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Hypospadias - Back to the Future (Editorial)
Hypospadias is a common anomaly affecting about 1 in 120 male New-borns and
there are already more than 300 operations described for its correction. However,
it remains a major challenge even for the most experienced surgeon. It was an
outstanding idea to dedicate 3 days of an International Congress just for hypospadias.
The importance of such a hot and controversial field was evidenced by having more
than 1600 registrants from around the world for this International Congress, making
it the largest international gathering so far in the field of hypospadias.
The Congress has helped shed light on several misconceptions ranging from the
history of hypospadias to the development of the urethra and pathogenesis of
hypospadias to successful surgical techniques and the importance of long term
follow up.
It was shown that Galen and other pioneers in the first century AD did not recommend
amputation of the penis or penectomy as frequently quoted in literature. Instead,
they recommended glueing or suturing,such as they used to deal with "amputations"
of the nose and ear.
There are still a lot of "unknown unknowns"; the current theories of urethral
development and pathogenesis of hypospadias do not explain the clinically different
presentations such as chordee, torsion, different grooving of the glans or differing
degrees of development of the urethral plate. These, still remain a "virgin" field for
future research and studies. It is upto the younger generation to, conduct joint
studies with different international centers and diversescientific disciplines to
unravel the existing mysteries.
How many stages do we need to correct complex proximal forms of Hypospadias
with severe chordee? the Pendulum has swung from 3 stages in the nineteenth
Century to one stage in the1970s and '80s, to two stages, even "one and half stages"
in the twenty first Century. It has become clear that it is not important how many
stages the surgeon usesas long as he reaches his goal of offering the child a good
functioning and aesthetically pleasing penis. We have passed through an era in the
1990s and early twenty first century where the focus was more on cosmesis and
having a slit-like meatus whilst ignoring the function, resulting in a higher incidence
of complications with some of the newer techniques.
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Old is Gold; we have also witnessed the revival of old techniques with modifications
to meet the expectations of the children and their parents. The Thiersch- Duplay
technique has been revived with a protective intermediate layer to reduce fistulae
incidence and pre-operative hormone therapy to enlarge the glans. The Mathieu
technique has also been revived with the SLAM modification to have a slit-like
meatus at the tip of the glans and a three- layer closure to minimise the incidence
of complications.
Chordee is another example that has gone through different waves. From extensive
excision of the hypoplastic tissues in 19th and early 20th century to dorsal plication
only in 1990s and 2000s promoting techniques that reliedentirely on preservation
of the urethral plate, to a more objective approach that tries to correct the actual
pathology. This is the advantage of long term follow up that showed that most
patients who had undergone dorsal plication, came back at puberty with recurrence
of severe chordee.
What is the best technique to correct hypospadias? The outcome of hypospadias
surgery depends on 3 main variables: the patient, the surgeon, and the technique.
Building the new urethra is like building a house! You must use the proper raw
material otherwise the house will collapse. it has become clear that the best technique
to correct hypospadias varies according to the patient morphology and the surgeon's
experience and each surgeon should choose the technique that is suitable for the
patient.
Durham Smith wrote in his forward to the first edition of the hypospadias Surgery
book in 2004;" I know of no surgery that can humble a surgeon like hypospadiasit carries a vicious bite with its list of complications, most galling when they occur
years later".
Let us have a new fresh start and begin with agreeing on a single international
classification of hypospadias that will enable us to share our experience and compare
our results in an objective way. We should stick to a single classification (like the
HIS classification) and modify it along the way as needed.
Let us learn from the experience of senior generations, let us learn from each other
in an international platform and share our experience with younger generations, let
us go "back to the future".
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Surgical Anatomy of Hypospadias - Beyond Grays
Anatomy

Hypospadias is one of the common urological conditions with a reported incidence
of 1 in 250-300 male births. This makes it one of the common surgical procedures
performed not only by a pediatric surgeon, but also by a urologist and plastic
surgeon. With more than 300 types of surgical procedures and modifications
described, there is no one perfect technique, hence it becomes imperative for the
surgeon to understand the anatomy of this condition as a way to tailor his repair
to improve his outcome.

Gross Anatomy
Similar to a normal penile shaft, the gross anatomy of a hypospadiac penis also has
paired corpora cavernosa surrounded by thick tunica albuginea, with a midline
septum, engulfing the corpus spongiosum, which is deficient at the location of the
hypoplastic meatus. This is surrounded by the Bucks fascia with neurovascular
bundle deep to it and the dartos fascia which contains vessels for blood supply to
the prepuce.
The deviation in the remaining anatomy can be best understood by envisaging the
embryological arrest of penile development - there is failure of genital folds to fuse,
the preputial tissue fails to form ventrally, leading to excess on dorsal aspect and
wings on either side of the urethral plate. Frenulum does not form. There is also
failure of caudal migration of labioscrotal folds leading to penoscrotal transposition.
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Grossly, the navicular fossa is open, the frenulum is absent. The skin proximal to
urethra is thin which often renders an anterior hypospadias to a middle one. Division
of median raphe marks the distal most limit of mesenchymal migration where the
division of corpus spongiosum occurs, median raphe branches and extends asa dog
ear on either side forming a triangle, in which the Bucks fascia and subcutaneous
tissue are lacking.
Sometimes in the gap between meatus and branching of raphe there is a hypoplastic
length of urethra with thin skin, without spongiosum. There is also penoscrotal
transposition, degree of which may be variable.
Some boys with distal and the majority of those with proximal hypospadias have
a glans width less than that of the average normal newborn. Glans size does not
correlate with age in patients with hypospadias between 3 and 24 months old,
supporting the decision to operate as early as 3 months in some centers.
"Septum Glandis" is a relatively new concept which states that the glans wings do
not fuse at the ventral midline in a normal penis, and are separated by a fibrous tissue
called the septum glandis, which is connected to the frenulum, traversing the wings
of the glans penis. The glanular urethra forming the fossa navicularis has a wider
caliber than the proximal urethra and the walls of glanular urethra are seen an
extension of fibrous tissue. In a hypospadiac penis, the septum glandis and frenulum
are entirely missing structures and need to be recreated bytubularization of the
urethral plate, reunion of the diverted corpus spongiosum, and construction of the
septum, frenulum and foreskin to form the glanular, and subcoronal urethra. One
important point of repair is to provide connective tissue (spongiosum and dartos)
between the glans wings, which has an adhesive function and limits glans dehiscence
with tension-free approximation.
The meatus, which is the basis of classification is depending on its location, is
fissured, transverse or longitudinally, and covered with delicate skin. An exception
to this is the megameatus intact prepuce variant. Most commonly located at coronal
groove, is the normal position in a9-10 week embryo which reiterates the incomplete
morphogenesis theory. The orifice of periurethral duct lie distal to the meatus and
courses dorsal to urethral channel, forming a blind ending Guerin sinus or Morgagni
lacunae.
At the end of the male urethra within the glans is located the navicular fossa that
enables a male penis can produce a stream of urine with less spraying of droplets.
Comparison of a model with a preterminal dilatation to the one without showed the
stream broke up faster with more satellite droplets and playing if preterminal dilatation
was lacking.
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The urethral plate, which instead of the urethral tube, lies distal to the meatus in the
midline may be of two types1. Well-developed plate: epithelial layer covers the remnants of spongiosum. It is
elastic and the fibrous tissue that lies between the spongiosum beneath the
urethral plate and the tunica albuginea of the corpora cavernosa is responsible
for the chordee and so removal of this fibrous tissue theoretically should correct
the chordee.
2. Maldeveloped plate: There is a thin epithelial layer covering a dense fibrotic
tissue fixing the plate to the tunica of the corpora cavernosa, spongiosum is
lacking. Hence it is necessary to divide the plate at the level of the meatus and
which helps in abolishing the chordee.
Chordee, which is the congenital bend observed during erection, although is
present in majority patients, it is more frequent and severe in posterior varieties
where it is attributed to the apoptosis of urethral plate in absence of androgenic
stimulation. It may bedue to various etiologies, ventral skin deficiency, dartos
fascial deficiency, fibrous chordee with tethering of ventral shaft, or deficiency of
corpora cavernosa on ventral side.

Blood Supply
The main blood supply is from the internal pudendal artery forming the deep artery,
dorsal artery and artery of the bulb of the penis. Superficial external pudendal which
is a branch of femoral artery supplies skin and fascia of penis. Due to their orientation,
only longitudinal incision should be made in the superficial penile fascia to preserve
axial arrangement of blood vessels.
Preputial blood supply is by the superficial penile arteries which are dorsolateral and
ventrolateral in location forming collaterals and arterial plexus. Behind sulcus they
anastomose with dorsal penile artery and the terminal branches go beyond sulcus.
It is to be noted that when the prepuce is not retracted - the arteries loop back upon
themselves to terminate at the corona and not at the preputial ring.Incision at
coronal sulcus doesn't damage any blood supply of prepuce as the vessels terminate
at this region, inner layer of prepuce may be dissected from the outer layer due to
separate blood supply and with its vascular pedicle it may be rolled into a neourethra.
Artery to the frenulum arises from the dorsal artery of the penis, where branches
curve around each side of the distal shaft to enter the glans and the frenulum
ventrally.
It has been found by magnetic resonance imaging studies that at the level of the
dartos, superficial dorsal vessels are absent in most of the hypospadiac penis
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leaving the line of relative avascularity at dorsal midline with rich vascularity on
dorsolateral aspects with axial pattern vessels.
From the dorsal arteries approximately five pairs of circumflex branches contribute
to the blood supply of the corpus spongiosum and the urethra along with artery of
the bulb. The corpus cavernosa is supplied by the cavernosal and deep artery.
Within the corpus cavernosa, the cavernosal arteries divide into branches that
either end directly in capillary networks which open into the cavernous spaces, or
become convoluted and somewhat dilated called as helicine arteries, which also
open into the cavernous spaces. Helicine arteries are most abundant in the posterior
regions of the corpora cavernosa.
Distal to hypospadiac meatus, bifurcated corpus spongiosum and laid open urethral
plate receive perforators from the corpora cavernosa and dartos fascia in addition
to its blood supply from proximal corpus spongiosum. Extensive vascularity under
the urethral plate allows for its successful incorporation of the urethral plate and
abortive spongiosum into repairs.
Collateral communication between superficial and deep arterial systems exist at 3
locations:
1. Coronal sulcus between dartos and terminal glanular branches of deep penile
artery
2. Paraurethral spongiosum between perforators from urethral artery and dartos
vessels
3. On the dorsum, between dorsal penile vein and dorsomedial branches of superficial
artery.
There exists a 3 tier venous drainage system:The superficial dorsal vein drains the
penile skin and the superficial tissues above Buck's fascia into the external pudendal
branches of the saphenous vein.The deep dorsal (unpaired) and circumflex veins
drain the corpus spongiosum including the glans penis, and the distal corpus
cavernosa into the periprostatic plexus and then into the internal pudendal veins
and the subtunicalcavernosal and crural veins which drain the proximal corpora
cavernosa and the crura into the internal pudendal vein.
However for the prepuce there are small venous plexus in the prepuce that drain from
the superficial dorsal penile vein to external pudendal vein and into the femoral vein.

Nerve Supply
Dorsal nerve branch of pudendal nerve form bundles on either side, superior and
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lateral to urethra, nerves spread around the cavernosal bodies leaving the 12 o' clock
position spared, as a result dorsal plication can be done in the midline by vertical
incision to correct chordee.
Sympathetic (T11-L2) and parasympathetic (S2-4) supply is from the cavernosal
nerves of the pelvic plexus. They pierce the fibrous penile sheath proximally to
supply the erectile tissue of the corpus spongiosum and penile urethra, the
parasympathetic nerves run adjacent to and through the wall of the membranous
urethra.
The cavernosal nerves send neuronal nitric oxide synthase (nNOS)-positive fibers
to join the dorsal nerve of the penis, thereby changing the functional characteristics
of the distal penile dorsal nerve.Similarly, the nNOS-negative ventrally located
perineal nerve originating from the pudendal nerve becomes nNOS-reactive at the
cavernosa-spongiosal junction
The most commonly used drugs formanagement of erectile dysfunction phosphodiesterase-5 inhibitors, such as sildenafil, vardenafil, and tadalafil -causethis
nitric oxide-induced vasodilation by increasing the cyclic guanosine monophosphate
(GMP) levels.
Prepuce is supplied by the dorsal nerve of the penis and branches of the perineal
nerveincluding the posterior scrotal nerves. Hence the dorsal penile nerve block
provides incomplete pain relief in neonatal male circumcision
The glans is primarily innervated by free nerve endings and has primarily protopathic
sensitivity, encapsulated end-organ receptors are sparse and located mainly along
the corona and the frenulum. The male prepuce ridged band which is the mucocutaneous junction has a high concentration of encapsulated receptors.The
innervation difference between the protopathic sensitivity of the glans and the
corpuscular receptor-rich ridged band of the prepuce is part of the normal complement
of penile erogenous tissue, which post circumcision may have an affect on male
penile sensation.
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History and Evolution of Hypospadias Management

Abstract
In the ancient times, hypospadias, like many other surgical entities, was managed
using the primitive techniques of age-old physicians and their experience. The basic
anatomical repair used to be the goal of surgery due to unavailability of surgical
instruments, haemostatic agents, suture materials and anaesthesia. Over the period
of few decades, the surgical procedure evolved, techniques refined, complications
reduced, and patient satisfaction index was also taken into due consideration. The
cosmesis aspect of the repair was also considered and various flaps and grafts were
used. In the 21st century, the field of hypospadiology is not left untouched by
robotics. The use of specialised techniques and robotics instruments for
neurovascular bundle identification has thus reduced the complication rate to
minimum. The techniques, instruments and grafts may continue to evolve. But the
foundation of this evolution will always be somewhere connected to the fundamental
principles laid down by pioneers like Galen and Asopa.
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Introduction
"What the mind does not know, the eyes cannot see." This age-old dictum aptly
reveals the evolution of hypospadias management from 16th century till the era of
robotics. There was not much understanding about the intricate details of human
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body, diseases, and its long-term sequelae in ancient times. But the wise physicians
in that era, across the world knew that meatal opening in hypospadias is the cause
of abnormal voiding and absence of procreation. With the limited resources everyone
corrected the hypospadias and chordee. It failed with complications many a times,
but this paved the path for further improvement for the next refinement in techniques.
The understanding of evolution is important to understand that nothing new was
discovered, but the old techniques were tried and modified. With introduction of
surgical instruments and development in understanding of human body, the pace
of hypospadias correction speeded up and complications reduced.

The Pioneers
The first documentation of hypospadias can be traced back to the literature found
in Rome, Greece, and Egypt. Galen had described hypospadias along with the
management. He had suggested amputation or partial penectomy to the level of the
urethral meatus with a conical incision to preserve a glanular shape".(1-4)
The main concern about hypospadias in those days was the inability to void
appropriately and difficulty in procreation. It was thought that due to abnormal
meatal opening, it was difficult to deposit sperm in the vaginal canal.(5) The interesting
case of Maltese woman has been described. The female had asked for annulment
of marriage due to infertility issues of her husband. The judge asked the physicians
to examine the male Infront of the court. The marriage was annulled, as the meatal
opening was abnormal.(6)
Furthermore, the light was thrown into this disease after the correction of chordee
of Henry II, King of France in 1547.(7) Painful inflammatory downward curvature of
penis was described as chordee.(8) It was asserted that gonorrhoea was one of the
chief reasons of chordee, with most instances occurring at night.(9) In recent times,
nobody would imagine that hypospadias could be a stigma in history, leading to
annulment of marriages and shameful genitals examination Infront of the court.

The Evolution of Surgical Principles
After the description by Roman physicians, the medieval age witnessed the surge
of various techniques for repair of hypospadias by Islamic physicians. Albucasis
of Cordoba (936-1013), also advised similar repair like Galen, which included cutting
the head of glans and maintaining the conical shape as well.(10)
Later, canalisation technique was used, using silver cannula by Amatus lucitanus
in a penoscrotal hypospadias.(11) The Islamic physicians started interventions by
inserting a lead trocar when the glans was without a hole. It was removed when the
child needed to urinate. Further, this lead trocar was also used to dilate in case of
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narrow meatus. During this period, Albucasis, also described the "tunnelling" and
carving. The principle of which is still in practice.(12)
With the advent of surgical instruments and anaesthesia, complex urethral surgeries
began in early 1840s.(13) The first detail description about repair was found in the
A course of Surgical Operation Demonstrated in the Royal Garden in Paris, by P.
Dionis. He described the technique of correction of hypospadias and chordee
correction by a light scissor of incision knife or scissor X. The concern of deposition
of sperm in vaginal canal and proper voiding persisted.(14)

The Slow Advent of Urethroplasty
The 19th century witnessed various modifications of the above-described techniques
and a more humane approach towards treatment. Liston(15) in London and
Mettaeur(16) in United States used a prepucial flap to repair hypospadias.
Further modifications of surgical management began by Duplay, after Theophile
Anger (1874), demonstrated an epispadias repair using two ventral penile flaps with
first flap creating a new urethra and second being used for ventral skin coverage.(17)
Later, distal hypospadias repair, tubularization of urethral plate and penile skin was
described by Anger and Duplay, to reconstruct urethra.(18-19)
For glanular hypospadias repair, Carl Beck in New York and Hacker in Germany
published the principle of urethral mobilization and meatal advancement in 1898,
which was further modified in various techniques. Both are considered as pioneer
in glanular hypospadias repair.(20-21) First penile pedicle flap to create urethra was
first used by Ombredanne. For perineal hypospadias, the prepuce was used to
reconstruct a urethral tube by Weller van Hook in1896.(22)

The Beginning of Staged Repair
In the 19th century, the repairs were done in three stages: excision of chordee,
urethra tube reconstruction and anastomosis of neo urethra with proximal native
urethra. The two-stage repair appeared in the beginning of 20th century.(23) Chordee
was released and the preputial skin was transferred to the ventrum, which in due
course would be tubularised.(24)
The evolutionary thoughts and understanding the physics of hypospadias
correction in the last two centuries, introduction of surgical instruments, suture
materials and anaesthesia, paved the path for techniques focussed on better
outcomes after hypospadias surgery, in the beginning of 20th century. The meatal
based flap was used by Mathieu for distal hypospadias repair in 1932.(25) The single
stage repair came into practice. Devine use preputial skin for tubularised grafting,
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in 1961, with tabularised grafting technique.(26) The complications of this technique
were meatal stenosis, stricture, and scarring.(27) Earlier, grafts used from thigh or
arm led to growth of hair.(28)
Thus, this era experienced techniques which considered of the cosmetic aspect of
the management. Flap urethroplasty as described by Asopa et al. In 1962, Cloutier
described two stage surgery in which preputial skin graft was used in first stage and
reconstruction of urethra 6 months later.(29) The focus also shifted towards
techniques for repair of chordee when Nesbit removed elliptical tunica albuginea,
in 1965. Proximal hypospadias was repaired by tubularization of urethral plate.(30)
Elder et al described preputial island onlay flap in 1987.(31) In 1994, the dorsal penile
shaft was plicated by two transverse incisions by Duckett and Baskin.(32) It
shortened the dorsal aspect of penis without removing tunica. Although the use of
various dermal based flaps and other flaps, was still practiced, owing to the cases
of small phallus.(33-34) For subcoronal hypospadias, ganuloplasty and meatal
advancement were also described by Duckett. The urethral fistulisation risk was
reduced to minimum and this procedure was performed as a day procedure.(35)
For distal hypospadias, without significant chordee, Snodgrass introduced the term
- tubularized, incised plate urethroplasty. The technique was like the glans
approximation procedure, described by Zaontz. The glanular groove is incised
followed by tubularization of urethral plate.(36-37)
Further, various modifications were done in tubularized incised plate urethroplasty.
This technique was then being put to practice for more proximal defects and for
cicatricial hypospadias.(38-39) The various grafts used for cicatricial hypospadias
repair, failed due to complications like stricture, scarring and graft shrinkage.(40)
After 1941, buccal mucosa was successfully being used in 1980s to 1990s.(41) Braca,
later presented a paper on use of skin graft or buccal mucosa for correction of all
forms of hypospadias in a two-stage repair, for full thickness skin grafts.(42)

The Evolution Continues
The over the century research helped in a better understanding of the embryological
aspect of hypospadias. The age-old techniques for surgical repair of hypospadias
were still used. They are also in evolving stage for further refinements.
The telesurgery and extracorporeal use of robots has also been described in case
reports. Although there is a steep learning curve and need for more fine instruments.
In another decade, due to its negligible complications and improved quality of life
of patient, this might emerge as a preferred modality for hypospadias repair and
reconstructive surgeries.
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Conclusion
With the improvement in sterilisation techniques, use of suture material, better postoperative care, and various research studies, it has now become easier to reduce the
complication of surgery and increase patient satisfaction index. However, new
techniques may continue to evolve, but it may seem connected to the innovative
surgical skills of the pioneers. The introduction of telesurgery has introduced a ray
of hope to help reach the basic hypospadias repair to that part of the world where
evolution of mankind is still primitive.
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Introduction
Hypospadias is abnormal development of penis reskaulting in a ventrally placed
urethral meatus, dorsally hooded prepuce, with or without ventral penile curvature.
It was described by Greek physician Galen; is derived from Greek words- 'Hypo'
meaning 'under' and 'spadon' meaning 'something torn or rent'.Despite a plethora
of research into the genetic, endocrinological and environmental basis of
hypospadias, understanding of the subject remains meagre. The etiopathogenesis
has been studied in various studies, but no definitive causative factor has been
found. The study of art and science of hypospadias and its correction has been
recently separately categorized as 'Hypospadiology'. Innumerable techniques have
been described since time immemorial by eminent pioneers of the field. Early
description of hypospadias has been found in ancientRoman, Greek and Egyptian
historical texts. The embryology, anatomy and physiology of this developmental
disorder has been a source of uncertain fascination, whose study has yielded more
questions than answers.
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Etiopathogenesis
No single cause has been yet established for this disorder, nor it is likely to be
identified any time soon. It is most likely yet another multifactorial affliction. It is
a highly heterogenous disorder for which multiple etiological basis have been
proposed including maternal factors, genetic predisposition, endocrinological factors
and environmental factors.

