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Disorders of sex devolvement (DSD), formerly, known as ambiguous genitalia
or intersex disorders, represent a spectrum of congenital conditions in which the
chromosomal, gonadal or anatomic sex is atypical. DSD are relatively rare disorders with
diverse etiologies. The estimated prevalence is approximately 0.1 to 0.2% world-wide,
i.e, 1in 5000 live birth. It constituted a major complex social and medical emergency that
requires a multidisciplinary coordinated team of specialists. DSD is vary in frequency
with congenital adrenal hyperplasia (CAH) is being the commonest. Several forms can
lead to wrong sex assignment with its consequences, as well it can lead to salt loss
which if unrecognized early and not appropriately treated can lead to salt wasting,
dehydration and adrenal crisis. The team consists of pediatric endocrinologist, pediatric
radiologist, geneticist, pediatric surgeon, urologist, plastic surgeon, child psychologist
or psychiatrist, and other specialties such as a nurse and gynecologist to be consulted
whenever needed. The team should be involved from an early stage. The first step in
management is to assign the correct sex of rearing in a timely manner, to avoid the issue
of sex-reassignment and its devastating consequences. It should be based on multiple
factors, such as genotype, the presence, location and appearance of the reproductive
organs. The pediatric radiologist plays a significant and important role in elucidating
existing anatomy by utilizing the various radiological tools. Great advances have been
made over recent years in the diagnosis and management of DSD, most notably in the
field of molecular genetics technologies which have advanced our understanding of
the disorder. Furthermore, DSD surgery which is more challenging has been entirely
changed. Family dynamic and sensitivity of the issue play an essential role in the care of
individual with DSD. Finally, assessment of family coping skills and support systems are
essential. The main focus of this article is to understand the various etiologies of DSD,
diagnostic approach, and management of infants and children with suspected disorders
of sex development (DSD) are discussed.

Introduction

Ambiguous genitalia is a Latin term, which indicates a condition

(DSD) as a congenital condition in which development of
chromosomal, gonadal, or anatomical sex is atypical. It is clear

in which the external genital organs do not have the appearance
typical of either a male or female (Figures 1-3). It s still confusing to
both parents, patients and doctors. As a consequences international
expert in pediatric endocrinology met at Chicago, under the
auspices of the European Society for Pediatric Endocrinology and
the Lawsn-Wilkins Pediatric Endocrinology (U.S.A), where they
suggested the current definition of disorders of sex development

and understandable for doctors and patients, as well as it covers
all aspects of the disorders in sex development. It is not that rare,
and constitute a complex, major social and medical emergency.
DSD is vary in frequency with Congenital Adrenal hypoplasia (CAH)
is the common of ambiguous genitalia in the newborn world-
wide. Several forms of congenital adrenal hyperplasia can lead to

significant salt loss, which, if unrecognized and not appropriately
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treated, may lead to salt wasting, dehydration and adrenal crisis.
To ensure that the affected individual has a high quality of life
(a successful outcome), medical practitioners must quickly and
correctly assign the individual’s gender in a timely manner with
the help of a multidisciplinary coordinated team of specialists. The

team consists of a pediatric endocrinologist, pediatric radiologist,
geneticist, pediatric surgeon, urologist, plastic surgeon, child
psychologist or psychiatrist, and other specialties such as a nurse
and gynecologist to be consulted whenever needed. The team
should be involved from an early stage.

Figure 1: Ambiguous genitalia in a 46, XX patient known to have congenital adrenal hyperplasia (CAH) due to 21a-hydrox-
ylase deficiency. Note the complete masculinisation, with normal looking hyperpigmented male genitalia. (But no palpable

testes).

Figure 2: Ambiguous genitalia in a 46, XY patient known to have congenital adrenal hyperplasia (CAH) due to 3B-hydrox-
ysteroid dehydrogenase (HSD) deficiency. Note the pigmented, short, curved phallus, central urogenital slit, and separated

labioscrotal folds with palpable gonads.
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Figure 3: Ambiguous genitalia in a 46 XY with the diagnosis of complete androgen insensitivity (testicular feminization) syn-
drome. Note the two palpable gonads (testes) within the labioscrotal fold and urogenital slit.

