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An update on penile reconstruction

Giulio Garaffa, Amr Abdel Raheem and David John Ralph

Penile reconstruction still represents a formidable challenge for the urologist. In this review, the most recent advances in penile
reconstruction after trauma, excision of benign and malignant disease and in patients with micropenis, aphallia or female to male

gender dysphoria are reported.
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INTRODUCTION

Over the past decades, reconstructive surgery of the penis has contin-
ued to evolve; however, due to the complexity of the penis, repairing
and reconstructing this organ remains anatomically, functionally and
aesthetically a great challenge. This is because the goal of penile recon-
structive surgery is the achievement of a cosmetically acceptable and
functional result in order to allow the patient to recover sexual and
urinary function with confidence.

Ideally, in penile trauma, avulsion, partial or complete excision,
surgical repair should be immediate with preservation of as much
viable tissue as possible as no other tissue in the body has character-
istics, in terms of elasticity, texture and colour, to be considered an
ideal candidate for genital reconstruction. When primary repair with
genital tissue is not feasible, skin grafts, and a variety of pedicled and
free flaps are available for genital reconstruction.

MATERIALS AND METHODS

This review will concentrate on the techniques of penile reconstruc-
tion after traumatic amputation, excision of benign and malignant
conditions and in patients with micropenis, aphallia and gender
dysphoria. A non-structured PubMed search has been carried out
using the following keywords: ‘penile trauma’, ‘penile cancer’,
‘micropenis’, ‘aphallia’, ‘female-to-male sex reassignment surgery’,
‘genital lymphoedema’ and ‘lichen sclerosus’. Only the most sig-
nificant articles published on penile reconstruction have been
selected. For simplicity, this review has been subdivided in glans
and penile shaft reconstruction.

Glans reconstruction
Reconstruction of the glans in isolation is required following trau-
matic amputation or surgical excision for benign and malignant con-
ditions such as lichen sclerosus (LS) and squamous cell carcinoma of
the penis.

In particular, glans resurfacing is indicated in patients with LS or
carcinoma in situ of the glans penis. The procedure, initially described

by Depasquale et al.' and Hadway et al.,” involves the partial or com-
plete excision of the glans mucosa, which is literally peeled off the
underlying spongiosum, followed by repair with the use of a split-
thickness skin graft (STSG) of non-genital skin.

Glans resurfacing is a simple and reproducible technique and guar-
antees that excellent cosmetic and functional results have been
reported in almost all cases.>* (Figure 1 and Table 1).

Glans reconstruction is necessary following traumatic amputation
of the distal aspect of the shaft or following glansectomy, the surgical
excision of the glans penis, which is dissected off the tip of the corpora
cavernosa in patients with pT1 and pT2 squamous cell carcinoma of
the glans.>® Regardless of the cause of glans amputation, reconstruc-
tion can be achieved with a STSG that is applied on the corporal heads
to form a pseudoglans (Figure 2).

Glans reconstruction with the use of STSG is a simple and repro-
ducible procedure. Complications include poor graft take requiring
regrafting in around 6% of patients and inadequate final cosmetic or
functional outcome in 1% of cases.” Overall, almost all patients retain
sexual and urinary function and are reported to be already engaging in
satisfactory penetrative sex 3 months postoperatively.®

Alternatively, glans and coronal reconstruction can be also
achieved with the use of urethral, rectus abdominis or palmaris
longus flaps.”® Although the results are satisfactory, only few cases
reports have been described in the literature and therefore, larger
series will be necessary to confirm the reliability of these techniques
for glans reconstruction.