Epidemiology
Incidence
Hypospadias is seen in around 1 in 300 live male births, being one of the most
commonly seen congenital malformation in pediatric surgery clinics. After
cryptorchidism, it is the second most commonly seen congenital urological anomaly.1
Associated anomalies
Hypospadias and concomitant undescended testis occurs in approximately 6-31 %
of patients2 with a higher incidence found in proximal or severe hypospadias.
Presence of cryptorchidism and hypospadias together should alert the astute
clinician to look for a possible disorder of sex development.
Inguinal hernias occur in about 9 % of patients with hypospadias. However,
associated urinary tract anomalies are rare in patients with isolated hypospadias.
Mild increase incidence is definitely seen in few congenital disorders such as
anorectal malformations, cleft lip or prune belly syndrome.
Genetic Basis
Despite studies of countless candidate genes, no clear pattern of inheritance or
definite genetic cause of most cases of hypospadias has been established. A
positive family history in seldom found in most cases of hypospadias and most
cases are sporadic in nature. Hypospadias could also be a part of syndromic
association less commonly. The variety of studies have focused on identifying any
genetic abnormality leading to the so-called sporadic cases of hypospadias.
The genes implicated as cause of hypospadias include those involved in the
development of urogenital system, interactions between urethral plate epithelium
and genital tubercle, masculinization of external genitalia and steroidogenesis.3
SF1 gene, which encodes a transcription factor involved in sex-determining pathway
leading to development of urogenital system, was found to be mutated in a study
23

by Kohler et al. 4Mastermind-like domain containing 1 (MAMLD1) gene is a causative
gene for the development of male external genitalia, mutations in which have been
found to be present in around 10 % of both severe and non-severe hypospadias
patients.5 It was earlier also called as Chromosome 6 open reading frame 6 (CXorf6)
and is expressed in fetal Sertoli and Leydig cells. It is co-expressed along with
steroidogenic factor 1 (SF-1), involved in testicular differentiation.6Mutation in
Fibroblast growth factor 10 (FGF 10) and FGFR2, essential for normal epithelialmesenchymal interactions, causes mice with proximal urethral opening and a flattened
glans; analogous to hypospadias.7
Recent studies have implicated a possible role of Mullerian Inhibiting substance
(MIS)/ Anti-Mullerian Hormone (AMH) in the etiopathogenesis of hypospadias
without any concrete evidence. MIS, secreted by Sertoli cells of testis, antagonizes
testosterone by inhibiting cytochrome P450c17 CYP17, an enzyme essential for
testosterone synthesis.8Genome wide linkage studies have found a suggestive
linkage at the 4 chromosome regions 9q22 (in all families), 2p11, 10p15 and 10q21 (in
Swedish families).9 More recently, CXorf6 and ATF3 have been implicated to be
reported in the pathogenesis of Hypospadias.10
Denys-Drash syndrome (DDS) and Wilms' tumor, aniridia, genitourinary
malformations, and mental retardation (WAGR) have been shown to have an increased
propensity to develop hypospadias.11 Similarly, hundreds of syndrome have been
found to have an association of congenital urological diseases such as hypospadias.
Though no clear-cut genetic transmission has been delineated, there is an increased
incidence in siblings of hypospadias patients. More studies are indeed the need of
the hour for a comprehensive database such that etiological basis of development
of hypospadias can be better understood. The differences and similarities in penile
development and hypospadias among human and various animal models suggest
that guinea pig may be a good model to study the etiology of hypospadias.12

Environmental Basis
Many environmental factors have been extensively evaluated as a cause of increased
incidence of hypospadias.
Pesticides
Pesticides and pharmaceutical drugs having possible estrogenic activity might lead
to development of hypospadias. Both maternal and paternal occupational pesticide
exposure has been studied as a causative factor leading to hypospadias. A recent
Meta-analysis by Rocheleau et al. showed that maternal and paternal occupational
exposure to pesticides or agricultural work was associated with a 36% and 19%
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increased risk of hypospadias, respectively.13A significantly higher birth prevalence
of hypospadias has been found with increasing pesticide impact.14
Diet
In a population-based case-control study of 90 cases with 202 controls, increased
odds ratios were observed for mothers of children with hypospadias who, during
pregnancy, frequently consumed fish (OR = 2.33 [95% confidence interval (CI) 1.03,
5.31]) and market-purchased fruit(OR = 5.10 [95% CI 1.31, 19.82]). This study suggested
that some maternal dietary factors may play a role in the development of congenital
defects of the male reproductive tract including hypospadias.15
Assisted reproductive technology
An increase in the incidence of hypospadias due to increased use of Assisted
Reproductive Technology (ART) has been well studied. In one study by Silver et
al., five times increased risk of hypospadias was found in male newborns conceived
by In vitro fertilization which may be related to maternal progesterone administration,
or other maternal or fetal endocrine factors.16 On the other hand in another study,
the risk for hypospadias was increased after ICSI, but not standard IVF which may
be related to the paternal subfertility with some genetic background.17 The recent
apparent rise in hypospadias coinciding with the recent expansion of ART has been
attributed to the conception using sub fertile sperms.
Drugs
Diethylstilbestrol (DES) is a synthetic estrogen which was widely prescribed to
pregnant women earlier, but due to high risk of adenocarcinomas in daughters led
this drug to go out of favor. However, in sons of women who were exposed to DES
in utero, there was found to be an increase in risk of hypospadias in some studies18
and not so much in a few recent studies. 19
Many drugs have been evaluated for association with hypospadias including
sodium valproate, loperamide, corticosteroids and antipsychotics, though concrete
studies to establish association are lacking. 20
Smoking
In light of many conflicting reports, a recent systematic review summarized that even
though majority of studies points toward no association between maternal cigarette
usage with hypospadias in the child,21 there may be a protective effect of maternal
cigarette smoking during pregnancy on risk of having a child with hypospadias.2223
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Fetal factors
Increased incidence of hypospadias has been found in children who are small for
gestational age24 which might reflect a sequala of placental insufficiency or due to
decreased androgens as fetal androgens are essential for weight gain and low
androgens could be the inciting cause for both low weight and hypospadias. An
association has also been found to be with monochorionic twins.25

Endocrinological Basis
The development of normal male type external genitalia is dependent not only on
serum testosterone levels, but also on the more potent dihydrotestosterone.
Testosterone is normally converted into dihydrotestosterone in periphery using
enzyme 5-? reductase. The absence of this enzyme called 5- alpha reductase deficiency
has a variable clinical presentation including varying degrees of hypospadias.

Conclusion
No clear-cut cause of etiology of hypospadias have yet been implicated. Hypospadias
is most likely a multifactorial disorder with genetic, environmental and endocrine
basis, but exact etiology is seldom found in most cases. Further multi centric studies
could hold the key to further understanding of this complex disorder.
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Work-up of Hypospadias: Necessary, Desirable and
Research Perspectives

Abstract
Hypospadias is a genital anomaly characterized by ectopic meatus, hooded prepuce
and chordee. About 70% of the cases are distal i.e. meatus is located in the distal
penile shaft, while as about 30% are proximal. Many hypotheses have been
proposed concerning the etiology of hypospadias, including genetic predisposition,
inadequate hormonal stimulation in the prenatal period, maternal-placental and
environmental factors. Thus, it is believed that the etiology of hypospadias is
multifactorial. The criteria used to define and evaluate hypospadias are not well
described. Meatal position alone is a very crude way to classify the severity of
hypospadias and does not consider the amount of tissue hypoplasia. Factors such
as the size of the penis, size of glans and urethral plate, level of division of the corpus
spongiosum, presence of penile curvature, and anomalies and position of the
scrotum also have a significant influence on the outcome of surgical correction.
Therefore, a definite classification can only be completed during surgery.
The endocrinology evaluation is advised to exclude the disorders of sexual
differentiation in unilateral and bilateral cryptorchid. Many environmental and
genetic factors have been hypothesized to coexist with hypospadias. Hypospadias
is associated with many syndromes and has been shown to have a familial inheritance.
Androgen receptor defects and 5-Alpha reductase deficiency may coexist with
hypospadias. The use of different endocrine, genetic, and hormonal evaluation
should be individualized according to the clinical scenario. This chapter will be
discussing the recent evidence-based medicine of different factors including
environmental, hormonal, and genetic associated or responsible for this anomaly.
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We will be discussing the need for specific evaluation in different clinical scenarios
depending upon the severity and associated urogenital abnormalities in hypospadias.
Furthermore, we will be discussing the recent advances in genetic and issues in
engineering being utilized in hypospadias.

Keywords
Hypospadias, Disorders of sexual differentiation, Karyotyping, Androgens.

Background
Hypospadias is characterized by a urethral meatus that opens on the ventral surface
of the penis anywhere from the perineum to the glans. The overall incidence of
hypospadias is about 1 in every 125 live male births (1).
Arrested development of the urethra may the reason for the ectopic meatus. The new
theory of zipping and unzipping events of two urethral folds to form a flat urethral
plate and subsequent canalization of the urethral groove explains the development
of hypospadias (2). The development of the urethra is androgen-dependent. The
external genitalia development occurs in two phases, hormone-dependent, and
independent phases. In the second phase, Leydig cells produce testosterone which
gets converted to DHT (dihydrotestosterone) by cells in external genitalia.
The degree of hypospadias varies in severity in different patients. About 70% of
cases have distal meatus without or with a minor degree of chordee and the rest
about 30% cases are proximal and often have a more complex anomaly. (3) In these
cases, endocrinological evaluation is advised to exclude disorders of sexual
differentiation, especially in the case of concomitant unilateral or bilateral
undescended testis. So the workup of hypospadias will differ with the degree of
hypospadias.

Evaluation
Parents will complain of abnormal voiding from an ectopic location. In some instances
where hypospadias is associated with ambiguity, parents will reveal the history of
prenatal/neonatal admission for DSD (disorders of sexual differentiation) (4).
Family history
Familial clustering has been seen in 4 to 28% of cases of hypospadias. The chance
of a sibling of a boy with hypospadias is 9-17%. The estimated chances of heritability
are reported to be 57-77%. (5) One large sample cohort study found 0.45% of boys
had hypospadias; among these patients, 4.2% had at least one family member with
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a history of hypospadias, and the inheritance of hypospadias was transmitted
equally through the paternal and maternal sides. Hypospadias fathers were deemed
to have high potential to have hypospadias sons, the incidence of hypospadias for
those whose fathers were affected by hypospadias was 27% as reported. (6)
Maternal Factors
Hypospadias is associated with small for gestational age in twins, maternal HTN,
oligohydramnios which may suggest an underlying placental insufficiency. Babies
born of assisted reproductive techniques have been shown to have a high risk of
hypospadias. The incidence of hypospadias is four-fold higher in monochorionic
twins compared with dichorionic twins. Hypospadias is also independently
associated with small-for-gestational-age. (7)
Environmental Factors
Environmental factors, including placental insufficiency, exogenous endocrinedisrupting chemicals, such as vinclozolin, and dibutyl phthalate, acting on
polymorphic genes or inducing epigenetic changes, may greatly contribute to
hypospadias development. Exposure to pesticides, hormones, phthalates (found
in plastic and hair sprays), and phytoestrogens consumed in a vegetarian diet have
been seen associated with the development of hypospadias (8)
The mechanism of external genital development and genetic and environmental
factors underlying hypospadias and animal models had been intensively reviewed
by different research groups. (9,10) Environmental factors consistently implicated
in hypospadias are low birth weight, maternal hypertension, and pre-eclampsia,
suggesting that placental insufficiency may play an important role in hypospadias
etiology. Exogenous endocrine-disrupting chemicals have the potential to induce
hypospadias but it is unclear whether human exposure is high enough to exert this
effect. (11 )
Local Examination
Diagnosis is made on the presence of three findings of the hooded foreskin,
abnormal ventral meatus, and chordee of variable foreskin. The severity of ectopic
location of meatus and degree of chordee varies greatly from case to case. Mega
meatus with intact prepuce can hide the presence of urethral development in
newborn infants, it is critical to retract the foreskin to avoid missing this anomaly.
The examination of the urethral plate is of paramount importance. Look for the
quality of the urethral plate, is it wide, narrow, shallow, or deep? In addition, look
for the corporal spongiosum division. Proximal hypospadias often has a penoscrotal
transposition or bifid scrotum. In most cases frenulum is absent. Check for associated
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undescended testis (UDT) if any. The presence of penile torsion on physical
examination may reveal dysplastic ventral tissue.
Ultrasonography and Endoscopy
Ultrasonography (USG) of the whole genitourinary tract is performed to look for any
associated urological anomalies. Mullerian duct remnants are seen in 11-14% of all
hypospadias and 50% of perineal hypospadias. Mullerian duct remnants, like
dilated utriculus, can cause urethral obstruction in the postoperative period. If USG
misses a utriculus an endoscopy is must to detect this anomaly (12)

Hormonal and Endocrine Evaluation
Androgen masculinizes genital development through the androgen receptor (AR).
Male mice with mutations in the Ar gene develop feminized external genitalia and
disrupting AR in the androgen-sensitive time window induces hypospadias (13).
Estrogen receptor (ESR) has two major isoforms, ESR1 and ESR2. Deletion of either
of them or double knockout caused no obvious external genital phenotype in mice.
Severe DSD with hypospadias is associated with hormone deficiencies or
rearrangements. Hypospadias has been shown in monozygotic twins, suggesting
insufficient HCG production by the single placenta. Some other associations of
hypospadias are linked to intrauterine exposure of valproate, loperamide, paroxetine,
and estrogen (14). EDTA blood collected for separation of blood leucocytes, or
impregnated sample card with dried blood is used for detection of mutations
associated with deficiency of 5-alpha reductase by PCR amplification. The genes
of penile development (HOX, FGF, Shh) and testicular determination (WT1, SRY)
and those regulating the synthesis [luteinizing hormone (LH) receptor] and action
of androgen (5-alpha reductase, androgen receptor) can cause hypospadias if
altered. (15) Seven percent case of hypospadias has associated UDT. The incidence
increases by 10% in proximal hypospadias. The American Urology Association
(AUA) guidelines recommended additional testing to rule out disorders of sexual
difference (DSD) in all boys with unilateral (U/L) or bilateral (B/L) UDT and severe
proximal hypospadias (16) This concern of DSD is particularly high in a boy with
hypospadias and a non-palpable testis. Chances of having DSD in non-palpable
UDT U/L and B/L with hypospadias are 15% and 50% respectively. A patient with
46 XY Karyotype with hypospadias can be due to 5-alpha-reductase deficiency,
androgen receptors insufficiency, decreased testosterone production associated
with testicular dysgenics, and ovotesticular DSD. The human chorionic gonadotropin
(HCG) stimulation test is a reliable dynamic test for the evaluation of testicular
function during childhood. A single dose of HCG injection at a dose of 100 IU/kg
can produce a progressive but modest rise in testosterone level for 72 to 120 hours
in presence of viable testicular Leydig cells. In one study six children with micropenis
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had an HCG stimulation test. Three subjects had a normal increase in testosterone
level post-stimulation. There was no significant increase in mean stretched penile
length of 0.4 cm. (17)
Wright et al 2015 concluded in their studies that HCG or testosterone stimulation
can be used in prepubertal males to increase the size of the glans and penis. (18).
This may increase the glans size and tissue available for urethroplasty, potentially
decreasing the subsequent complications. Although some surgeons avoid preoperative androgen stimulation. Therefore the use of androgens stimulation is
controversial. Meta-analysis is going to confirm the advantage and disadvantages
of androgen stimulation (Kaya et all 2018, ). (19)

Role of Karyotyping
It should be used as an initial diagnostic approach in any patient presenting with
syndromic or nonsyndromic hypospadias. This recommendation is because
chromosomal alterations can be seen in 3% of male patients with genital anomalies
associated with isolated cryptorchidism, in 7% with hypospadias, and 13% presenting
with a combination of both. It is essential in the study of disorders of sex development
(DSD) associated with hypospadias, Karyotyping also helps in the diagnosis of
mixed gonadal dysgenesis or 45, X/46, XY mosaicism, which occurs with severe
hypospadias associated with other genital malformations. (20).In these cases, early
diagnosis is essential because the latter condition is related to an increased risk of
malignancy by 20%. Most patients who present for the evaluation of hypospadias,
chordee, and undescended testis have a normal karyotype. Routine karyotype
investigation of all patients with hypospadias, chordee, and cryptorchidism does
not seem warranted. If karyotypic intersex abnormalities are identified, those patients
are more likely to have ambiguous genitalia, especially those with perineal
hypospadias and cryptorchidism. A surgeon has to be warry of the signs of DSD
when managing a boy with hypospadias. In a study by Schnack et all 2008, more
than 1 million boys identified with hypospadias in 5380 cases, implicating maternal
& paternal transmission & found an elevated risk for even 3rd-degree relatives.. (21)
The genetic basis of hypospadias has also been elucidated, by authors like Bound
et all 2015, Kalfa et all. (22)

Future Research
The advent of techniques such as microsurgical free tissue transfers and tissue
expansion has provided a wider range of procedures available to address the
reconstructive needs of this group of patients (23).
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Microsurgical Free Tissue Transfers
Microsurgical free tissue transfers have revolutionized the scope of reconstructive
surgery, and allow a wide selection of procedures that can be tailored to the specific
needs of the individual patient. Functional rigidity of the reconstruction to permit
effective intercourse has been achieved by incorporating a segment of bone, such
as a portion of costal cartilage or the shaft of the radial bone, as a vascularized
composite osteo-cutaneous free tissue transfer. Other composite free tissue transfers,
such as free sensate osteo-cutaneous fibula flaps incorporating a vascularized
segment of the fibula wrapped in the overlying skin island with its sensory nerve
supply, have also been reported
Tissue Engineering and Expansion
Advances in urethral tissue engineering biomaterials and fabrication methods have
built a solid base on which future urethral replacement approaches can stand. The
currently available experimental evidence suggests that long and complex urethral
defects would require tubular cell-loaded constructs in contrast to onlay grafts,
which have shown benefit in shorter defects. Although the search for an "ideal"
combination of biomaterials and cells for a urethral replacement continues, it appears
that optimal results could be obtained with composite materials seeded what different
cell types Tissue expansion may provide a large amount of local skin with pigmentation
and properties similar to those of the surrounding skin. Various sizes and shapes
of expanders made from silicone elastomers have been used. They are inserted in
subcutaneous tissue through a small incision at the edge of the defect; the expanders
are gradually enlarged by injecting saline at weekly intervals
Tissue Expansion for Urethral and Penile Reconstruction
The use of tissue expanders in penile surgery yields adequate amounts of the
patient's penile skin to complete reconstruction in cases of failed hypospadias
repair and deficient skin, complex urethral defects, and penile malformations. The
expander is placed under penile skin and the injection port in the lower abdomen.
Penile Enhancement
Penile enhancement can be achieved by the division of the suspensory ligaments
of the penis and injections of fat cells into the subcutaneous tissues to augment the
penile girth. This technique may be applicable in selected cases of hypospadias
where the patient is dissatisfied with the resting dimensions of the penis or experiences
social embarrassment because of adverse peer remarks or extreme self-consciousness
(locker-room envy).
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Liposculpturing
Liposculpturing of the suprapubic fat using liposuction and injection of the harvested
fat cells into the penis may be used to increase penile girth if required. Suprapubic
lipectomy is generally not recommended in infants unless there are concurrent
problems such as hypospadias.
Laser-Tissue Soldering for Hypospadias Repair
Laser tissue soldering provides effective tissue closure by creating a leak-free
anastomosis with minimal scar formation. Experimental and clinical data have
supported the concept of laser-tissue soldering to improve wound healing. The use
of laser soldering in animal models for vascular, skin, intestinal, urethral, corporeal
body, dorsal, vesical, and vasoepididymal anastomoses have shown technical and
wound healing advantages of laser-tissue soldering over suturing alone (Poppas
et al. 1988). (24). Kirsch et al. (2001) performed a controlled prospective clinical
trial. A consecutive group of 138 boys aged 4 months to 8 years (mean age 15months)
was divided into a standard suturing group (84 patients) and a sutureless laser group
(54 patients). The method of preparation of the human albumin and indocyanine
green dye solder has been described (Kirsch et al. 1995;). (25) Reconstruction of
Neourethra from Cultivated Keratinocytes; Keratinocytes cultivated in vitro have
been used for skin graft in patients with extensive bums or large skin defects. Use
of in vitro-cultivated keratinocytes for urethral reconstruction was reported by
Romagnoli et al. (1990): A sample of urethral mucosal biopsy is taken and
keratinocytes are enzymatically treated to produce a cell suspension, which is
further cultivated by seeding on dishes. Sheets of cultivated epithelium are placed
on the prepared bed of the urethra to be reconstructed.(26) Harvesting Human
Urothelial Cells for Urethral Reconstruction; Homologous urothelial substitute is
the ideal material for urethral reconstruction and has been successfully harvested,
cultivated, and extensively expanded in vitro in sufficient quantities for reconstruction
(Cilento et al. 1994). Autologous urothelial cells could be collected from human
patients, expanded in culture, and returned to the human donor in sufficient quantities
for reconstruction.(27)
Inert Collagen Matrix for Hypospadias Repair
In patients with hypospadias where there is insufficient genital skin, an alternative
tissue is required for urethral reconstruction. Free skin graft and buccal and bladder
mucosal grafts have been used. Atala et al. (1999) used an inert collagen matrix which
was trimmed to an appropriate size suitable to each patient(27).
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Conclusion
Hypospadias is not an isolated pathology. Hypospadias has various
eitopathgological characteristics. It ranges from simple hypospadias to complex
proximal lesions with associated anomalies and DSD. The different etiological
factors range from genetic, environmental, and endocrinological factors. These
factors are potential for future research which may affect the final management of
this disease. Recent advances in tissue bioengineering ( tissue expansion ),
microsurgical tissue transfer techniques. laser tissue soldering has revolutionized
hypospadias repair.
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DSD in Hypospadias: When to Suspect and WayAhead

Introduction
Disorder of sexual differentiation (DSD) occurs due to abnormal differentiation
either at the chromosomal level, gonadal level or during the development of external
genitalia.1 Diagnosing this is essential because it has a bearing on the gender
assignment. Gender assignment should not be done before complete evaluation and
should always be carried out by a multidisciplinary team which involves a pediatric
urologist or a pediatric surgeon, pediatric endocrinologist and a pediatric
psychologist.
Hypospadias is one of the most common anomalies seen in childhood with an
incidence of 1 in 200-300 live births. Majority of children with hypospadias do not
have DSD and they have a normal XY karyotype, normal androgen metabolism,
functional androgen receptors, and normal penile growth. However, hypospadias
may be a part of DSD in a small number of children.2
Most common tell-tale sign of DSD in hypospadias is genital ambiguity. In addition
to genital ambiguity in the neonatal period, other clinical manifestations suggestive
of the presence of DSD in cases of hypospadias are presence of proximal(scrotal)
hypospadias, micropenis, bilateral or unilateral cryptorchidism, testicular atrophy
and/or distal or medial hypospadias associated with unilateral cryptorchidism.

Classification
DSD can be classified into three broad categories.
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Sex Chromosome DSD
1. 45XO (Turner Syndrome)
2. 47XXY (Klinefelter’s
Syndrome)
3. 45XO/46XY (Mixed
Gonadal Dysgenesis)
4. 46XY/46XX
(Ovotesticular DSD)

46XY DSD

46XX DSD

Disorder in Gonadal
Disorder in Gonadal
Development
Development
1. Complete Gonadal
1. Gonadal Dysgenesis
2. Partial Gonadal
2. Ovotesticular DSD
Dysgenesis
Androgen excess:
3. Ovotesticular DSD
1. Enzyme Deficiency
Disorder in Androgen
(CAH)
Synthesis/ action:
2. Fetoplacental Aromata1. Deficient enzymes in
se Deficiency
Testosterone Synthesis 3. Tumors
Pathway
A). Maternal Virilizing
2. Disorder of Androgen
Tumors (Luteoma)
action (CAIS, PAIS)
B). Androgenic Tumors
3. 5 alpha Reductase
Others:
deficiency
MRKH (Mayer RokitanOther:
sky Kuster Hauser)
PMDS (Persistent Mullerian) Syndrome
Duct Syndrome)
Vaginal Atresia
Vanishing Testis Syndrome
Labial Adhesions
Uterine Abnormality

Among this hypospadias may be an association in few of them which are highlighted
below4

Clinical Features of DSD in Hypospadias
Genital ambiguity is most often the prime reason for suspecting DSD in
hypospadias.5Suspicion of DSD in hypospadias also arises when there are other
features in addition to hypospadias. The definite criteria to suspect DSD in
hypospadias are the following:
1. Severe Hypospadias (scrotal or perineal ectopic meatus, severe penile curvature,
fusion of foreskin with the scrotum, and/or a small glans size (<14mm before one
year of age)6
2. Any degree of hypospadias accompanied by unilateral or bilateral cryptorchidism
(non-palpable gonad) and/or micropenis (stretched penile length less than 2.5cm
in a full-term infant)7
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Fig. 1. 5-month infant presented with perineal hypospadias with chordee and
bilateral non palpable undescended testis. He was evaluated for DSD and was found
to have 5 alpha reductase deficiency.

Evaluation of DSD in Hypospadias
Not all children with hypospadias need evaluation for DSD. But when suspected
following are the investigations which are necessary:

First Line of Investigations
1. Karyotype analysis: Karyotype analysis is a crucial investigation in evaluation
of DSD.8
2. Hormonal analysis:
a). Serum levels of Mullerian Inhibiting factor, Inhibin, testosterone,
dihydrotestosterone (DHT), luteinizing hormone and follicle-stimulating
hormone are measured in suspected cases of DSD.
b). 17-OH progesterone, Cortisol and ACTH:17-OH Progesterone is used to screen
for CAH (congenital adrenal hyperplasia).Basal cortisol and adrenocorticotropic
hormone (ACTH) are essential for diagnosis of panhypopituitarism and
enzymatic disorders that affect adrenal steroidogenesis.
c). Anti-Mullerian hormone and Inhibin B: Measurement of serum levels of AntiMüllerian hormone (AMH) and/or inhibin B is used toassess Sertoli cell function.
d). hCG stimulation test:Whenever 46XY DSD with partial androgen insensitivity
or 5 alpha reductase deficiency is suspected - HCG stimulation test is
recommended.
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e). Urinary steroid profile: Urinary steroid profile measured by gas chromatography
is theratio of the measured urineconcentrations of precursor metabolites and
the steroidproducts of the enzyme with the potential defect may bea more
specific and sensitive method to detect the defectcompared to measurement
of levels in bloodand is useful in diagnosing 5-alpha reductase deficiency.9
3. Ultrasound abdomen and pelvis
Ultrasound abdomen and pelvis is done to identify the presence of gonads, uterus
and/or vagina in cases such as ovotesticular DSD or mixed gonadal dysgenesis).10
Second line of investigations:
1.

hCG stimulation test: This test is used to assess the Leydig cell function which
stimulated the production of testosterone and its metabolites such as
dihydrotestosterone.