When approaching the treatment of any child diagnosed with
sexual ambiguity, it is important to first review and understand
the embryology and physiology of sexual differentiation. Although
the basic developmental events have long been known, the
genetic, biochemical, endocrine, and molecular mechanisms are
complex and have only been partially elucidated. Whereas surgical
reconstruction of the genitalia has been widely applied in infants
and children with DSD in the past, the growing understanding of
the psychological and social implications of gender assignment has
showed the paradigm away from early surgery in some affected
patients [1-12]. The main focus of this article is to understand the
various etiologies of DSD. Diagnostic approach and management of
infants and children with suspected disorders of sex development

(DSD) are discussed.
The Etiological Causes of DSD

A major step involved in the management of patients with
disorders of sex development (DSD) and ambiguous genitalia is
to understand the various etiological causes, Table 1 and Table 2.
Great advances have been made over recent years in the diagnosis
and management of DSD, most notably in the field of molecular
genetics technologies which have uncovered, more novel molecular
etiologies. Congenital Adrenal Hyperplasia (CAH) is the most
common of ambiguous genitalia in the newborns worldwide, while
mixed gonadal dysgenesis (MGD) is the second most frequent cause
[13,14].

Table 1: Major causes of disorder of sex development (DSD) in patients with 46XY karyotype.

Lack of synthesis of testosterone

=) Testicular differentiation defects

. Pure gonadal dysgenesis

. Absence of Leyding cells or luteinizing hormone
receptor

. Testicular regression

. Gonadotrophine Hormone Deficiency

== Enzyme deficiency in testosterone pathway

46, XY DSD . 20, 22-demolase
o 17, 20-lyase
. 3 B -hydroxysteroid dehydrogenase
. 17- hydroxysteroid dehydrogenase
Lack of synthesis of dihydrotestosterone 5 o -reductase deficiency
End-organ-unresponsiveness (resistance) : Ssrrr’)dpallete
Ovotesticular DSD

Multiple congenital anomalies
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Table 2: Major causes of disorders of sex development (DSD) in patient with 46 XX, and mixed karyotypes.

Congenital Adrenal Hyperplasia (CAH)

Enzyme Deficiency:

21 o -Hydroxylase

11 B -Hydroxylase

3 B -Hydroxysteroid dehydrogenase

46, XX DSD °
Ovarian/Adrenal Tumors (mother-child)
Placental Aromatase Deficiency
Exposure to exogenous medication (synthetic progestin preparation)
Syndrome associated with multiple congenital anomalies:
. CHARGE
. VATER Syndrome

Bladder and cloacal exstrophy

Mixed Karyotype

Ovotesticular DSD 46, XX/46, XY

Mixed gonadal dysgenesis 45, X/ 46, XY

Diagnostic Approach ofthe Disorders of SexDevelopment
(DSD), and the Issue of Sex Assignmen (Sex of Rearing)

The main goal of the managementis to reach a correct diagnosis,
in a timely manner, to avoid the issue of sex-reassignment and
its consequences. Patients with disorders of sex development
(DSD), and ambiguous genitalia, should be managed in a highly
specialized medical center, where a multi-disciplinary team of
specialists capable of managing such disorder is present. The team
consists of pediatric endocrinologist, geneticist, pediatric surgeon,
urologist, plastic surgeon, child psychologist or psychiatrist,
pediatric radiologist, social worker and other specialties such
as a nurse and gynecologist to be consulted whenever needed.
The team should develop and outline a clear plan for the clinical
management. Parents need to be supported as they are shocked
and require counselling. The team should provide parents with the
initial information clearly and openly and advise them to delay the
registration of the birth and naming the child. Ideally, discussion
with the family should be conducted by one professional. The
team has also the responsibility to educate other health staff in the
appropriate initial management of affected newborn infant, or child
and their families.

