evaluated over the long term in previously irradiated patients, and
replacement therapy instituted when appropriate (see below).
Lymphocytic Hypophysitis This occurs most often in postpartum
women; it usually presents with hyperprolactinemia and MRI evidence
of a prominent pituitary mass that often resembles an adenoma, with
mildly elevated PRL levels. Pituitary failure caused by diffuse lymphocytic infiltration may be transient or permanent but requires immediate evaluation and treatment. Rarely, isolated pituitary hormone
deficiencies have been described, suggesting a selective autoimmune
process targeted to specific cell types. Most patients manifest symptoms of progressive mass effects with headache and visual disturbance.
The erythrocyte sedimentation rate often is elevated. Because the MRI
image may be indistinguishable from that of a pituitary adenoma,
hypophysitis should be considered in a postpartum woman with a
newly diagnosed pituitary mass before an unnecessary surgical intervention is undertaken. The inflammatory process often resolves after
several months of glucocorticoid treatment, and pituitary function
may be restored, depending on the extent of damage.

Empty Sella A partial or apparently totally empty sella is often an
incidental MRI finding, and may be associated with intracranial
hypertension. These patients usually have normal pituitary function,
implying that the surrounding rim of pituitary tissue is fully functional. Hypopituitarism, however, may develop insidiously. Pituitary
masses also may undergo clinically silent infarction and involution
with development of a partial or totally empty sella by cerebrospinal
fluid (CSF) filling the dural herniation. Rarely, small but functional
pituitary adenomas may arise within the rim of normal pituitary tissue,
and they are not always visible on MRI.
PRESENTATION AND DIAGNOSIS
The clinical manifestations of hypopituitarism depend on which hormones are lost and the extent of the hormone deficiency. GH deficiency
causes growth disorders in children and leads to abnormal body composition in adults (see below). Gonadotropin deficiency causes menstrual disorders and infertility in women and decreased sexual function,
infertility, and loss of secondary sexual characteristics in men. TSH and
ACTH deficiency usually develop later in the course of pituitary failure.
TSH deficiency causes growth retardation in children and features of
hypothyroidism in children and adults. The secondary form of adrenal
insufficiency caused by ACTH deficiency leads to hypocortisolism with
relative preservation of mineralocorticoid production. PRL deficiency
causes failure of lactation. When lesions involve the posterior pituitary,
polyuria and polydipsia reflect loss of vasopressin secretion. In patients
with long-standing pituitary damage, epidemiologic studies document
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LABORATORY INVESTIGATION
Biochemical diagnosis of pituitary insufficiency is made by demonstrating low levels of respective pituitary trophic hormones in the setting of
low levels of target hormones. For example, low free thyroxine in the
setting of a low or inappropriately normal TSH level suggests secondary
hypothyroidism. Similarly, a low testosterone level without elevation of
gonadotropins suggests hypogonadotropic hypogonadism. Provocative
tests may be required to assess pituitary reserve (Table 402-2). GH
responses to insulin-induced hypoglycemia, arginine, L-dopa, growth
hormone–releasing hormone (GHRH), or growth hormone–releasing
peptides (GHRPs) can be used to assess GH reserve. Corticotropinreleasing hormone (CRH) administration induces ACTH release, and
administration of synthetic ACTH (cosyntropin) evokes adrenal cortisol release as an indirect indicator of pituitary ACTH reserve (Chap.
406). ACTH reserve is most reliably assessed by measuring ACTH and
cortisol levels during insulin-induced hypoglycemia. However, this
test should be performed cautiously in patients with suspected adrenal
insufficiency because of enhanced susceptibility to hypoglycemia and
hypotension. Administering insulin to induce hypoglycemia is contraindicated in patients with active coronary artery disease or known
seizure disorders.
TREATMENT

Hypopituitarism

Hormone replacement therapy, including glucocorticoids, thyroid
hormone, sex steroids, growth hormone, and vasopressin, is usually safe and free of complications. Treatment regimens that mimic
physiologic hormone production allow for maintenance of satisfactory clinical homeostasis. Effective dosage schedules are outlined in
Table 402-3. Patients in need of glucocorticoid replacement require
careful dose adjustments during stressful events such as acute illness, dental procedures, trauma, and acute hospitalization.

DISORDERS OF GROWTH AND DEVELOPMENT
Skeletal Maturation and Somatic Growth The growth plate is dependent
on a variety of hormonal stimuli, including GH, insulin-like growth
factor (IGF) I, sex steroids, thyroid hormones, paracrine growth
factors, and cytokines. The growth-promoting process also requires
caloric energy, amino acids, vitamins, and trace metals and consumes
about 10% of normal energy production. Malnutrition impairs chondrocyte activity, increases GH resistance, and reduces circulating IGF-I
and IGFBP3 levels.
Linear bone growth rates are very high in infancy and are pituitarydependent. Mean growth velocity is ~6 cm/year in later childhood
and usually is maintained within a given range on a standardized
percentile chart. Peak growth rates occur during midpuberty when
bone age is 12 (girls) or 13 (boys). Secondary sexual development is
associated with elevated sex steroids that cause progressive epiphyseal
growth plate closure. Bone age is delayed in patients with all forms of
true GH deficiency or GH receptor defects that result in attenuated
GH action.
Short stature may occur as a result of constitutive intrinsic growth
defects or because of acquired extrinsic factors that impair growth. In
general, delayed bone age in a child with short stature is suggestive of
a hormonal or systemic disorder, whereas normal bone age in a short
child is more likely to be caused by a genetic cartilage dysplasia or
growth plate disorder (Chap. 427).

CHAPTER 402 Hypopituitarism

Pituitary Apoplexy Acute intrapituitary hemorrhagic vascular events
can cause substantial damage to the pituitary and surrounding
sellar structures. Pituitary apoplexy may occur spontaneously in
a preexisting adenoma; postpartum (Sheehan’s syndrome); or in
association with diabetes, hypertension, sickle cell anemia, or acute
shock. The hyperplastic enlargement of the pituitary, which occurs
normally during pregnancy, increases the risk for hemorrhage and
infarction. Apoplexy is an endocrine emergency that may result in
severe hypoglycemia, hypotension and shock, central nervous system
(CNS) hemorrhage, and death. Acute symptoms may include severe
headache with signs of meningeal irritation, bilateral visual changes,
ophthalmoplegia, and, in severe cases, cardiovascular collapse and loss
of consciousness. Pituitary computed tomography (CT) or MRI may
reveal signs of intratumoral or sellar hemorrhage, with pituitary stalk
deviation and compression of pituitary tissue.
Patients with no evident visual loss or impaired consciousness can
be observed and managed conservatively with high-dose glucocorticoids. Those with significant or progressive visual loss, cranial nerve
palsy, or loss of consciousness require urgent surgical decompression.
Visual recovery after sellar surgery is inversely correlated with the
length of time after the acute event. Therefore, severe ophthalmoplegia
or visual deficits are indications for early surgery. Hypopituitarism is
common after apoplexy.

an increased mortality rate, primarily from increased cardiovascular 2257
and cerebrovascular disease. Previous head or neck irradiation is also a
determinant of increased mortality rates in patients with hypopituitarism, especially from cerebrovascular disease.

GH Deficiency in Children • GH deficiency Isolated GH deficiency is
characterized by short stature, micropenis, increased fat, high-pitched
voice, and a propensity to hypoglycemia due to relatively unopposed
insulin action. Familial modes of inheritance are seen in at least onethird of these individuals and may be autosomal dominant, recessive,
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