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Prolactinomas

Background

Prolactin (PRL)-secreting pituitary adenomas

comprise approximately 30% to 50% of endocrino-

logically active neoplasms of the hypophysis in

adults as well as in children [1–3]. Men usually

present with signs and symptoms related to mass

effect and with larger tumors compared to women.

Prolactinomas occurring in 20% of patients with

the multiple endocrine neoplasia-1 (MEN-1) syn-

drome (neuroendocrine lesions of the gastrointes-

tinal tract, primary hyperparathyroidism, and

pituitary adenomas) tend to be more aggressive

than the sporadic type [4]. Hyperprolactinemia

may be a functional abnormality in a large sub-

group of women with or without a demonstrable

microadenoma and appears to be self-limiting in

up to one third of women [5]. Pregnancy may

trigger a return to normal function [5]. Ten percent

of patients with idiopathic hyperprolactinemia

develop microadenomas [6]. The risk of progres-

sion from a microadenoma to a macroadenoma

is 7% over a period of 6 years [7].

The differential diagnosis of hyperprolac-

tinemia is extensive and includes (1) the use of

medications, such as neuroleptics, tricyclic

antidepressants, monoamine oxidase inhibitors,

serotonin reuptake inhibitors, alpha-methyldopa,

reserpine, verapamil, protease inhibitors, opiates,

and cocaine; (2) conditions such as renal insuffi-

ciency, cirrhosis, primary hypothyroidism, adrenal

insufficiency, and chest wall and cervical cord

lesions; (3) suckling, lesions of the hypothalamus

and masses compressing the pituitary stalk, which

elevates PRL to levels usually less than 150 ng/mL;

and (4) extremely rarely, the ectopic production of

PRL [6].

Endocrinopathy

Elevated PRL levels suppress the hypothala-

mic-pituitary-gonadal axis. Approximately one

third of female patients manifest amenorrhea

or menstrual abnormalities and infertility. Men

present with decreased libido, impotence, oligo-

spermia, and infertility. Hypogonadism may also

lead to dyspaneurea and osteoporosis [8]. Galac-

torrhea is present in 80% of women and appro-

ximately 30% of men [8]. Increased body weight

may be associated with hyperprolactinemia [9].

Children may present with delayed puberty and

arrest of growth [1].

Diagnostic evaluation

The initial endocrine evaluation should include

measurements of basal morning serum PRL,

free thyroid hormones, thyrotropin (TSH), and

serum insulin-like growth factor-1 (IGF-1) to rule

out growth hormone (GH) cosecretion by the

adenoma. Screening blood chemistry and preg-

nancy testing should be performed. The finding

of minimally elevated serum PRL levels requires

confirmation in several samples taken in the morn-

ing [8]. PRL-secreting macroadenomas are associ-

ated with PRL levels greater than 250 ng/mL, and

the size of the tumor correlates with the PRL level

[6]. When hypogonadism is suspected, serum tes-

tosterone or estradiol should be measured in men

and women, respectively.E-mail address: william.couldwell@hsc.utah.edu.
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Prolactinomas secreting large amounts of PRL

may give false low plasma values in the range of 30

to 200 lg/L when measured by the two-site mono-

clonal immunoradiometric assay (IRMA) or by

the chemiluminometric assay (ICMA) [10]. The

inaccurate measurement of PRL excess has been

called the ‘‘high dose hook effect’’ and affects the

measurement of serum PRL in approximately 6%

to 14% of patients with large pituitary tumors,

usually young men [10–12]. Serum PRL concentra-

tions should be measured in an undiluted serum

sample as well as after a 1:100 dilution [10].

Reported sensitivities of MRI in the detection

of microprolactinomas are approximately 55% to

90% for contrast-enhanced studies [13]. At a

PRL level of 52 ng/mL, the estimated probability

of a microadenoma is approximately 51% [13].

An incidental nonsecreting pituitary tumor may

be present in a patient with hyperprolactinemia

[14]. Because of its cost, in vivo imaging of tumor

dopamine receptors by means of radiolabeled dop-

amine D2 receptor radioligands is of limited value

[8]. Visual fields (Goldmann perimetry) are indi-

cated in patients with tumors adjacent to or press-

ing on the optic chiasm as visualized on MRI [6].

During pregnancy, tumor expansion of macropro-

lactinomas should be monitored by means of

PRL levels and visual field perimetry [8].

