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INTRODUCTION
Expertise in tissue transfer techniques is essential in urologic 
reconstruction. Tissue can be transferred as either a ap or a graft, and a 
variety of these techniques have been used in urologic surgery for over 
fty years [1, 2]. The choice of tissue transfer technique used is based 
on the characteristics of the defect, potential donor site, and the 
patient's global health status. Cosmesis, functionality of the site to be 
reconstructed, and donor site morbidity must be considered as well.
The two major areas in urology requiring tissue transfer techniques are 
in addressing genital skin defects and urethral strictures. Other 
processes that may require tissue transfer include hypospadias, buried 
penis, lymphedema, genital trauma, and soft tissue infections [3, 4, 5, 
6, 7, 8]. Furthermore, tissue transfer techniques are now being applied 
to other areas of urologic reconstruction, such as in ureteral 
reconstruction. In this review, we describe the tissue transfer 
techniques used most commonly in urologic reconstruction.

GRAFTS
There are three main steps necessary for successful reconstruction with 
a graft: preparation of the recipient site for the graft, harvest of the graft 
and placement of the graft at the recipient site. Depending on the cause 
of the defect, the recipient site may need debridement of necrotic tissue 
or excision of brosis or other abnormalities before it is ready to 
receive the graft [9, 10]. Harvest of the graft can be performed at the 
same time as the preparation of the recipient site. Due to the possibility 
of graft contraction, the graft should be signicantly larger than the 
recipient site [9]. The graft can then be placed via any of a variety of 
techniques (described below).

Unique to graft reconstruction is that tissue is removed from a donor 
site and transferred to a recipient site without its native blood supply. 
Blood supply is re-established through two processes: imbibition and 
inosculation. In the rst 48 hours, graft survival is dependent on 
imbibition where nutrients and waste are passed between the recipient 
and graft tissue through passive diffusion [11]. From 48 hours to 1 
week after surgery, engraftment continues with inosculation, a process 
in which there is capillary in-growth of host vasculature [11]. Both of 
these steps are optimized with rapid onset, well-vascularized recipient 
bed, and good apposition and immobilization of the graft. 
Reinnervation of the graft is variable and occurs over months to years. 
Nerves regenerate into the graft from both the margins and the wound 
bed. Success of reinnervation correlates with the amount of nerve 
tissue present in the graft [12]. Major causes of graft failure are uid 
accumulation in the graft bed, such as hematoma or seroma, infection, 
and shearing of the graft. Graft meshing is a common technique to 
allow egress of uid and improve graft take. The "pie-crusting" 
technique, in which small perforations are made in the graft, can be 
used instead of meshing for improved cosmesis. This technique allows 
for egress of uid, and leaves little noticeable scarring.

A variety of graft substrate, including skin, bladder, colon and buccal 
mucosa, has been used in urologic reconstruction [13, 14, 15]. 
Regardless of tissue type, grafts may be characterized as either split 

thickness or full thickness [16].

1.  Full thickness skin grafts
Full thickness skin grafts (FTSG) include the entire epidermis and 
dermis. Due to the elastin content of the dermis, FTSGs are more prone 
to primary contraction, which is the amount of contraction that occurs 
when the graft is rst harvested, than split thickness skin grafts 
(STSG). However in comparison to STSGs, FTSGs are less prone to 
secondary contraction, which is the contraction that occurs after the 
graft is transferred to the recipient site. They are more fastidious and 
resistant to mechanical trauma. FTSGs can also stretch with the growth 
of the patient [9]. The dermis contains sebaceous glands, sweat glands 
and hair follicles. The presence of glandular tissue may prevent drying 
and cracking of the grafted skin. Of note, since FTSGs include hair 
follicles, it is important to take the graft from a hairless area if the 
recipient site is supposed to be hairless. This consideration is 
especially important in the urethra, as hair in the urethra may result in 
stones. Additionally, during harvesting of a FTSG, it is important to 
remove any subcutaneous fat from the graft to increase likelihood of 
graft take [9, 17, 18]. There are various areas from which a FTSG can 
be harvested safely and used in reconstructive urology with good 
outcomes, including hairless areas of the abdominal wall or inguinal 
region [10, 18, 19, 20], postauricular skin [21] and the prepuce [22].

