2260 requires retesting to document subsequent adult GH deficiency. Up to

20% of patients previously treated for childhood-onset GH deficiency
are found to be GH-sufficient on repeat testing as adults.
A significant proportion (~25%) of truly GH-deficient adults have
low-normal IGF-I levels. Thus, as in the evaluation of GH deficiency
in children, valid age- and sex-matched IGF-I measurements provide
a useful index of therapeutic responses but are not sufficiently sensitive for diagnostic purposes. The most validated test to distinguish
pituitary-sufficient patients from those with AGHD is insulininduced (0.05–0.1 U/kg) hypoglycemia. After glucose reduction to
~40 mg/dL, most individuals experience neuroglycopenic symptoms
(Chap. 420), and peak GH release occurs at 60 min and remains elevated for up to 2 h. About 90% of healthy adults exhibit GH responses
>5 μg/L; AGHD is defined by a peak GH response to hypoglycemia
of <3 μg/L. Although insulin-induced hypoglycemia is safe when performed under appropriate supervision, it is contraindicated in patients
with diabetes, ischemic heart disease, cerebrovascular disease, or
epilepsy and in elderly patients. Alternative stimulatory tests include
intravenous arginine (30 g), GHRH (1 μg/kg), GHRP-6 (90 μg), and
glucagon (1 mg). Combinations of these tests may evoke GH secretion
in subjects who are not responsive to a single test.
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Once the diagnosis of AGHD is unequivocally established, replacement of GH may be indicated. Contraindications to therapy include
the presence of an active neoplasm, intracranial hypertension, and
uncontrolled diabetes and retinopathy. The starting dose of 0.1–0.2
mg/d should be titrated (up to a maximum of 1.25 mg/d) to maintain IGF-I levels in the mid-normal range for age- and sex-matched
controls (Fig. 402-1). Women require higher doses than men,
and elderly patients require less GH. Long-term GH maintenance
sustains normal IGF-I levels and is associated with persistent body
composition changes (e.g., enhanced lean body mass and lower
body fat). High-density lipoprotein cholesterol increases, but total
cholesterol and insulin levels may not change significantly. Lumbar
spine bone mineral density increases, but this response is gradual
(>1 year). Many patients note significant improvement in quality of
life when evaluated by standardized questionnaires. The effect of
GH replacement on mortality rates in GH-deficient patients is currently the subject of long-term prospective investigation.

About 30% of patients exhibit reversible dose-related fluid retention, joint pain, and carpal tunnel syndrome, and up to 40% exhibit
myalgias and paresthesia. Patients receiving insulin require careful
monitoring for dosing adjustments, as GH is a potent counterregulatory hormone for insulin action. Patients with type 2 diabetes mellitus
initially develop further insulin resistance. However, glycemic control
usually improves with the sustained loss of abdominal fat associated
with long-term GH replacement. Headache, increased intracranial
pressure, hypertension, and tinnitus occur rarely. Pituitary tumor
regrowth and progression of skin lesions or other tumors are being
assessed in long-term surveillance programs. To date, development
of these potential side effects does not appear significant.

ACTH DEFICIENCY
Presentation and Diagnosis
Secondary adrenal insufficiency occurs as a result of pituitary ACTH
deficiency. It is characterized by fatigue, weakness, anorexia, nausea,
vomiting, and, occasionally, hypoglycemia. In contrast to primary adrenal failure, hypocortisolism associated with pituitary failure usually is
not accompanied by hyperpigmentation or mineralocorticoid deficiency.
ACTH deficiency is commonly due to glucocorticoid withdrawal
after treatment-associated suppression of the hypothalamic-pituitaryadrenal (HPA) axis. Isolated ACTH deficiency may occur after surgical
resection of an ACTH-secreting pituitary adenoma that has suppressed
the HPA axis; this phenomenon is in fact suggestive of a surgical cure.
The mass effects of other pituitary adenomas or sellar lesions may lead
to ACTH deficiency, but usually in combination with other pituitary
hormone deficiencies. Partial ACTH deficiency may be unmasked in
the presence of an acute medical or surgical illness, when clinically
significant hypocortisolism reflects diminished ACTH reserve. Rarely,
TPIT or POMC mutations result in primary ACTH deficiency.
Laboratory Diagnosis
Inappropriately low ACTH levels in the setting of low cortisol levels
are characteristic of diminished ACTH reserve. Low basal serum
cortisol levels are associated with blunted cortisol responses to ACTH
stimulation and impaired cortisol response to insulin-induced hypoglycemia, or testing with metyrapone or CRH. For a description of
provocative ACTH tests, see Chap. 406.

TREATMENT

MANAGEMENT OF ADULT GH DEFICIENCY
History of pituitary pathology
Clinical features present
Evoked GH < 3 μg/L
Exclude contraindications
Treat with
GH 0.1–0.3 mg/d
Check IGF-I after 1 mo
Titrate GH dose
up to 1.25 mg/d
6 mo
No
response
Discontinue Rx

Response
Monitor
IGF-I Levels

Figure 402-1 Management of adult growth hormone (GH)
deficiency. IGF, insulin-like growth factor; Rx, Treatment.
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ACTH Deficiency

Glucocorticoid replacement therapy improves most features of
ACTH deficiency. The total daily dose of hydrocortisone replacement preferably should not exceed 25 mg daily, divided into two
or three doses. Prednisone (5 mg each morning) is longer acting
and has fewer mineralocorticoid effects than hydrocortisone. Some
authorities advocate lower maintenance doses in an effort to avoid
cushingoid side effects. Doses should be increased severalfold during periods of acute illness or stress.

GONADOTROPIN DEFICIENCY
Hypogonadism is the most common presenting feature of adult hypopituitarism even when other pituitary hormones are also deficient. It
is often a harbinger of hypothalamic or pituitary lesions that impair
GnRH production or delivery through the pituitary stalk. As noted
below, hypogonadotropic hypogonadism is a common presenting
feature of hyperprolactinemia.
A variety of inherited and acquired disorders are associated
with isolated hypogonadotropic hypogonadism (IHH) (Chap. 411).
Hypothalamic defects associated with GnRH deficiency include
Kallmann syndrome and mutations in more than a dozen genes that
regulate GnRH neuron migration, development, and function (see
above). Mutations in GPR54, DAX1, kisspeptin, the GnRH receptor,
and the LHβ or FSHβ subunit genes also cause pituitary gonadotropin
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