Penile shaft reconstruction
Indications for penile shaft reconstruction are penile skin loss, partial
or subtotal penectomy, traumatic amputation of the penis, micrope-
nis, aphallia or penile agenesis and female-to-male trans-sexualism.
Genitals skin loss can be consequence of trauma, infections such
as Fournier’s gangrene, burns, LS or iatrogenic as in the case of
surgical excision of benign and malignant conditions or of excessive
circumcision.
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Figure 1 Total glans resurfacing. (a) Complete involvement of the glans penis
with partial meatal stenosis. (b) The glans and the coronal sulcus are completely
denuded. The involved mucosa is excised preserving completely the underlying
spongy tissue. (c) The denuded glans and corona are covered with a STSG that is
quilted to recreate the coronal groove. (d) The final result after full glans resur-
facing. STSG, split-thickness skin graft.

A variety of local skin flaps can be used for penile skin cover; how-
ever, the best cosmetic results are achieved with the use of skin grafts.
In particular, full-thickness skin grafts (FTSG) guarantee superior
results than their split thickness counterpart since they heal with less
contracture and therefore preserve the physiological girth and length
expansion during erection.’

Among benign conditions that require surgical excision of the affec-
ted penile skin and dartos followed by reconstruction, genital lym-
phoedema deserves to be cited separately. This condition, which arises
when the lack of lymphatic drainage results in the abnormal retention
of lymphatic fluid in the subcutaneous tissues, can be primary, in the
presence of an abnormal development of the subcutaneous lymphatic
system, or secondary to any conditions that may affect and impair the
inguinal lymph nodes. Extended inguinal and pelvic node dissections,

Figure 3 Surgical management of extensive penoscrotal lymphoedema. (a)
Extensive penoscrotal lymphoedema. (b) After the isolation of cords and shaft,
all the lymphoedematous tissue is excised. (c) The shaft is covered using the
inverted inner preputial layer, which is not affected by the lymphoedema, and a
FTSG harvested from a non-hair bearing area. (d) The final result after 6 months.
FTSG, full-thickness skin graft.
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Figure 2 Technique of glansectomy for squamous cell carcinoma of the penis.
(a) Diffuse glans involvement by squamous cell carcinoma. (b) The glans is
dissected off the tunica albuginea of the tip of the corpora cavernosa. (c) The
denuded corporal tips are covered with a STSG harvested from the inner thigh to
fashion a pseudo glans. (d) Final results 6 months postoperatively. STSG, split-
thickness skin graft.

trauma, radiotherapy, malignant and granulomatous infiltration,
venereal diseases and parasitic infections all involving the inguinal
lymph nodes are all known causes of genital lymphoedema.'®~"”

Surgical management of penile lymphoedema involves the com-
plete excision of all the lymphoedematous tissue and of the over-
lying skin followed by repair with the use of skin grafts and local
flaps. The lymphoedematous tissue is dissected off Buck’s fascia
because the swelling involves only the skin and the underlying
dartos fascia. The affected skin must always be completely excised
as undermining the margins, in the attempt to preserve the genital
skin while excising the lymphoedematous tissue, invariably deter-
mines the disruption of the fine vascular supply to the skin, with
consequent skin necrosis.

Since the inner layer of the prepuce has a separate lymphatic
drainage along the dorsal neurovascular bundle towards the
internal pudendal system, this structure is never involved by the
lymphoedematous process and therefore should be spared and used
for penile skin cover (Figure 3).°

Total phallic reconstruction instead is indicated in patients who
have undergone partial or total penectomy, traumatic amputation,
in the case of micropenis, aphallia or female-to-male trans-sexualism.

Figure 4 The final result after RAFF phalloplasty. RAFF, radial artery-based
forearm free flap.



Table 1 Success rate of glans resurfacing
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Study Condition No. of patients Complications Follow-up (month) Recurrence rate (%)
Depasquale et al. (2000)* LS 5 0 — na
Garaffa et al. (2011)° LS 31 5 12 na
Hadway et al. (2006)? CIS 10 0 30 0
Shabbir et al. (2010)* CIS 25 1 29 28

Abbreviations: CIS, carcinoma in situ, LS, lichen sclerosus; na, not available.