2.  Split thickness skin grafts
STSGs are made up of epidermis and only a portion of the dermis. The 
graft is harvested at varying depths with a dermatome. STSGs have 
decreased metabolic demand in comparison to full thickness grafts. 
They tend to have better take than FTSGs in contaminated wounds 
[23]. Further, since STSGs have little dermis, the risk of recurrent 
lymphedema is less compared to FTSGs if used in reconstruction after 
removal of lymphedematous skin [24]. STSGs are hairless, which 
improves cosmesis in penile reconstruction and functionality in 
urethral repair. Furthermore, while a FTSGs leaves a full thickness 
defect at the donor site requiring closure, STSGs harvest leaves a site 
that heals with wound care [9]. Common donor sites for STSGs in 
reconstructive urology are the lateral or medial thigh [25, 26, 27, 28].

3.  Buccal mucosa graft
Full thickness buccal mucosa grafts (BMG) are commonly used in 
urethral reconstruction. BMGs have secretory epithelium, which 
closely resembles urethral epithelium, rather than the cornied 
epithelium in skin grafts. BMGs have the advantageous contractile 
properties of FTSGs, but are hairless. A BMG has a robust 
microvascular network that yields better circulation than a FTSG [29]. 
Buccal mucosa is readily available, strong and resists infection [30]. 
Furthermore, the harvest site is concealed.

A BMG is harvested from the inner cheek or the inner lip. Care must be 
taken to avoid Stensen's duct and not to get too close to the lip, to 
prevent mouth contractures. Morbidity in BMG harvest is minimal, 
with a complication rate reported at 3%-4% [31]. The most common 
complications include donor site scarring, perioral sensory defect and 
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jaw opening impairment [29, 32]. Oral mucosa grafts can also be 
harvested from the posterior aspect of the tongue (lingual). Lingual 
mucosa grafts have similar tissue characteristics as BMGs and have also 
been used in urethral reconstruction with comparable results [33, 34].

FLAPS
Rather than rely on the recipient site for survival, aps are transferred 
on a pedicle containing native blood supply. For this reason, aps can 
be used in a wound that cannot otherwise support a graft.

Flaps can be classied based on their blood supply, elevation method, 
or their method of transfer. The blood supply may be random or axial. 
Random aps do not have a dened blood supply and rely on undened 
vasculature in the pedicle to be functional. Typically, random aps 
depend on the dermal and subdermal plexus [35]. Axial aps depend 
on a specic blood vessel with a known distribution [16]. Axial aps 
are further subdivided by the structure carrying the blood supply. For 
instance, in musculocutaneous aps, the underlying muscle carries the 
blood supply, while in fasciocutaneous aps the blood supply is carried 
by the fascia. Musculocutaneous aps contain dermal and 
subcutaneous tissue along with the musculocutaneous perforator 
vessels and the perforating cutaneous branches of the muscular vessels 
[35]. Fasciocutaneous aps are composed of skin, subcutaneous tissue, 
and underlying fascia [35].

Flaps are also characterized by their method of elevation and various 
methods of ap transfer [13]. A peninsula ap is one in which the 
vascular and cutaneous connections are left intact. They may be 
transferred as advancement aps, in which the graft is moved in a 
parallel direction to its pedicle, or rotational aps, in which the graft is 
transferred perpendicular to the long axis of its pedicle. An island ap 
is one in which the skin is divided but the vascular connections are 
maintained. Island aps provide excellent blood supply, especially in 
comparison to advancement aps, which are at risk for decreased 
blood ow to the most distant areas from the pedicle [36]. A free ap is 
one in which the tissue and vessels are excised from the donor site, and 
the vessels are anastomosed to suitable vessels at the recipient site to 
re-establish blood ow [16]. Both musculocutaneous and 
fasciocutaneous aps can be transferred via the free or island ap 
technique [35].

