prior to use of a Boari flap, it is important
to evaluate the baseline bladder capacity and function with either uroflowmetry or formal
urodynamics studies to confirm that an individual will tolerate the removal of a portion of
their bladder.

Oral mucosa grafts—The oral mucosa, including the buccal, lingual, and labial tissues, is
highly amenable to grafting in the urinary tract.

Surgical approach

Prior to harvest of an oral mucosal graft, surgeons must communicate with the
anesthesiology team to ensure positioning of the endotracheal tube does not interfere with
graft procurement. Oral graft harvest begins with measurement of the recipient site and
marking out an appropriate area of the donor site to ensure adequate graft length and width,
with the knowledge that grafts shrink 8-10% following harvest (50). Injection of lidocaine
with epinephrine along the submucosal plane is used to hydrodissect and reduce bleeding.
The graft is then cut along its outline with sharp dissection, removed from its underlying
attachments, defatted, and then placed in the desired location. When harvesting a buccal
mucosal graft, it is important to avoid Stensen’s duct to prevent problems with salivary
secretions (50).

Uses and advantages

The tissue quality of oral mucosa makes it especially useful in replacement of urinary
tissues. It is well-vascularized with a dense plexus of vessels and the mucosa is non-
keratinized and self-lubricating (8). Buccal mucosa has been described as suitable robotic
ureteral replacement tissue by multiple groups via multiple different approaches (8,51,52).
Robotic ureteroplasty has also been performed successfully with lingual mucosa (7,49).
Additionally, buccal ureteroplasty with the single port robot has been described (53). Oral
tissue can be used to augment the ureter anywhere along its length, including at the
ureteropelvic junction (9,54,55). One study demonstrated pyeloplasty with buccal grafting
improved diuretic renography findings in 2 subjects, indicating the success of this procedure
(54). The use of oral mucosa for ureteral reconstruction is suitable for both pediatric and
adult patients (8,9). Compared to an open approach for ureteral reconstruction with oral
mucosal grafting, the robotic approach has the advantages of improved visualization for
delicate placement and suturing of the graft (51). Oral tissue has also been successfully used
in ureteral reconstruction even in the setting of revisions (8,9). Bladder neck contracture,
which is a known complication of prostatic surgery, has been successfully managed with
buccal grafting via a robotic approach without recurrence or complication (56).

Disadvantages and complications

Longer strictures are associated with an increased rate of failure of buccal ureteroplasty
(52). At a median 2-year follow up, one small study demonstrated an approximately 10%
failure rate of buccal ureteroplasty with both failures occurring in the subjects with a history
of prior ureteral surgery (8). Additionally, the revision setting was associated with both
increased blood loss and longer operative time in one study of robotic pyeloplasty with

oral mucosa (55). In one series of buccal ureteroplasty cases, the complication rate was
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approximately 20%; however, none of the complications were clearly related to the buccal
graft or ureteroplasty portions of the surgery (8). The oral mucosal donor site can be a
source of irritation for the patient during healing, and the use of lingual mucosa can be
associated with tongue numbness during the recovery period (7,49).

Rectal mucosa—There has been recent interest in the harvest of rectal mucosa for repair
of urologic structures or management of fistulas to the urinary tract (39). These can be
harvested via the robotic transanal minimally invasive surgery (R-TAMIS) approach (39).

Surgical approach

Harvest can be performed both via a multi-port robot with a transanal access port or a single
port robot (3,57,58). The robot is docked transanally with the patient in the dorsal lithotomy
position. The pressure is set between 12-15 mm of mercury to ensure adequate working
space without collapse (3). The desired area of flap placement is measured to determine

the flap length and injection of lidocaine with epinephrine is used to hydrodissect the flap
and reduce bleeding. The flap is elevated, removed, and translocated to its desired site of
placement. The defect is left to heal by second intention.

Uses and advantages

Rectal mucosa has been used to close rectourethral and rectovesical fistulas by humerous
surgeons, with a high degree of success (39,59,60). Rectal mucosa can also be harvested in
a similar manner to oral mucosa and used as a graft for replacement of other structures for
substitution urethroplasties or complex vaginal reconstruction (3,57,58). One advantage of
rectal mucosa over buccal mucosa is that the graft that can be harvested can be quite large,
allowing for management of very long strictures (3,57).

Disadvantages and complications

This procedure is well-tolerated with minimal morbidity (57). Given the involvement of
bowel work and the need for insufflation of the rectum, there is a potential for rectal injury;
however, with the use of a rectal access port, careful dissection, and pressures of 12—-15 mm
of mercury, the risk of rectal injury is low (39,57,61).