A complete detailed history is essential for an appropriate
diagnosis, which include unexplained deaths, fertility, similar
genital ambiguity in the family, hirsutism, amenorrhea, maternal
exposure to exogenous medications, containing androgens, such
as synthetic progesterone preparation and consanguinity. Also, the
possibility of placental aromataze deficiency, maternal androgen
secreting hormone, and a history of maternal virilization during
pregnancy. Patient should be examined, in the presence of parents,
where the physical findings should be demonstrated to them. In
a warm and quit place, while the baby in the frog leg position, a
general inspection is performed focusing on the genitalia, any
other associated congenital anomalies, signs of dehydration and

hyperpigmentation. Then palpate for the gonads within the inguinal
canal, scrotum, and labioscrotal folds. The gonads are sometime not
palpable. A palpable gonad is most likely testis or rarely ovotestis
because a streak of gonads and ovaries do not usually descend.
Measure the abnormal phallic width and stretched penile length,
as well as the examination for fused labia or biffed scrotum and
determine the position of the urethral opening and other orifices
in the perineum.

Table 3: Degree of virilisation of the external genitalia according
to Prader’s classification.

Classification Characteristics
Type 1 (P-1) Clitoral hypertrophy
Type 2 (P-2) Clitoral hypertrophy, urethral and vaginal orifices
present, but very near
Clitoral hypertrophy, single urogenital orifice, posterior
Type 3 (P-3) fusion of the labia majora
. Penile clitoris, perioneoscrotal hypospadias, complete
Type 4 (P-4) fusion of the labia majora
Complete masculinisation (normal-looking male
Type 5 (P-5) genitalia) but no palpable testes

The Prader classification Table 3 provides a useful guide for the
severity of virilization. The finding ranges from mild clitoromegaly,
Prader I, to complete virilization with urethral opening up at the
tip of the enlarged phallus like structure, Prader 5. The patient can
be classified, therefore, into the the palpable and non-palpable
gonads. The following represents the diagnostic algorithm for
patients with ambiguous genitalia in which the gonads are either
palpable or not (Figure 4). Although, diagnostic algorithms do exist,
yet with the spectrum of findings, no single evaluation protocol can
be recommended in all circumstances. Establishing the genetic sex
(karyotype) should be the first step, coupled with determining the
anatomical status of the internal organs, by utilizing the various
radiological tools (Ultrasound (US), Fluoroscopy-Genitography and
Magnetic Resonance Imaging (MRI) (Figures 5-9). Further specific
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hormonal investigations (serum electrolytes, glucose, 17 - hydroxy investigation are available as a guideline [7,15-22]. Possible
progesterone (17-OHP), testosterone, gonadotropins and anti- diagnosis and further investigations depend on the results of the
Mullerian hormone). and therapeutic trials need to be undertaken initial investigations. The hGG, ACTH and GnRH stimulation tests
to specify the cause and, hence, the appropriate therapy. Decision to assess testicular and related steroid biosynthesis pathway, can

making algorithms based on the karyotype, and other hormonal be perfound.

Gonads
Palpable Not palpable
® Karyotype * Karyotype
& Pelvic US ® Pelvic US
®  hCG stimulation test * 170HFP and
electrolvtes
# Lack of synthesis of testosterone + CAH
* So-reductase * Exposure to androgen
* End-organ unresponsiveness ¢ Ovarian/Adrenal tumor
s Ovotesticular DSD (mother/child)
» Multiple congenital anomalies » Ovotesticular DSD
* Dysmorphic syndromes

Figure 4: Diagnostic Algorithm for patients with ambiguous genitalia, based on gonadal palpation.

Figure 5: Ultrasound pelvis demonstrates fluid filed upper vagina (white arrow). Ovaries were not visualized on this scan. The
urinary bladder (white star).
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Bladder

Figure 6: Ultrasound pelvis demonstrates presence of the uterus (white arrow). No ovaries were visualized. The urinary blad-
der (white star).