2.

Additional imaging tests: Genitogram, retrograde urethrogram, cystoscopy
and/or vaginoscopy

3.

Laparoscopic examination with gonadal biopsy in cases of suspected gonadal
dysgenesis or Ovo testicular DSD.

4.

Genetic analysis for mutations of known DSD-associated genes11

Type of DSD
Once evaluation of DSD is complete, Hypospadias with DSD can be categorized into
one of the following diagnosis:
1. Disorder in gonadal development such as partial gonadal dysgenesis (PGD)12
It is an X linked disorder which is associated with partial abnormality of both Leydig
cell and Sertoli cell function due to point mutations in the SRY gene. XY partial
gonadal dysgenesis includes various clinical phenotypes and various genotypes.
Included in this group are patients with Turner syndrome who have a mosaic
karyotype 45X/46XX (most common), followed by 46XY and 45X/47XXY.
The clinical features include symmetric undescended small testis, severe
hypospadias, gynecomastia and/or infertility. Bilateral testis is dysgenetic in this
condition. Mullerian structures are absent in this condition. They will have elevated
levels of LH, FSH and decreased levels of serum testosterone and AMH (Anti
Mullerian hormone). There is minimal to no elevation of testosterone on hCG
stimulation test.
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2. Disorder in androgen synthesis
a. Enzyme deficiency in testosterone biosynthesis pathway
The deficiency of enzymes involved in testosterone biosynthesis pathway maybe
due to StAR (Steroid Acute Regulatory protein), 17 alpha hydroxylase, 17,20-lyase,
3-beta hydroxy steroid dehydrogenase (3ßHSD), 17- beta hydroxysteroid
oxidoreductase.The degree of genital ambiguity in such cases differs based on the
deficient enzyme.
The karyotype in these children will be 46XY except 3ßHSD which presents ambiguity
even with 46XX karyotype. Mullerian structures will be absent. On clinical examination
they will present with symmetric undescended testis and severe
hypospadias.Investigations will reveal low serum testosterone levels.13
b. Androgen receptor deficiency
Androgen receptor deficiency can be complete androgen insensitivity syndrome
(CAIS) or partial androgen insensitivity syndrome.
Complete androgen insensitivity syndrome (CAIS)
This is an X linked trait and occurs due to point mutation of X gene. Children with
this condition are genetically male with 46XY karyotype but they do not respond
to male hormones at all. As a result, they have female external genitalia but no
Mullerian structures. The gender identity is that of a female. On clinical examination
they phenotypically female and present with bilateral palpable gonads, inguinal

Fig. 2. 1 year child reared as a female presented with external genital of a female
with bilateral palpable gonads. On evaluation the karyotype was 46XY and diagnosed
with complete androgen insensitivity syndrome(CAIS)
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hernia, absent axillary and pubic hair, poor breast development and primary
amenorrhoea.Hence children with CAIS will never present with hypospadias.
Investigations reveal high or normal levels of testosterone, normal levels of
DHT(Dihydrotestosterone), High Mullerian inhibiting substance and normal
gonadotropin levels.14
Partial Androgen Insensitivity Syndrome (PAIS- Reifensteinsyndrome)15
This is a X linked disorder due to mutation in the androgen receptor gene and occurs
either due to decreased number of functioning androgen receptors or decreased
binding affinity to the receptors. PAIS has a broad spectrum of phenotypes.
According to the degree of androgen sensitivity, the patients are classified into the
three subgroups.
1.

Predominantly female phenotype, with intra-inguinal or intra-labial testes, mild
enlargement of the clitoris and/or posterior fusion of the labia.

2.

Ambiguous external genitalia, with intermediate structures between penis and
clitoris, descended or undescended testes and hypospadias or urogenital
sinus. These patients frequently develop gynaecomastia in puberty.

3.

Predominantly male phenotype, with perineal hypospadias and/or micropenis,
cryptorchidism and/or bifid scrotum. They can also present with gynaecomastia
in puberty15

On evaluation, karyotype of these children will be 46XY. Testosterone levels will be
normal in these patients. Gender assignment is done by a multidisciplinary team after
thorough parental counselling. One of the rough guiding factors in such children
can be virilisation of genitalia and size of phallus which serves as a surrogate marker
for testosterone levels. High testosterone levels also cause androgen imprinting of
the brain early in life leading to male pattern behaviour or male gender expression.16,17

5-reductase type 2 deficiency (5R2D)
The virilization of the external genitalia occurs due to the action of DHT
(dihydrotestosterone). Testosterone is converted to DHT (dihydrotestosterone)
by the enzyme 5 alpha reductase 2.
5-alpha reductase 2 deficiency is an autosomal recessive type of DSD. SRD5A2 gene
located in the short arm of chromosome 2 encodes for 5 alpha reductase type 2
isoenzyme.
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Children born with 5aR2 deficiency will have genital ambiguity. In addition to
ambiguous genitalia the children may have short or normal phallus, severe
hypospadias, descended or undescended testis, labioscrotal fusion, short or blind
ending vagina and/or common urogenital sinus. The other characteristics which
may or may not be present are hypospadias and cryptorchidism. Mullerian structures
will be absent.18
At puberty partial masculinization occurs because of type 1 isoenzyme. Partial
masculinization causes increased body mass, male body habitus and increased
phallic size.
Karyotyping in these children will be 46XY. The diagnosis of 5aR2 deficiency is done
by the following tests:
1. hCG Stimulation Test
In the pre-pubertal period, hCG stimulation test is the investigation of choice to
diagnose 5aR deficiency. Testosterone and DHT levels are measured pre and post
hCG(human chorionic gonadotropin) stimulation test. Prior to hCG injection, serum
testosterone and DHT levels are measured. The child is then administered injection
hCG 3000U/m2via intramuscular route. This injection is given from Day 1 to day 3
and on day 4 serum testosterone and DHT levels are measured. hCG stimulates the
Leydig cells to produce testosterone which is converted to DHT in the presence of
5 alpha reductase 2 enzyme. The normal T/DHT ratio is less than 8. Ratio between
8-16 is equivocal while anything more than 16 is abnormal and suggestive of 5 alpha
reductase deficiency.9
2. 24-hour Urinary Metabolites
24-hour urinary ratios of 5?/5? reduced steroid metabolites using a gas chromatograph
mass spectrometry. In cases of 5 alpha reductase deficiency the 5 alpha urinary
steroid metabolites are decreased. Hence the increased urinary 5 beta/5 alpha ratios
are distinctive for this disorder.
3. Gene Analysis
SRD5A2 genewas analyzed for the patients by PCR-based sequencing.
4. Scrotal and Foreskin Biopsy
Androgen binding, metabolismand 5a-reductase activity can be analyzed in
fibroblasts grown from scrotal and foreskin skin biopsies.
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Fig. 3. 10-month male child presented with small phallus with bilateral descended
testis. On evaluation he was found to have T/DHT ratio of 78. Diagnosis of 5-alpha
reductase was confirmed.

Ovotesticular DSD (True Hermaphroditism)
One of the diagnosis of DSD with hypospadias can be Ovotesticular DSD. They are
of various types based on gonadal histology. They can be Ovotestis + ovotestis,
Ovotestis + ovary, Ovotestis + testis or testis + ovary. These children have well
defined seminiferous tubules and ovarian tissue with primordial follicles. The
karyotype in these children varies from 46 XX (60%), 46XX/46XY or 46XX/ 46XXY
(33%) or 46XY (7%). There can be hidden mosaicism in a Y cell line or mutation in
X linked gene. It can be a form of partial gonadal dysgenesis (partial defect in testis
determination which causes formation of both testis and ovary).
Ambiguous genitalia are a definite characteristic in Ovotesticular DSD. Other
features which may be present are masculinization of the external genitalia to various
degrees, hypospadias or chordee, descended or undescended testis, presence of
Mullerian structures on the side of ovary and/or clitoromegaly.

Congenital Adrenal Hyperplasia (CAH) with Severe Virilization
It is an autosomal recessive disorder. There is an enzymatic defect in the pathway
of mineralocorticoid, glucocorticoid, and sex steroid production. The precursors are
hence shunted to the mineralocorticoid or sex steroid pathway which causes various
degrees of virilization. Hence severe virilization occurs due to steroidogenesis
impairment in both gonads and adrenals. They can be salt wasting, non-salt wasting
or non-classic forms.
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46XX children with this enzyme deficiency are born with varying degrees of
microphallus, hypospadias, labioscrotal fusion or bifid scrotum and possibly a
urogenital sinus with a blind vaginal pouch.Müllerian structures are absent, and

Fig. 4. 4-year child reared as a male with severe virilisation and enlarged phallus
(SPL =5cm) and non-palpable gonads. On evaluation the child had karyotype 46XX
and laparoscopy showed presence of Mullerian structures. Parents wanted to raise
him as a male, hence excision of Mullerian structures were done and staged
hypospadias repair was performed.
testes usually lie in the lower inguinal region or partially descended if scrotal
development is significant.
Investigations in these children will show elevated ACTH (Adrenocorticotrophic
hormone) and DHEAS(Dehydroepiandrosterone) with low cortisol,
androstenedione, and testosterone.Children with this condition will need lifelong
glucocorticoid and mineralocorticoid therapy.

Mixed Gonadal Dysgenesis
Mixed gonadal dysgenesis is term described for individuals with chromosomal
mosaicism, dysgenetic gonads and variable internal and external anatomy. These
children can have 45X/46XY or 46XX/46XY or other types of chromosomal mosaicism.
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Gonadal characteristics can be streak gonads or normal ovary/testis. The phenotypic
variation is wide in children with mixed gonadal dysgenesis. They can be phenotypic
males with undescended testis and hypospadias or phenotypic females with

Fig. 5.14-monthchild reared as a male presented with hypospadias and unilateral
right non palpable undescended testis. On evaluation karyotype was 46XY
and there was right hemiuteri and cervix which was excised. Above image
shows clinical examination and excised hemiuteri and cervix.
presentation of one testis, one streak gonad and Mullerian structures. On evaluation
they will have normal or low levels of testosterone and DHT with elevated LH and
FSH.
Gender of rearing for this condition can be male or female. Prenatal androgen
exposure, location of gonads, phallic size and gonadal function should be taken into
consideration before gender assignment.19

Management
Gender Assignment
Gender assignment is a crucial aspect in DSD. This decision gender assignment is
taken by the parents after thorough counselling from a multidisciplinary team which
involves pediatric urologist or a pediatric surgeon, pediatric endocrinologist,
pediatric psychologist, neonatologist, geneticist etc. Gender assignment and DSD
management should be managed at centres with expertise in this area.1,20 The
criteria for gender assignment are based on:
1.

Psychological outcomes in adulthood

2.

Potential for fertility
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3.

Surgical options available

4.

Need for hormone replacement therapy

Medical Management
In cases of CAH, lifelong glucocorticoid and mineralocorticoid supplementation
will be required if they are diagnosed with salt wasting.
In cases with small phallus with deficient androgen synthesis or action, sex steroid
supplementation will be requiredat puberty. In small phallus with hypospadias and
low testosterone levels, supplementation of testosterone will increase the size of
phallus and aid in better surgical reconstruction. This testosterone is given in
intramuscular form in a dose of 2mg/kg. Usually, two doses 3-4 weeks apart are
sufficient. The increase in size is measured at 4 weeks following the injection.
In children with 5-alpha reductase 2 deficiency the phallic length is small with severe
hypospadias. Prior to the surgical repair it is advisable to start hormonal
supplementation, transdermal DHT application over the phallus to increase the
length of penis to achieve better surgical outcome. Transdermal DHT has excellent
results when used in children with 5 alpha reductase 2 deficiency.21

Fig. 6. 8-month infant with 5 alpha reductase deficiency with T/DHT ratio of 78.
The images were taken initially at diagnosis and 1 month after local
application of DHT gel.
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The DHT gel is available in 2.5% concentration. The dose required is 12.5mg once
daily in children less than 10 years age and 25mg in children more than 10 years of
age.

Surgical Management
The surgical planning is a step wise approach taking into consideration the gonads
and the size of phallus.
There is no clear consensus on the ideal age to plan surgery. The recommended age
for hypospadias repair is 6-18 months to relieve the parental distress however
gender identity does not begin before 3 years of age1, hence the ideal age for surgery
is still not clear.
If internal Mullerian structures are suspected or there is non-palpable undescended
testis, diagnostic laparoscopy is recommended. Diagnostic laparoscopy is done to
identify the presence of Mullerian structures and if present are excised. If the gonads
are undescended, bilateral gonadal biopsies are performed. Orchidopexy or
orchiectomy are planned based on the biopsy reports. Cystoscopy is done to
identify the presence of enlarged prostatic utricle which is commonly seen in
children with DSD and hypospadias. Difficulty in catheterization is a common
finding with presence of prostatic utricle. Large prostatic utricle may also lead to
repeated urinary tract infections and excision of the same may be required later.22
For reconstruction of the penis, since majority of these children will have severe
hypospadias the surgery will be a staged one though there are some centres which
have good results with single stage reconstructions as well. Prior to surgery either
testosterone supplementation or transdermal DHT application is advised. Once
sufficient size attained the surgery is planned in a staged manner with stage 1 being
correction of chordee and prepucial skin graft or byar's flap creation. Second stage
is planned six months later which is stage 2 urethroplasty (reconstruction of
neourethra)
If the gender assignment is female, they will need gonadectomy and feminizing
genitoplasty which involves clitoral reduction, labioplasty and vaginoplasty.
Hormonal supplementation will be required at puberty.

Conclusion
The management of DSD in hypospadiasneeds an integrated approach and team
effort. The most difficult aspect of managing DSD is gender assignment/
reassignment, and this should be done after thorough parental counselling.
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Urethral Plate Assessment in Hypospadias Implications for Surgery

Introduction
The character of urethral plate has various implications, including selection of
surgical technique for hypospadias. In this chapter we discuss the pre and intraoperative assessment of the urethral plate and how this influences the intra-operative
decision making and correlates with outcomes.

Embryology of Urethral Plate
The genital tubercle is present from 4 to 7 weeks of gestation and the sexual
differentiation is completed by week 17.The urethral plate is considered as an
outgrowth from the anterior wall of the urogenital sinus.The common theories of
urethraldevelopment are (1)"Fusion Theory": fusion of the urethral folds underneath
the developing genital tubercle forms the urethra.[1]It is proposed that mesodermal
growth, epithelial compression, followed by fusion explains the development of the
male genitalia.[2](2)Some authors have proposed lamination, fusion, merging, and
definitive differentiation in the embryogenesis of male urethra.[3](3)"Double Zipper"
hypothesis: the "Opening Zipper" is responsible for distal canalization of the solid
urethral plate resulting in the urethral groove (not dependent on apoptosis). Next,
the "Closing Zipper" leads to fusion of two epithelial surfaces of the urethral groove
extending from proximal to distal.[4]
Abnormalities of androgen secreting genes, Fibroblast Growth Factor (FGF) genes,
maternal hormones (possibly estrogens, progesterone or steroids), toxic agents
during gestation like dioxins, organochlorine, phytoestrogens in vegetarian diets,
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etc. have been suggested as possible factors in the pathogenesis of hypospadias.[5]
A detailed discussion on the pathogenesis of hypospadias is beyond the scope of
this chapter.

Histopathology of Urethral Plate
Normal urethra has transitional cell epithelium proximally and pseudostratified
columnar epithelium distally over the basement membrane. The urethra is covered
by corpus spongiosum and a very thin tunica albuginea. The Buck`s and Dartos
fascia form the next layers followed by skin cover. Corpora cavernosasimilarly has
sequential covering of tunica albuginea, Buck`s fascia, Dartos fascia, and skin.
Histopathological examination of urethral plate in hypospadias shows fibrous
connective tissue, neural elements, vascular elements and smooth muscles.[6]The
presence of curvature in cases of proximal hypospadias has been attributed to
possible avascular necrosis of corpus spongiosuminits distal aspect. Presence of
smooth muscle fibers in the penile dartos and fibroblasts producing excess collagen
have been discovered in these areas.[6-8]
Hypospadiac glans has comparatively larger vascular sinuses extending into the
urethral plate. Diamond shaped arrangement of smooth muscle and blood vessels
is noted in distal sections of hypospadias. A scarcity of urethral glands is seen in
hypospadias distally and the density of these glands increases proximally in normal
sections of the urethra. The collagen deposition under the urethral plate is similar
to other locations with thetunica albugineabeing rich in type I and III collagen. The
tunica albuginea around the urethral plate has thickness similar to other areas.
Branches from nerves supplying the corporal bodies supply the inner urethral plate.
Nerve branches of penile skin supply subcutaneous tissue of the urethral plate. Rich
innervation of urethral plate has unknown significance.[7]

Urethral Physiology
The urethra acts as a conduit to allow passage of urine and semen. The muscular
layer of corpus spongiosum possibly helps to propel the urine and semen. The
navicular fossa possibly senses the presence of last few drops of urine during
micturition and aids in its expulsion. In cases where a long graft has been used as
a urethral substitute, the patients may need to milk their urethra to drain out urine
and semen; and this possibly occurs due to stasis in the long neourethral segment.[9]

Assessment of Urethral Plate
Although no standard guidelines exist for urethral plate assessment; a sequential
examination either from proximal to distal or vice-versa is recommended. In addition,
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a photographic documentation of the same is also advisable. In general,Verniercaliper
or ruler is used forvarious measurements of penis and urethral plate; a goniometer
is used to measure the degree ofchordee.[5]The glans is characterized as grooved,
shallow, or conical;and the urethral plate as flat, clefted or deep.[10] The physical
character of the plate is mentioned as fibrotic or well vascularized and
supple.[11]These measurements of the penis, glans and urethral plate are best done
with the child under anesthesia.
Post-operatively, uroflowmetryshould be done for assessment of functional
outcomes.[12-14]The shape of the curve, maximum flow rate (Qmax), average flow
rate (Qavg), and the nature of flow should be noted. As suggested by various
authors, Qmax less than 5th percentile is obstructive, between 5th and 25th percentile
is equivocal, and greater than 25th percentile is normal.[13,15]

Surgical Impications of Urethral Plate Assessment
Although more than 300 different surgical techniques have been described since
the inception of surgical management of hypospadias, only few of them are currently
practiced. The refinement of techniques is a continuous process. It is worthwhile
to mention that not all techniques yield similar results with different surgeons and
the surgeon should be well versedwith the most commonly used ones. The surgeon
should evaluate his resultson the principles of 3 Ps, as described by Snodgrass et
al. (Prospective data collection, Periodic outcome reviews, and Practice changes
based on results and best available evidence).[16]
Intra-operatively, the surgeon has to decide whether tubularisation of the native
urethral plate is feasible to get an adequate caliber neourethra; or the plate needs
augmentation with tissue support; or the plate cannot be preserved and needs
resection. Even in the presence of a poor urethral plate, preservation of the plate is
possible with augmentation, Z - plasty and focus on 3Ds (degloving, dartos release,
and detethering).[17]

Urethral Plate Preserving Surgical Techniques
Based on the current evidence, urethral plate can be preserved in most of the cases,
almost all of the distal to mid penile hypospadias and in many cases of proximal and
perineal hypospadias. It must be clear that the surgeon should adapt to the needs
of the patients, rather than trying to fit the patient according to their expertise or
preferences. Commonurethral plate preserving techniques are summarized below:
1.

GAP (Glans Approximation Procedure): indicated in case of glanular and
coronal hypospadias with wide and deep glanular groove with a compliant
urethral meatus.
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2.

MAGPI (MeatalAdvancement and GlanuloplastyIncorporated): Glanular or
coronal meatus with absent chordee and broad flat glans are the main indications.

3.

Mathieu`s Flip Flap procedure: primary glanular or subcoronal hypospadias
with deeply grooved urethral plate; hypospadias re-operations, especially
cases with large coronary sulcus fistula or retracted urethral meatus or
dehiscence of anterior urethra.

4.

TIP (TubularizedIncised Plate urethroplasty): this procedure is suitable for
almost all the mid-penile and distal penile hypospadias. The cases with fibrotic
and very narrow plate or cases with severe chordee where transection is needed
for curvature correction are the main contraindications for this surgery.

5.

Duckett`surethroplasty: in cases of wide and elastic plate with no chordee.

6.

Thiersch Duplayurethroplasty: indicated in cases with wide and elastic platewith
milder forms of the chordee. With addition of Reddy-Rich-Snodgrass incision
in the urethral plate even shallow or minimal groove urethral groove can be
repaired with this technique.[18]

Surgical Techniques With Preservaton of Urethral Plate With AddOn Graft
With refinements of surgical techniques and increasing surgical experience, urethral
plate elevation, resection, or transection is rarely needed these days. Still in cases
of fibrotic, unhealthy, noncompliant urethral plate; or in redo cases; the urethral
plate cannot be tubularised to form neourethra of adequate caliber. Under these
circumstances and in the absence of significantchordee, this urethral plate can be
augmented using various grafts.
The following surgical techniques utilize various grafts to augment the native
urethral plate to obtain aneourethra of adequate caliber:
1.

Snodgrafttechnique (G - TIP): To reduce the risk of neo-meatal and neourethral stenosis in cases of distal hypospadias, the urethral plate is incised
from native meatus to the tip of glans, the inner prepuce is harvested as a graft
and sutured in the space created after the incision.

2.

Duckett'sonlay with inner preputialvascularized graft: A well vascularised
inner preputial graft of adequate length and width is taken and sewn to the
lateral margins of the plate over half the circumference over an adequate sized
catheter. Thismay be further supported by a tunica vaginalis vascularized
pedicled flap as a waterproofing layer.
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3.

Longitudinal Dorsal Island Flap/Dorsal Vertical Island Flap: This was
described by Scuderi and Campus in 1983 and popularized by Perovi? and
Vukadinovi? in 1994.The vertical island flap is marked over the dorsal outer
preputial and the distal penile skin in the midline, the flap is transposed ventrally
by button holing the dartos and is sutured with the plate over an adequate size
urethral tube.

4.

Koyanagiprocedure: This is indicated in cases where the urethral plate can be
preserved, albeit it needs transection as distally as possible allowing the
preservation of the para-meatal flaps which are raised and incorporated in the
neourethra.

5.

Lateral Based Onlay (LABO) Flap: The parameatal flaps of the penile skin are
utilized to augment the urethral plate to obtain a neourethra of adequate calibre.

6.

Chordee Excision and Distal Urethroplasty (CEDU) Technique: For perineal
hypospadias, the distal urethra is tubularized leaving a gap of 1cm between
native perineal urethra and freshly tubularized distal urethra utilizing local skin
flaps. This gap is bridged after 6months.

Surgical Techniques With Excision of The Urethral Plate
The urethral plate transection is inevitable when it is unhealthy or fibrotic or in the
presence of severe chordee. Under these circumstances, a two-staged repair of the
neourethra is usually required. Single stage urethroplasty is still feasible and safe
in some of these cases,especially in experienced hands.
1.

Duckett`spedicledtube urethroplasty: utilizes a horizontal flap of inner prepuce
which istubularized and transposed anteriorly with the suture line of the tube
facing dorsally and the ends of the tube sutured to the native urethra proximally
and with the glans distally.The availability and length of the prepuce are limiting
factors.

2.

Bracka`sbuccal mucosal graft two stage urethroplasty

3.