Ileum—~Following separation of a segment of the ileum and the bowel reanastamosis,
with its blood supply intact, can be relocated to the desired portion of the ureter, tailored,
tubularized and used as graft to the ureter (Figure 6) (62).

Surgical approach

A segment of ileum the desired length to cover the defect is measured and taken
approximately 15 centimeters from the ileocecal junction. Care must be taken not to disrupt
the ileocecal valve, which plays a role in preventing bacterial overgrowth and reducing
malabsorption (63). It can then be divided on its antimesenteric side and tailored to a
segment of suitable width.
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Uses and advantages

The ileum is amenable to ureteral reconstruction, including as a ureteral replacement or
as an inlay or onlay flap into the ureter. The robotic approach is very suitable to an
intracorporeal formation of an ileal ureteral replacement (62,64,65). In one series, of 36
subjects, 3 of whom underwent a robotic ileal ureter reconstruction, 83% remained patent
after 4-year follow-up (64).

Disadvantages and complications

One series, which included both robotic and open ileal ureteral replacements, demonstrated
a 23.9% complication rate, including wound infections, urine leak, recurrent ureteral
obstruction, and abdominal bowel related complications such as ileus (64).

Appendiceal interposition flaps—The appendix can be removed without significant
consequences to a patient and can serve as an excellent flap. The appendiceal artery serves
as its blood supply.

Surgical approach

The appendix is identified and divided from its attachment to the cecum with care taken to
leave its blood supply intact. This can then be interposed between a spatulated end of the
ureter and the bladder. It can also be divided on its anti-mesenteric border and be inlaid into
a ureter that is incompletely disrupted.

Uses and advantages

The appendix is a tubular structure meaning that it is very suitable for providing a flap for
reconstruction of a tubular structure such as a ureter (66—69). The appendix also has a rich
blood supply from the appendiceal artery, which helps maintain its vitality. Additionally, it
is a well-described clinical principle that grafts and flaps should not be fully tubularized

at their time of placement due to the risk of stenosis; however, a structure that is already
tubular avoids this risk (67,70). The appendix can also be de-tubularized and inlaid or
onlaid into a ureter that is not completely disrupted (2,68). The appendix has been utilized
in the performance of robotic pyeloplasty to add additional tissue to the stenotic segment
(71). The appendix can more readily be used to replace the distal right ureter than other
structures due to the proximity of the right distal ureter to the native location of the appendix
(67). When a ureteral stricture is radiation-induced, the appendix may have been excluded
from the field of radiation, allowing for replacement of the ureter with tissue that is non-
irradiated and thus healthier (72). While many urologic surgeons would place a stent to
maintain patency following robotic ureteral reconstruction with the appendix, recent reports
of stentless appendiceal ureteroplasty have also yielded promising results (66,67,73).

Disadvantages and complications

The size of the appendix varies greatly, and a short appendix can limit the length of ureter
which can be replaced during an appendiceal ureteroplasty (66). Appendiceal flaps may
stenose leading to recurrent ureteral obstruction and thus should be monitored for symptoms
and via ultrasounds (68). Additionally, despite ureteral replacement, some patients will not
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have improvement of their kidney function, so careful patient evaluation and selection to
avoid the morbidity of a surgical intervention that will not work should be employed (69).
Because of the use of a structure on the bowel, bowel injury or bowel obstruction can occur
(69). The use of the appendix for replacement of the left ureter requires more extensive
mobilization, which can be technically challenging (69). Finally, radiation that damages
the ureter may also damage the appendix, so an alternative plan must be in place prior

to approaching repair of radiation-induced ureteral strictures with the hope of using the
appendix (72).

Mesh alternatives

Fascia lata grafts—Fascia lata is the deep fascia of the thigh, which can be harvested
with minimal deficit. Use of this tissue can yield up to a 5 by 18 cm graft (74).

Surgical approach

To harvest fascia lata, a mark is made from the anterior iliac crest to the lateral knee to
delineate the approximate location of the fascia. A small incision on the lateral knee is made
and the subcutaneous fat is separated from the fascia. A cut is then made through the fascia
lata and the posterior aspect is separated bluntly from the underlying tissue. An incision at
the proximal extent of the graft is then made. The fascia lata is then cut along its lateral
aspects to the desired length, removed from its distal attachment and passed through the
proximal incision where it is separated from its proximal attachment.

