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Abstract

Hypospadias is the most common congenital anomaly of the penis.  The problem usually develops sporadically
and without an obvious underlying cause.  The ectopically positioned urethral meatus lies proximal to the normal site
and on the ventral aspect of the penis, and in severe cases opens onto the scrotum or perineum.  The foreskin on the
ventral surface is deficient, while that on the dorsal surface is abundant, giving the appearance of a dorsal hood.
Chordee is more common in severe cases.  Cryptorchidism and inguinal hernia are the most common associated
anomalies.  The frequency of associated anomalies increases with the severity of hypospadias.  For isolated anterior
or middle hypospadias, laboratory studies are not usually necessary.  Screening for urinary tract anomalies should be
considered in patients with posterior hypospadias and in those with an anomaly of at least one additional organ system.
The ideal age for surgical repair in a healthy child is between 6 and 12 months of age.  Most cases can be repaired in
a single operation and on an outpatient basis.  Even patients with a less than perfect surgical result are usually able to
enjoy a satisfactory sexual life.  (Asian J Androl 2007 Jan; 9: 16–22)
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1    Introduction

The word “hypospadias” is derived from the Greek
words hypo, which means below, and spadon, which
means rent or hole.  Hypospadias is the most common
congenital anomaly of the penis [1].  The condition is
characterized by a urethral meatus that is ectopically lo-
cated proximal to the normal location and on the ventral
aspect of the penis.  In severe cases, the urethral meatus

opens onto the scrotum or perineum.

2    Embryology

At approximately 6 weeks of gestation, the genital
tubercle develops anterior to the urogenital sinus.  The
urogenital membrane is flanked on each side by the outer
genital swellings and the inner urethral folds [2].  Viriliza-
tion of the male external genitalia occurs during the sec-
ond month of gestation under the influence of testoster-
one synthesized by the fetal testes [2].  Placental human
chorionic gonadotropin stimulates Leydig cells of the fetal
testes to produce testosterone.  Testosterone is converted
to the more potent dihydrotestosterone by the enzyme 5α–
reductase type II.  For dihydrotestosterone to be effective,
the hormone must bind to androgen receptors in the geni-
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tal tissues [2].  One of the first signs of virilization is an
increase in the distance between the anus and the genital
structures, followed by elongation of the phallus, forma-
tion of the penile urethra, and development of the pre-
puce [3].  The penile urethra forms as a result of the
fusion of the medial edges of the endodermal urethral
folds [3].  The fusion of endodermal urethral folds pro-
ceeds from proximal to distal and is usually completed
by the end of the first trimester [4].  The ectodermal
edges of the urethral folds then fuse over the urethra to
form the prepuce [4].  It was formerly considered that
the glandular urethra formed as an ectodermal ingrowth
of tissue that invaginated through the glans to meet the
proximal urethra [5].  However, recent evidence sug-
gests that urothelium has the capability to differentiate
into a stratified squamous epithelium, such that the en-
tire male urethra can be formed by the fusion of the ure-
thral folds [6].  Failure of fusion of the endodermal ure-
thral folds leads to hypospadias.

3    Incidence

The incidence of hypospadias has been estimated to
be 0.4 to 8.2 per 1 000 live male births [7, 8].  The wide
variation is likely because of geographic, environmental
or genetic differences and different methods in data col-
lection [7, 9].  The condition is more common in
Caucasians, least common in Hispanics, and intermedi-
ate among African-Americans [10].  There has been an
overall increase in incidence of hypospadias both in Eu-
rope and North America [6, 7, 9].  Data from published
studies in these jurisdictions suggest that the incidence
of hypospadias doubled between the 1970s and the 1990s
[6, 7, 9].  Data from the USA includes reports from the
Metropolitan Atlanta Congenital Defects Program
(MACDP) and the nationwide Birth Defects Monitoring
Program (BDMP) [9].  The incidence of hypospadias
measured by the BDMP increased from 20.2 per 10 000
live births in 1970 to 39.7 per 10 000 live births in 1993
[9].  The increase is unlikely to be attributable to increased
access to medical care, improved recognition, or better
reporting since the MACDP data showed that the rate of
severe cases increased while the ratio of mild to severe
cases decreased [9].  The rising rates might be a result
of the increased incidence of premature infants with low
birthweight, or to fetal exposure to progestins or to com-
pounds with estrogenic or anti-androgenic activity [9].
No increase in the incidence of hypospadias has been

noted in less-developed countries [6].