Byar`s flap two stage urethroplasty

Urethral Plate Characteristics and Surgical Outcomes
The urethral plate is only one of the many tissue factors affecting the outcomes
afterurethroplasty. The surgical outcomes are also affected by the surgeon`s
experience and the technique selected in any given patient.
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The role of urethral plate in affecting and influencing the surgical outcomes is
controversial. Urethral plate width less than 8mm and inability to calibrate with 8 Fr
catheter has been reported to be associated with increased post-operative
complications.[3,19]It has been suggested that plate width of more than 8mm
predicts statistically significant better post-operative functional outcomes, although
cosmetic outcomes assessed by mean hypospadias objective penile evaluation
(HOPE) score may not corelate.[19]Snodgrass et al. suggested that if the urethral
plate incision in TIPurethroplasty is deep enough to reach the corporal bodies, the
plate width does not affect outcome.[16, 20]
da Silva et al. reported that glans diameter less than 14mm carrieda higher
postoperative complication risk and this risk decreased with each millimeter increase
in the glans diameter.[21]In a study by Aboutaleb et al.,glans shape, urethral plate
width, urethral plate length, prepucial vascularization or penile length was not
significantly associated with post-operative complications.[22]Ru et al. studied the
ratio of urethral plate width to glans diameter (U/G). The authors reported that U/
G ratio less than 0.36 had significant association with post-urethroplasty
complications.[23]
Aesthetic Outcomes
The aesthetic outcomes are very subjective and how the character of the urethral
plate affects theseare yet to be defined. Comparison of pre-operative and postoperative photographs may be an acceptable objective method of assessment. In
general, a straight penis with no torsion with an oval andnon-stenoticneo-meatus
with a well approximated glans and an absence of curvature on erection isconsidered
an acceptable outcome.
Functional Outcomes
As with aesthetic outcomes, exact role of urethral plate in defining functional
outcomes is difficult to assess as the urethral plate is only one of many tissue factors
involved in urethroplasty. Uroflowmetryas a modality to assess the functional
outcomeshas been studied by many authors. Uroflowmetry parameters like Qmax
(ml/s), Qavg(ml/s), and voiding time are affected by the diameter of the neourethra
among several other factors, rather than just the urethral plate character.[12]Preoperatively hypoplastic urethra, poor spongiosa, stenotic meatus, and associated
bladder over activity may be responsible for pooruroflowmetry patterns. Postoperatively, noncompliant neourethra with poor spongiosal cover, meatal stenosis,
noncompliant fibrotic glanularneourethra and urethral stricture may result in abnormal
uroflow patterns.[13]
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Children with hypospadias (both pre and post-operatively) had significant difference
in maximum urine flow rate, mean urine flow rate, and residual urine when compared
with normal age matched children. Cases also had higher residual urine than controls.
The urinary dynamics does not improve significantly after surgery, and this possibly
relates to deficient spongy tissue which is independent of the type of surgery
performed.[24]Studies have shown improved Qmaxat around 36 months after
TIPurethroplasty, which continued to improve thereafter. However, improvement
started earlier and continued to improve later in those who underwent staged graft
repair for proximal hypospadias, indicating superiority of graft procedures.[14]
The ability to father a child is not lost, but studies have reported that cases where
the urethral plate augmentation or replacement was done, patients reported a need
to milk their urine and semen. This possibly relates to the inherent stasis following
augmentation or replacement of the urethral plate, even in absence of a diverticulum.[9]
Abnormalities of sperm number or function are unlikely to be related to hypospadias
directly.

Conclusion
The character of urethral plate has various implications, including selection of
surgical technique for hypospadias. Urethral plate can be preserved and used either
on its own or with augmentation in neo-urethral reconstruction. The character of
the urethral plate has not been found to conclusively affect outcomes after
urethroplasty because urethral plate is only one among many components of
urethroplasty.
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Chordee (Penile Curvature)

Summary
Chordee refers to ventral penile curvature. It is probably due to arrested distal
migration and hypoplasia of the ventral structures of the penis. Superficial chordee
(Grade I) usually involves structures superficial to the urethra and proximal to the
meatus. It is corrected by ventral degloving of the penis. Deep Chordee (Grade II)
usually involves structures deep to the urethra and distal to the meatus and requires
division of the urethral plate and excision of the dysplastic fascia and the outer
longitudinal tunica albuginea (TALE). If the chordee is not corrected during the first
year of life, there may be corporeal disproportion (Grade III) that may necessitate
incision of the inner layer of tunica albuginea (single or multiple corporotomies) and
the use of grafts or flaps. Shortening of the dorsal surface of the penis by dorsal
plication was popular due to its simplicity though it does not correct the pathology
and longterm results are not satisfactory in severe chordee.

Key words
chordee; penile curvature; penis; urologic surgical procedure; hypospadias; urethra;

Introduction
The term "chordee" was first introduced in the 18th century in French medical
literature, defined as "painful imperfect erection of the penis during gonorrhea,
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with downward incurvation"[1].There is no general consensus in literature regarding
the precise definition, etiology, classification or the surgical management of
chordee[2].

Definition
Chordee is defined as ventral penile curvature of the penis, whereas other directions
of curvature must be explicitly defined, such as dorsal and lateral chordee. There
have been attempts to replace the term "chordee" with "penile curvature",however,
the term chordee is also used to describe the ventral dysplastic tissues that cause
curvature of the penis.

Morphology of Chordee

Fig. 1Apatient with proximal hypospadias. If one draws two lines along the branches
of the raphe, this gives an idea about the level of disorganized urethra, corpus
spongiosum and ventral fascia.

Van der Meulen[3]identified the V-shaped defect distal to the urethra meatus as
the"urethral delta"(Fig. 1). Mauriquand&Mure[4] called this delta "the hypoplastic
triangle". The corpus spongiosum is abnormal within this urethral delta[5][6][7][8].
Avellán[9]and Van der Putte[10] interpreted the laterally penetrating spongy tissue
as an underdeveloped or malformed corpus spongiosum.

Is there a Chordee Tissue?
Some authors claim that there is no chordee tissue and penile curvature is due to
either short ventral penile skin, short urethral plate or short urethra. But why is the
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ventral penile skin or the urethral plate short? Longitudinal section examination of
15 weeks old fetus with perineal hypospadias confirmed the presence of hypoplastic
corpus spongiosum (Fig.2).

Fig. 2. Perineal hypospadias in a 15 weeks old fetus showing hypoplastic corpus
spongiosum (Van der Putte, with permission)[11].
Furthermore, it is obvious intra-operatively that there is dysplastic tissue that gives
gritty sensation when divided (like when correcting Dupuytren´s contracture).
Excision of this chordee tissue results in considerable lengthening of the penis
(Fig.3).

Fig. 3. Distal hypospadias with severe chordee (Grade IV). Excision of the chordee
tissue resulted in lengthening of the penis 2 cm.

Histology of the Chordee Tissue
Avellán&Knutsson[12]in their microscopic study of 20 hypospadias patients showed
abnormal disorganized corpus spongiosum surrounded by lateral bands formed of
hyaline sclerotic connective tissue. In patients with proximal hypospadias, these
hyaline sclerotic bands may correspond to tunica albuginea.
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Shared et al.[13]excised tunica albuginea samples from the greater curvature in 15
patients with congenital chordee and compared it with control samples from the
lesser curvature of the same patients. They found a chaotic disorganized pattern
of collagen fibers that formed bundles with disrupted 3-dimentional organization.
The diameter of the fibers varied greatly on cross section.

Fig. 4. Abnormal corpus spongiosum. (a) Transverse section through the proximal
shaft of a fetus (32.5 weeks) with penile hypospadias.(b) Transverse section through
the proximal shaft of a fetus (32.5 weeks) with proximal hypospadias.(c) Transverse
section through the proximal shaft in a normal fetus of 24 weeks(from Van der
Putte, 2007, with permission)[11]

Van der Putte[11]demonstratedthatthis lateral spongytissueconsists of
irregularplexuses of large veins and normallypredominatesbetween 11 and 13.5
weeks of gestation, connecting all the primordial erectilestructures (Fig.4). The
dysplastic penile fascia and irregular primitive venous plexuses amalgamate together
to form a dense connective tissue that extends proximally from the angle of the
urethral delta to the base of the glans penis at the coronal sulcus.
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Hayashi et al.[14]examined the urethral plate from 27 hypospadias patients with
severe chordee. Light microscopy showed the presence of many massed and
intertwined collagen fibers and vessels that resembled those of the cavernous
sinus. Transmission Electron Microscopy (TEM) showed collagen fibers, capillary
vessels and other structures. Immunohistochemical staining showed collagen
subtype I and collagen subtype IV.Collagen subtype III (responsible for elasticity)
was not detected. They concluded that the tissue beneath the urethral plate originated
from the corpus spongiosum penis. The lack of collagen type III in the chordee tissue
might affect ventral penile curvature.
Spinoit et al.[15]examineddartosfascia inpatientswithhypospadiasand
observedpoorlydeveloped, abnormallydistributed smooth musclefiberswith lack
of parallel configuration in the dartosfascia.

Etiology of Chordee
In 1931Arthur Cecil [16]reported the experience of Dr. J Pettit who dissected the
genital organs of a ten year old child in 1870 with peno-scrotal hypospadias. Dr.
Pettit inflated the corpora cavernosa and then separated the urethra from the corpora
cavernosa. He found that the penis still kept its deformity and he attributed this to
a fibrous band beneath the penis but even division of this band did not straighten
the penis. In making a study of the cells of the corpora cavernosa, Pettit found that
there was atrophy of these cells on the concave portion. He did not know whether
they had always been in this condition or whether this atrophy was secondary to
the hindering bands beneath the penis. It should be noted that the autopsy report
of Pettit was made on a child ten years of age.
Kaplan & Lamm [17]found that ventral penile curvature persisted in 44% of aborted
fetuses and concluded that the development of chordee was part of normal
development. The severity of chordee is generally directly proportional to the
severity of hypospadias.
Literature review suggests four possible explanations for the etiology of chordee:
1)

Abnormal condensation of the mesenchymal tissue at the urethral meatus
forming fibrous tissue [17]

2)

Differential growth between the normally formed dorsal corporeal tissue and
the abnormal ventral urethral plate [18]

3)

Abnormal development of the urethral plate [19]

4)

The Disorganization Theory: Arrested distal migration and hypoplasia of the
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ventral penile structures (corpus spongiosum, dartos fascia and tunica
albuginea) [10][20](Fig.5,6).

Fig. 5. Abnormal corpus spongiosum. (a) corpus spongiosum bifurcating on either
side of the thin urethra in a patient with hypospadias sin hypospadias. (b) absent
corpus spongiosum in a glanular hypospadias. (c)distal hypospadias: the corpus
spongiosum reaching only the proximal third of penis, thin urethra to the distal
third of the penis.

Fig. 6. (a)Normal children and boys with classic distal hypospadias have an average
Ano-Scrotal Distance (ASD) of 3-4 cm. (b) Boys with proximal hypospadias,
associated with deep chordee; have usually short ASD of 2cm or less. Arrested
distal migration of the perineal mesenchyme would result in a short ASD and
severe chordee.
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Erection Tests
There are two methods utilized to induce erection of the penis intraoperatively:
1) The Artifical Erection Test
Gittes & McLaughlin [21]introduced artifical erection using heparinised saline
for the measurement of the chordee angle and the point of maximum curvature,
and also to assess the results of chordee correction.
There was no damage to the cavernous tissue using the artificial erection test,
as long as proper care is taken to ensure that injectable saline is used. Penile
necrosis has occurred when distilled water or epinephrine was injected
inadvertently into the corporeal [22].
The severity of chordee apparent during artificial erection varies with the
amount of pressure used during injection and the intracavernous pressure
varies widely (often not physiological and may reach 280 mmHg). In addition,
it is difficult to place the tourniquet low enough in patients to detect chordee
at the base of the penis [23]. The author prefers to apply manual compression
at the base of the penis.
2) Pharmacological Erection Test
Perovic et al. [24]used prostaglandin E1 (10-20 g) to produce a more "natural"
erection that could be maintained during the operation and avoided the use of
a tourniquet during the operation, thereby reducing ischemia and postoperative
edema. Kogan [23]used alprostadil (14 mcg) administered intra-cavernously in
56 boys with hypospadias, ranging from 6 months to 13 years. Phenylephrine
(40 mcg) was given for detumescence. Erection persisted during chordee repair.
Detumescence occurred within seconds after giving phenylephrine. There
were no cases of priapism, and systemic blood pressure and pulse did not
change. Intracorporeal pressure during pharmacological erection was 47 to 70
mmHg, whereas during saline erection, the intracavernous pressure was 50 to
250 mmHg. Kogan concluded that pharmacologicallyinduced erections in
hypospadias repair are effective and reliable with no significant complications.
Disadvantages of the pharmacologicallyinduced erection test include increased
blood loss during erection, additional cost, and the need for a reversal agent.

Grades of Chordee
Devine & Horton [25]described three pathologic types of chordee without
hypospadias. In the first type the spongiosum is absent in the distal penis and the
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urethra is often paper thin. In the second type, the urethra is completely developed
but Buck's fascia and the dartos fascia are abnormal. The third type was described
as a skin chordee and is due to an abnormality of the superficial dartos fascia. A
fourth type was mentioned byKramer et al. [26], as the result of disproportional
growth of the dorsal aspect of the corporal bodies causing downward deflection.

Fig.7. Three grades of chordee (a)Grade I or superficial chordee; curvature proximal
to the meatus. (b)Grade II or deep chordee; curvature distal to the meatus requiring
division of the urethral plate. (c)Grade III; chordee with corporeal disproportion
requiring corporotomy plus flap or graft or multiple corporotomies.
From a surgical aspect, chordee with or without hypospadias may be classified into
the following grades (Fig.7):
 Grade I: Superficial chordee (Fig.7a):It is present when the structures

superficial to the urethra are hypoplastic and disorganized. The dysplastic
tissue is usually proximal to the meatus. The segment distal to the meatus has
little or no curvature (Fig.9a).
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 Grade II: Deep chordee (Fig.7b,8):This is typically encountered in proximal

and perineal hypospadias. The deep layer of Buck's fascia is also involved.
Dysplastic tissue is usually distal to the meatus. Palpation of the ventral
aspect of the penis distal to the meatus between two fingers reveals tethering
and hard tissue. Excision of this dysplastic tissue distal to the meatus is
required to straighten the penis.

Fig. 8. Perineal hypospadias in a 6 months old baby. Sub-coronal incision and tunica
albuginea externa excision was adequate to correct the deep chordee.
 Grade III: Chordee with corporeal disproportion(Fig.7c,9):This occurs when

the ventral surface of corpora cavernosa is also involved and the ventral side
is shorter than the dorsal side. This is usually encountered in older children
with longstanding uncorrected deep chordee. In this case the dorsal surface
grows normally but the ventral surface can not grow due to hypoplastic
tissues ventrally.
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Fig. 9. Proximal hypospadias with corporeal disproportion in a 14 years old boy.
Dissection of the longitudinal layer of the tunica albuginea was not enough to
correct the chordee. Ventral grafting was needed to correct the persistent penile
curvature. Notice the "kink" in the middle of the tunica albuginea. The presence
of the"kink" is an indication of the corporal disproportion and suggests the
persistence of severe chordee with erection test and is an indication for deep
incision of the tunica albuginea and the use of flaps or grafts.

Is the penile curvature an angle or an arc?
Careful examination of the corpora cavernosa after excision of the outer layer of the
tunica albuginea confirms that it is an angle and one can clearly see the line where
the corpora cavernosa is angulated (Fig.10, Fig.11).

How to measure the chordee angle?
The "goniometer" is becoming the standard device to measure accurately the
degree of curvature and to allow for standardization and comparison among different
centers. "Eye ball" test is reported to underestimate the degree of curvature. Electronic
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devices, including apps for use on the phones and tablet devices are emerging.
Using these apps, the surgeon needs to take a photo with his telephone and the
device would conclude the degree of curvature.

Fig. 10. Corporeal disproportion in a 15 months old boy. Note the clear angle of
curvature.

Fig. 11. Corporeal disproportion in a 23 years old man. Note the clear angle of
curvature.
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When to correct chordee?
Assessment of men with persistent/untreated or those with Peyronie disease suggests
that as little as 20°[27]to 30° [28]of ventral curvature may result in significant
morbidity for patients, including difficulties with intercourse and the patient´s
dissatisfaction of the appearanceof the penis.

Fig. 12. From a surgical aspect, the angle of chordee is currently classified into
mild (<20°), moderate (20-30°) and severe chordee (>30°). Patients with angle
(>20°) do not require surgical correction. Patients with moderate chordee (20°30°) may benefit from dorsal plication. Patients with severe chordee (>30°) will
need division of the urethral plate to correct the severe cuvature.
A survey of the American Academy of Pediatrics (AAP), Section of Urology showed
that seventy-five respondents indicated that they would not intervene surgically
if the chordee angle was less than 20%. Significant chordee was clinically defined
as curvature greater than 30° and less than 45°. 50% of respondents indicated that
they would perform dorsal plication if the angle was more than 20°while 99% of
respondents would perform dorsal plication if the angle was more than 30° and less
than 45°. Severe chordee was defined as a chordee angle of > 45°. Severe chordee
should be approached ventrally [29][30].
According to the Hypospadias International Society (HIS) classification[31],chordee
is classified into:mildchordee (<20°), moderate chordee (20°-30°) and severe
chordee>30°(Fig. 12).

Frankfurt Protocol for Chordee Correction
1) Timing: Early correction of Chordee at 6 months
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As early as 1932, Arthur Cecil [16] recommended to operate as early as possible
to avoid "the need to cut intocorpora cavernosa". In the Hypospadias Center
in Frankfurt deep chordeeis corrected as early as 6 months to reduce the risk
of corporeal disproportion. In an internal review of 149 perineal hypospadias
operated on between 2011-2017, 2 out of 84 patients less than 9 months had
corporeal disproportion as compared with 14 out of 65 patients operated on
after 12 months of age.
2) Intra-operative assessment & planning

Fig.13. Proper assessment of the severity of the chordee under anesthesia (a) no
chordee (b) superficial chordee (c) deep chordee.
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Proper assessment of the severity of the chordee can only be done under
anesthesia after applying a stay suture to the glans. Inspection reveals the
location of penile curvature (distal or proximal to the meatus) and the quality
of the urethral plate (atretic, thin or healthy). Palpation confirms the location
of penile curvature and the presence of tethering and rigid fibrous bands.
Introduction of a catheter or sound may show paper-thin urethra and transparent
overlying skin.
3) Ventral degloving of the penis
Most studies have shown that chordee is due to arrested distal migration and
hypoplasia of the ventral penile structures (tunica albuginea, corpus spongiosum
and ventral fascia) and the dorsal aspect of the penis is not involved [4], [5],
[6], [7], [8], [9][10], [20]. So, there is no indication to perform complete degloving
of the penis unless there is an associated torsion. Complete degloving increases
the morbidity, oedema, reduce vascularity and reduces the surgical options for
the surgeon.
Luis Byars[32]has described the assessment procedure accurately: "Traction
on the glans demonstrates…the tense malformed remnants of the malformed
urethra …all strands of limiting tissues are removed after the manner of operating
for Dupuytren´s contracture of the hand".

Fig. 14. Ventral degloving is usually enough to correct superficial chordee (distal
hypospadias). The distance between the urethral meatus and the tip of the glans
remains the same but the distance between the meatus and the base of the penis
becomes longer. This is sometimes wrongly interpreted that degloving may change
proximal hypospadias into a distal one.
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The standard protocol in the Hypospadias Center is to perform extensive
ventral degloving first and re-assess the degree of curvature afterwards. If the
penis is straight (or the curvature is less than 20 degrees, we proceed with the
urethral reconstruction according to the location of the urethral meatus.
4) Tunica Albuginea externa Excision (TALE)

Fig. 15. The tunica albuginea is formed of inner circular and outer longitudinal
layer. (Hadidi, with permission)
The principle of the TALE procedure is based on the anatomical fact that the
tunica albuginea is formed of an outer longitudinal layer and an inner circular
layer (Fig.15). If the tethering and stoutness is distal to the meatus, the urethral
plate is divided and the longitudinal layer of tunica albuginea is excised using
a sharp tenotomy scissor (Tunica Albuginea Longitudinale Excision (TALE);
[33](Fig. 16). This is enough in 90% of cases presenting before18 months of age.
The patient in (Fig. 17)received hormonal therapy to enlarge the penis. Notice
the increase in the length of the penis from 2.3 cm before chordee correction
to 4.5 cm after TALE procedure to correct the chordee. Erection test confirmed
the complete straightening of the penis. CEDU procedure[33] was performed.
The penis was fixed to the abdominal wall with 3/0 proline suture to keep the
penis straight and stretched for 3 weeks. The patients do not experience pain
with the penis fixation. Proximal urethroplasty was performed 3 months later.
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Fig. 16. Technique of excision of the Tunica Albuginea Longitudinale Excision
(TALE). It is possible to identify the right level of dissection, when you see the
glistening corpus cavernosum with the deep furrow in-between the two corpora
cavernosa.

Fig.17. A patient with perineal hypospadias and severe chordee.

Assessment of Curvature after the TALE Procedure
After ventral degloving and excision of the outer layer of Tunica Albuginea
(TALE), artificial erection test is performed to exclude corporeal disproportion.
We prefer to apply pressure in the perineum to detect curvature at the base of
the penis.
If there is still curvature <20°, we have experienced that it gets better through
fixation to the abdominal wall.If the curvature is > 20°, we proceed to divide the
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corpus cavernosum at the angle of maximum curvature and put a tunica vaginalis
flap from the scrotum.
5) Tunica vaginalis Flap (TVF)
The corpus cavernosum is incised at the angle of chordee from 3 to 9 o´clock.The
Tunica Vaginalis Flap (TVF) is obtained from the parietal layer of tunica vaginalis.
A marker is used to design the rectangular flap with the appropriate size (1.5 cm
x 1 cm at least).Care must be taken to preserve the blood supply from the

Fig.18. The steps of the Tunica Albuginea Flap (TAF) for correction of corporeal
disproportion. After extensive degloving of the penis and TunicaAlbuginea externa
Excision, the curvature persisted 60 degrees. This necessitated division of the
deeper circular layer of the tunica albuginea at the point of maximum curvature
and application of the TunicaAlbuginea Flap (TAF) taken from the scrotum around
the testis along with its fascia.
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cremasteric artery (Fig. 18). Two stay sutures approximate the inferior border
of the flap to the proximal edge of the defect. The inferior border of the flap is
sutured first from the inside with running 5/0 polydioxanone suture and fixed
with the angle sutures before continuing with the rest of the flap. Oral antibiotics
were continued for 10 days after surgery.
6) Fixation of the penis to the abdominal wall
At the end of the TALE or TAF procedure, the penis is fixed to the anterior
abdominal wall with a 3/0 proline stitch for 3 weeks (Fig.18). This helps to stretch
the penis and keep it straight and make it easier to clean. Patients do not
experience pain in relation to the stay suture.

Chordee Without Hypospadias
Isolated chordee without hypospadias was first described by Sievers in 1926[34].
It is rare, representing approximately 4 to 10% of cases of congenital chordee. The
etiology and management of this condition remain a subject of debate in the
literature (Fig. 19).