Gonadotroph cell adenomas

Background

Approximately one third of all pituitary adeno-

mas are nonsecretory [15]. Many of these lesions

actually secrete, although inefficiently [16], gona-

dotropins or their subunits [15,17]. Gonadotro-

pin-secreting adenomas constitute 40% to 50% of

all macroadenomas [16] and 7% to 15% of all pitui-

tary adenomas in adults [3]. These tumors are

extremely rare in children [1]. They affect both gen-

ders equally with a wide age range [3], although

most patients are diagnosed late in life. Thus,

despite hypersecretion of luteinizing hormone

(LH) and follicle-stimulating hormone (FSH), no

distinct hormone-dependent clinical syndrome is

present in most cases [15]. Patients usually seek

medical attention for neurologic symptoms result-

ing from mass effect or symptoms of invasion by

the gonadotroph adenomas, which can measure

up to several centimeters in diameter [15,17].

Bitemporal hemianopsia is the most common type

of visual deficit [16]. The patient may also present

with symptoms related to increased intracranial

pressure and hypothalamic compression [17].

Endocrinopathy

Complete or partial anterior pituitary failure is

present in approximately 75% of patients [15].

Central hypogonadism is noted in approximately

60% of men, who may present with symmetric tes-

ticular atrophy (mean testicular length of less than

3 cm), loss of libido, or impotence. Premenopausal

female patients may present with oligomenorrhea

or amenorrhea and infertility [15,17]. Central

hypothyroidism and hypocortisolism are detected

in 34% and 26% of patients, respectively [15].

Hypopituitarism, when secondary to intrasellar

pressure increase, may be reversible with therapy

[15]. Severe hyperstimulation of the ovaries has

been documented in a 34-year-old woman with a

huge pituitary gonadotroph adenoma [18]. Rarely,

hypersecretion of LH may cause precocious

puberty in boys [19,20].

Diagnostic evaluation

Evaluating the patient for hypopituitarism con-

sists of measuring plasma LH, FSH, testosterone,

estradiol, PRL, TSH, free thyroid hormones, cor-

ticotropin, cortisol, and IGF-1. Central hypogo-

nadism with inappropriately low gonadotropin

levels and a serum total testosterone concentration

below 300 ng/dL are noted in more than one half

of male patients [15]. Hyperprolactinemia has been

reported in 33% of patients, irrespective of gender,

with a maximal value of 110 ng/mL [15].

Careful measurements of basal and thyrotro-

pin-releasing hormone (TRH)–stimulated gonado-

tropins and subunits should be conducted [17].

Immunometric and immunofluorimetric assays

for intact LH measurement avoid cross-reactivity

with the a-subunit molecule and are preferable

[16]. In approximately 50% to 75% of patients,

secretion of the combination of intact FSH (>10

IU/L in men) and a-subunit, FSH-b subunit, and

LH-b subunit can be documented in vivo [16,21].

Gonadotropinomas may also secrete a-subunit
and b-subunit of LH and FSH alone [15,17]. Intact

LH excess secretion is much rarer (>10 IU/L) and

elevates serum testosterone levels in male patients

[17]. In normal men and women, the administra-

tion of TRH causes an absent FSH response [17]

and an increase in intact LH and LH b-subunit
of no more than 33% [16]. Similarly, in primary

hypogonadism, LH and FSH are elevated, and

neither intact gonadotropins nor their subunits
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respond to TRH [16]. Measurement of the LH b-
subunit, intact LH and FSH, and a-subunit
responses to TRH (500 lg intravenously) has

been shown to identify approximately 50% and

69% of gonadotropin tumors in men and women,

respectively [22,23]. TRH-stimulated LH b-unit
secretion seems to be the most sensitive test, result-

ing in elevated levels in 36% of men [23] and 68% of

women [22] harboring clinically nonfunctioning

pituitary tumors. Patients with gonadotropin-

producing pituitary tumors may have a greater

than 60% increment in plasma LH b-subunit
level in response to the administration of TRH

[22,23]. Because gonadotropin levels are elevated

in postmenopausal women, the in vivo diagnosis

of a gonadotroph cell adenoma rests on finding

a response to TRH of intact FSH or LH or, most

commonly, of LH b-subunit [16].
T1-weighted coronal spin-echo MRI images

before and after gadolinium administration detect

approximately 90% of nonfunctioning adenomas

[24]. In vivo labeling of pituitary dopamine D2

receptor by scintigraphy has been shown to corre-

late with the tumor size response to quinagolide,

a dopamine agonist [25,26]. The radiolabeled

somatostatin analogue 111indium-pentetreotide,

employed as an in vivo imaging modality, has

shown heterogeneous labeling of nonfunction-

ing tumors, and the results have failed to corre-

late with the therapeutic response to octreotide

[27,28]. Visual acuity assessment and neuro-oph-

thalmic evaluation of the visual fields, including

computerized tests, should be performed in pa-

tients harboring macroadenomas [16].