4    Etiology

The etiology is multifactorial.  In the majority of cases
the hypospadias develops as a sporadic problem and with-
out an obvious underlying cause.  In general, the more
severe the hypospadias, the more likely an underlying
cause can be identified [1].  Albers et al. [8] evaluated 33
patients with severe penoscrotal, scrotal, or perineal hy-
pospadias with a range of diagnostic techniques that in-
cluded clinical assessment, ultrasonography, karyotyping,
endocrine evaluation, and molecular genetic analysis of
the androgen receptor gene and the 5α-reductase gene.
Notwithstanding such an extensive evaluation, the cause
was determined in only 12 (36%) patients.  Boehmer et
al. [11] evaluated 63 unselected cases of severe hypos-
padias with clinical and molecular biological techniques
and identified the cause in only 20 (32%) patients.

Defects in testosterone production by the testes and
adrenal glands, failure of conversion of testosterone to
dihydrotestosterone, deficient numbers of androgen recep-
tors in the penis, or reduced binding of dihydrotestosterone
to the androgen receptors could all result in hypospadias
[8].  Several studies have shown subnormal testosterone
response to human chorionic gonadotropin in some boys
with hypospadias [12, 13].  Although the majority of boys
with hypospadias have normal testosterone levels, this does
not necessarily imply normal androgen production in utero.

Although the use of an oral contraceptive does not
lead to hypospadias [14], maternal exposure during early
pregnancy to other estrogenic compounds or to progestins
might increase the risk of hypospadias [14, 15].  Envi-
ronmental substances that contain estrogenic activity are
common and include pesticides on fruits and vegetables,
milk from lactating dairy cows, some plants, and
pharmaceuticals.  Klip et al. [15] conducted a survey of
the 8 934 sons of a Dutch cohort of 16 284 women
(response rate 67%) who were diagnosed with a fertility
problem.  Of the 205 boys born to mothers exposed to
diethylstilbestrol during pregnancy, four had hypospadias.
Only eight cases of hypospadias were reported in the
remaining 8 729 children (odds ratio [OR]: 21.3; 95%
confidence interval [CI]: 6.5–70.1).  Pons et al. [16]
analyzed the computerized files of 17 633 boys of moth-
ers some of whom were exposed to diethylstilbestrol in
utero.  Three (1.2%) of the 240 boys with maternal ex-
posure to diethylstilbestrol had hypospadias.  Only 44



.18.

Hypospadias: an update

http://www.asiaandro.com;  aja@sibs.ac.cn

(0.5%) cases of hypospadias were found in the remain-
ing 17 393 boys (OR: 4.99; 95% CI: 1.2–16.8).  These
findings confirm an increased risk of hypospadias in the
sons of women exposed to diethylstilbestrol during preg-
nancy [16].  Several authors suggest that a maternal veg-
etarian diet, which contains higher  amounts of
phytoestrogens, might result in an increase in the inci-
dence of hypospadias [17, 18].  Of 7 928 boys born to
mothers who took part in the Avon Longitudinal Study
of Pregnancy and Childhood (ALSPAC), 51 cases of
hypospadias were identified [18].  The study showed a
weak association between hypospadias and maternal
consumption of a vegetarian diet high in soya products.
Other authors did not find such as association [19, 20].
An association between maternal progestin intake and
hypospadias has been noted in several studies [21, 22].
The National Birth Defects Prevention Study analyzed
502 boys diagnosed with severe hypospadias and 1286
control boys without hypospadias [21].  Forty-two case
mothers (8.4%) and 31 control mothers (2.4%) reported
progestin intake during the period from 4 weeks before
conception through 14 weeks after conception (OR: 3.7;
95% CI: 2.3–6.0).  There is evidence that activating tran-
scription factor 3 (ATF3) responds to estrogenic or anti-
androgenic activity and might play a role in the develop-
ment of hypospadias [23, 24].  Liu et al. [25] examined
the expression of ATF3 in penile skin tissue obtained from
28 children with hypospadias and in 20 normal tissue
samples obtained during elective circumcision.  Eighty-
six percent of the samples from patients with hypospa-
dias were immunohistochemi-cally positive for ATF3,
compared with 13% of normal tissue samples [25].  Sev-
enty-five percent of samples from patients with hypos-
padias were positive when tested by in situ hybridization,
compared with 1% of circumcision samples.  The study
indicates that ATF3 is upregulated in the penile skin tis-
sues of boys with hypospadias and suggests a role of
ATF3 in the pathogenesis of hypospadias [25].