Fig. 19. Chordee without hypospadias. Chordee occurs despite having the urethral
meatus at the tip of the glans. However, the prepuce is usually incomplete and the
median raphe may be abnormal. Correction of chordee without hypospadias can be
more difficult and challenging than correcting Hypospadias alone.
Young[35]advocated that chordee without hypospadias was due to a congenitally
short urethra and that the urethra should be transected. Devine & Horton
[25]classified chordee into 3 grades according to the layers affected, namely grade
I (with deficient corpus spongiosum, dartos, and Buck fascia), grade II (with deficient
dartos and Buck fascia), and grade III (with only dartos fascia affected). Kramer et
al. [26]found that corporal disproportion was another principal cause of chordee,
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and they classified this condition as group IV chordee without hypospadias. In
1992, Hendren and Caesar[36]reviewed their experience with isolated chordee, and
found that 23 of 33 patients required a ventral dermal graft and/or urethral division
and lengthening to achieve penile straightening.
The Devine & Horton classification system had been widely adopted until 1998[37],
when Donnahoo et al. [38] presented their series of 87 patients with penile curvature
without hypospadias. In their series, the etiology of isolated chordee was evenly
distributed among skin tethering (32%), fibrotic Buck's and dartos fasciae (33%),
and corporeal disproportion (28%). A congenitally short urethra rarely caused
chordee without hypospadias (7%). Cases of a paper-thin hypoplastic distal urethra
(type I) were excluded from study, since they were considered hypospadiac variants,
and were managed with excision and reconstruction of the abnormal urethral segment.
From a surgical point of view, it is difficult during surgery to identify if the
disorganization and dysgenesis involves the skin alone or dartos fascia / Buck´s
fascia as these tissues are amalgamated together in a single dysplastic tissue.
Therefore, it is proposed to classify chordee without hypospadias as is the case with
hypospadias into following grades:
 Grade I: when the disorganisation and dysgenesis involves only the tissues

(skin & fascia) superficial to the urethra (managed as superficial chordee with
ventral degloving).
 Grade II: when the disorganisationinvolves the tissues deep to the urethra

(managed as severe chordee using the TALE technique).
 Grade III: when there is corporeal disproportion (managed using TAF technique)
 Grade IV: when the urethra is too short and needs to be divided

Glanular Tilt
This is a common finding in presentations of chordee. It may be present with or
without hypospadias,and is due to the attachment of the abnormal amalgamated
fascial and spongiosal tissue to the base of the glans. Liberal mobilization of the
glanular wings (or partial disassembly of the glans) is important in the correction
of the glanular tilt (Fig.20).

General Principles of Chordee Correction
In general there are 4 approaches to correct chordee after degloving of the penis;
either to a) lengthen the ventral side of the penis, b) to shorten the dorsal side of
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the penis, c) Penile dis-assembly technique& total urethral mobilization, d) split and
roll technique (Fig.21).

Fig. 20. Glanular tilt should be considered a part of the wide spectrum of chordee.
It may present as an isolated thing (tilt without hypospadias) or in association with
hypospadias. Correction of the glanular tilt alone, may help to correct the chordee
in some cases without having to divide the urethral plate.

Fig. 21. Thetwo main approaches to correct chordee that persists after extensive
degloving of the penis: (a) to lengthen the ventral surface of the penis (more
physiological). (b) to shorten the dorsal surface of the penis.
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A) Techniques that lengthen the ventral side of the penis:
(1) Tunica Albuginea Longitudinale Excision (or TALE)
(2) Fairy cuts and multiple corporotomies
(3) STAG and STAC Procedures
(4) Incision of Tunica Albuginea and the use of grafts or Tunica Vaginalis Flap
(TVF)
B) Techniques that shorten the dorsal side of the penis
(1) Nesbit procedure
(2) Tunica Albuginea Plication (TAP)
(3) Heineke Mikulicz Technique
C) Penile disassembly & total urethral mobilisation
D) Split & Roll Technique

A) Techniques that lengthen the ventral side of the penis
(1)Tunica Albuginea Longitudinal Excision (TALE)
This is the standard technique in the hypospadias Center in Frankfurt and is
already described before.
(2)Fairy Cuts
Devine [39]first described fairy incisions (short, superficial transverse cuts) on
the ventral surface of tunica albuginea in an attempt to correct persistent ventral
curvature. It seems that their aim was to incise the outer longitudinal layer of
tunica albuginea, leaving the inner circular layer intact, hence there was no need
for grafting.
Pippi Salle et al.[40][41] applied the same principle and performed 3 transverse
incisions into the outer tunica albuginea between 3 to 9 o´clock without a
tourniquet to ensure that he does not enter into the spongy tissue of the corpora
cavernosa, then applied a preputial graft (Fig.22).
(3) Staged Tubularized Auto Graft (STAG)and"Straighten and Close" (STAC)
Snodgrass & Bush [42]suggested the STAG (Staged Tubularised Auto Graft),
where 3 deep transverse incisions through both layers of tunica albuginea
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Fig. 22. Transverse incisions of tunica albuginea. The incisions do not go deep into
the spongy tissue of the corpus cavernosum. The patient received androgen hormone
therapy before surgery (Courtesy of Dr.Pippi Salle)
(unlike Pippi Salle) and deep into the spongy tissue of the corpora cavernosa
after applying a tourniquet to avoid bleeding. The middle is at the point of
maximum curvature extending from 4 to 8 o'clock. The other two incisions are
made 4 mm proximal and distal to middle incision. In complicated recurrent
cases, the authors suggested to perform the STAC Technique (STraighten And
Close) performing 3 transverse incisions as described earlier and then close the
wound with penile skin. However, there is no long term follow up results and
these approaches have the potential high risk of herniation, diverticulum
formation and erectile dysfunction in adulthood as the deep incisions into the
spongy tissue are similar to what happens in fracture penis.
(4)Incision of Tunica Albuginea and the use of grafts or flaps
For older children with corporeal disproportion, there is a need to incise both
layers of the tunica albuginea and cover the defect with grafts or tunica
vaginalis flap. Horton and Devine experimented different methods until they
reported the safe use of dermal grafts taken from non-hairy inguinal crease skin.
Important technical tip is to mobilise and incise the urethra plate at the subcoronal level and excise all the disorganised dysplastic tissue. The urethral
plate will retract proximally, and the tunica albuginea is incised at the level of
maximum curvature between 3 and 9 o´clock. This results in an oval defect. It
is important to have fascia or local vascularised tissue between the graft and
the tissue used to reconstruct the new urethra for the graft to acquire blood
supply. Dermal grafts, pericardium, dura, SIS, buccal mucosa, tunica vaginalis
grafts or flaps have been used with variable degrees of success and are operator
dependant.
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a. The use of dermal grafts

Fig. 23. The technique of dermal grafting. After extensive degloving, the circular
deep layer of the corpora cavernosa is incised at the angle and a dermal graft from
the groin is sutured. It is recommended to de-epithelialize the graft before taking
the graft off the groin. It is helpful to use methylene blue to colour the epidermis
and ensure complete removal of the epithelium using a sharp scissor or scalpel.
The graft should be 30% larger than the defect.

Fig. 24. (a) A child with chordee > 45°. (b) after applying a large dermal graft. It is
important to expect about 30% shrinkage of the graft after healing. (c) during the
second stage procedure, the penis is completely straight (courtesy of Dr. Mark
Zaontz).
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b. The use of Small Intestinal Submucosa (SIS)
Several studies reported the use of small intestinal submucosa (SIS). SIS is a
commercially available, acellular, collagen-based, xenogeneic graft biomaterial
derived from the submucosal layer of the porcine small intestine. It has the advantage
of availability, decreased operative time and no donor site morbidity but it is
relatively expensive and not available in all countries. The outcome varies from
excellent investigator satisfaction with 1-layer SIS to variable satisfaction or even
disappointment with 4-layer SIS grafts. Leslie et al. [43]reported on
theirexperiencewith SIS, dermal and tunicavaginalis grafts. They reported 1 SIS case
of severe fibrosis at the graft site, requiring excision and repeat grafting. Soergel et
al. [44] reported 2 major complications with 4-layer SIS and stopped using SIS.
c. The use of buccal mucosa
Mokhless et al. [45]reported their preliminary experience with the use of buccal
mucosa as a graft to cover the tunica albuginea defect in 12 children ranging from
4 to 8 years.The non-fatty side was sutured facing the cavernous tissue. The size
of the graft was 25% larger than the defect as is the standard with graft application.
The neo-urethra was reconstructed as a second stage 6 months after grafting. They
reported excellent results with a straight penis in 10 children and residual chordee
of less than 10 degrees in two children, requiring no further management. The follow
up was for one year.
d. Tunica Vaginalis Grafts or Tunica vaginalisFlap (TVF)
Braga et al. [37]reportedtheirexperiencewithtunicaalbugineavaginalis grafts and
flaps (TVF).The short-term outcome of ventral penile lengthening using tunica
vaginalis flaps was 95% success rate. Dural grafts were associated with a higher risk
of recurrent ventral curvature.
Tunica vaginalis grafts were first used for correcting penile curvature in adults with
Peyronie's disease [46].Perlmutter et al. [47]has utilised it to correct chordee in
children with severe hypospadias. However, the reported results of this technique
have been contradictory. Caesar & Caldamone [48] reported on 28 patients undergoing
primary and secondary repairs for chordee. They found that 60% of their patients
treated with a TVF had recurrent VC. Additionally, Vandersteen&Husmann[49]
identified late onset recurrent chordee after prior successful hypospadias repair
using tunica vaginalis grafts.

B) Techniques that shorten the dorsal side of the penis
(1) Nesbit procedure
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Nesbit [50] first tried plication without incision on a medical student with lateral
chordee. Unfortunately, the curvature recurred in less than 6 months. Then he
excised horizontal ellipses with the help of an Allis forceps. He approximated the
fascial edges with buried sutures of heavy silk.

Fig. 25. Schematic presentation of different approaches of dorsal plication.

(2) Tunica Albuginea Plication (TAP)
John Duckett [51]incised Buck`s fascia at 2 and 10 o'clock in the area of maximum
bending to either side of the neurovascular bundle. He then incised the tunica
albuginea and closed using 5/0 polypropylene burying the knot in what he called
the TAP(Tunica Albuginea Plication, Fig.26).

Fig. 26. The TAP technique of dorsal plication
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Baskin et al. [52]examined a 33 week fetal penis with distal hypospadias and compared
it to normally developing penises and noticed that in all these specimens, the
neurovascular bundle is not present at the 12 o'clock position, rather splaying out
laterally from the 11 and 1 o'clock positions ventrally to the spongiosum. They
recommended positioning the dorsal plicating suture in the midline to avoid injury
to the neurovascular bundle. Absorbable sutures can be used, but slowly absorbed
PDS (polyeoxanone) is preferable.
In simple plication, excessive infolding of tunica can result in the narrowing of the
corporal lumen, which can lead to decreased rigidity distally. In some cases, the
stitches did not hold long enough, resulting in recurrence of curvature. In incisional
techniques, edges of incision heal tightly after closure and remain permanently
closed. Here, the tunica tissue can be folded inward, but to a lesser degree. In severe
curvature this can result in decrease of cavernous volume. In elliptic excision
techniques, the tunica does not infold. If excessive excision of tunica albuginea is
needed, reduction of cavernous volume can be significant and tunica elasticity can
be reduced.
(3) Heineke Mikulicz Technique
The principle of Heineke Mikulicz was first described for pyloric stenosis where a
longitudinal incision is made and is closed transversely (Pyloroplasty). This principle
is now widely appliedin the correction of strictures in general.

Fig. 27. The Heineke Mikulicz Technique of dorsal plication.
Yachia[53] applied the HeinekeMikulicz principle in 10 patients to straighten penile
curvature instead of using the Nesbit corporoplasty technique. By horizontally
closing the longitudinal incisions, the longer portion of the tunica albuginea is made
equal in length to the shorter side. He believed that this technique would achieve
the same results as the Nesbit corporoplasty in a simpler manner. Because of the
distance between the longitudinal incision and the neurovascular bundle or corpus
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spongiosum, these structures are less susceptible to injury during an operation and
need not be mobilized. Yucel et al. [54] used the same principle to correct recurrent
chordee.
Nyirády et al. [55]reported their long term results with 3 techniques of dorsal
shortening in 87 patients with a mean age 24 years. 54 had ventral, 28 had lateral and
5 patients had dorsal penile curvatures, respectively. Nesbit's procedure was
employed in 18, plication in 7 and the HeinekeMikulicz Technique in 62 men. The
mean follow-up was 89 months. They concluded that in their 20-year experience
chordectomy has always reduced the curvature but patients could never completely
straighten the penis by themselves. Surgical correction was reported by patients
to be highly successful using the HeinekeMikulicz technique, and statistical analysis
revealed it to be significantly better than plication or the Nesbit procedure in terms
of palpable nodules, recurrence and overall satisfaction.
Perdzynski&Adamek[56]described good short and long term results of applying
the Heineke Mikulicz principle on the external longitudinal layer of the tunica
albuginea.
Kuehhas&Egydio[57]described the superficial tunica albuginea geometric-based
excision (STAGE) technique in 145 patients. The technique is based on multiple,
small, superficial elliptical tunica albuginea excisions and geometrical principles for
correcting biplanar congenital penile curvature. They reported 98% success rate
and mean loss of penile length was 0.7cm (range 0.3-0.9cm).

Does dorsal plication produce shortening of the penis?
In order to answer this question objectively, one has to measure the length of the
penis and degree of curvature after degloving. Then apply dorsal plication and
measure the length of the penis again. Thenundo the dorsal plication, incise the
urethral plate and excise the hypoplastic tissues on the ventral surface, apply the
erection test and measure the length of the penis again. No study has performed
such an objective test to examine the degree of shortening caused by dorsal
placation. Most available studies compare the original size of the penis with chordee
to the size of the penis after dorsal plication [58].
Dorsal plication was popular in the 1990s and early 2000s by surgeons who wanted
to promote techniques that rely on preservation of the urethral plate. These authors
suggest to make a 1 cm midline incision and then plicate with a single stitch [59].
These studies claim that dorsal placation reduces the penile length between 2 and
5mm only. The following issues have to be considered when analysing these
studies:
90

1). The average length of the penis is 3 cm in boys less than 2 years of age. If one
deducts the dorsal length of the glans of 1.4 cm, it becomes clear that those
surgeons shorten more than half the length of the body of the penis.
2). If plication really shortens the dorsal surface with 2-5 mm only, it can only help
in mild chordee where no plication is actually needed.
3). Those studies compare the length of the curved penis before plication (already
shortened by the hypoplastic tissue and chordee) with the length after plication.
In order to measure the true effect of shortening, theyshould compare the
penile length after plication and compare it with the penile length after excising
the hypoplastic tissue on the under surface of the penis.

C) Penile Disassembly Technique
Perovic et al. [60]described a penile disassembly technique to avoid penile shortening
in curvature repair. Perovic recommended to start the dissection from the ventral
side of the penis over the tips of the corpora cavernosa toward the dorsal side. This
step allows for complete preservation of the neurovascular bundle, which cannot
be achieved by initiating dissection from the dorsal aspect. Buck's fascia is released
from the underlying albuginea to lift the urethra, urethral plate, and neurovascular
bundle without injury. These maneuvers provide the maximal potential for correcting
curvature, especially when the curvature exists in the distal one-third of the corpora
cavernosa. After correction of all deformities, the penis is reassembled (Fig. 28,29,30).

Total Urethral Mobilisation
The disassembly principle of Perovic was modified byBhat [61]to be employed only
on the ventral aspect of the penis as "total mobilization of the urethra". He suggested
total mobilization of the urethra and the urethral plate from the glans down to the

Fig. 28. The Perovic technique of Penile Disassembly.The urethra is completely
and freely mobilised including the glans and the 2 vascular pedicles and then
resutured again.(Courtesy of late Prof. Sava Perovic)
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Fig. 29. Perovic disassembly technique (Courtesy of late Prof. Sava Perovic)

Fig. 30. HeinekeMikulicz Plication in association with the Perovic disassembly
technique(Courtesy of late Prof. Sava Perovic)
bulbar urethra in an attempt to correct chordee. This approach has to be considered
with caution because of the risk of devascularization and necrosis of the urethral
plate as experienced by Snodgrass et al. [62].
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Fig. 31. The split and roll technique

D) Split and roll technique
Koff et al.[63]first described dorsal corporal rotation as a technique to correct
chordee.The split and roll technique was also reported by Kass[64] and Decter[65]as
an alternative approach in the correction of severe chordee. Division of the urethral
plate and partial splitting of the septum between the corpora cavernosa with a
ventral midline incision facilitates corporal rotation. Access is gained to the dorsal
aspect of the corpora cavernosa by dissecting Buck's fascia with its encased
neurovascular bundle. After artificial erection, non-absorbable sutures are placed
in the areaof maximal curvature. Working from the dorsal lateral aspect so that the
corporal bodies are rotated toward the dorsal midline, this method does not require
incision into the corporal substance, involved no use of grafts and does not cause
shortening of the phallus. The neurovascular bundle is reported to be preserved and
not compressed by rotational sutures [65].

Recurrent / persistent chordee in adolescents and young adults
Many of the patients who underwent dorsal plication in the 1990s and 2000s,
presented later at puberty or early adulthood with recurrent/persistent chordee [49].
It is not appropriate to correct one pathology by creating another and shorten an
already short penis. An atretic hypoplastic urethral plate must be excised as it does
not grow along with the growth of the penis and the sutures that are used in
childhood do not withstand the pressure exerted during erection. Acimi[66] and
Huang et al. [67] believe that the reappearance of curvature a few years after Onlayand other techniques preserving the atretic urethral plate is due to poor growth of
the dysplastic urethral plate. Braga et al. [37]compared ventral penile lengthening
versus dorsal plication of severe chordee and found the recurrence of chordee after
dorsal plication 36.5% as compared with 0% after ventral lengthening. Pippi Salle
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et al. [41] reviewed 140 patients with proximal hypospadias who underwent 3
different techniques. About 50% who underwent dorsal plication came back with
recurrent chordee. Abosena et al. [68] wrote an excellent paper on recurrent chordee
and the majority of those patients underwent dorsal plication in combination with
TIP or onlay flaps for hypospadias correction.
Penile chordee may present in adulthood. This may be due to incomplete chordee
correction during childhood, recurrent chordee after dorsal plication or due to
severe scarring (Fig.32). Management follow the same protocol that was mentioned
before namely degloving and excision of scarring (this is probably the most important
step and should be done meticulously). Many patients have been through several
operations and the majority would not have abundant healthy skin and they may
require buccal mucosa and two stage repair.

Fig. 32. (a) A 14 years old boy presented with what looks like distal hypospadias
and chordee. TALE procedure was performed but there was still corporeal
disproportion requiring incision of the corpora cavernosa and grafting. (b) A 21
years old patient presenting with severe recurrent chordee and proximal urethral
fistula and he was also circumcised. Complete excision of scar tissue resulted in
straightening of the penis.
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Coronal Hypospadias: Surgical Repair and Outcome

Abstract
Background: Hypospadias is one of the most common congenital anomaly of the
male reproductive system. Distal hypospadias comprises majority of these cases.
Surgical correction is necessary to treat symptoms when present and to prevent
future adverse effects. Corpus spongiosum advancement (CSA) is a good technique
ideal for distal hypospadias repair. This article reviews the authors experience of
CSA in coronal hypospadias repair.
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Introduction
Hypospadias is one of the most commonly encountered condition in pediatric
surgical practice. Although children with coronal hypospadias donot have much
functional defect, if left untreated, many of them develop symptoms later. To achieve
a functional and cosmetically acceptable repair is of utmost importance. There are
a number of surgical techniques available for coronal hypospadias repair. This
report describes authors own experience with corpus spongiosum advancement
(CSA) in coronal hypospadias.

Materials & methods
This is a retrospective analysis of author's own experience of CSA in coronal
hypospadias repair since 2009 till 2020. Age ranged from 12 months to 68 months

*Professor & Head, Department of Pediatric Surgery, Assam Medical College & Hospital,
Dibrugarh, Assam, India
*Professor & Head, Department of Paediatric Surgery, All India Institute of Medical
Sciences, New Delhi 110029, India

101

(Mean 31.5 months). A total of 360 cases of distal hypospadias treated during this
period, out of which 295 were coronal hypospadias. In five cases, the procedure was
done in failed repair using other techniques. Prepuceoplasty was added in 132 cases
according to the preference of the parents. A catheter with a compressive dressing
was kept for 4 hours after surgery to prevent hematoma formation. Patients with
moderate or severe chordae and with hypoplastic thin spongiosum were not ideal
for CSA, hence these cases were excluded. The patients were called for urethral
calibration 15 days post-repair. All children were operated under general anaesthesia
with majority receiving a pre-operative caudal block.

Results
The average operating time was 34 minutes (28 to 40 minutes). A total of 166 patients
were admitted overnight, 56 of them with a catheter and the patients were discharged
the next morning. Three patients had inadvertent opening of the spongiosum during
dissection and were kept on catheter drainage for 5 days after repair. Thirty patients
had retention of urine, but passed urine after 10 to 16 hours. Five cases had retraction
of the meatus, 2 of them needed redo-surgery with the same technique. Four cases
had glans dehiscence and all of them needed repair. Eleven patients had partial
disruption of prepuceoplasty due to edema. Meatal stenosis was noted in 18 cases,
which responded to 1-3 dilatation sessions under local anaesthesia at 15 days
interval. Overall cosmetic outcome was excellent, a vertical slit like meatus was
observed in over 90% of the cases. Follow up ranged from 3 months to 130 months
(Mean 76 months).

Discussion
Hypospadias is the second-most common congenital anomaly of the male
reproductive system1. Distal hypospadias, comprising glandular, coronal and subcoronal hypospadias accounts for 70-80% of the cases2. Although the defect seem
less significant, without treatment, these children can go on to develop multiple
symptoms in later years3,4. 30% of our patients had symptoms, most commonly,
straining at micturition and downward urinary stream. In a survey reported by
Schlomer et al, many adults with untreated hypospadias experienced significant
adverse outcomes related to penile curvature5. So repair of distal hypospadias is
important not only from cosmetic point of view, but also to preserve functional
status6. Procedures that are commonly adopted for distal hypospadias repair are
the meatal advancement glanuloplasty (MAGPI), the Mathieu parameatal based
flap, the Snodgrass modification of tubularized incised plate urethroplasty (TIP) and
the author's technique of corpus spongiosum advancement(CSA)7-9. CSA was first
reported in 2013 and documented to have several advantages.
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The procedure of corpus spongiosum advancement involves dissecting the corpus
spongiosum off the cavernosal bed upto the level of bifurcation of cavernosa
keeping the soft tissue pedicle attached to the spongiosum intact (Fig.1 and Fig.2).
Meticulous care is taken to avoid opening the spongiosum. Only the most distal 1
or 2 cm of spongiosum is denuded of skin (Fig. 3). This doesnot affect the vascularity
of the spongiosum, as vessels enter the spongiosum through its bulbar part. The
spongiosum is then advanced to the tip of the glans either by creating a glans tunnel
(in conical shaped glans) or glans wings (in flat glans) (Fig. 4a and Fig. 4b). Three
hitching stitches are applied from spongiosal body approximately 2 cm from the
meatus to the inside of base of the glans to prevent retraction. Glans repair is done
using 5-0 vicryl. A prepuceoplasty is added if the parents desire.

Fig. 1.

Coronal hypospadias; no chordae

Fig. 2.

Corpus spongiosum dissected off the cavernosal bed
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Fig. 3.

Skin dissected off the distal 1-2 cm of spongiosum.

Fig. 4a

Fig. 4.

Fig. 4b

Fig. 4a. Glans tunneling done in conical shaped glans.
Fig. 4b. Glans wings created in flat glans.

