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Figure 410-3 Sex development. A. Internal urogenital tract. B. External genitalia. (After E Braunwald et al [eds]: Harrison’s Principles of Internal
Medicine, 15th ed. New York, McGraw-Hill, 2001.)
defects (CHDs) (30%) (bicuspid aortic valve, 30–50%; coarctation of
the aorta, 30%; aortic root dilation, 5%) require long-term follow-up
by an experienced cardiologist, antibiotic prophylaxis for dental or
surgical procedures, and serial magnetic resonance imaging (MRI)
of aortic root dimensions, because progressive aortic root dilation is
associated with increased risk of aortic dissection. Individuals found
to have congenital renal and urinary tract malformations (30%) are
at risk for urinary tract infections, hypertension, and nephrocalcinosis. Hypertension can occur independently of cardiac and renal
malformations and should be monitored and treated as in other
patients with essential hypertension. Clitoral enlargement or other
evidence of virilization suggests the presence of covert, translocated
Y chromosomal material and is associated with increased risk of
gonadoblastoma. Regular assessment of thyroid function, weight,
dentition, hearing, speech, vision, and educational issues should be
performed during childhood. Otitis media and middle-ear disease
are prevalent in childhood (50–85%), and sensorineural hearing loss
becomes progressively common with age (70–90%). Autoimmune
hypothyroidism (15–30%) can occur in childhood but has a mean
age of onset in the third decade. Counseling about long-term
growth and fertility issues should be provided. Patient support
groups are active throughout the world and can play an invaluable
role.
Short stature can be an issue for some girls because untreated
final height rarely exceeds 150 cm in nonmosaic 45,X TS. High-dose
recombinant growth hormone stimulates growth rate in children
with TS and is occasionally combined with low doses of the nonaromatizable anabolic steroid oxandrolone (up to 0.05 mg/kg per day)
in an older child (>9 years). However, final height increments are
often about 5–10 cm, and individualization of treatment response
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to regimens may be beneficial. Girls with evidence of ovarian
insufficiency require estrogen replacement to induce breast and
uterine development, support growth, and maintain bone mineralization. Most physicians now initiate low-dose estrogen therapy
(one-tenth to one-eighth of the adult replacement dose) to induce
puberty at an age-appropriate time (~12 years). Doses of estrogen
are increased gradually to allow development over a 2- to 4-year
period. Progestins are added later to regulate withdrawal bleeds.
Some women with TS have achieved successful pregnancy after
ovum donation and in vitro fertilization but are high risk, and cardiac assessment is required. Long-term follow-up of women with
TS involves careful surveillance of sex hormone replacement and
reproductive function, bone mineralization, cardiac function and
aortic root dimensions, blood pressure, weight and glucose tolerance, hepatic and lipid profiles, thyroid function, and hearing. This
service is provided by a dedicated TS clinic in some centers.
45,X/46,XY MOSAICISM (MIXED GONADAL DYSGENESIS)
The phenotype of individuals with 45,X/46,XY mosaicism (sometimes
called mixed gonadal dysgenesis) can vary considerably. Some have a
predominantly female phenotype with somatic features of TS, streak
gonads, and müllerian structures, and are managed as TS with a Y
chromosome. Most 45,X/46,XY individuals have a male phenotype
and testes, and the diagnosis is made incidentally after amniocentesis or during investigation of infertility. In practice, most newborns
referred for assessment have atypical genitalia and variable somatic
features. Management is complex and needs to be individualized. A
female sex-of-rearing is often assigned if uterine structures are present,
gonads are intraabdominal, and phallic development is incomplete. In
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