Maternal exposure to anti-epileptic drugs such as
valproic acid might increase the risk of hypospadias [26].
Maternal exposure to xenoandrogens such as DDT
(metabolite p,p’-DDE), vinclozolin, and diethylhexyl ph-
thalate has been shown to cause hypospadias in animal
studies [27, 28].  Data on human studies, however, are
lacking.  A higher incidence of hypospadias has been found
in boys conceived by intra-cytoplasmic sperm injection
(ISCI) or in vitro fertilization (IVF) [29, 30].  However,
when controlled for other factors such as maternal age,

parity, multiple or singleton birth, and paternal subfertility,
the increased risk was not statistically significant [15,
31].  Several studies have shown that maternal smoking
is not associated with an increased risk of hypospadias
[14, 18].

Intrauterine growth retardation and low birthweight
are risk factors for hypospadias [32, 33].  The risk in-
creases with decreasing birthweight and is independent
of gestational age [34].  Gatti et al. [33] found that hy-
pospadias is 10 times more common in small-for-gesta-
tional-age infants compared with normal infants.

There is an increased incidence of hypospadias in
both monozygotic and dizygotic twins [32].  Roberts et
al. [35] noted that monozygotic male twins had an 8.5-
fold increase in hypospadias, compared with singleton
live male births.  Fredell et al. [36] found that in 16 of 18
monozygotic pairs discordant for hypospadias, the twin
with the lower birthweight had hypospadias.  The mean
difference in birthweight was 498 grams.  The authors
suggested that in the presence of two fetuses, there might
be a relative placental insufficiency to one of the fetuses
and less than adequate human chorionic gonadotropin to
meet the demands of both pairs of male gonads [36].
The birthweight of a non-twin sibling without hypospa-
dias is significantly higher than that of the proband with
hypospadias [32].

Some authors suggest that advanced maternal age
and primiparity are risk factors [6, 37].  Other authors
did not find this association [38].

A high familial incidence of hypospadias is observed
and a polygenic predisposition is likely [7, 39].  In a se-
ries of 1 314 cases of hypospadias reported by Leung et
al. [39], 71 (5.4%) cases had at least one other affected
relative.  The risk of recurrence of hypospadias in a sec-
ond male sibling is 12% to 14% [40].  About 7% to 9%
of the fathers of boys with hypospadias also have hy-
pospadias [2, 41].  If the father and the child are both
affected, the risk of recurrence for a second sibling is
increased to 26% [40, 42].  In general, the risk that a
second male sibling will be born with hypospadias in-
creases with the severity of hypospadias in the index
child [1].   A dominant gene inheritance might be respon-
sible for a small number of cases of hypospadias.  Lowry
et al. [43] reported two kindreds with familial hypospa-
dias of different severity that affected members of at
least two generations.  Page [44] reported six instances
of hypospadias in three or more generations and sug-
gested a dominant Mendelian characteristic in these cases.
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Frydman et al. [45] reported a large consanguineous
Bedouin family that included eight members with vari-
ous degrees of hypospadias. These authors postulated
that an autosomal recessive inheritance might account
for a subgroup of familial hypospadias.

Hypospadias has been found in various chromosomal
aberrations, such as 4p-, 18q-, paracentric inversion of
chromosome 14, and the Klinefelter syndromes [1, 46].
Hypospadias can be associated with genetic syndromes
such as Smith-Lemli-Opitz, hypertelorism, hypospadias
(BBB), hand-foot-genital, Reifenstein, Wolf-Hirschhorn,
Denys-Drash, Silver-Russell, and G [1, 2, 46].  Hypos-
padias is a frequent finding with ambiguous genitalia of
various causes such as hermaphroditism and mixed go-
nadal dysgenesis.