Patients who have suffered partial amputation of the penis are
initially offered conservative management such as division of the sus-
pensory ligament of the penis or excision of the suprapubic adiposity
in order to maximize the length of the penile stump. If these proce-
dures result in an insufficient length gain, with consequent incapacity
of the patient to engage in penetrative sexual intercourse and void
while standing, or in the presence of severe psychological distress,
patients should be offered total phallic reconstruction.

Ideally, phallic reconstruction should allow the creation of a cos-
metically acceptable sensate phallus with incorporated competent
neourethra, to allow micturition while in the standing position, and
with enough bulk to tolerate the insertion of a penile prosthesis for
successful sexual penetration.

A single-stage procedure and minor disfigurement of the donor site
are also desirable requisites.'®

The complex anatomy and physiology of the penis and the fact that
there is no good substitute for the unique erectile tissue of the corpora
render reconstruction prohibitive for the surgeon; this is why, despite
a variety of surgical techniques have been described, none fulfils all the
ideal criteria.'®*

The development of total phallic construction techniques has par-
alleled the evolution of flaps in plastic surgery and, after the initial
attempt of Bogoras in 1936, who used a random pedicled oblique
abdominal singular tubularized flap to create a phallus, a variety of
techniques have been described in the literature.**>>

However, only the advent of microsurgical techniques in plastic
surgery has represented the real breakthrough in phallic reconstruc-
tion with the initial description of the radial artery-based forearm free
flap (RAFF) phalloplasty by Chang and Hwang® and Song et al.** This
reconstructive procedure involved the creation of ‘a tube within a
tube’ using forearm skin with the urethra fashioned from the non-
hair-bearing area and the whole flap base on the radial artery.
Contrariwise to all previous techniques, the RAFF allowed the creation
of a cosmetically acceptable sensate phallus of cylindrical shape.

Despite free osteocutaneous fibular flaps, anterolateral thigh flaps,
latissimus dorsi flap and upper arm flaps have been introduced in
order to minimize donor site morbidity, they are associated with
poorer cosmetic results than the RAFF phalloplasty (Table 2).>~!

In particular, osteocutaneous flaps have been designed in order to
guarantee the rigidity necessary to achieve successful penetrative inter-
course; the main disadvantages of these flaps are that the phallus is
difficult to conceal and the bone component tends to be progressively
desorbed with consequent loss of rigidity.”> In miocutaneous flaps
instead, muscle contracture is common and this leads to poor cos-
metic results.

The RAFF phalloplasty involves three or four stages, which are
usually carried out at 3 months distance from each other and the
overall process takes at least 1 year. In general, the first stage consists
in the creation of the phallus and transposition to the recipient site; in
the transsexual, an additional second stage involves the anastomosis
of the native to the phallic urethra. During this stage, the urethral
anastomosis is protected until it is completely healed by diverting

the urine with a suprapubic catheter. The third stage involves the
sculpture of the glans according to the Norfolk technique and the
insertion of the reservoir of a three-piece inflatable penile prosthesis,
while in the last stage, the cylinders and the pump of the penile pros-
thesis are inserted and connected with the reservoir.

Total phallic reconstruction with the use of the RAFF is a reproducible
technique. The most feared complication is acute venous thrombosis of
the microsurgical anastomosis which occurs in around 3% of patients in
postoperative days 3 and 4 and is characterized by a phallus that appears
oozy and discolored and by a progressive weakening of the pulse. Due to
its subtle onset, it is recognized invariably too late and leads to the
complete loss of the phallus. Acute thrombosis of the arterial anastomosis
is instead immediate and easily identifiable; therefore, immediate re-
exploration of the anastomosis with preservation of the phallus is almost
always possible. Partial necrosis of the phallus due to arterial or venous
ischemia may occur in up to 10% of cases.*>*'