In parallel with graft harvest, aps used for reconstruction of the penis 
or urethra should be hairless. Flaps used for penile reconstruction 
should be thicker than those used for urethral reconstruction [13]. 
Flaps can be taken from redundancy of penile skin (both ventral and 
dorsal),  hairless scrotal skin, the gracilis muscle (as a 
musculocutaneous ap), and as free aps (usually from the forearm or 
upper arm) [13, 16]. Scrotal fasciocutaneous aps can be based on the 
posterior branches of the supercial external pudendal artery or  the 
perineal artery.

GENITAL SKIN RECONSTRUCTION
Genital skin loss occurs secondary to various processes such as 
Fournier's gangrene, trauma, and burns [3, 4, 7]. Furthermore 
reconstruction may be desired for genital lymphedema or after surgical 
resection of malignancies such as penile carcinoma [4, 37].

Skin of the penis is thin, hairless and exible. Any tissue used to 
replace penile skin must be able to expand with erections and be 
durable enough to withstand sexual activity. Scrotal skin aps may be 
used for penile coverage, but due to concern about poor cosmesis, skin 
grafts are the preferred method of reconstruction.

FTSGs or STSGs may be used depending on a number of 
considerations. FTSGs have more donor morbidity, but higher 
elasticity and less contracture in comparison to STSGs [20, 37]. 
FTSGs may also contain hair, which may be a cosmetic problem.

STSGs are easy to harvest and have very high rates of graft take with 
excellent cosmetic results [38, 39] (Fig. 1). The donor sites are usually 
from the lateral thigh. STSGs on the penis allow normal mobility of the 
skin overlying the corpora. Although STSGs have signicant primary 
contraction, patients are usually able to have erections sufcient for 
intercourse [26]. Other studies focusing on STSGs for genital skin loss 
showed improvement of the clinical condition, good cosmesis and 
improved quality of life [26, 40]. STSGs may also be preferable in 
reconstruction after resection for lymphedema, due to the fact that both 
aps and FTSGs carry lymphatics and risk recurrent lymphedema 
[13]. Of note, meshed grafts on the penis may result in poor cosmesis

The glans may require reconstruction in cases of trauma or surgical 
intervention for lichen sclerosis, penile carcinoma in situ and penile 
carcinoma. Glans resurfacing, in which the affected skin is excised, may 
be performed and a STSG is used to create a new glans [41] (Figs. 2, 3, 4). 
Urethral mucosa ap may also be used to provide coverage [42].

Partial scrotal skin defects can often be closed primarily due to the 
redundancy of scrotal skin. Scrotal defects that cannot be closed 
primarily may be reconstructed with rotational skin aps or STSGs. 
Rotational thigh aps have been used for reconstruction of large 
scrotal defects with the advantage of a sensate and hair baring 
reconstruction [43, 44]. Flaps also avoid the issues associated with 
graft take. Meshed STSGs are often the grafts of choice for large 
scrotal defects. Meshed STSGs closely resembles the natural scrotal 
rugae upon healing and the meshing also allows for the drainage of 
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uid from the graft. The tunica vaginalis of the testes are reliable graft 
beds. However, the grafts are insensate and are unable to provide 
thermoregulation to optimize spermatogenesis [37].

URETHROPLASTY
While primary anastomosis is an effective means of urethral 
reconstruction for shorter defects of the urethra with 93% success rate 
[45], abnormalities longer than 2 cm may require substitution 
urethroplasty [30]. In particular, in the penile urethra, excision and 
primary anastomosis often results in penile curvature [46], making 
augmentation urethroplasty with a ap or graft desirable. Multiple 
techniques using various aps and grafts have been used. FTSGs and 
penile skin fasciocutaneous aps were the mainstay of treatment until 
the emergence of BMG urethroplasty in 1990s. For the bulbar urethra, 
the decision for primary anastomosis versus urethroplasty with tissue 
transfer is primarily based on stricture length [46].

1.  Skin grafts for urethroplasty
The current gold standard for augmentation urethroplasty is the BMG 
[46]. However, STSGs and FTSGs may still be required for long 
urethral abnormalities or in patients with contraindications to buccal 
mucosa harvest, such as those with leukoplakia, systemic skin disease 
of the oral cavity or long history of tobacco use [47]. Extragenital skin 
grafts may also be considered in patients who have genital skin 
diseases such as lichen sclerosis, which prevents the use of genital skin 
for ap repair.