5    Clinical manifestations

The urethral meatus is ectopically located on the ven-
tral aspect of the penis and proximal to the normal site,
and might open onto the scrotum or perineum.  The meatal
position can be classified as anterior or distal (glandular,
coronal, subcoronal), middle (midpenile), or posterior or
proximal (posterior penile, penoscrotal, scrotal, perineal)
[47].  The subcoronal position is the most common.  Proxi-
mal cases are considered severe.  Approximately 60% to
65% of cases are distal, 20% to 30% midpenile, and 10% to
15% proximal [47].  In severe cases, the scrotum might
appear bifid [2].  The proximally displaced urethral meatus
is often stenotic in appearance.  Micropenis is uncommon
except with severe cases associated with chordee [2].

Characteristically, the foreskin on the ventral sur-
face is thin or absent while the foreskin on the dorsal
surface is abundant and has the appearance of a dorsal
hood [48]. In the rare megameatus intact prepuce (MIP)
variant, the foreskin is normally developed and the ure-
thral meatus has the appearance of a fish-mouth.  In
some cases, a blind-ending pit on the glans simulates a
normal meatus and the only clue to hypospadias is a de-
ficient ventral foreskin.

Chordee, derived from the Latin word chorda, which
means string, refers to the ventral curvature of the penis.
Chordee is caused by atrophy of the corpus spongiosum,
fibrosis of the tunica albuginea and fascia over the tunica,
tightness of the ventral skin and Buck’s fascia, tethering
of the penile shaft skin onto the underlying structures, or
tethering of the urethral plate onto the corpora cavernosa
[1, 47].  Chordee becomes more apparent and might only

be noticeable with penile erection [1, 2].  The extent of
chordee can be demonstrated by compression of the cor-
pora cavernosa in the perineum, which causes the penile
shaft to become engorged.  With additional compression
at the base of the penis, an erection can be elicited [7].
Chordee is more commonly associated with cases of proxi-
mal hypospadias.  Chordee is best assessed intra-opera-
tively with an artificial erection test (Gittes test).

The clinical presentation varies with severity of the
disorder. Children with hypospadias and a narrow me-
atus may have a weak urinary stream that is deflected
downwards and splayed.  A normal stream might be
present in those children with mild hypospadias who have
a urethral meatus located on the glans.  Affected children
might not be able to void while standing.  Uncorrected,
erections might be painful in those children with chordee,
and sexual intercourse might not be possible in severe
cases.  Fertility might be otherwise affected as the ab-
normal deflection of the ejaculate might preclude effec-
tive insemination.

6    Associated anomalies

Cryptorchidism and inguinal hernia are the most com-
mon anomalies associated with hypospadias [34, 49, 50].
Approximately 8% to 10% of boys with hypospadias have
cryptorchidism and 9% to 15% have an associated in-
guinal hernia [49].  Clinicians should suspect the possi-
bility of an intersex condition if a child with hypospadias
also has cryptorchidism and one or both gonads are
impalpable.  Enlargement of the utriculus masculinus is
present in approximately 11% of children with posterior
hypospadias [6, 51].  Urinary tract anomalies such as
ureteropelvic junction obstruction, vesicoureteric reflux,
pelvic or horseshoe kidney, crossed renal ectopia, and
renal agenesis occur in 1% and 5% of cases with iso-
lated anterior and posterior hypospadias, respectively [6,
49].  When anomalies coexist in one, two, or three other
organ systems, the incidence of an associated renal
anomaly increases to 7%, 13% and 37%, respectively
[49, 52].  There is a direct, almost linear relationship
between the severity of hypospadias and the frequency
of an associated anomaly [1].  Anterior and middle hy-
pospadias are most often present as an isolated anomaly.

7    Diagnostic evaluation

Laboratory studies are not usually indicated for iso-
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lated anterior or middle hypospadias.  Screening for a
urinary tract anomaly by renal ultrasonography should
be considered in patients with posterior hypospadias and
in those with an anomaly of at least one additional organ
system.  Karyotyping should be performed in patients
with cryptorchidism or ambiguous genitalia [2, 8].  Other
tests that should be considered include serum electrolytes,
17-hydroxyprogesterone, testosterone, luteinizing
hormone, follicle-stimulating hormone, and sex hormone-
binding globulin, ultrasonography of the abdomen, hu-
man chorionic gonadotropin stimulation tests, and mo-
lecular genetic analysis of the androgen receptor gene
and the 5α reductase gene [8, 42]. The ordering of en-
docrine tests should be directed by the history, physical
examination, and abnormal laboratory findings.  In pa-
tients with associated micropenis, a pituitary evaluation
followed by a trial of testosterone therapy should be per-
formed [8].