Uses and advantages

Fascia lata has been successfully used for robotic sacrocolpopexy to treat pelvic organ
prolapse, and is an option for mesh-averse patients, although with poorer long term

success rates than sacrocolpopexy with mesh (74-76). Fascia lata can also be utilized for
sacrohysteropexy if retention of the uterus is desired (77). Autologous fascia for pelvic
organ suspension is preferred over synthetic mesh slings if future pregnancy is desired (77).
Another application of fascia lata is autologous fascial urethral slings for urethral suspension
in the setting of stress incontinence (74).

Disadvantages and complications

The use of fascia lata can be associated with donor site complications, such as a thigh bulge,
paresthesia, or seroma formation (74). However, this procedure is typically well-tolerated
without significant gait deficits or complications (74,75,77).

Conclusions

A variety of flaps and grafts are available for robotic reconstruction of the genitourinary
tract. Surgeons must be thoughtful about the desired tissue quality and anatomic
considerations in flap and graft selections. Each graft or flap has advantages and
disadvantages. Future research will aim to improve patient and situation selection for each
type of reconstructive technique.
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Figure 1.
Omental flap for repair of a vesicovaginal fistula. (A) The omentum in this case was easily

able to reach the pelvis; (B) image of omentum after securing in place into the pelvis.
Courtesy of Divya Ajay.
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Figure2.
Peritoneal fixation following ureteral reimplantation. (A) Suturing of peritoneal flaps over

the repaired ureter; (B) completed repair. Courtesy of Guan Wu.
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Port placement for rectus harvest
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Figure 3.
VRAM Flap formation. (A) Port placement for VRAM flaps; (B) opening the posterior

sheath from the right costal margin (cranially) to the arcuate line (caudally); (C) dissection
of the muscle off the anterior rectus sheath and ligation of the superior epigastric artery; (D)
placement of the VRAM flap. Courtesy of Divya Ajay. VRAM, vascular rectus abdominis
musculocutaneous.
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Figure 4.
Use of sigmoid epiploic fat in a vesicovaginal fistula repair. (A) The initial positioning of

the fat over the area of the vesicovaginal fistula; (B) completed fixation. Courtesy of Hani
Rashid.
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Figureb.
Use of Alloderm™ in repair of colovesical fistula. (A) Placement of Alloderm™; (B)

completed repair.
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Figure 6.
Formation of an ileal flap. (A) A handheld stapler is used by the assistant to divide a 15

cm ileal conduit approximately 15 cm from the ileocecal junction and separate it from the
remaining bowel, which will then be reanastomosed; (B) isolated ileal segment; (C) the ileal
flap can then be fashioned into a ureter. Courtesy of Hani Rashid.

Ann Laparosc Endosc Surg. Author manuscript; available in PMC 2024 June 27.



Page 23

Doersch et al.

va Aq parenjeas pue QINM Ag pawoyiad sem uo1oa|es $59904d UOI109|9S

S3IPNIS UBWINY-UOU ‘S3|I11e M3IASJ BAITR.LIBU JO SBLIEJUSLIWOD 3[d1Me ‘sainpadoJd d160join-uou BulqLiasap ‘ajgejreseun
X3} ||n} ‘abenBue| ysiBu3-uou ‘s1edaljdnp :uoISNIX3 "SMaIA3L J1FBWISAS 10 YdJeasas [eulblio ‘asn Yelb Jo/pue Aiabins 2160]01n 9130004 0} paje|al :uoIsn|ou| B1I3)112 UOISN|IX8 pUB UoISN|ou|
€202-000¢ awrelyawi]

ABojoin ANV Be| BI9SE} (9110004 ANV Helb [229Nnq ‘wispoje ANV 210goJ :ABojoin ANV SINV.L ‘UOISIBAIP [ea]l
ANV 210qo. ‘uonisodiaiul [eajl ANV 2110qoJ ‘uonisodiaiui jeasipuadde ‘dejy Lreoq ANV o10qod ‘deys sij1oeib NV a10qod ‘deyy o1ojdids ‘dejy jeauontad ANV

2110404 ‘SIUIIOPGR SN1O8I [edILIaA ‘0110G0) ANV SNOSURINO0AW SIUILIOPJR SNJ9aJ [edIaA ‘010G0s ANY INVHA ABojoin pue INWHA ‘dej) [eluswo aNY 210goy pasn swall YoIeas
payouess

paAgnd $30.N0S 310 pue saseqered

€202/9/9 ‘€202/S/9 youess Jo ajeq

uo(reoyioads supl|

SO1S1I810RIBYD PUR BLIBILIO YoIeas

T alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Ann Laparosc Endosc Surg. Author manuscript; available in PMC 2024 June 27.



