be discontinued and PRL levels followed serially, especially if
headaches or visual symptoms occur. For women harboring
macroadenomas, regular visual field testing is recommended,
and the drug should be reinstituted if tumor growth is apparent.
Although pituitary MRI may be safe during pregnancy, this procedure should be reserved for symptomatic patients with severe
headache and/or visual field defects. Surgical decompression
may be indicated if vision is threatened. Although comprehensive data support the efficacy and relative safety of bromocriptine-facilitated fertility, patients should be advised of potential
unknown deleterious effects and the risk of tumor growth during
pregnancy. Because cabergoline is long-acting with a high D2receptor affinity, it is not recommended for use in women when
fertility is desired.

Table 403-6 Causes of Acromegaly
Prevalence, %
Excess Growth Hormone Secretion
Pituitary
98
Densely or sparsely granulated GH cell adenoma
60
Mixed GH cell and PRL cell adenoma
25
Mammosomatotrope cell adenoma
10
Plurihormonal adenoma
GH cell carcinoma or metastases
Multiple endocrine neoplasia 1 (GH cell adenoma)
McCune-Albright syndrome
Ectopic sphenoid or parapharyngeal sinus pituitary
adenoma
Extrapituitary tumor
Pancreatic islet cell tumor
<1
Lymphoma
Excess Growth Hormone–Releasing Hormone Secretion
Central
<1
Hypothalamic hamartoma, choristoma, ganglioneuroma <1
Peripheral
<1
Bronchial carcinoid, pancreatic islet cell tumor, small
cell lung cancer, adrenal adenoma, medullary thyroid
carcinoma, pheochromocytoma
Abbreviations: GH, growth hormone; PRL, prolactin.
Source: Adapted from S Melmed: N Engl J Med 355:2558–2573, 2006.
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Presentation and Diagnosis Protean manifestations of GH and IGF-I
hypersecretion are indolent and often are not clinically diagnosed for
10 years or more. Acral bony overgrowth results in frontal bossing,
increased hand and foot size, mandibular enlargement with prognathism, and widened space between the lower incisor teeth. In children
and adolescents, initiation of GH hypersecretion before epiphyseal
long bone closure is associated with development of pituitary gigantism
(Fig. 403-4). Soft tissue swelling results in increased heel pad thickness,
increased shoe or glove size, ring tightening, characteristic coarse facial
features, and a large fleshy nose. Other commonly encountered clinical
features include hyperhidrosis, a deep and hollow-sounding voice, oily
skin, arthropathy, kyphosis, carpal tunnel syndrome, proximal muscle
weakness and fatigue, acanthosis nigricans, and skin tags. Generalized
visceromegaly occurs, including cardiomegaly, macroglossia, and thyroid gland enlargement.
The most significant clinical impact of GH excess occurs with respect
to the cardiovascular system. Coronary heart disease, cardiomyopathy
with arrhythmias, left ventricular hypertrophy, decreased diastolic function, and hypertension ultimately occur in most patients if untreated.
Upper airway obstruction with sleep apnea occurs in more than 60%
of patients and is associated with both soft tissue laryngeal airway
obstruction and central sleep dysfunction. Diabetes mellitus develops
in 25% of patients with acromegaly, and most patients are intolerant of
a glucose load (as GH counteracts the action of insulin). Acromegaly
is associated with an increased risk of colon polyps and mortality from
colonic malignancy; polyps are diagnosed in up to one-third of patients.
Overall mortality is increased about threefold and is due primarily to
cardiovascular and cerebrovascular disorders and respiratory disease.
Unless GH levels are controlled, survival is reduced by an average of
10 years compared with an age-matched control population.
Laboratory Investigation Age-matched serum IGF-I levels are elevated in acromegaly. Consequently, an IGF-I level provides a useful
laboratory screening measure when clinical features raise the possibility of acromegaly. Due to the pulsatility of GH secretion, measurement
of a single random GH level is not useful for the diagnosis or exclusion of acromegaly and does not correlate with disease severity. The
diagnosis of acromegaly is confirmed by demonstrating the failure
of GH suppression to <0.4 μg/L within 1–2 h of an oral glucose load
(75 g). When newer ultrasensitive GH assays are used, normal nadir
GH levels are even lower (<0.05 μg/L). About 20% of patients exhibit
a paradoxical GH rise after glucose. PRL should be measured, as it
is elevated in ~25% of patients with acromegaly. Thyroid function,
gonadotropins, and sex steroids may be attenuated because of tumor
mass effects. Because most patients will undergo surgery with glucocorticoid coverage, tests of ACTH reserve in asymptomatic patients are
more efficiently deferred until after surgery.

TREATMENT

CHAPTER 403 Anterior Pituitary Tumor Syndromes

ACROMEGALY
Etiology GH hypersecretion is usually the result of a somatotrope adenoma but may rarely be caused by extrapituitary lesions (Table 403-6).
In addition to the more common GH-secreting somatotrope adenomas, mixed mammosomatotrope tumors and acidophilic stem-cell
adenomas secrete both GH and PRL. In patients with acidophilic
stem-cell adenomas, features of hyperprolactinemia (hypogonadism and galactorrhea) predominate over the less clinically evident
signs of acromegaly. Occasionally, mixed plurihormonal tumors are
encountered that also secrete ACTH, the glycoprotein hormone α
subunit, or TSH in addition to GH. Patients with partially empty sellas may present with GH hypersecretion due to a small GH-secreting
adenoma within the compressed rim of pituitary tissue; some of these
may reflect the spontaneous necrosis of tumors that were previously
larger. GH-secreting tumors rarely arise from ectopic pituitary tissue
remnants in the nasopharynx or midline sinuses.
There are case reports of ectopic GH secretion by tumors of pancreatic, ovarian, lung, or hematopoietic origin. Rarely, excess GHRH
production may cause acromegaly because of chronic stimulation of
somatotropes. These patients present with classic features of acromegaly, elevated GH levels, pituitary enlargement on MRI, and pathologic
characteristics of pituitary hyperplasia. The most common cause of
GHRH-mediated acromegaly is a chest or abdominal carcinoid tumor.

Although these tumors usually express positive GHRH immunoreac- 2269
tivity, clinical features of acromegaly are evident in only a minority of
patients with carcinoid disease. Excessive GHRH also may be elaborated by hypothalamic tumors, usually choristomas or neuromas.

Acromegaly

The goal of treatment is to control GH and IGF-I hypersecretion,
ablate or arrest tumor growth, ameliorate comorbidities, restore
mortality rates to normal, and preserve pituitary function.
Surgical resection of GH-secreting adenomas is the initial treatment for most patients (Fig. 403-5). Somatostatin analogues are
used as adjuvant treatment for preoperative shrinkage of large invasive macroadenomas, immediate relief of debilitating symptoms,
and reduction of GH hypersecretion; in frail patients experiencing
morbidity; and in patients who decline surgery or, when surgery
fails, to achieve biochemical control. Irradiation or repeat surgery
may be required for patients who cannot tolerate or do not respond
to adjunctive medical therapy. The high rate of late hypopituitarism
and the slow rate (5–15 years) of biochemical response are the
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