8    Management

The goals of hypospadias surgery are to create a
straight penis that is adequate for sexual intercourse, to
reposition the urethral meatus to the penile tip to allow
the patient to void while standing, to create a neourethra
of adequate and uniform caliber, to construct a normal
looking penis, and to accomplish the foregoing with as
few complications as possible [6].  Surgical correction
should also be considered in patients with a distal hypos-
padias and minimal deformity as the psychological benefit
can be substantial [47].  The ideal age for surgical repair
in a healthy child is approximately 6 to 12 months of age
[53, 54].  The advantages of early surgery include easier
after care, which includes better restraint for hygienic
purposes and less likelihood of urinary catheter
dislodgement, less separation anxiety, less need for
analgesia, less postoperative emotional disturbance, and
better parent-infant bonding [5, 53, 55].  After 6 months
of age, the anesthetic risk is no greater than when the
child is older [54].  Mureau et al. [56] found that boys
who had surgical correction of hypospadias at an early
age had fewer sexual inhibitions compared with boys
who had surgical correction at a later age.

Penile size is usually not a limiting factor for early
surgical correction [54].  If micropenis poses as a prob-
lem or if there is insufficient foreskin for repair, preopera-
tive treatment with exogenous testosterone might improve
the outcome [5, 54].  This can be achieved by the ad-

ministration of testosterone enanthate, 20 to 25 mg
intramuscularly, 3 and 6 weeks prior to surgery, or topi-
cal dihydrotestosterone cream applied daily for 1 month
prior to surgery [6, 54].  For patients who still have an
extremely small phallus at 6 months of age, a shift in the
timing of repair to an older post-conceptional age may
be necessary.

Many procedures have been designed for the repair
of hypospadias and no single procedure is suitable for all
cases.  Most cases of hypospadias can be repaired in a
single operation.  The most common procedures include
the meatal advancement-glanuloplasty (MAGPI), glans
approximation procedure (GAP), and tubularization fol-
lowing incision of the urethral plate (TIP) [29, 57, 58].
A two-stage repair might be required for more severe
forms of penoscrotal or perineal hypospadias [2, 59].
Complete excision of the chordee tissue is essential in
patients with severe hypospadias and chordee.  Supra-
pubic urinary diversion is not necessary when repairing
hypospadias, no matter how severe the abnormality or
how complex the repair is.  Surgery should only be per-
formed by a pediatric urologist or a surgeon with special
and extensive expertise in hypospadias repair.  In pa-
tients with hypospadias, circumcision is contraindicated
as the foreskin might be needed for urethroplasty or to
provide penile shaft skin coverage [2].  It is interesting
to note that in MAGPI and TIP, the foreskin is not used
in hypospadias repairs.  With successful surgery, the
appearance should be that of a normal circumcised penis
and the cosmetic outcome is generally good.

Early complications of hypospadias repair include
bleeding, hematoma, wound infection, wound dehiscence,
necrosis of the shaft skin, urinary tract infection, and
urinary retention [2, 60].  Late complications include
urethrocutaneous fistula, meatal stenosis, recurrent or
persistent chordee, urethral stricture, balanitis xerotica
obliterans, urethrocele and urethral diverticulum [47, 61].
The rate of fistula formation is less than 10% for one-
stage repairs in anterior hypospadias, and increases with
the severity of the case.  The rate of complications de-
pends on the severity of the hypospadias, age at surgical
correction, availability of adequate tissue for reconstruction,
experience and skill of the surgeon, and whether there
are previous failed attempts [60, 61].  Complications might
be minimized by selecting the appropriate procedure,
careful handling of tissues, optical magnification and the
use of stents, and use of fine, absorbable material [55].
In experienced hands, complication rates for distal,
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midshaft, and proximal repairs are < 5%, 5% to 10%,
and 15%, respectively [55].