Both STSGs and FTSGs have been used in urethral reconstruction. 
STSGs, taken from the right thigh, have excellent take rates and 
cosmetic results are satisfactory [28, 48]. Dalpiaz et al. [28] reported a 
93% success rate at mean follow up of 32.43 months using extragenital 
STSGs for single stage urethroplasty in patients with contraindications 
to BMG harvest. FTSGs taken from abdominal, penile, and posterior 
auricular skin, have also been used in urethroplasty [19, 21, 49]. 
Hussein et al. [49] reported a 72.3% success rate for penile graft 
urethroplasty. Abdominal wall grafts have also been used in cases 
where genital skin grafts and buccal grafts were contraindicated. Liu et 
al. [19] reported a stricture recurrence rate of 53.8% in patients who 
underwent urethroplasty with abdominal wall skin graft versus 24% in 
those who underwent other types of graft urethroplasty. However, 
these patients also had signicantly longer strictures, increased history 
of failed urethroplasty, and increased proportion of patients with lichen 
sclerosis.

2.  BMG for urethroplasty
Buccal mucosa grafting for urethral stricture reconstruction was rst 
pioneered in the mid 1990s [50], and has revolutionized the 
management of urethral strictures [51]. BMGs, with harvest from both 
cheeks and the lower lip, have been successfully used to repair urethral 
abnormalities up to 17 cm long [52, 53].

Technique for BMG harvest begins with preparation of the inner 
cheek. Stay sutures may be placed to retract the cheek and lip and keep 
the graft on stretch. Stensen's duct is identied and avoided. A 
lidocaine and epinephrine solution is injected submucosally for both 
hemostasis and hydrodissection. The edges of the mucosa are then 
incised, and the graft is dissected away from the underlying 
buccinators muscle. Following dissection, the graft is defatted and 
then stored in saline until it is needed. The intraoral defect can be 
packed until hemostasis is achieved or closed with a running suture 
[54, 55].

3.  Technique of graft placement
There has been extensive debate regarding the optimal position of 
grafts used in urethroplasty. Various techniques have been described 
regarding the placement of the graft as a ventral or dorsal onlay. Morey 
and McAninch [51] rst reported the ventral onlay technique of BMG 
urethroplasty in 1996. The strictured segment of urethra is incised 
ventrally until urethra of adequate caliber is reached proximally and 
distally. An appropriately sized graft is sutured into the defect in a 
watertight fashion. A spongioplasty is then performed over the graft. 
Ventral onlay grafts may be easier to perform in the proximal part of the 
bulbar urethra, where the spongiosum is thicker and better 
vascularized [56].

The dorsal onlay technique was initially described by Barbagli et al. 
[57] in 1996. In this technique, the urethra is circumferentially 
mobilized from the cavernous bodies and the urethrostomy is made on 

the dorsal wall of the urethra. The graft is then xed onto the corpora 
cavernosa underlying the urethrostomy; the edges of the urethrostomy 
are then sutured to the edges of the now spread-xed graft. This 
approach allows the surgeon to x the graft to the corporeal bodies, 
which may promote graft survival and prevent retraction of the graft. 
Furthermore, the dorsal approach obviates concern for graft 
sacculation as may occur in a ventral graft [58]. Kulkarni et al. [59] 
presented a modication of the dorsal onlay technique with one sided 
mobilization rather than circumferential mobilization; this technique 
preserves the lateral vascular supply to the urethra (Fig. 5). Other 
approaches used are lateral onlay and double overlapping graft 
techniques.

An inlay technique was described by Asopa et al. [60]. In this 
technique a ventral urethrostomy and a dorsal incision are made in the 
urethral plate. The graft is then sutured into the incised plate, thus 
augmenting the strictured segment of urethra [60]. The ventral 
urethrostomy is then closed.