MAGPI procedure was employed for distal hypospadias repair by Duckett, but is
unsuitable for thin or rigid ventral parameatal skin or a meatus too proximal or too
wide10. The authors own series reported a reoperation rate of 1.2% . However,
longterm outcome was not found to be satisfactory in some other series11,12.
Samuel et al reported their experience of incised urethral plate urethroplasty and
Mathieu's parameatal flap repair in 381 patients13. The complication rates were 7.1%
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and 15.2% respectively in both the groups. Urethrocutaneous fistula being the
commonest in both the groups (3.5% Vs 12.3%). Vertical slit like opening was
reported in 86% of the patients undergoing Mathieu's repair.
In a meta-analysis of distal hypospadias repair in 1572 patients by Mathieu's
procedure and TIP, Winberg et al found complications rate between 2 to 13% of
cases14. Urethrocutaneous fistula was the most common observed and reported
complication and was equally distributed between the two procedures. The risk of
stricture development was 0-10% with Mathieu procedure and 0-25% after the TIP
procedure. The authors observed that a significant complication in TIP was glans
dehiscence, which was not consistently reported in the included publications nor
were information on wound dehiscence and wound infection. Two earlier studies,
one systematic review and another meta-analysis showed that both these procedures
had complication rates of 2-15%15,16. It is documented that additional procedures
such as, dartos flap or tunica vaginalis flap reduces the fistula rate14,17. Another
report on long-term outcome of Mathieu procedure noted hairy urethra and abnormal
uroflows18. Further, all these three meta-analysis and systematic reviews recognized
the clinical heterogeneity among the studied population and lack of uniform criteria
for reporting outcomes and lack of late follow up. Another meta-analysis by
Pfistermuller et al on outcome following TIP repair in distal hypospadias reported
fistula and re-operation rate of 5.7% and 4.5% respectively19. The authors included
49 studies with 4675 patients. Meatal stenosis ranged from 1.8% to 8.2% of studied
groups. Another observation of the study was that geographical location had a
noticeable effect on outcome. Lowest complications were noted among North
Americans than in Europeans and other groups. Incidence of fistula was found to
be high (14%) following TIP urethroplasty when foreskin was preserved than in
children in whom the foreskin was used for waterproof coverage20. In the present
series, urethrocutaneous fistula was not seen as there was no suture line in the
repair. Retraction of the neomeatus was noted in 5 patients. Glans dehiscence was
recorded in four patients, who had flat glans and hence glans wings were created
in them. Dehiscence was not seen in children who had glans tunnelling procedure.
Distal hypospadias repair with CSA procedure has several advantages; short
operating time, less blood loss, the ability to easily put the meatus at the tip of the
glans and a vertical slit like neomeatus (Figures 5a,b,c & d). Complications include
glans dehiscence, meatal retraction, and disruption of prepuceoplasty (Figure 6).
Another advantage of this procedure is that after glans retraction the same procedure
can be done successfully. Even failed urethroplasty cases after MAGPI or Mathieu
procedure, CSA can be performed with good result. Coronal hypospadias cases with
short phallic length and presence of distal spongiosal hypoplasia are not suitable
for this procedure21. Distal urethral hypoplasia is not uncommon and one report
noted it in 15.5% of their cases22.
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Fig. 5c

Fig. 5a

Fig. 5d

Fig. 5b

Fig. 5.

Fig. 5a. Completion of glansplasty.
Fig. 5b. Same patient; after 3 months.
Fig. 5c. After 6 months. A vertical slit like meatus.
Fig. 5d. Good cosmetic outcome after one year.

Fig. 6.

Minimal retraction of meatus and partial disruption of prepuceoplasty
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Conclusion
In properly selected cases corpus spongiosum advancement gives excellent
functional and cosmetic outcome and acceptable complication rate. The prepuce
can be preserved if desired and the procedure can be done in earlier failed
urethroplasty cases also with good outcome.
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Single Stage vs Staged Repair of Hypospadias

Hypospadias is one of the common genital congenital malformation,occurring 1 in
250 boys. Distal hypospadias seen in 70 to 80% of cases, usually not associated with
significant chordee. Proximal hypospadias is seen in about 20 to 25% of cases, with
varying degree of chordee, usually severe chordee and associated anomalies.
Surgery for hypospadias is continuously evolving, more than 300 different
techniques have been described in literature over a period of time, most of them are
few technical modifications of previously described original operative procedure.
For distal hypospadias without chordee, single stage repair is preferred technique.
The most commonly done repair for distal hypospadias without chordee is TIP
repair, for patients having good wide and supple urethral plate. If urethral plate is
narrow, dorsal inlay graft is preferred by many hypospadiologist. There are many
other techniques described for distal hypospadias without chordee, like. MAGPI,
Mathieu`s flip flap repair, depending on local anatomical finding. Most of these
repairs for distal hypospadias gives good cosmetic results like vertical slit like
meatus, with fistula rate less than 5%. Some of these repairs can be associated
withpreputioplasty, so as to give near normal appearance.
Hypospadias with severe chordee, there is no consensus among hypospadiologist
about whether single or stage repair is optimal treatment for these cases, pendulum
is swinging from two stage to single stage again to two stagerepairof hypospadias
with severe chordee. The challenges associated with proximal hypospadias are
severe chordee, bifid scrotum, penoscrotal transposition, narrow urethral plate,
deficient spongiosum, penile torsion, and DSD, especially if associated with
undescended gonads.
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Chordee
Whether it is single stage or two stage repairs of proximal hypospadias with severe
chordee, correction of chordee is important step in hypospadias repair. First step
is degloving of penis with preservation of urethral plate, in very small number of
cases chordee may get corrected when associated with skin chordee. If chordee is
less than 20-degree, dorsal midline plication as describedby Baskin, is most preferred
technique, as there are less nerves in midline. If chordee more than 30 degree, then
doing dorsal midline plication with preservation of urethral plate will lead to shortening
of penis and recurrence of chordee specially at post puberty. Recurrence of chordee
is less if one has transected the urethral plate. After transecting urethral plate at
coronal level, urethra is dissected off the corporal body till bulbar urethra so as to
avoid bowstring effect due to
inelastic urethral plate. After excising all tethering tissue on ventral aspect of
corporal body, if significant chordee still persists then three corporotomies are done
on ventral aspect at site of maximum bend, some preferred to do ventral lengthening
by using dermal graft or tunica vaginalis graft in raw area created on incising on
ventral corpora. Grafting on ventral aspect is associated with venous leak and
erectile dysfunction in long term in small number of cases.

Single Stage Repair
If chordee is less than 20 degree and urethral plate is good and supple, preferred
operative technique will be long TIP repair, if urethral plate is narrow, preferred
operative technique will be transverse preputial onlay island pedicleflap[TPOF]
repair.
The real dilemma for cases of proximal hypospadias with severe chordee after release
of chordee, where urethral plate is transected, is to do single stage or two stage
repairs. It largely depends upon surgeon`s personal training, preference and expertise
and workload.
If dorsal preputial hood is good, single stage repair with transverse preputial island
pedicle tube urethroplasty as described initially by Asopa and subsequently modified
by John Duckett as Duckett`s tube urethroplasty is preferred technique. I preferred
to do double faced island pedicle flap urethroplasty as described by Asopa and
Asopa and subsequently by Hodson XX.
For mid scrotal and perineal hypospadias, composite tube urethroplasty, where
proximal Thiersch Duplay urethroplasty and distal Duckett`s tube urethroplasty is
done.
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Stage Repair
Commonly done two stage repairs are Bracka and Byar`s repair.

Single Stage Repair
Single stage repairs were described initially to preserve the urethral plate if chordee
is less than 20 degree. If urethral plate is good,wide and supple then long TIP repair
is done the same way as described by Warren Snodgrass. It is very rare to see child
with proximal hypospadias without chordee with good,wide and supple urethral
plate. Snodgrass stop doing long TIP repairs after mobilizing the urethral plate as
it is associated with high complication rate like strictures in almost 20% of cases.
According to Snodgrass it is due to vascularity problem due to long mobilization
of urethra. Amilal Bhatt popularized the technique of mobilization of urethra up to
bulbar urethra to correct the chordee and then rolling of urethral plate into a tube.
Only 6%of his cases required to transect the urethral plate to correct the chordee
and 6% of cases developed urethral strictures.

Fig. 1.
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TIP repair for proximal hypospadias

Duckett`s Tube Urethroplasty
It is one of the commonly done repair for proximal hypospadias with severe chordee
in 1980 but subsequently surgeons faced lot of complications like complete breakdown
due to damage to vascularity of flaps, high incidence of fistula and stricture at
proximal anastomosis specially when one rolls inner preputial transverse pedicle
flap over tube and then proximal anastomosis is done, as described by Asopa and
Duckett.Diverticulum formation on ventral side due to turbulence of flow of urine,
and unsupported urethra on ventral side. The high complication rate is seen with
surgeons not trained adequately for this repair. There are many modifications of this
technique to get good results.

Modified Asopa and Asopa [Hodson XX]
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In this technique, double faced pedicle flap is dissected. The key factor in the
success of this technique is to preserve good vascularity of flaps. Usually after
degloving the penis, double faced pedicle flap is dissected, but what I prefer to do
is while degloving the penis on dorsal aspect, instead of taking incision at coronal
sulcus to deglove, take incision on dorsal skin , proximal to outer preputial skin, to
dissect only dorsal skin, leaving behind dorsal dartos fascia containing vessels
supplying preputial skin along with corporal body, then incision is taken at coronal
sulcus level to dissect prepuce along with its pedicle remaining close to Buck`s
fascia. Then transverse incision is taken on inner preputial skin of adequate width,
minimal 1cm for child below 5 years, if it is to be use for tube urethroplasty, or less
than 1cm if to be use as Onlay pedicle flap urethroplasty. The inner preputial skin
distal to transverse incision is dissected minimally, but care is taken not to dissect
inner preputial skin so as to avoid damage to vascularity of inner preputial skin. The
anastomosis is done with proximal urethra after spatulating the meatus of proximal
urethra. Anastomosis is started at 12 o clock position, so that after completing
proximal anastomosis the suture line of tube is faced ventrally against the corporal
body. Proximal anastomosis is done with 6/0
vicryl with knots inside, so as to invert the edges of urethra and flap. Spatulated
proximal urethra gives wide oblique anastomosis, so as to reduce the incidence of
stricture and fistula at proximal anastomosis. After completing the proximal
anastomosis then flap is rolled into a tube over proper size infant feeding tube with
continuous subcuticular stitch with 6/0 vicryl till the tube reaches till tip of glans.
The glans wings are raised leaving behind central strip of urethra, so as to do onlay
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type of repair within the glans, so as to reduce meatal stenosis at tip of glans, then
urethral tube is fixed to corporal body with interrupted sutures to prevent fistula
along the tube. The proximal anastomosis is covered with lateral margin of vascular
pedicle, by taking it across the anastomosis. The outer preputial skin is used for
ventral skin cover, which is heathy and viable skin. There will be two suture lines,
one at 9 0 clock position and second at 3 0 clock position.
For composite tube urethroplasty, for mid scrotal or perineal hypospadias, transected
proximal urethra is rolled into a tube, like Thiersch Duplay technique and, distalurethra
by Duckett`s tube urethroplasty, as described above.

Two Stage Repairs
Byar`s and Bracka`s are two principal techniques of two stage repairs. In both the
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techniques the first step is to correct the chordee and incise the glans in midline to
raise the glans wings.
Byar`s two stage repairs
Ventral raw area is covered by dorsal preputial skin. The inner preputial skin is
unfolded carefully and then divided in midline, taking care of vessels supplying
inner preputial skin. Byar`s skin flaps are brought ventrally and sutured in midline
from tip of glans to urethral meatus. While suturing flaps in midline, few bites are
taken on ventral Buck`s fascia, so that flap is fixed in midline, like Bracka`s first stage
the flaps are not quilted to corporal body. Since these flaps are vascularized and
having dartos facia, flap survival is good. Compression dressing is given with
urethral catheter, which is removed on tenth day along with catheter. Second stage
Byar`s repair is done after 6 months, so that there is good neovascularization of flaps
and less scarring on ventral side. Based on principle of Thiersch`s Duplay, second
stage urethroplasty is done over proper size infant feeding tube for that age.
Urethroplasty is done with 6/0 vicryl continuous subcuticular stitch, taking care to
invert the edges of urethral plate. Urethral suture line is covered with tunica vaginalis
flap as barrier layer, to reduce fistula rate. Success of this repair largely depends on
how good glans heals in first stage, so that during second stage meatus comes to
tip of glans.
Bracka`s two stage repairs
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After chordee correction and raising the glans wings, ventral raw area is covered
with free inner preputial graft, which is available in non -operated cases, buccal
mucosa is used in operated cases where preputial skin is not available. The harvested
graft should be 20% larger than required size as free graft is known to contract over
period of time. Since the graft contraction is very common within the glans, I prefer
to raise the glans wings with leaving behind central urethral plate [ glans pit], so that
v shaped buccal mucosa graft is placed on either side, similarly buccal mucosa graft
should go around the urethral meatus proximally, so that during second stage of
Bracka`s repair, local hair bearing scrotal skin is not included in urethroplasty.
While suturing laterally graft to skin edges, care should be taken to include dartos
fascia to fix the edges of graft to corporal body, so that during second stage of
Bracka`s repair, graft can be easily dissected off corporal body. Graft is quilted at
multiple places with 6/0 vicryl with interrupted sutures. I prefer to take continuous
suture starting from meatus to tip of glans so as to avoid multiple knots.Such three
to four row of sutures taken to quilt the graft, this is essential to prevent lifting the
graft from corporal body due to hematoma formation. Lastly compression dressing
given over graft by tying sutures from edges of skin over rolled gauze, this helps
to prevent lifting of graft from corporal body due to hematoma formation. Both
catheter and dressing removed on 10th postoperative day. One should avoid
change of dressing in first 6 days from day of operation, during this time
neovascularization of graft takes place. I prefer to use locally steroid cream mixed
with testosterone cream or injection testosterone 25 mg for period of two months
postoperatively to prevent graft contracture.
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After 6 months Bracka`s second stage urethroplasty is done based on Thiersch
Duplay principle, over proper size infant feeding tube and urethral repair is covered
with tunica vaginalis flap,or if ventral dartos fascia is good then Durham smith`s
principle of double breasting of skin flap is used.In case graft is contracted minimally
then during second stage contracted area is incised and raw area is regrafted with
local penile skin or lip mucosa.

Complications
Common complication associated with either single stage or two stage repairsare
fistula. In single stage repair, fistula is commonly seen at proximal anastomosis.
Diverticulum formation specifically seen with single stage Duckett`s tube
urethroplasty. Interestingly after repair of diverticulum and meatal stenosis is taken
care off during diverticulum repair, recurrence of diverticulum is not seen.
Glans dehiscence is quite common in two stage repairs. Fistula and strictures are
relatively less common with Bracka`s two stage repairs but major problem faced
when constructed long tube in Bracka`s second stage are difficulty in voiding and
ejaculation in more than 40% of cases as reported by Bracka.

Conclusions
Two stage repairs appear to be easy to learn and reproducible results whereas single
stage repair requires good surgical skill,long learning curve, good workload to get
good results. Occasional hypospadiologist should not attempt proximal hypospadias
with severe chordee. Hypospadiologist having good workload should learn both
the techniques, single stage as well two stage repair and choose according to his
choice,preference and experience.
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Dartos, Tunica Vaginalis, and Sealants in Hypospadias
Repair

Urethrocutaneous fistulas (UCFs) have been and still are an important complication
after a hypospadias repair. In the 1970s, a UCF rate of 15-45% was reported, which
came down to 10-15% in the 1990s. The contemporary literature now reports a UCF
rate of 5-25%, with the higher rates associated with more severe types of hypospadias
(proximal>distal). Another critical site of UCF formation is at the ventral coronal
sulcus, which is particularly vulnerable to being relatively hypovascular compared
to the rest of the shaft and the glans(1).
Several factors have been implicated in UCF formation after a hypospadias repair.
A hypospadiologist must therefore understand and try to address the various
modifiable factors that lead to the formation of a UCF (1). The various factors can
be divided into mechanical and humoral factors which impair healing. Mechanical
factors(2) could be epithelial interposition between the edges of the neourethra, a
high intraurethral pressure secondary to meatal stenosis, or an obstructed catheter,
resulting in the disruption of the suture line, urinary leakage, and subsequent UCF.
Also, local ischemia has been reported as a factor impairing or even suppressing
the healing process of the neourethra. Ischaemic changes can also occur due to an
inadequate blood supply of the hypospadiac penile skin, extensive dissection,
hostile tissue manipulation, prolonged use of a tourniquet, massive postoperative
edema, hematoma with a pressure effect, and finally, a tight dressing (3,4).
Preoperative testosterone injections, aimed to augment penile length, may induce
excessive hemorrhage, inflammation and actually delay healing. Other factors include
the differential expression of EGF and EGFR, which has been correlated with the
severity of hypospadias and wound complications, including fistulae, with mean
levels of expression at 53% in distal, 50% in mid-shaft, and 35% expression in
proximal hypospadias(5).
*Senior Resident, Department of Paediatric Surgery, All India Institute of Medical Sciences,
New Delhi 110029, India
*Additional Professor, Department of Paediatric Surgery, All India Institute of Medical
Sciences, New Delhi 110029, India
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Several strategies have been utilized to reduce the UCF formation and the need for
repeat surgery. Some of these include the use of optical magnification by the
operator, fine suture material, gentle dissection, and tissue handling, avoiding the
use of tourniquet, small-caliber stents, judicious use of antibiotics, and soft-tissue
interposition. The use of preputial and dartos fascia layers (single or double), tunica
vaginalis, and sealants in hypospadias surgery are supposed to act as a
"waterproofing" layer over the suture line of the neourethra to enhance healing and
prevent future breakdown of the repair, thereby preventing the formation of UCF.

History
Durham Smith, in 1973 was the first to describe the use of an intermediate or
interposition layer between the neourethral suture line and the sutures over the skin,
which has evolved into different modifications. In 1986, Snow used the tunica
vaginalis wrap from the testicular coverings, while in 1988, Retik et al. described the
use of dorsal subcutaneous flap from the prepuce. In 1993 Motiwala et al. showed
the use of a dartos flap from the scrotum, and in 1998, Yamataka et al. devised an
external spermatic fascia flap. Snow and Cartwright in 1999 showed that tunica
vaginalis as a barrier layer had reduced the UCF rate from 20% to 8%. If this was
associated with the operative microscope, the UCF rate could be reduced to nil.
Apart from the single or the double dartos flap (SDF, DDF) and the Tunica Vaginalis
(TV) flap, or the de-epithelised preputial flap, other techniques like fibrin sealants,
biological glues, and Platelet Rich Fibrin(PF) membrane have also come up in recent
times as adjuncts to reduce the formation of UCF.

Dartos Flap
Vascularized subcutaneous tissue that is dissected off from the dorsal preputial and
shaft skin is called the Dartos Flap Technique. They can be used singly by bringing
to the front/ buttonholing or can be bisected and wrapped one over the other by
double breasting (double dartos). This step has evolved to be considered as an
important step of tubularised incised plate (TIP) urethroplasty for reinforcing the
neourethra by forming a barrier and decreases UCF development, and prevent any
chances of penile torsion (6,7). Several authors have compared the use of single vs.
double dartos flaps and found the latter to be superior in terms of lesser UCF
formation and reduced penile torsion.
Ygiter et al. in 2010 compared flapless TIP urethroplasty to single and double dartos
repair(8). They concluded that the additional coverage of the neourethra with a
second layer of a dartos flap was an improvement in the TIP urethroplasty in terms
of UCF avoidance(8). They also noted that all surgeons in their retrospective
analysis held at different centers using Double Dartos Flap(DDF) procedure achieved
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the same results, indicating that this procedure was not significantly affected by a
surgeon's skill and recommended the TIP repair combined with DDF as the primary
therapy for hypospadias repair(8).
Overall, the advantages of a dartos or a DDF are that it is easy to harvest, especially
for patients with distal hypospadias. It is a simple and readily available flap that is
thin and therefore avoids bulky tissue, which otherwise can be a factor for decreased
wound healing. No torsion should happen after using the buttonholing or bisection
techniques, and extra protection is provided to the primary anastomoses, safeguarding
it from UCF. The disadvantages reported are that there is still some degree of torsion
reported when used incorrectly, and at times it becomes difficult to close the glans
wings. Also, it is a difficult technique to adopt for proximal hypospadias, redo repair
cases, and those who are already circumcised due to lack of adequate donor tissue.
In the cases of midshaft and proximal hypospadias, there is always insufficient skin,
and ventral cover is provided by rotating the dorsal outer foreskin. However, if this
gets devascularised while raising the dartos flap, it can result in ventral skin necrosis
and can lead to a paradoxically increased incidence of UCF, as found in various
studies and trials. This makes way for the use of Tunica Vaginalis flap(TVF) in such
cases. Additionally, the TVF has been used successfully as a waterproofing layer
in previously circumcised patients and cases with multiple UCF.

Tunica Vaginalis Flap
To raise a tunica vaginalis flap, two small retractors are placed after the penis has
been degloved. The assistant gently elevates the testicle into view at the penoscrotal
junction between the retractors, and the scrotal attachments to the tunica vaginalis
and testicle are separated. The testicle and tunica vaginalis can be easily delivered
into the wound. The tunica vaginalis is opened distally over the testicle, the junction
of the tunica vaginalis and epididymis, and the testicle is brought forth. Traction
sutures are placed on the lateral edges of the tunica vaginalis, and incisions are made
a few millimeters from the edge of the epididymis on either side. Proximal to the
testicle, a transverse incision through the tunica vaginalis only is then made. If the
surgeon has chosen a pedicle-type hypospadias repair in which the pedicle wraps
around one side of the phallus, the testicle opposite the pedicle wrap is chosen. This
way, if either the neourethra pedicle or the tunica vaginalis pedicle exerts any pulling
forces on the penis, they oppose and thereby neutralize each other and avoids
iatrogenic torsion of the penis.
To allow the testicle to be replaced in the scrotum, the lateral margin of this sleeve
may need a longitudinal incision to allow the tunica vaginalis to move medially and
the testicle and spermatic cord to fall laterally. The incision is made laterally to
preserve as much blood supply to the pedicle of the tunica vaginalis as possible.
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Once the dissection is completed, hemostasis is obtained, and the testicle is replaced
into the scrotum in its natural position.
Dhua et al. in 2012 compared the dartos and the tunica vaginalis flaps as soft tissue
covers in hypospadias: Group A using TVF and Group B using dartos flaps (9). They
found no UCF, skin necrosis, meatal stenosis, urethral stricture in Group A (TVF),
but one case had partial wound dehiscence that resolved on conservative treatment,
and another case required catheter removal due to severe bladder spasm. There was
no testicular atrophy/ ascent reported. On the other hand, in Group B (Dartos Flap):
3 fistulae occurred, all of which required surgery, and there were three cases of
superficial skin necrosis that healed spontaneously without sequel. The conclusion
drawn was that TVF may have an edge over dartos fascia for soft tissue coverage
of the neourethra and was a good option in difficult cases, apart from being used
as a primary option (9).
In another paper published in 2012, Ramesh Babu et al. performed a similar study
with similar outcomes, comparing the standard TIP repair using dartos flap in distal
vs. midshaft hypospadias and to determine whether TVF is superior to dartos flap
in midshaft hypospadias. This was a single surgeon study, divided into three
groups: Group A: Distal hypospadias; inner prepucial dartos flap; Group B: Midshaft
hypospadias; inner prepucial dartos flap and Group C: Midshaft hypospadias; TVF.
There was no significant difference in terms of glans dehiscence or meatal stenosis
between the groups. They concluded that TIP repair using inner prepucial dartos
flap had significantly higher complications when used for midshaft hypospadias
compared to distal hypospadias. Also, TVF reduced the UCF rate and was superior
to the inner prepucial dartos flap for primary TIP repair in midshaft hypospadias (10).
In a randomized control trial, Han et al. found that there was no significant decrease
in the incidence of or a significant slowing of the progression of postoperative UCFs
after TIP urethroplasty by the use of additional tunica vaginalis coverage.
Consecutive children had been randomly allocated to study group A (additional
tunica vaginalis flap coverage) or control group B (dartos-only coverage). All
patients were examined in the outpatient clinic at 1, 3, 12, and 24 months and
postoperative cosmetic outcomes were evaluated by surgeons and parents using
a standard questionnaire. In group B, 4.0% of patients developed a UCF within 12
months, whereas an additional two cases of UCF were found in all proximal-type
hypospadias patients at 24 months in the same group. The penile cosmetic
satisfaction rate was not significantly different between the groups. Thus they
concluded that a TVF should not be routinely recommended but could have a
selective role in proximal-type TIP urethroplasty with deficient dartos and
subcutaneous tissue to cover the neourethra (11).
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Fahmy et al., in a systematic review, set out to investigate what type of flap used
during Snodgrass or UCF repair reduced the incidence of UCF but found a lot of
variation and heterogeneity in the data. From a total of 1740 reports, they included
only 51, which clearly mentioned and compared the techniques used, particularly
the double dartos flap and the TVF. They found that for distal hypospadias, DDF
had the lowest rate of UCF incidence when compared to single-layer dartos flap (5/
855 [0.6%] vs. 156/3077 [5.1%]; p = 0.004) and TVF (5/244, 2.0%); while the incidence
was highest for single-layer dartos flap among proximal hypospadias cases (9/102,
8.8%). Among repeat cases, UCF incidence was significantly lower for TVF (3/47,
6.4%) than for DF (26/140, 18.6%; p = 0.020). Also notable was the incidence of
recurrence in UCF patients as 12.2% (11/90) after DF and 5.1% (5/97) after TVF. The
absence of a minimum follow-up time and the lack of information regarding skin
complications and rates of urethral stricture were cited as limitations. However,
based on their findings, they also proposed an algorithm for surgeons to optimize
success rates for tubularized incised plate urethroplasty. Overall, they concluded
that a DDF during tubularized incised plate urethroplasty should be considered for
all patients with distal hypospadias, whereas in proximal, repeat, and UCF repair
cases, TVF should be the first choice (12).
Overall, the advantages of TVF were dual blood supply to the flap ensuring good
vascularity, adequate length, and mobility, thus helping in cases with proximal
repairs and long suture lines, making it a good option for recurrent and redo cases
as well (13) and the inherent simple technique of harvesting the flap and easy
availability of the flap. The disadvantage, particularly in cases of distal repairs, is
the requirement of a separate penoscrotal incision or a longer ventral incision,
especially pertinent for distal and mid-penile hypospadias. Also, dissection in the
scrotum leading to scrotal hematoma and even iatrogenic undescended testis.
Iatrogenic damage to the vas deferens is also a technical possibility which the
surgeon must be aware of.
Apart from the above commonly used barriers in hypospadiology, there are various
other surgical techniques described to aid in preventing the formation of UCF in
hypospadias, like the use of de-epithelised prepucial skin interposing fascial pedicle
flap, dorsal subcutaneous flap, and Y-I spongioplasty. The surgical technique for
spongioplasty was described previously by Yerkes and colleagues. The divergent
spongiosa mobilized off by dissecting the bilateral spongy tissues from the corpus
cavernosa on both sides of the urethral plate and then positioning the spongy
tissues over the neo-urethra. Hayashi et al. looked into this aspect to prevent UCF
using spongioplasty (14) and found it to be not a very efficient technique; instead,
it was useful in decreasing penile curvature and avoiding dorsal plication, which was
the other arm of the study. This was contrary to earlier studies on the subject by
authors including Snodgrass himself, and they concluded that the rate of
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complications such as UCF might decrease by adding spongioplasty to the dartos
flap procedure as it offers additional protection to the neourethra. Almodhen et
al.(15) used Y-I spongioplasty as a non-stented technique and concluded that it
provided good support to the neourethra and the hypoplastic distal urethra that may
facilitate catheterization in the immediate and early postoperative periods if required.
They suggested future controlled studies further to evaluate the role of
spongioplasty(15). Other techniques and modifications have also been described
with good results and are constantly being revised and updated, like a technique
using lateral glans strips to augment dartos flaps (16).