9    Prognosis

Children with hypospadias have normal onset of pu-
berty [62].  Most patients with hypospadias have normal
testicular and androgen end-organ functions [63].  Sexual
function should be normal after successful hypospadias
repair.  Fertility should not be affected unless the patient
has an associated anomaly such as cryptorchidism, a
chromosomal abnormality, or a varicocele [1, 64].  Most
patients, including those with a less than perfect result
from hypospadias repair, are able to enjoy a satisfactory
sexual life [64].

10  Conclusion

Hypospadias is the most common congenital anomaly
of the penis. Identifiable causes implicate a deficiency in
androgenic stimulation of fetal genital tissue, or
conversely, exposure to excess estrogen or progestin
containing compounds in utero.  There is evidence that
ATF3 responds to estrogenic or anti-androgenic activity
and might play a role in the pathogenesis.  A high familial
incidence of hypospadias is observed and a polygenic
predisposition is likely.  In most cases, however, a cause
cannot be identified. The ideal age for surgical repair in a
healthy child is between 6 and 12 months of age.  Most
cases can be repaired in a single operation and on an
outpatient basis.  With modern surgical techniques and
in the hands of an experienced pediatric urologist or
surgeon, the functional and cosmetic results are usually
very good.

References

1 Kenneth CH, Leung AK.  Hypospadias: a review.  J Singapore
Paediatr Soc 1987; 29: 54–6.

2 Stokowski LA. Hypospadias in the neonate.  Adv Neonatal
Care 2004; 4: 206–15.

3 Baskin LS, Ebbers MB.  Hypospadias: anatomy, etiology,
and technique.  J Pediatr Surg 2006; 41: 463–72.

4 Bellinger MF.  Embryology of the male external genitalia.  Urol
Clin North Am 1981; 8: 375–82.

5 Belman AB.  Hypospadias update.  Urology 1997; 49: 166–72.
6 Baskin LS.  Hypospadias.  Adv Exp Med Biol 2004; 545: 3–22.
7 Gallentine ML, Morey AF, Thompson IM Jr.  Hypospadias:

a contemporary epidemiologic assessment.  Urology 2001;
57: 788–90.

8 Albers N, Ulrichs C, Gluer S, Hiort O, Sinnecker GH,

Mildenberger H, et al.  Etiologic classification of severe
hypospadias:  implications for prognosis and management. J
Pediatr 1997; 131: 386–92.

9 Paulozzi LJ, Erickson JD, Jackson RJ.  Hypospadias trends
in two US surveillance systems.  Pediatrics 1997; 100: 831–4.

10 Centers for Disease Control. Leading major congenital malfor-
mations among minority groups in the United States, 1981–
1986.  Morb Mortal Wkly Rep 1988; 37: 17–24.

11 Boehmer AL, Nijman RJ, Lammers BA, de Coninck SJ, van
Hemel JO, Themmen AP, et al.  Etiological studies of severe or
familial hypospadias.  J Urol 2001; 165: 1246–54.

12 Allen TD, Griffin JE.  Endocrine studies in patients with
advanced hypospadias.  J Urol 1984; 131: 310–4.

13 Shima H, Ikoma F, Yabumoto H, Mori M, Satoh Y, Terakawa
T, et al.  Gonadotropin and testosterone response in prepu-
bertal boys with hypospadias.  J Urol 1986; 135: 539–42.

14 Carmichael SL, Shaw GM, Laurent C, Lammer EJ, Olney RS.
The National Birth Defects Prevention Study.  Paediatr Perinat
Epidemiol 2005; 19: 406–12.

15 Klip H, Verloop J, van Gool JD, Koster ME, Burger CW, van
Leeven FE, et al. Hypospadias in sons of women exposed to dieth-
ylstilbestrol in utero: a cohort study.  Lancet 2002; 359: 1102–7.

16 Pons JC, Papiernik E, Billon A, Hessabi M, Duyme M.  Hy-
pospadias in sons of women exposed to diethylstilbestrol in
utero.  Prenat Diagn 2005; 25: 418–9.

17 Joffe M.  Are problems with male reproductive health caused by
endocrine disruption?  Occup Environ Med 2001; 58: 281–7.

18 North K, Golding J.  A maternal vegetarian diet in pregnancy is
associated with hypospadias.  BJU Int 2000; 85: 107–13.

19 Kang KS, Che JH, Lee YS.  Lack of adverse effects in the F1
offspring maternally exposed to genistein at human intake
dose level.  Food Chem Toxicol 2002; 40: 43–51.