D AT &m

©

Figure 7: Ultrasound pelvis (A) and scrotum (B) and (C) demonstrate absence of uterus and ovaries with presence of both
testes in the scrotum (white arrows) with mild hydrocele on left side (white star). The urinary bladder (white star) and rectum
(black star).
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Figure 8: Fluoroscopy genitogram demonstrates normal appearing urinary bladder (black star) and urethra (white arrow) with
dilated upper vagina (black arrowhead) with communication with lower urethra (black arrow).

B)

Figure 9: (A and B) MRI pelvis T2 weighted image sagittal (A) and axial (B) demonstrates presence of a dilated upper vagina
(black star) and the uterus (white arrow) with two separate cavities (white arrow heads) (bicornute uterus). No ovaries or testes
were visualized.
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Some trial of testosterone injections could differentiate
between partial and complete androgen insensitivity. Gene
analysis. Studies can be performed in specialized laboratories.
Laparotomy or laparoscopy with gonadal biopsies are needed
at times. Preoperative endoscopy and laparoscopy can provide
useful anatomical details that can help in the diagnosis and surgical
planning. The presence of a cervix and a uterus exclude 46, XY DSD,
except for persistent Miillerian duct syndrome and dysgenetic
gonads. Preoperative endoscopy is considered an integral part
of genitoplasty, as it facilitates the insertion of a Fogarty balloon
catheter. A biopsy as well as laparoscopy is not required when the
diagnosis is clearly established biochemically or by gene studies, as
the histology can be confidently predicted. It is only required when

an ovotestis or dysgenetic gonad is suspected, to determine the
definitive diagnosis (Figure 10) [2,24]. The assignment depends on
many factors, including the genes involved. Despite the significant
progress made over recent years in understanding the genetic
basis of human sexual development, a specific molecular diagnosis
is identified in about 20% of cases of DSD. Most virilised 46, XX
infants will have CAH. By contrast, only half of 46, XY children
with DSD will be given a definitive diagnosis. Nevertheless, the
molecular diagnosis alone cannot dictate the gender assignment.
There are several other factors that cannot be ignored, including
genital appearance, prenatal androgen exposure, surgical options,
the need for lifelong hormone therapy, fertility potential, family

wishes, and social circumstances.

Figure 10: A medical photograph of a patient with ambiguous genitalia (A) the karyotype showed 45X/46XY a mar SRY pos-
itive. Note, normal vagina and urethra, with marked clitromegally, magnetic resonance imaging (MRI) of pelvis (B) showing
hypoplastic uterus and gonadal dysgenesis. Pelvic laparscopy showed a small uterus, well developed right gonad (ovary), and

left streak of gonads (testes) (C).

Disorders that are preferably raised as males are:

1. XY karyotype, relative virilisation, partial androgen
insensitivity (PAIS),
dehydrogenase deficiency.

5a-reductase or 17B-hydroxysteroid

a. At puberty, two-thirds of those reared as females virilise
and live as males.

b.  Fertility is possible in 5a-reductase deficiency.

c.  Dissatisfaction is reported by 25% of patients with PAIS

regardless of sex of rearing.
1.  Micropenis and 46, XY cloacal exstrophy.

2. 46, XX CAH in older patients who have normal male
external genitalia but with a delayed diagnosis. By contrast,
evidence supports the current recommendation to raise
markedly virilised 46, XX newborns with CAH as female.
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Disorders that are preferably raised as females are:

a.  46,XYindividuals with PAIS or genital gonadal dysgenesis
(GD) with poorly virilised genitalia.

b. 46, XX individuals with CAH with milder degrees of
virilisation.

c.  All patients with 46, XY CAIS with no ambiguous genitalia
who were assigned as female in infancy. All such patients later
identify themselves as females.