The most common long-term complications are neourethral stric-
ture and fistulas, which occur respectively in around 10% and 20% of
cases. Surgical correction is almost always possible and after revision
surgery, 99% of patients are able to void standing from the tip of the
phallus. Sensation on the phallus has been reported by 86% of patients
with an overall satisfaction rate after revision surgery of 97%
(Figure 4) 3031

The main drawback of this type of phalloplasty is donor-site mor-
bidity. Although good cosmetic and functional results can be achieved
with adequate preparation of the donor site for grafting and with the
use of FTSG to cover the defect, the residual scar on the arm still
represents a ‘stigma’ for patients.’®>"*’

Therefore, patients who wish to achieve cosmetic and functional
results similar to the one provided by the RAFF but want to minimize
the donor-site morbidity can be offered the incorporation of a 4 cm
wide tubularized free flap based on the radial artery in a prefashioned
infraumbilical flap phalloplasty to create a neourethra. This technique
is called radial artery-based free flap urethroplasty. In a recent series of
27 patients, this technique, called radial artery-based free flap urethro-
plasty yielded excellent cosmetic and functional results and all patients
who have completed the two stages of the procedure were able to void
from the tip of the phallus and had acceptable donor-site morbidity
due to the smaller size of the flap.>*

Penile prosthesis implantation in phalloplasty is necessary to guar-
antee the adequate rigidity to allow patients to engage in penetrative
sexual intercourse and is carried out at least 1 year after the formation
of the phalloplasty in order to allow the phallus to recover adequate
cutaneous sensation.

Due to the absence of tunica albuginea, only hydraulic devices should
be implanted, and the cylinders are housed in a Goretex or Dacron sheath
to anchor them to the pubic branch and to prevent distal erosion.

Penile prosthesis insertion in a phalloplasty is associated with high risk
of complications. This is due to the absence of the tunica albuginea that
protects the cylinders from traumas and erosion and to the necessity to use
foreign materials to house the cylinders.
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Table 2 Comparison of phalloplasty techniques
Technique Cosmesis Urethra Sensation Donor-site morbidity Stages
Gillies®© Excellent Yes No 4+ Multiple
Infraumbilical flap?* Moderate No At the base + Single
Gracilis flap?? Moderate No No + Single
OFF?” Moderate Yes? Yes + 2
ALT?028 Good Yes® Yes + Single
LDF?° Good Yes® Yes ++ Single
RAFF24:25:30-31,33 Excellent Yes Yes 4+ Multiple
RAFFU3 Good Yes Yes® + Multiple

Abbreviations: ALT, anterolateral thigh flaps; LDF, latissimus dorsi flap; OFF, osteocutaneous fibular flaps; RAFF, radial artery-based forearm free flap; RAFFU, radial artery-

based free flap urethroplasty.

@A prelaminated skin-graft urethroplasty can be fashioned and incorporated in the phallus. However, urethral complications can be as high as 50%.
b A neourethra can be fashioned in a ‘tube within a tube’ fashion only in patients with thin adipose layer. In patients with thick adipose layer, the ALT flap is not wide enough to

be rolled in a ‘tube within a tube’ fashion.

¢ Sensation is present on the entire neourethra and at the base of the pedicled phalloplasty.

In a recent series of 129 patients who have undergone penile pros-
thesis implantation in phalloplasty, infection rate, erosion rate and
mechanical dysfunction of the device were respectively 11.9%, 8.1%
and 22.2% with an overall revision rate of 41%. Overall, up to 60% of
patients had a normally functioning penile prosthesis, were able to
cycle the device and, potentially, to have penetrative sexual inter-

COLII‘SC.35

CONCLUSIONS
In glans reconstruction, the best results are achieved with the use of
STSG, while defects on the shaft are better dealt with FTSG since they
allow the preservation of the physiological girth and length expansion
during erection.

For total phallic reconstruction, the RAFF phalloplasty with delayed
insertion of a hydraulic penile prosthesis guarantees excellent cosmetic
and functional results.
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