20 Wisniewski AB, Klein SL, Lakshmanan Y, Gearhart JP.  Expo-
sure to genistein during gestation and lactation demasculinizes
the reproductive system in rats.  J Urol 2003; 169: 1582–6.

21 Carmichael SL, Shaw GM, Laurent C, Croughan MS, Olney
RS, Lammer EJ.  Maternal progestin intake and risk of
hypospadias.  Arch Pediatr Adolesc Med 2005; 159: 957–62.

22 Mau G.  Progestins during pregnancy and hypospadias.  Tera-
tology 1981; 24: 285–7.

23 Baskin LS, Himes K, Collborn T.  Hypospadias and endocrine
disruption:  is there a connection? Environ Health Perspect
2001; 109: 1175–83.

24 Pedram A, Razandi M, Aitkenhead M, Hughes CC, Levin ER.
Integration of the non-genomic and genomic actions of estrogen.
Membrane-initiated signaling by steroid to transcription and
cell biology.  J Biol Chem 2002; 277: 50768–75.

25 Liu B, Wang Z, Lin G, Agras K, Ebbers M, Willingham E, et al.
Activating transcription factor 3 is up-regulated in patients
with hypospadias.  Pediatr Res 2005; 58: 1280–3.

26 Arpino C, Brescianini S, Robert E, Castilla EE, Cocchi G,
Cornel MC, et al.  Teratogenic effects of antiepileptic drugs:
use of an international database on malformations and drug
exposure (MADRE).  Epilepsia 2000; 41: 1436–43.

27 Gray LE, Ostby J, Furr J, Wolf CJ, Lambright C, Parks L, et
al.  Effects of environmental antiandrogens on reproductive
development in experimental animals.  Hum Reprod Update



.22.

Hypospadias: an update

http://www.asiaandro.com;  aja@sibs.ac.cn

2001; 7: 248–64.
28 Ostby J, Kelce WR, Lambright C, Wolf CJ, Mann P, Gray LE

Jr.  The fungicide procymidone alters sexual differentiation in
the male rat by acting as an androgen-receptor antagonist in
vivo and in vitro. Toxicol Ind Health 1999; 15: 80–93.

29 Ericson A, Kallen B.  Congenital malformations in infants born
after IVF:  a population-based study.  Hum Reprod 2001; 16:
504–9.

30 Wennerholm UB, Bergh C, Hamberger L, Lundin K, Nilsson
L, Wikland M, et al.  Incidence of congenital malformations in
children born after ICSI. Hum Reprod 2000; 15: 944–8.

31 Kurzrock EA, Karpman E.  Hypospadias:  pathophysiology
and etiologic theories.  Pediatr Endocrin Rev 2004; 1: 288–95.

32 Fredell L, Kockum I, Hansson E, Holmner S, Lundquist L,
Lackgren G, et al. Heredity of hypospadias and the signifi-
cance of low birth weight.  J Urol 2002; 167: 1423–7.

33 Gatti JM, Kirsch AJ, Troyer WA, Perez-Brayfield MR, Smith
EA, Scherz HC.  Increased incidence of hypospadias in small-
for-gestational age infants in a neonatal intensive-care unit.
BJU Int 2001; 87: 548–50.

34 Weidner IS, Møller H, Jensen TK, Skakkebæk NE.  Risk fac-
tors for cryptorchidism and hypospadias.  J Urol 1999; 161:
1606–9.

35 Roberts CJ, Lloyd S.  Observations on the epidemiology of
simple hypospadias. Br Med J 1973; 1: 768–70.

36 Fredell L, Lichtenstein P, Pedersen NL, Svensson J,
Nordenskjold A.  Hypospadias is related to birth weight in
discordant monozygotic twins.  J Urol 1998; 160: 2197–9.

37 Fisch H, Golden RJ, Libersen GL, Hyun GS, Madsen P, New
MI, et al.  Maternal age as a risk factor for hypospadias.  J
Urol 2001; 165: 934–6.