Sealants
Sealants are defined as bio-adhesive materials that can bond tissues together when
applied on their surface, preventing separation by transferring the applied loads
from one tissue to the other. These can be divided into three categories: "Haemostatic
agents" that form blood clots via different mechanisms; "Glues" that reattach
lacerated and traumatized tissues and "Sealants" that create a barrier to prevent the
leakage of gases or liquids. On the basis of source, these can be divided into two
types: Natural: polymer-based tissue adhesives, including fibrin, albumin, and
gelatin, and Synthetic: tissue adhesives, including adhesives based on cyanoacrylate,
polyethylene glycol (PEG), catechol, and methacrylic anhydride. The ideal adhesive
should meet all the criteria of easy applicability and polymerization in situ, sufficient
mechanical flexibility to accommodate complex wound contours and sizes,
biocompatibility, high bonding strength with moist tissues or organs, along with
suitable mechanical and physical properties, such as burst, tensile and shear
strengths.
Cyanoacrylate glue acts by intermolecular exothermic polymerization to form a
strong film within 60 seconds of contact. Advantages include fast polymerization,
strong adhesion, ease of use, and low dehiscence rates with limitations as limited
strength on wet surfaces, exothermic polymerization, and prolonged degradation
and toxic degradation products.
Fibrin Sealant has three integral components of concentrated fibrinogen
cryoprecipitate (extracted from human serum or buffalo), thrombin (extracted from
bovine or snake venom, and typically contains calcium and an antifibrinolytic agent)
to prevent rapid fibrinolysis and factor XIII. The component solutions are
reconstituted in two separate syringes before use. Upon being mixed, these agents
can form a clot by simulating the last stages of the natural coagulation cascade,
initially producing fibrin monomers which subsequently assemble into a crosslinked
polymer. On a deeper level, the thrombin cleaves fibrinopeptide A and B located on
the fibrinogen, forming a fibrin monomer. This thrombin then activates factor XIII
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in the presence of calcium, promoting the conversion of the fibrin monomer into a
fibrin clot. The advantages of this technique include fast curing, biocompatibility,
biodegradability with important limitations like anaphylaxis, chances of infectious
disease transmission, poor mechanical strength, and relative expense with rare but
dangerous risk of systemic embolization. Fibrin sealants increase adherence levels
and accelerate the healing process by inducing proliferation of local fibroblasts and
substitution of connective tissue. They also increase angiogenesis and healing by
the involvement of various growth factors like VEGF, PDGF, FGF-2 (17).
Kinahan et al. utilized glue and showed a clear benefit in patients undergoing
hypospadias repair. In patients where sealant was applied, the UCF rate was
significantly lower (13% vs. 38%). Hick et al. used fibrin sealant to promote early
catheter removal and enhanced wound healing, while Barbagli et al. stated that its
use shortened overall operative time and a decreased occurrence of early
postoperative leakage. Another study by Gopal et al. in 2008 stated that the use of
fibrin glue minimizes the incidence of UCF formation, although it did not eliminate
UCF formation altogether.
Hence, fibrin sealant can serve as an adjunct to the surgical repair of hypospadias
and epispadias fistulae to prevent further recurrence at suture lines (17). It has
important characteristics in reconstructive surgery that may contribute to its role
as a bio-adhesive and tissue matrix allowing cellular influx and tissue regeneration.
In UCF repair, it reduces the risk of UCF recurrence and urethroplasty failure. It
prevents urinary extravasation from the suture line, approximates anastomosed
tissues, and facilitates hemostasis and wound healing. Kajbafzadeh et al. in 2010
studied its use in recurrent UCFs and found promising results, and concluded that
the use of fibrin glue in patients with recurrent UCF following hypospadias or
epispadias repair did effectively prevent a further recurrence, especially in cases of
multiple prior failures. The major limitation was the small number of patients enrolled
as well as the lack of a control group, so they suggested future studies to compare
the results of fibrin sealants as an adjuvant to surgical repair (17). This was
corroborated by Ambriz-González et al. in a RCT that showed that incidence of UCF
after hypospadias surgical repair could be reduced by applying 2-octyl cyanoacrylate
glue over the site of surgery and the suture lines (18) and demonstrated that UCF
closure was achieved in 60% of our adhesive-treated UCF patients and in 68% of
those treated surgically. They concluded that adhesive products might be considered
an excellent alternative medical treatment that can be performed on an outpatient
basis without sedation or anesthesia. It causes less psychological stress or anxiety
than the surgical management of children, which requires hospitalization and has
some inherent risks. Other advantages were that the use of adhesives did not
contraindicate subsequent surgical procedures in the event of a failure of UCF
resolution with this simple therapeutic maneuver. The economic benefit of using
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adhesives to treat this complication appeared to be significant, as it is the least
expensive and most repeatable medical procedure without the risks of surgery, but
they suggested that this assessment must be confirmed with appropriate costing
study on more cases (18).
Platelet Rich Fibrin (PRF) membrane seems to be a safe and efficient covering
technique that can also be used as an adjunctive technique to prevent UCF formation
in hypospadias repair. Fibrin matrix is polymerized in a tetramolecular structure
containing a large number of platelets, cytokines, and leukocytes so that an immune
and platelet concentrate on a single fibrin membrane, including diverse blood
constituents favorable to healing and immunity. The success of this technique
depends on the swiftness of blood collection and transfer to the centrifuge. After
centrifugation, a fibrin clot forms in the middle of the tube between the acellular
plasma at the top and the red blood cells at the bottom: This is gently compressed
between two surgical swabs to give a soft and resistant membrane, usually of
approximately > 10 mm long and < 1 mm thick. Autologous source of growth factors
prepared from the sera of the patient: Transforming growth factor, vascular endothelial
growth factor, and endothelial growth factor is the most common growth factors
detected in the PRF sample. Altogether, this enhances collagen synthesis and tissue
repair and improves wound healing and angiogenesis, and forms an intermediate
layer between the neourethra and the skin to reduce the incidence of UCF formation.
Guinot et al. found it useful in urethroplasty coverage in distal hypospadias surgery
(19) and found the procedure to be quick and straightforward, with a low risk of
postoperative complications. They demonstrated the feasibility and the safety of
using PRF as a means of coverage during surgery for distal hypospadias, although
dorsal subcutaneous or ventral dartos flaps may achieve a similar success rate.
Similarly, Soyer et al. showed it be of advantage in UCF repair. Miron et al. in 2016
investigated specifically the regenerative potential of soft tissue after the use of PRF
in a systematic review and found that although there is a benefit, there was a lack
of appropriate controls to the majority of studies and therefore imperative that the
next wave of research used appropriate study designs with necessary controls to
further evaluate the regenerative potential of PRF(20).

Conclusion
UCF is a common and troublesome complication in hypospadias repair, and various
techniques, both surgical and technological, have evolved to confront and reduce
it as much as possible. However, as with most surgical maneuvers, none of these
is best and depends on the surgeon's choice, with dartos flaps being recommended
for distal and mid-penile hypospadias while tunica vaginalis flaps for proximal
hypospadias and recurrent or difficult cases-with both having their own merits and
demerits as described. Other surgical techniques, including newer innovative
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concepts and sealants like glue and Platelet-rich fibrin, are also coming up in a way,
but their widespread usage is limited by their availability and clear-cut objective data
favoring their use.
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Late Presentation of Hypospadias

Introduction and Definitions
Hypospadias is one of the most common congenital abnormalities of male urogenital
tract, with an approximate incidence of 1 in 300 live male births (1)(2). The recommended
age of surgical repair is still controversial and a matter of ongoing debate (3). The
current European Association of Urology (EAU) guidelines recommend hypospadias
repair between the age of 6 to 18 months (4), based on retrospective studies and
expert opinions. The American Academy of Pediatrics (AAP) recommended the
surgical repair of hypospadias between the age of 6 to 12 months (5), suggesting
that healing at this age occurs more promptly and with less scarring. Other advantages
of early repair include easier postoperative recovery, lesser analgesic requirements,
rare chances of acute retention, lower psychological impact on the child and easier
management in a double diaper system(6). However, not all patients undergo repair
during the recommended treatment duration, either due to late presentation,
psychosocial conditions of the parents or lack of specialist care. A nationwide
survey of hypospadias patients in Taiwan showed that 60.6% patients had a delayed
management of their condition after 10 months. Both physician related factors
(younger age of doctor, diagnosis by pediatrician versus urologist) and patients
related factors (lower urbanization level, proximal hypospadias, lack of associated
cryptorchidism) were associated with a delay in repair (6). There are no studies
specifically pertaining to Indian patients, but similar reasons are likely to be
responsible for late presentation of patients, including majority rural population,
poor education level of the population and lack of adequate specialist medical care
in many parts of the nation. Another possible reason for late management of
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hypospadias might be the relative 'elective' nature of the patients' disease, especially
when not associated with any other congenital anomaly (such as cryptorchidism
or ambiguous genitalia), which might lead to these patients being postponed in the
surgical scheduling in favor of other urgent pediatric or adult cases (7).
Although, not clearly defined in the literature, we will henceforth consider
presentation of hypospadias after the recommended duration of treatment (18
months) as 'Late Presentation'. As is detailed later in the chapter, this is so because
management considerations and complications differ among patients presenting
late, compared to those who are managed in early childhood.

Classification of Late Presentation of Hypospadias
There is a limited literature on classification and management of hypospadias
patients presenting late. Ching et al have proposed a classification system for adult
patients with hypospadias, dividing patients into 3 categories - Category 1
representing patients with multiple previous failed repairs; Category 2 including
Table 1. Classification of late presentation of hypospadias.
Group

Specific Management Challenges

1.Late childhood

Difficult 'toddler behavioralstage' of
management(7), psychological
trauma to child, difficulty in toilet
training due to repair

2. Adult primary

Literature divided about increased
risk of complications(1); poor heal
ing, frequent erections, psycho
sexual trauma of long standing hy
pospadias

3. Adults presenting with delayed
complication of childhood repair
(stricture, lower urinary tract symptoms,
urinary tract infections, urethral
diverticulum, fistula, residual
curvature)(9)

Signify need for long term follow
up of childhood repairs, poorer
outcome of surgical repair of complications compared to primary adult
cases

4. Adults with multiple previous
failed repairs (Hypospadias cripples)

Poor treatment success rates, require
multiple and staged procedures
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patients with delayed complications after a successful childhood repair and Category
3 involving adult patients with no previous repair (8). We believe an additional
category may be added to the above classification for making it more inclusive of
late presentation of hypospadias (Table 1). Each group presents unique management
challenges and complications, and deserves specialist care to provide optimum
outcomes.

Significance of Late Presentation of Hypospadias
Late Childhood Presentation
Surgery in toddler years is associated with specific problems compared to early
repairs. Around the age of 18 months, children develop genital awareness and
surgery after this time may be associated with specific emotional risks (6). Age
beyond 2 years increases the risk of all complications two-fold (3). After 2 years,
urethral surgery may also interfere with normal toilet-training process (3). Lower
urinary tract symptoms are especially frequent during 2 to 3 years age and surgery
performed between 24 and 36 months may also increase the chances of voiding
disorders or secondary dyssynergy (3). Possible reasons for this include child's
anxiety towards surgery and perioperative pain despite general and locoregional
analgesia.
Adults Primarily Presenting with Hypospadias
Hypospadias has a psychological impact on patients during their teenage years.
Many such patients are embarrassed by their genital condition (9). This may lead
to social isolation, feeling of inferiority among peers, poor sexual interest and
performance and relationship issues in the future. Patients presenting during early
adulthood may receive further delayed care as they are shunted between a pediatric
and an adult urologist (10). Studies are divided about the success and complication
rates of patients undergoing delayed hypospadias repair compared to early childhood
repair. In a study by Dodson et al, the authors included patients undergoing primary
hypospadias repair in the peri-pubertal age group. The authors included distal, mid
shaft and proximal hypospadias and used a variety of techniques. They found a
complication rate of 48% (including fistula, stricture, hematoma and other
complications) compared to a complication rate of 2 to 15% reported during infancy
(1).Another study by Yildiz et al (11) found that the complication rates increased with
increasing age, ranging from 3.3% between 6 and 18 months to 23% between 10 and
14 years. On the contrary, few other reports have cited complication rates of around
10% for primary repair during adulthood (12,13). Ina report by Snodgrass et al, the
authors found a similar rate of complications in adults as children (12.5% versus
14%) (14). Although no definite physiological reason for increased complications
during adulthood has been found, postulated theories include altered hormonal
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milieu in adults, differences in vascularity and wound healing compared to childhood,
increased urethral secretions in adulthood promoting infection and disruption of
repair due to frequent erections (1). There might also be histological changes in the
skin with aging with increase in the ratio of collagen type 1 and 3 compared to elastic
fibers, lesser number of cells and lack of vascular sinusoids(15). Androgen influence
at puberty causes dermal papillary apoptosis(16). Also, with pubertal age, increased
production of IL-6, IL-8, TNF alpha and TGF beta causes local inflammation at the
surgical site (17). This might lead to unfavorable surgical outcomes in adults.
Adults with Delayed Complications of Childhood Repair
The goal of childhood repair of hypospadias is to achieve normal voiding and a
cosmetic penis while minimizing complications. While the short term success rate
of childhood hypospadias repair has been reported to be up to 90%, as many as 5
to 9% urethroplasties present with delayed complications in adulthood, such as
urethrocutaneous fistula, persistent chordee, stricture urethra, hair bearing skin
causing obstruction or urethral diverticulum (18). Patients who have undergone
hypospadias repair during childhood and present with delayed complications
during adulthood are challenging to treat due to poor quality of tissue and poor
vascular supply. The reported complications rate is 27-63% (19). Urinary fistulae and
diverticulae are usually managed with excision and repair. Decision for management
of chordee depends upon the degree of chordee, with mild chordee usually corrected
by penile degloving or plication procedures and more severe chordee requiring
incision and dermal grafting and 2-stage repair. Urethral strictures after hypospadias
repair are usually not amenable to optical internal urethrotomy and require either an
end to end anastomosis or substitution urethroplasty using buccal mucosa (preferred)
or skin island flaps(18). Apart from anatomic complications, hypospadias patients
repaired in childhood may experience problems such as ridicule by partner, sexual
dysfunction including ejaculatory dysfunction and infertility and poor self-image
(20). These patients also signify the need for long term follow up of patients operated
upon in childhood so as to identify late onset complications and well as to study
the psycho-sexual impact of the patients' condition (21).
Adults with Multiple Previous Failed Repairs
Patients with multiple previous failed repairs represent some of the most challenging
hypospadias patients. Apart from the surgical complexity, there are several
psychological factors associated with these patients. Most of these patients have
had multiple previous unsuccessful surgical experiences, leading to hopelessness
regarding their condition. This further hampers their seeking proper medical care (9).
Among surgical challenges, there are many deterrents to a successful repair, such
as multiple previous scars and suture tracks, deficient penile skin, lack of glans cleft,
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minimal residual ventral Dartos densely adhered to the previous repair and residual
ventral curvature (22).

Management
Management Principles
The following management principles should be adhered to while treating patients
with late presentation of hypospadias 1. Proper pre-operative assessment - A proper patient history is of utmost
importance in patients with previous failed repairs. Many such patients may
have no records of previous repairs (detailing the types of repairs performed,
original location of external urinary meatus, type of tissue used in repairs) which
makes it more difficult to make a proper preoperative evaluation. A psychological
assessment of these patients may also be required to ensure proper assessment
of patient expectations and pre-operative counselling. Preoperative use of
testosterone therapy in adults before repair is not recommended.
2. Surgeon experience - Increased surgeon experience is associated with improved
surgical outcomes. With experience, the surgeon also learns when not to further
intervene, as in some cases over-enthusiastic correction of minor issues such
as mild sacculation or sub-coronal meatus in an adult may lead to more harm
than good (8).
3. Use of dedicated limited techniques - Studies in which the authors have used
a variety of techniques compared to a few dedicated techniques have reported
higher complication rates (19). This supports the concept that the surgeon
should regularly practice and perfect a few techniques in his patients, so that
higher success rates may be achieved, even in re-operative cases.
4. Single Stage repair - The type of procedures for the repair adult hypospadias
are similar to childhood hypospadias repair. Mild cases of hypospadias without
chordee can be managed with single stage procedures, such as the TIP
(tubularized incised plate) repair in case of good urethral plate.. Other procedures
that may be used include the MAGPI repair, Flip-Flap repair, preputial island
flaps and grafts depending upon the type of hypospadias.
5. 2-Stage repair - However, in reoperative cases with severely scarred urethra
(hypospadias cripples) or those cases with severe chordee requiring excision
of urethral plate, a 2-stage procedure might be more appropriate, with the first
stage involving excision/incision of all scar tissue and chordee correction with
or without placement of skin flaps (Byar's) Fig 1 or skin/buccal grafts (Bracka's)
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Fig. 1.

Stage 1 hypospadias repair using Byar's flap following chordee
correction.

Fig. 2.

Buccal mucosa over urethral bed in cripple hypospadias (Bracka's stage
1)
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Fig 2 . The second stage involves a Thiersche-Duplay tubularization of the
urethral plate at no less than 6 months.
6. Other management principles - General plastic surgical management principles
should be adhered to during every repair, using use of magnification loupes,
non-traumatic handling of penile skin and mucosa using skin hooks or stay
sutures, proper hemostasis and fine sutures (5-0, 6-0 absorbable) for repair.

Conclusion
Late presentation of hypospadias is not an uncommon presentation and requires
evaluation and management at dedicated hypospadias management centers. With
thorough evaluation and meticulous repair, good surgical outcome may be achieved
in these cases despite possible increased risk of peri-operative complications.
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Long-term Results after Hypospadias Repair:
psychological, psychosocial and psychosexual
implications

Abstract
There is an inherent issue of psychosexual and psychosocial impact of any congenital
abnormality affecting external genitalia. Hypospadias is one such abnormality
because of it being the most common of such genital abnormalities. In this chapter
we look at the available literature with respect to various important questions related
to psychological, psychosocial and psychosexual well-being of patients with
hypospadias and whether surgical correction of hypospadias improves the overall
well-being of the affected males.
A literature search was done using five international (Medline/Scopus, Embase, ISI/
Web of science and Google Scholar) databases limited to articles published in
English regarding the Hypospadias and studies regarding long term implication of
repair on psychosexual and psychological implications.
Though Data is limited on long term implications of hypospadias surgery, some
observations can be made. Early surgery is important and should preferably involve
minimum number of interventions in these patients. Hypospadias repair results in
acceptable functional, cosmetic and sexual outcomes in most of cases and tends to
minimize the psychological impact of disease. Severe forms of hypospadias are
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associated with higher psychosexual problems. There is a necessity of a personalized
approach in treatment, along with follow-up of these patients that should include
psychological counseling of adolescents and young adult. Such an approach will
ultimately achieve better socialization, increased self-awareness, and optimal overall
quality of the patients' lives.

Introduction
Hypospadias is one of the most frequent congenital genital abnormality having
incidence of 1 in every 150-300 male live births(1). It is characterized byan ectopic,

Fig. 1.

19yr male with proximal hypospadias with chordee.

ventrally located urethral meatus, ventral penile curvature andincomplete dorsally
hooded prepuce. (Fig. 1) Severity of each component can vary greatly.
Etiology of hypospadias not associated with intersex disorders or identifiable
syndromes is multifactorial. Several environmental, endocrine and genetic factors
play role in its pathogenesis (2). The treatment is surgical and aim is to reconstruct
the urethra, to straighten the curvature of penis, to achieve acceptable cosmetic
penile appearance, and allow normal urinary and sexual function. Repair should be
accomplished with minimum number of procedures to ensure adequate optimum
long-term results extending into adulthood. While the abnormality is evident at birth
itself, age at surgical repair may vary depending upon the severity of problem,
surgeon's or parent's choices, and access to healthcare.
The psychological impact of the disease and corrective surgery may be immense,
given the inherent psychosexual behavioral health issues attached to it. The impact
may vary depending upon various factors like success of surgery, age at which it
is corrected, or available social support.
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Even though, early repair is advocated before child becomes more aware about
genitalia, more mobile and less submissive (3),it is not uncommon in resource poor
nations to treat these patients in adolescence or even adulthood. It is speculated
that early restoration of genital anatomy would minimize the interference with
patient's psychological development. Despite the awareness that hypospadias has
direct impact on psychosocial and sexual well-being of patients, the corresponding
literature objectively evaluating it remains limited and fragmented.
In this chapter we look at the available literature with respect to various important
questions related to psychological, psychosocial and psychosexual well-being of
patients with hypospadias.

Psychosexual, psychological and psychosocial implications of
hypospadias and its repair
A satisfactory sexual life is a part of the definition of Health according to the World
Health Organization (WHO) (4). For a satisfactory sexual life a balanced psychosexual
development is required. A balanced psychosexual development is a complex process
of developing mature sexual behavior. For a balanced psychosexual development,
a positive body esteem is paramount. Due to hypospadias and its subsequent

Fig. 2.