Acromegaly

Background

The average incidence of GH-secreting pitui-

tary adenomas is estimated at 3.3 cases per million

per year [29], with men and women being equally

affected [30–35]. Patients usually present in their

fourth decade, after the insidious onset and slow

progression of the disease over several years [3,36].

Somatotropinomas constitute approximately 20%

of all pituitary tumors and present as macro-

adenomas in approximately 75% of patients [3].

In children less than 20 years of age, GH-

secreting pituitary adenomas represent 8% of

pituitary tumors [1], the mean age at the onset of

symptoms is 10.7 years (range: 4–16 years) [30],

and the mean preoperative duration of symptoms

is 3.1 years (range: 0.5–6 years) [30]. GH-secreting

tumors in pediatric patients are more likely to be

locally invasive (40% of cases) or aggressive [30].

Plurihormonal GH adenomas cosecrete PRL,

TSH, corticotropin, or a-subunit [3,36]. Somato-

tropinomas are associated with the McCune-

Albright syndrome (polyostotic fibrous dysplasia,

cafe-au-lait pigmentation, and precocious pub-

erty), MEN-1 syndrome, and Carney syndrome

(skin and cardiac myxomas, Cushing’s syndrome,

and somatotropinomas) [36,37]. Excess growth

hormone releasing hormone (GHRH) causes

pituitary somatotroph hyperplasia and usually

originates from carcinoid tumors or, rarely, from

central hypothalamic hamartomas, gliomas, and

gangliocytomas [36]. Ectopic GH secretion is rare.

Early recognition of GH excess and treatment is

important, because acromegaly is associated with

reduced life expectancy as a result of vascular,

respiratory, and malignant diseases [31,38].

The overall length of survival is decreased by an

average of 10 years compared with matched con-

trol populations [29]. Normal life expectancy may

be restored after reducing GH levels to less than

2.5 lg/L with treatment [29,36,38].

Endocrinopathy

In children, the mean height at the time of sur-

gery is approximately 183 cm. In prepubescent

children, the clinical biologic characteristics of

acromegaly include rapid linear growth and gigan-

tism as well as precocious puberty. In pubescent

children, symptoms include rapid growth, amenor-

rhea, and hypogonadism. Headaches and visual

disturbances are common [1,30]. Approximately

half of the affected children have associated hyper-

prolactinemia or pituitary insufficiency [30].

In adults, the clinical manifestations of acrome-

galy secondary to high circulating GH and IGF-1

levels include skeletal and soft tissue overgrowth

and deformities as well as cardiac, respiratory,

neuromuscular, endocrine, and metabolic compli-

cations [32,34–36,39–45,47–51] and a propensity

toward neoplastic transformation [29,31,33,38,

52,53].

Musculoskeletal system

Periosteal new bone formation causes acral

enlargement, mandibular overgrowth, widening of

the maxilla, frontal bossing, nasal bone hyper-

trophy, and enlargement of paranasal sinuses

[36,46]. Axial and peripheral monoarticular and

polyarticular arthropathy is generally noninflam-

matory and occurs in approximately 70% of

patients [40]. Crepitus, stiffness, hypermobility,
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and debilitating joint pain precede the develop-

ment of chronic osteoarthritis. Joint effusions are

rare [36]. Both bone formation and resorption

are increased [48]. These patients have osteopenia

at trabecular sites on bone mineral density

(BMD) studies despite slightly elevated cortical

BMD [45]. Gonadal failure may contribute to the

osteoporosis [36].

Skin

Oily skin, hyperhidrosis, coarsening of body

hair, and Raynaud’s phenomenon are common.

Thickening of the skin produces facial coarsening,

spade-shaped hands, skin tags, and heel pads

[36,46].

Cardiovascular system

Atherosclerosis, cardiovascular, and cerebro-

vascular diseases double the death rate of acro-

megalic patients compared with the healthy

population [54], with approximately 60% of deaths

being attributed to cardiovascular disease [32].

Mononuclear cell infiltrates and interstitial fibrosis

of the myocardium have been found in up to 80%

of acromegalics [55] and involve both ventricles

[50]. In the early stages of the disease, some

patients present with a hyperkinetic syndrome

characterized by an increase in heart rate and car-

diac output and a decrease in vascular resistance.