An onlay technique can be used in combination with an excision in a 
technique known as an augmented anastomotic urethroplasty. In this 
procedure, the obliterative segment is excised and one side of the 
urethra is reanastomosed. The urethra is then spatulated opposite the 
anastomosis and a graft is then placed to augment the size of the 
anastomosis. Guralnick and Webster [61], showed that augmented 
anastomosis has greater than 90% success.

The majority of urethral reconstructions can be performed in one stage. 
A two-stage repair may be advantageous in cases requiring extensive 
reconstruction, such as that for hypospadias cases and urethral 
strictures due to lichen sclerosis [53, 62, 63]. In a two-stage procedure, 
the damaged area is opened, and a new urethral plate is created with 
grafts (Fig. 6). Once this has healed, usually after 6 months, the new 
urethral plate is tubularized into a neourethra.
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4.  Flaps in urethral reconstruction
Flap reconstruction can be used in combination with other tissue 
transfer techniques, such as onlay grafts, as needed.

Penile and preputial skin island aps are the most commonly used in 
ap reconstruction of the anterior urethra. These are fasciocutaneous 
aps that rely on the tunica dartos to provide vascular supply. Preputial 
skin is well suited for urethral reconstruction because it is thin and 
hairless. Skin on the distal penile shaft is typically hairless and is well 
suited for urethral reconstruction whereas skin on the mid to proximal 
penile shaft may be hair bearing to varying degrees.

The penile skin ap may be harvested in transverse or longitudinal 
fashion and then rotated into the urethral defect. Orandi described a 
longitudinal penile skin island ap with a lateral pedicle [2] (Fig. 7, 
bottom). The skin island is harvested from the ventral aspect of the 
penis and is dissected from medial to lateral, leaving the ap with a 
lateral pedicle. McAninch, on the other hand, described a transverse 
preputial skin ap harvested in circumferential fashion [64, 65] (Fig. 7, 
top). During reconstruction, a circular ap is made using the prepuce in 
uncircumcised individuals or distal shaft skin in circumcised 
individuals. These aps can provide 13-15 cm of tissue, making them 
ideal for long strictures [65]. Onlay aps are preferable to tubularized 
aps due to lower failure rates [66].

5.  Flaps versus grafts
Dubey et al. [67], in a randomized prospective study comparing dorsal 
onlay BMG urethroplasty and penile skin ap urethroplasty, reported 
that success rates at two-year follow-up were slightly in favor of BMG 
(89.9% vs. 85.6%), but the difference was not statistically signicant. 
However, on longer follow-up, graft urethroplasty was more 
successful. On retrospective analysis, overall success rate of graft 
urethroplasty was signicantly better than ap urethroplasty with 80% 
compared to 67%, respectively [68]. Additionally, long-term data has 
found that at fteen-year follow-up ap urethroplasty has a 42% 
stricture recurrence rate and 33% complication rate [45].

BMG FOR URETEROPLASTY
The use of BMGs in the open repair of ureteral strictures has been 
reported in several case series starting in 1999 [69, 70, 71, 72, 73]. The 
graft has been successfully placed both as an onlay and as a tubularized 
segment in cases where end-to-end anastomosis was not feasible. This 
may be a useful alternative technique for ureteral reconstruction, 
particularly in cases of long proximal ureteral strictures, which may 
otherwise require ileal replacement or renal autotransplant. Abnormal 
tissue is resected until healthy margins are obtained. In a similar 
fashion to the urethroplasty technique, the BMG is placed as a dorsal or 
ventral onlay. A ureteral stent is placed and the ureter is wrapped most 
often with omentum to augment vascularity. There have been few 
reported complications and recurrence rate on follow up ranging up to 
85 months is low [73]. While these reported cases have been performed 
with the open technique, we have performed BMG ureteroplasty using 
a robotic assisted approach with success on short term follow-up [74, 
75] (Figs. 8, 9).

CONCLUSIONS
Tissue transfer is essential in urologic reconstruction. Outcomes, 
especially in the short term, are promising. However, further 
prospective studies with longer follow-up are needed to answer with 
certainty the long-term success and the superiority of reconstructive 
technique.
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