Trifecta of Hypospadias and its repair.

correction self body esteem may be negatively affected and lead to poor psychosexual
development and social-behavioral issues. (Fig. 2)
Repair of hypospadias is heavily driven by the medical concerns of not being able
to void in standing position; a poor genital self-image that may incite shame or
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stigma (psychosexual affect); and, genital difference that may attract teasing or
bullying from peer group (psychosocial affect). However, these factors are themselves
heavily affected by the societal and familial relationships, norms and acceptance of
anatomical difference in the child. Many men habitually void in sitting or squatting
position as per prevailing local social norms. There are also reports to show that
untreated adult men may not have had any negative influence on their psychology
because of their anatomical difference(4). Therefore, it remains to be confirmed how
presence of hypospadias and its correction impact the individual's psychology.
A metanalysis(5) including studies of participants up to 18 years of age, assessed
the self-reported psychosocial adjustment and showed the hypospadias patients
to be somewhat more socially competent and to have somewhat more external
behavior problems compared to the controls. Comparing the personality profile of
18-year-old hypospadias cases with otherwise normal similarly aged males from a
large population-based sample, Mondiani et al found no difference as per selfreported Minnesota multiphasic personality inventory (MMPI)(6). Global
psychological adjustment was also not affected by age at surgical correction or the
number of operations. However, untreated hypospadias cases showed altered
MMPI more frequently, and more severe cases had more negative genital appraisal.
This indicates that while hypospadias itself affects psychosexual and psychological
profile; surgery tends to improve it. The negative impact of surgery on psychology
of subject may not be much, if any. A recent registry-based study on psychosocial
outcomes in adult men born with hypospadias also indicated that there are no
differences in educational or income level achieved compared to matched normal
controls. The probability of entering marriage (OR 1.02, 95% CI 0.90±1.14) also did
not differ, regardless of severity of hypospadias(7)
Similarly, a large case-controlled study with a median follow-up of 29 years reported
comparable quality of life using Psychological General Well-Being (PGWB)
questionnaire and Relationship Questionnaire (RQ).(8) Hypospadias did not affect
marital status, presence of children in the family, frequency of employment or
experience of bullying, though patients with proximal hypospadias tended to avoid
close relationships because of fear of being hurt.
As such data on the psychosexual development and adult sexual life of nonoperated hypospadiac patients is practically nonexistent. Data of adults operated
for hypospadias is also limited. Some studies from early repair of hypospadias in
children have tried to evaluate its long term psychological and social effects
Dissatisfaction with the penile appearance, in some studies mainly due to penile
length and curvature, have been repeatedly reported, even if the majority of the
studies are small and lack validated instruments .Very few long term studies have
been reported in literature. A recent review by Tourchi et al. (9) appropriately
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highlights that problem and concludes that more attention should be paid to the
impact of these techniques on cosmetic and psychosexual aspects in patients at the
time of and after puberty, considering the impact on their adult quality of life.

Tools for Assessment of Psychosexual and Psychosocial Affect
Various questionnaires have been formulated to assess aspects like cosmetic
outcome, sexual outcome, satisfaction from repair, regret from decision of repair,
psychosocial fitness and psychosexual impact etc as listed in Table 1.

Table 1. Validated questionnaire for assessment of Surgical outcomes
S. No. Name

Description

1.

HOPE score (Hypospadias
Objective Penile
Evaluation)(10)

position of meatus, shape of meatus,
shape of glans, shape of penile skin
and penile axis

2.

HOSE score (hypospadias
objective scoring
evaluation)(11)

meatal location, meatal shape, urinary
stream, straightness of erection, and
the presence and complexity of any
complicating urethral fistula

3.

SIGHT SCORE (Satisfaction In
Genital Hypospadias
Treatment)(12)

Domains include- penis regarding
voiding and sexual activity", "no
limitations regarding cosmetic
appearance to others", "no limitations
to sexual activity", an "unimpaired
masculine identity" and current sexual
activity (frequency and age at first
sexual intercourse).

4.

GSFQ (Global Sexual
Functioning questionnaire)(13)

frequency of sexual activities, sexual
desire, arousal, orgasmic and erectile
abilities.

5.

IIEF (international index of
erectile function)(14)

erectile function, orgasmic function,
sexual desire, intercourse satisfaction,
and overall satisfaction

6.

Pediatric Penile Perception
Score (15)

penile self-perception with regard to
meatus, glans, skin and general
appearance
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Numerous tools regarding the cosmetic and functional outcome of hypospadias
repair are available but most are not sufficient to truly assess the overall outcome
as psychosexual and psychological development is under-represented. Most
commonly used scoring System are the HOPE and HOSE score but they lack in
objectifying psychosexual development in these patients.
SIGHT questionnaire is the first to be developed participatively and in a stepwise
fashion in collaboration with a paediatric psychologist and an open approach to
determine items specifically important for adolescents. The SIGHT questionnaire
thus offers a relevant assessment of patients' psychosexual satisfaction. It is most
suitable to supplement current strategies that so far mostly neglect the impact on
psychosexual wellbeing.

Factors that may Impact Psychosexual and Social Adjustment
Age at surgery, number of surgeries required, final cosmetic outcome, consummation,
are some of the purported factors affecting psychosexual and social adjustment.
Mureau and colleagues studied psychosexual adjustment of children and
adolescents in relation to "comparison" subjects. 116 boys aged 9 to 18 years had
a more negative genital appraisal and anticipated more ridicule by a partner because
of penile appearance than comparison subjects, but sexual adjustment did not differ.
The surgical procedures, the number of operations, and the age at final surgery did
not significantly affect the outcome.(16)
Mureau and colleague also evaluated psychosexual adjustment, sexual functioning,
and genital appraisal in adult hypospadias patients 18 years of age or older. A total
of 73 hypospadias patients and 50 comparison subjects received a semi-structured
interview. More hypospadias patients (32.8%) than comparison subjects (12.8%)
were found to be inhibited in seeking sexual contacts. The severity of hypospadias
negatively affected genital appraisal. Patient age at final operation positively
correlated with socio-sexual development. (17)
Majstorovic et al in 2020 evaluated 63 males with hypospadias and 60 healthy ageand gender-matched control. GSF questionnaire was used to estimate psychosexual
function as a long-term follow-up after the surgical correction of hypospadias.
Different domains of psychosexual functioning in the patient group correlated with
each other to various degrees, resulting in a heterogeneous expression of
psychosexual dysfunctions, implicating the necessity of a personalized treatment
approach.(18)
Table 2 gives us an overview over the previously published literature on long term
psychosexual and cosmetic outcomes. In general, sexual function in men with
corrected hypospadias was satisfactory in more than 80%(12)
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Table 2. Long term results after hypospadias repair with respect to
cosmetic and sexual outcomes.
First author, year

Dissatisfied
appearance,
n (%)

Erectile
dysfunction,
n (%)

Curvature,
n (%)

Aho 1, date, 1997(19)

6/43

-

2/41

Aho 2a, 2000(20)

10/45

-

4/46

Aulagneb, 2010(21)

-

0/27

5/27

Bracka, 1989(22)

60/196

-

39/196

Hoag, 2008(23)

8/28

1/26

-

Jones, 2009(24)

10/52

6/50

-

Kumarb, 1994(25)

-

-

5/35

Lamb, 2004(26)

23/27

-

0/27

Millerb, 2005

2/19

4/19

-

Mondainia, 1997

11/42

-

1/42

Moriya 1a, 2006(27)

9/22

0/22

5/22

Rynjaa, 2009(28)

4/31

25/62

1/31

vd Werff 2, 2000(29)

-

6/137

-

Thiry ,2015(30)

10/58

8/43

8/58

Total

153/561 (27.2%)

50/386 (12.9%) 70/525 (13.33)

Mureau et al. found that patients with proximal hypospadias were less satis?ed than
those with distal forms.(17) In these patients, ventral curvature was always present,
and its correction with the plication technique usually a?ected the already
compromised penile size. They also emphasized that patients with hypospadias
feared that absence of the prepuce would reveal the anomaly, because circumcision
is not common in all culture. A study performed by Ruppen Greef et al revealed that
laypersons do not notice a difference between corrected distal types of hypospadias
and otherwise circumcised genitals. Furthermore, women considered the position
and shape of the meatus as the least important penile aspect.(31) Jones et al.(24)
showed that the idea of what would be considered cosmetically normal is vastly
diferent among patients, surgeons, and cultures.
Literature is missing for comprehensive follow-up studies of patients initially
successfully treated for hypospadias in childhood, as the majority of these patients
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are lost to follow-up. One possible hypothesis for such dispersion could be that as
patients reach maturity, the psychosexual function gets less challenging. Furthermore,
Jiao et al.(32) addressed that these patients, after being sexually mature, usually do
not stay at the same place or refuse the participation in long-term evaluation studies
regarding the treatment of hypospadias.
In general, socially well supported hypospadias patients should do well in adulthood
in all regards (cosmesis, function, and psychology), but there can be significant
issues, like impaired capacity for social and emotional relations, self-esteem,
relationships, sex life, etc particularly for proximal hypospadias cases.

Integrating psychological and psychosocial aspects with
management of hypospadias
A psychosocial assessment should cover a person's social status, his functional
capacities in society, and an evaluation of his mental health. Being born with a
congenital malformation treated surgically may present several risk factors for a
negatively influenced psychosocial adaptation. Hospitalization, repeated surgery
and clinical examinations are potential stress factors for these children. A study by
Blotcky and Grossman showed that children having gone through genitourinary
surgery had increased emotional disturbances compared with children having had
ear nose and throat surgery(33). The change of attitudes towards surgery at a
younger age (before 18 months) has also had an impact, since the children will have
no memory of this first hospital visit while growing up. In case of repeated surgery,
and when the child is older, information to the patient and parents as well as
psychological support if needed is of great importance. To avoid creating stigma,
genital examinations should only be performed when necessary. A sense of control
of the events around the child, of the information given and control of self, are of
great importance to promote coping in the child.
Factors that are assumed to expose the patients to an increased risk of psychosocial
and psychosexual maladjustment include stress of genital surgery and hospitalization
(more with multiple admission), disfigurement in shape and size of penis (may cause
distorted body image, sexual withdrawal, peer teasing) and overprotective parents
(limits the development of autonomy and self-confidence).
Academic achievement may be interfered with, due to repeated hospital visits or in
cases where bullying by peers, because of genital differences, make the school
environment unfriendly. Berg et al. could show that the patients in their study had
lower qualified professions than controls, but comparable levels of education and
profession have been shown in several later studies.(20,34).
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Although previous studies had showed that boys born with the condition have
more behavioral problems during childhood and adulthood and that poor cosmetic
results are associated with worse school performance ,a recent study by Nordenvall
et al shows that men born with hypospadias in Sweden do not differ significantly
from unaffected men regarding educational level, income or marital status. They are,
however, at a greater risk of receiving a disability pension. The cause of this finding
is unknown and warrants further investigation. The results from this study may be
useful when it comes to reassuring parents that their children, despite being born
with hypospadias, will have similar outcomes to those of children without
hypospadias.(35)
Psychological development and psychiatric outcome in men with hypospadias has
been little investigated, but a few early studies showed an increased frequency of
anxiety, signs of depression, and a less externalizing behaviour (34,36). Recent
epidemiological results have shown an increased prevalence of intellectual disability,
autism spectrum disorders (ASD), ADHD and behavioural/emotional disorders in
men with hypospadias compared with controls(37). Possible factors causing adverse
psychological effects in men with hypospadias have been proposed to be common
genetic factors, the surgical procedures, or the hypospadias in itself.
Surgical Timing
Timing of hypospadias repair is a much-debated question. Factors influencing
timing are anaesthetic risk, penile size and psychosocial development. Surgical
timing does affect long term outcomes in this group of patients.
After six months of age, the anaesthetic risk is equivalent to the risk later during
childhood, indicating that hypospadias surgery should not be performed before
this age. The penile growth is very small between the first three months of life and
the pre-school years, which is why this is not a reason for waiting.
Genital awareness begins around 18 months of age, and after this the child is also
more mobile and less cooperative(38). However, one study did not show any
differences between boys having had surgery before or after 18 months of age
concerning psychosocial consequences such as psychological stress. Most children
have no memory prior to three years of age, and thus will not consciously remember
their hospital stay if surgery is performed before this age.
Psychoanalytic theory identifies stages of psychosexual development which relate
to personality and emotional functioning. In the 'phallic' or genital phase (30 months
to 5 years old), castration anxiety predominates and is associated with the 'Oedipal
complex' which is explained by sexual rivalry with the father and attachment to the
mother. In this phase, a boy's fear of physical harm is significant and may be
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exacerbated by surgery. Core gender identity, body image and self-esteem are in
place by about 30 months of age. An imperfect body image, as the result of a genital
deformity can be obviated by completion of repair before the age of gender identity
. From the viewpoint of emotional development, the repair of hypospadias before
30 months of age seems optimal.
Parents' psychology and hypospadias: As it stands
When the child's condition is revealed to parents at birth, they are burdened with
a critical decision to be made for their child. Though hypospadiac meatus by itself
is absolutely non-life threatening, decision making is often guided by surgeon's
own convictions about its impact on physical, sexual and psychological well-being
of the patient. The supportive medical literature in this regard is not-substantive,
non-specific and often non-conclusive. Contrary to it, surgery does infringe on
bodily integrity, particularly for large majority of hypospadias which are distal in
location. As we have discussed earlier, given the complex interplay of social factors
beyond merely cosmetic or anatomical reconstruction, the psychological impact of
hypospadias is heavily mediated by parents' reaction to the genital difference in
their child (39).
Since parents tend to make surgical decisions for their child in consultation with the
treating surgeons, it is imperative that the surgeon and parents have a detailed
discussion about goals, possible complications and needs for surgery before
devising any treatment plan for the child. Multidisciplinary team management where
parents also have access to psychological counseling, honest depiction of possible
complications, toning down of expectations and peer support groups may be
important steps for providing holistic care to hypospadias patients (40). High
complication rates of upto 50% have been reported over long term particularly for
proximal hypospadias, which may otherwise be an important cause for regret of
opting for surgical intervention for their child. A high post-surgical regret rate of 4050% has been reported in few studies available on the subject (41,42).

Conclusion
Data is limited on long term psychological implications of hypospadias surgery.
Early surgical repair is important and should preferably involve minimum number
of interventions. Hypospadias repair using standard techniques results in acceptable
functional, cosmetic and sexual outcomes in most of cases. Different types of hypospadias
might result in various degree of sexual dysfunction. There is necessity of a personalized
and multidisciplinary approach in treatment along with follow-up of these patients which
should include psychological counseling of adolescents and young adults along with
their parents. Such an approach will ultimately achieve better socialization, increased
self-awareness, and optimal overall quality of the patients' lives.
149

References
1.

Elliott CS, Halpern MS, Paik J,
Maldonado Y, Shortliffe LD.
Epidemiologic trends in penile
anomalies and hypospadias in the
state of California, 1985-2006. J
Pediatr Urol. 2011 Jun;7(3):294-8.

2.

van Rooij IALM, van der Zanden
LFM, Brouwers MM, Knoers
NVAM, Feitz WFJ, Roeleveld N.
Risk factors for different
phenotypes of hypospadias:
results from a Dutch case-control
study. BJU Int. 2013 Jul;112(1):1218.

3.

4.

Timing of elective surgery on the
genitalia of male children with
particular reference to the risks,
benefits, and psychological
effects of surgery and anesthesia.
American Academy of Pediatrics.
Pediatrics. 1996 Apr;97(4):590-4.
Dodds PR, Batter SJ, Shield DE,
Serels SR, Garafalo FA, Maloney
PK. Adaptation of adults to
uncorrected
hypospadias.
Urology. 2008 Apr;71(4):682-5;
discussion 685.

5.

Schönbucher VB, Weber DM,
Landolt MA. Psychosocial
adjustment, health-related quality
of life, and psychosexual
development of boys with
hypospadias: a systematic review.
J Pediatr Psychol. 2008
Jun;33(5):520-35.

6.

Mondaini N, Ponchietti R, Bonafè
M, Biscioni S, Di Loro F, Agostini
P, et al. Hypospadias: incidence

150

and effects on psychosexual
development as evaluated with the
Minnesota
Multiphasic
Personality Inventory test in a
sample of 11,649 young Italian
men. Urol Int. 2002;68(2):81-5.
7.

Nordenvall A, Norrby C, Butwicka
A, Frisén L, Nordenström A,
Almqvist Malmros C, et al.
Psychosocial outcomes in adult
men born with hypospadias: A
register-based study. PLOS ONE.
2017 Apr 6;12:e0174923.

8.

Örtqvist L, Andersson M,
Strandqvist A, Nordenström A,
Frisén L, Holmdahl G, et al.
Psychosocial outcome in adult
men born with hypospadias. J
Pediatr Urol. 2017 Feb;13(1):79.e179.e7.

9.

Tourchi A, Hoebeke P. Long-term
outcome of male genital
reconstruction in childhood. J
Pediatr Urol. 2013 Dec;9(6 Pt
B):980-9.

10. Van der Toorn F, de Jong TPVM,
de Gier RPE, Callewaert PRH, van
der Horst EHJR, Steffens MG, et al.
Introducing
the
HOPE
(Hypospadias Objective Penile
Evaluation)-score: a validation
study of an objective scoring
system for evaluating cosmetic
appearance in hypospadias
patients. J Pediatr Urol. 2013
Dec;9(6 Pt B):1006-16.
11. Holland AJ, Smith GH, Ross FI,
Cass DT. HOSE: an objective

scoring system for evaluating the
results of hypospadias surgery.
BJU Int. 2001 Aug;88(3):255-8.
12. Ardelt PU, Cederqvist M, Barth
M, Frankenschmidt A. The SIGHT
questionnaire:
A
novel
assessment tool for Satisfaction
In Genital Hypospadias Treatment.
J
Pediatr
Urol.
2017
Feb;13(1):33.e1-33.e8.
13. Global Sexual Functioning
[Internet]. [cited 2021 Feb 3].
Available from: http://dc160.
dawsoncollege.qc.ca/cfichten/
abGlobal%20Sexual%20
Functioning.htm
14. Rosen RC, Riley A, Wagner G,
Osterloh IH, Kirkpatrick J, Mishra
A. The international index of
erectile function (IIEF): a
multidimensional scale for
assessment
of
erectile
dysfunction. Urology. 1997
Jun;49(6):822-30.
15. Weber DM, Schönbucher VB,
Landolt MA, Gobet R. The
Pediatric Penile Perception Score:
an instrument for patient selfassessment and surgeon
evaluation after hypospadias
repair. J Urol. 2008 Sep;180(3):10804; discussion 1084.
16. Mureau MA, Slijper FM, Nijman
RJ, van der Meulen JC, Verhulst
FC, Slob AK. Psychosexual
adjustment of children and
adolescents after different types
of hypospadias surgery: a normrelated study. J Urol. 1995
Nov;154(5):1902-7.

17. Mureau MA, Slijper FM, van der
Meulen JC, Verhulst FC, Slob AK.
Psychosexual adjustment of men
who underwent hypospadias
repair: a norm-related study. J Urol.
1995 Oct;154(4):1351-5.
18. Majstorovic M, Bizic M, Nikolic
D, Stojanovic B, Bencic M, Joksic
I, et al. Psychosexual Functioning
Outcome
Testing
after
Hypospadias Repair. Healthcare
[Internet]. 2020 Feb 5 [cited 2021
Feb 3];8(1). Available from: https:/
/www.ncbi.nlm.nih.gov/pmc/
articles/PMC7151077/
19. Aho MO, Tammela OKT, Tammela
TLJ. Aspects of Adult Satisfaction
with the Result of Surgery for
Hypospadias Performed in
Childhood. Eur Urol. 1997;32:21822.
20. Aho MO, Tammela OK, Somppi
EM, Tammela TL. Sexual and social
life of men operated in childhood
for hypospadias and phimosis. A
comparative study. Eur Urol. 2000
Jan;37(1):95-100; discussion 101.
21. Aulagne MB, Harper L, de NapoliCocci S, Bondonny JM, Dobremez
E. Long-term outcome of severe
hypospadias. J Pediatr Urol. 2010
Oct;6(5):469-72.
22. Bracka A. A long-term view of
hypospadias. Br J Plast Surg. 1989
May;42(3):251-5.
23. Hoag CC, Gotto GT, Morrison KB,
Coleman GU, Macneily AE. Longterm functional outcome and
satisfaction of patients with
151

hypospadias repaired in
childhood. Can Urol Assoc J J
Assoc Urol Can. 2008 Feb;2(1):2331.
24. Jones BC, O'Brien M, Chase J,
Southwell BR, Hutson JM. Early
hypospadias surgery may lead to
a better long-term psychosexual
outcome. J Urol. 2009 Oct;182(4
Suppl):1744-9.
25. Kumar MV, Harris DL. A long term
review of hypospadias repaired by
split preputial flap technique
(Harris). Br J Plast Surg. 1994
Jun;47(4):236-40.
26. Lam PN, Greenfield SP, Williot P. 2stage repair in infancy for severe
hypospadias with chordee: longterm results after puberty. J Urol.
2005 Oct;174(4 Pt 2):1567-72;
discussion 1572.
27. Moriya K, Kakizaki H, Tanaka H,
Mitsui T, Furuno T, Kitta T, et al.
Long-term patient reported
outcome of urinary symptoms after
hypospadias surgery: norm
related study in adolescents. J
Urol. 2007 Oct;178(4 Pt 2):1659-62;
discussion 1662.
28. Rynja SP, Wouters GA, Van Schaijk
M, Kok ET, De Jong TP, De Kort
LM. Long-term followup of
hypospadias: functional and
cosmetic results. J Urol. 2009
Oct;182(4 Suppl):1736-43.
29. Van der Werff JF, Ultee J. Longterm follow-up of hypospadias
repair. Br J Plast Surg. 2000
Oct;53(7):588-92.
152

30. Thiry S, Saussez T, Dormeus S,
Tombal B, Wese FX, Feyaerts A.
Long-Term Functional, Cosmetic
and Sexual Outcomes of
Hypospadias
Correction
Performed in Childhood. Urol Int.
2015;95(2):137-41.
31. Ruppen-Greeff NK, Weber DM.
Response and Rebuttal to the
Letter to the Editor "Re: What is a
Good Looking Penis? How
Women Rate the Penile
Appearance of Men with
Surgically
Corrected
Hypospadias." J Sex Med. 2015
Oct;12(10):2085-6.
32. Jiao C, Wu R, Xu X, Yu Q. Longterm outcome of penile appearance
and sexual function after
hypospadias repairs: situation and
relation. Int Urol Nephrol. 2011
Mar;43(1):47-54.
33. Blotcky MJ, Grossman I.
Psychological implications of
childhood genitourinary surgery.
An empirical study. J Am Acad
Child Psychiatry. 1978;17(3):48897.
34. Sandberg DE, Meyer-Bahlburg
HF, Hensle TW, Levitt SB, Kogan
SJ, Reda EF. Psychosocial
adaptation of middle childhood
boys with hypospadias after
genital surgery. J Pediatr Psychol.
2001 Dec;26(8):465-75.
35. Skarin Nordenvall A, Norrby C,
ButwickaA, Frisén L, Nordenström
A, Almqvist C, et al. Psychosocial
outcomes in adult men born with
hypospadias: A register-based

study. PLoS ONE [Internet]. 2017
Apr 6 [cited 2021 Feb 15];12(4).
Available
from:
https://
www.ncbi.nlm.nih.gov/pmc/
articles/PMC5383134/
36. Berg R, Berg G, Svensson J. Penile
malformation and mental health. A
controlled psychiatric study of
men operated for hypospadias in
childhood. Acta Psychiatr Scand.
1982 Nov;66(5):398-416.
37. Butwicka A, Lichtenstein P,
Landén M, Nordenvall AS,
Nordenström A, Nordenskjöld A,
et al. Hypospadias and increased
risk for neurodevelopmental
disorders. J Child Psychol
Psychiatry. 2015 Feb;56(2):155-61.
38. Manzoni G, BrackaA, Palminteri E,
Marrocco G. Hypospadias
surgery: when, what and by
whom? BJU Int. 2004
Nov;94(8):1188-95.
39. Egan SK, Perry DG. Gender identity:
A multidimensional analysis with

implications for psychosocial
adjustment. Developmental
Psychology. 2001. 37(4), 451-463.
40. Roen K, Hegarty P. Shaping
parents, shaping penises: How
medical teams frame parents'
decisions in response to
hypospadias. Br J Health Psychol.
2018 Nov;23(4):967-981
41. LorenzoAJ, Pippi Salle JL, Zlateska
B, Koyle MA, Bagli MJ, Braga LHP.
Decisional regret after distal
hypospadias repair: Single
institution prospective analysis of
factors
associated
with
subsequent parental remorse or
distress. J Urol. 2014;191, 15581563.
42. Ghidini F, Sekulovic S, Castagnetti
M. Parental decisional regret after
primary distal hypospadias repair:
Family and surgery variables, and
repair outcomes. J Urol. 2016;195,
720-724.

153