38 Harris EL.  Genetic epidemiology of hypospadias.  Epidemiol
Rev 1990; 12: 29–40.

39 Leung TJ, Baird PA, McGillivary B.  Hypospadias in British
Columbia.  Am J Med Genet 1985; 21: 39–50.

40 Bauer SB, Retik AB, Colodny AH.  Genetic aspects of
hypospadias.  Urol Clin North Am 1981; 8: 559–64.

41 Bauer SB, Bull MJ, Retik AB.  Hypospadias:  a familial study.
J Urol 1979; 121: 474–7.

42 Smith EP, Wacksman J.  Evaluation of severe hypospadias.  J
Pediatr 1997; 131: 344–6.

43 Lowry RB, Kilman MR.  Hypospadias in successive generations
-possible dominant gene inheritance.  Clin Genet 1976; 9: 285–8.

44 Page LA.  Inheritance of uncomplicated hypospadias.  Pediat-
rics 1979; 63: 788–90.

45 Frydman M, Greiber C, Cohen HA.  Uncomplicated familial
hypospadias:  evidence for autosomal recessive inheritance.
Am J Med Genet 1985; 21: 51–60.

46 Leung AK, Hoo JJ.  A case of perineal hypospadias with
paracentric inversion of chromosome 14.  Eur J Pediatr 1986;
144: 503–4.

47 Soomro NA, Neal DE.  Treatment of hypospadias:  an update
of current practice.  Hosp Med 1998; 59: 553–6.

48 Leung AK, Fong JH. Hypospadias.  Can J Diagn 2002; 19:
58–63.

49 Khuri FJ, Hardy BE, Churchill BM.  Urologic anomalies associ-
ated with hypospadias.  Urol Clin North Am 1981; 8:  565–71.

50 Leung AK, Robson WL.  Current status of cryptorchidism.
Adv Pediatr 2004; 51: 351–77.

51 Devine CJ Jr, Gonzales-Serva L, Stecker JF Jr, Devine PC,
Horton CE.  Utricular configuration in hypospadias and intersex.
J Urol 1980; 123:  407–11.

52 Cerasaro TS, Brock WA, Kaplan GW.  Upper urinary tract
anomalies associated with congenital hypospadias:  is screen-
ing necessary?  J Urol 1986; 135:  537–8.

53 American Academy of Pediatrics, Section on Urology.  Timing
of elective surgery on the genitalia of male children with par-
ticular reference to the risks, benefits, and psychological ef-
fects of surgery and anesthesia.  Pediatrics 1996; 97: 590–4.

54 Manzoni G, Bracka A, Palminteri E, Marrocco G.  Hypospa-
dias surgery: when, what and by whom?  BJU Int 2004; 94:
1188–95.

55 Leung AK.  Hypospadias.  Core Content Rev Fam Med 2004;
35: 17.

56 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; 154:
1351–5.

57 Hoebeke P, van Laecke E, de Sy W, Oosterlinck W.  Current
trends in the treatment of hypospadias.  Acta Urol Belg 1997;
65: 17–23.

58 Snodgrass W, Koyla M, Manzoni G, Hurwitz R, Caldamone
A, Ehrilich R.  Tubularized incised plate hypospadias repair:
results of a multicenter experience.  J Urol 1996; 156: 839–41.

59 Lam PN, Greenfield SP, Williot P.  2-stage repair in infancy
for severe hypospadias with chordee:  long-term results after
puberty.  J Urol 2005; 174: 1567–72.

60 Snyder CL, Evangelidis A, Hansen G, St. Peter SD, Ostlie DJ,
Gatti JM, et al.  Management of complications after hypospa-
dias repair.  Urology 2005; 65: 782–5.

61 Nuininga JE, de Gier RPE, Verschuren R, Feitz WF.  Long-
term outcome of different types of 1-stage hypospadias repair.
J Urol 2005; 174: 1544–8.

62 Bracka A.  Sexuality after hypospadias repair.  BJU Int 1999;
83: 29–33.

63 Rey RA, Codner E, Iníguez G, Bedecarrás P, Trigo R, Okuma
C, et al.  Low risk of impaired testicular Sertoli and Leydig cell
functions in boys with isolated hypospadias.  J Clin Endocrinol
Metab 2005; 90: 6035–40.

64 Aho MO, Tammela OK, Somppi EM, Tammela TL.  Sexual
and social life of men operated in childhood for hypospadias
and phimosis.  Eur Urol 2000; 37: 95–101.

Edited by Prof. Niels Jorgensen