Page 24

Doersch et al.

*SNOBUEBINIOINISNLU SIUILIOPGR SN1J3 [RIUBA ‘INHA

AxadossisAyolaes ‘Axadod|odo.ioes ybiys [eipaN uolenNasoul/uonIgIqU| yeio ele| eI1oSe

Aisejdouaiain ‘Aisejdosyialn anbuoy Jo ‘dif ‘yeayd uoIRINISOUI/UCIIGIqW | yelo BSOONW [RIO

uonaniisuodal [euten ‘Aisejdoiyiain wnyoay SUIBA pue sauale [e1oay el Jo delq [e109y

Jauueyd ajgeziialayres ‘Aisejdosslaln  WIN28d WOy PazijIqon AJaye 91109031 8y} J0 youelq ‘Alapre [eadipuaddy dej4 |eaoipuaddy

Aisejdoaain Jappe|q Jouadns AJalre [ea1san Joradng der4 eog

aoeds 21Ajad Jo [eutwopgeul BulAdnaoQ 11eM Jeulwiopqy uran pue Asapre oLnsebids Jouayul deag del4 NVHA

Aisejdonush Burwye Japuab ‘sinjad ayi ul s10838p Bulleno) ybiys [epaN A1ape Jelowsy desqg dej4 sIj1oel9

sinjad ay ul s108j9p Bullano) uoj09 prowbis 9JNUBA T pue S3|0LIdLIE Z UIRIu0D der4 eojodida prowbis

aoeds 21Ajad 10 [eutwopgeul BuiAdnago isyain Buiddeipn U0J09 3SIaASURL | utan pue Aapre o1ojdidao.aiseb 1ybu pue ya del4 wmuswo
ened

sinjad ayy ul s198)8p Buliano)d 1[em [eurwiopqy BUSA JOLIBJUI :SNOUBA ‘SaLIaLe d1isefida pue ‘requin ‘oeljl :[elaly dej4 wnauoyiad [elaled

sinjad ay) ul s10839p Buiano)  sueblo [eulwopgeenu| UIBA [e1iod :SNOUBA SalJaje J118)uasall JoLajul pue Joliadns :[eLaly dej4 wnauolad [eladsIA

AisejdoJalain ‘uoneiuswbne Jappe|q ‘UOISIBAIP Ateutin wnay| Asane o1I8)UBsSaW Joradns ay) Jo Yyouelq ‘Aialie 9110903 del4 wnay|

Sasn uowwo) 215 Jouoq Alddns poo|g  1jeJb o de|4 adAranssi|

Author Manuscript

Author Manuscript

So1sIIa19R.IRYD J18Y) pue syelh pue sdejy Jo 1s1] :syeib pue sdej4

¢ dlqeL

Author Manuscript

Author Manuscript

Ann Laparosc Endosc Surg. Author manuscript; available in PMC 2024 June 27.



	Abstract
	Introduction
	Background
	Rationale and knowledge gap
	Objective

	Methods
	Findings
	General considerations
	Obliterating dead space/interposition
	Omental flaps

	Surgical approach
	Common uses and advantages
	Disadvantages and complications
	Peritoneal flaps

	Surgical approach
	Uses and advantages
	Disadvantages and complications
	Vascular rectus abdominis musculocutaneous VRAM flaps

	Surgical approach
	Uses and advantages
	Disadvantages and complications
	Sigmoid epiploica

	Surgical approach
	Uses and advantages
	Disadvantages and complications
	Gracilis flaps

	Surgical approach
	Uses and advantages
	Disadvantages and complications
	Alloderm™

	Surgical approach
	Uses and advantages
	Disadvantages and complications
	Ureteral substitution
	Boari flaps

	Surgical approach
	Uses and advantages
	Disadvantages and complications
	Oral mucosa grafts

	Surgical approach
	Uses and advantages
	Disadvantages and complications
	Rectal mucosa

	Surgical approach
	Uses and advantages
	Disadvantages and complications
	Ileum

	Surgical approach
	Uses and advantages
	Disadvantages and complications
	Appendiceal interposition flaps

	Surgical approach
	Uses and advantages
	Disadvantages and complications
	Mesh alternatives
	Fascia lata grafts

	Surgical approach
	Uses and advantages
	Disadvantages and complications

	Conclusions
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Table 1
	Table 2