Although the diagnosis of the various etiological causes of
disorders pf sex development (DSD) can be delineated through
chromosomal analysis, the radiological imaging, and various
hormonal studies, the issue of sex assignment in the newborn with
ambiguous genitalia is in a state of controversy. The conventional
way to the approach of sex assignment depends on so many factors
of which; the potential for sexual activity, fertility, especially in
46XX female, the feasibility of constructive surgery, and cosmetic
appearance of the reconstructed genitalia based on the recognition
that the external female genitalia are generally easier to construct
than male. Patients with 46 XX CAH should be raised as females,
because 90% of them have a female gender identify, the potential
for normal sexual function, and fertility in 90%. However, they
are not without long term psychosocial adjustment problems. In
contract, management of patients with 46 XY DSD are so complex
and need better understanding. Patients with XY karyotype and
steroid 5-a-reductase, and 17-B-hydroxysteroid dehydrogenase
deficiency are usually raised as males. This reflect the potentiality
for virilization at puberty and the possibility for fertility, while
that for patients with 46 XY and complete androgen insensitivity
syndrome (CAIS) or complete gonadal dysgenesis are to be raised
as females as they have usually phenotype females and require
minimal surgery.

Management

Managing a patient with sexual ambiguity is so complex
and challenging and depends on the sex assigned. Hormonal
replacement therapy and surgery, all of which are crucial and
considered as a part of the care.

Hormone Replacement Therapy

Hormonal therapy forms an important part of the treatment of
disorders of sex development (DSD). For some conditions, such as,
congenital adrenal hyperplasia (CAH), which forms the majority,
hormonal replacement therapy is lifesaving as both hormones
necessary for survival (cortisol and aldosterone). For patients
with one of the many causes of hypogonadism sex hormone
(testosterone) replacement therapy may be needed at puberty to
stimulate sexual development. It has equally important and highly
beneficial effects on bone minerals density. Dexamethase therapy
is also used to prevent the development of ambiguous genitalia in

female fetus with 21-hydroxylase deficiency CAH. As a matter of fact,
that these hormones does nothing to treat or cure the underlying
disease. For patients who were raised as females sex estrogen
therapy should be prescribed, during puberty, to stimulates the
sexual characteristics [25,26].

Surgery

Once an appropriate sex assignment has been made, the next
critical step is the performance, if needed, of reconstructive surgery,
such as feminizing genitoplasty in those rented a female sex. The
timing is so crucial and important. While most surgeons prefer
it to be done early in infancy, as surgery will improve the child’s
maternal relationship, and relieve some of the parental distress.
Other surgeons prefer to do it at puberty, Vaginal dilatation should
be avoided before puberty. Children who have early reconstructive
surgery should have revision of the vagina at adolescence. The
testes in patients with complete adrenal insensitivity syndrome
(CAIS), and other patients who were raised as females should be
removed to avoid malignancy in adulthood. The time is debatable,
while some recommend its removal at the time of diagnosis to avoid
the adverse effects of testosterone on the neurons. Others suggest
to defers that at the time of puberty to allow estrogen formation,
needed for feminization so as for the streak of gonads. In individuals
with 46XY karyotype, who were raised as males such as partial
androgen insensitivity syndrome (PAIS) and steroid 5-a-reductase-
enzyme-2-deficiency, the management is so complex. They have
shown a strong tendency to virilize at puberty. Also, it is important
to understand that it is more difficult and complex to reconstruct
a penis. This is usually start with releasing the chordee and
constructing a urethra. Finally, a laproseay is essential to diagnose

and treat some forms of disorders of sex development (DSD).

The patients with urogenital sinus complicated by urinary
stasis and/ or infection may require an early intervention. The ease
with which vaginoplasty can be performed at any age depends on
the length of the common urogenital sinus. The essential elements
of feminising genitoplasty include vaginoplasty and clitoral
reduction; recession, i.e, clitoral shaft resection with preservation
of the glands and its neurovascular bundles. Vaginal lengthening
is important for satisfactory intercourse, various methods of self-
dilation of total vaginal replacement is required, sigmoid colon or
ileum are probably the best options, but both skin and amnion graft
can be used [27-36].
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