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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.
Among this hypospadias may be an association in few of them which are highlighted
below4
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Sex Chromosome DSD
1.
2.
3.
4.

45XO (Turner Syndrome)
47XXY (Klinefelter’s
Syndrome)
45XO/46XY (Mixed
Gonadal Dysgenesis)
46XY/46XX
(Ovotesticular DSD)

46XY DSD
Disorder in Gonadal
Development
1. Complete Gonadal
Dysgenesis
2. Partial Gonadal
Dysgenesis
3. Ovotesticular DSD
Disorder in Androgen
Synthesis/ action:
1. Deficient enzymes In
Testosterone Synthesis
Pathway
2. Disorder of Androgen
action (CAIS, PAIS)
3. 5 alpha Reductase
deficiency
Others:
PMDS (Persistent Mullerian
Duct Syndrome)
Vanishing Testis Syndrome

46XX DSD
Disorder in Gonadal
Development
1. Gonadal Dysgenesis
2. OvotesticularDSD
Androgen excess:
1. Enzyme Deficiency (CAH)
2.Fetoplacental Aromatase
Deficiency
3. Tumors
A. Maternal Virilizing Tumors
(Luteoma)
B.Androgenic Tumors
Others:
MRKH (Mayer Rokitansky
Kuster Hauser) Syndrome
Vaginal Atresia
Labial Adhesions
Uterine Abnormality

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

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
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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.
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.
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
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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.
2. Disorder in androgen synthesis
a. Enzyme deficiency in testosterone biosynthesis pathway
The deficiency of enzymes involved in testosterone biosynthesis pathway maybe
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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
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

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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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.
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
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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.

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
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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.
(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.
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
testes usually lie in the lower inguinal region or partially descended if scrotal
development is significant.
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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.

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.

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.
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
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.
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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

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.

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

3.

Surgical options available

4.

Need for hormone replacement therapy
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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
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.

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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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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