Subclinical cardiomyopathy characterized by

biventricular diastolic dysfunction at rest and

impaired cardiac performance during exercise has

been documented in young, normotensive, non-

glucose-intolerant acromegalics [32,34,35]. Ap-

proximately 20% of patients have symptomatic

cardiac disease at the time of diagnosis [32].

Patients also develop systemic hypertension,

premature coronary disease, and arrhythmias,

particularly ventricular premature beats and intra-

ventricular conduction defects [36,50]. Left

untreated, congestive heart failure ensues as a

result of left ventricular dilatation and mitral or

aortic valve disease [42,50]. The reduction of

serum GH and IGF-1 levels improves cardiac

function [32].

Respiratory system

Respiratory dysfunction is common in acrome-

galics. Apnea during sleep is attributed to obstruc-

tive tissue thickening along the upper respiratory

tract [51] more often than to a central cause [43].

The pharynx of acromegalic patients with sleep-

disordered breathing is highly collapsible at both

the tongue base and soft palate edges [44]. Thick-

ening of the laryngeal mucosa and vocal cords

can produce a deep resonant voice and unilateral

or bilateral vocal cord fixation with laryngeal

stenosis [51]. Tracheostomy may be required,

particularly during anesthesia [36].

Neurologic system

Sensorimotor polyneuropathy in a stocking

and glove distribution develops in approximately

50% of patients with acromegaly. Peripheral

paresthesias, proximal muscle weakness, myalgias,

cramps, carpal tunnel syndrome, and serum creati-

nine phosphokinase (CPK) elevation also afflict

the patient [36,47].

Endocrine system

Hypopituitarism caused by compression of

normal pituitary tissue is common. More than

50% of patients have either amenorrhea or impo-

tence, and approximately 25% have secondary thy-

roid or adrenal failure [36]. Plurihormonal tumors

may be associated with hyperthyroidism or, more

commonly, hyperprolactinemia in up to 30% of

patients [56]. A high prevalence of thyroid enlarge-

ment or nodular goiter and an increased risk of

colloid, hyperplastic, or adenomatous nodules

have been observed [39]. Nodular or diffuse goiter

increases the risk of hyperthyroidism [57]. Un-

fortunately, effective treatment of the acrome-

galy has little effect on the shrinkage of thyroid

nodules [39]. Benign prostatic hyperplasia has

been found in 58% of acromegalics compared

with 27% of age-matched controls [41]. The

prevalence of structural abnormalities of the

prostate, including calcifications, nodules, cysts,

and vesicle inflammation, (78% versus 23% in con-

trols). Prostatic volume may increase despite the

presence of hypogonadism [41].

Metabolism

Chronic GH excess causes insulin resistance

in approximately 20% to 30% of patients, who

present with impaired glucose tolerance or overt

diabetes mellitus (DM) [48]. GH increases amino

acid retention and stimulation of protein synthesis,

leading to an increase in lean body mass [49]. The

antinatriuretic action of GH, when in excess, aug-

ments total body water and extracellular fluid vol-

ume and may cause mild arterial hypertension [48].

Total body potassium may be increased. GH

excess stimulates calcium absorption from the gas-

trointestinal tract as well as excretion of calcium

and phosphate in the urine [48].
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Neoplasia

Acromegaly is associated with an increased

prevalence of colorectal tubulovillous adenomas

and carcinomas [33], which may be secondary to

an increase in epithelial cell proliferation [58].

Recent reviews report a 2.5% to 5% incidence of

colorectal cancer and a 25% to 45% incidence of

colonic adenomas [33,36]. Acromegalics in whom

serum IGF-1 remains elevated or who have had

a previous adenoma are at high risk of developing

subsequent colorectal neoplasia [53]. In patients

older than 50 years of age who have had acrome-

galy for more than 10 years, the presence of three

or more skin tags is a reliable screen for colon

polyps [59]. An increased prevalence of thyroid

carcinoma has been reported in a large series of

patients [52].

Psychologic features

Acromegalic individuals suffer from depres-

sion, lability of mood, impaired concentration,

anxiety and irritability, body image distortions,

and social withdrawal [60].

Pregnancy

There have been more than 70 reported cases of

pregnancy in acromegalic women in the literature

[42,61]. Normalization of GH and PRL levels is

often necessary to promote fertility and concep-

tion [61]. Pregnancy exacerbated acromegaly in 4

of 24 patients in one series; however, none of the

potential complications of acromegaly, such as

hypertension, coronary artery disease, or DM,

have been shown to have a deleterious effect in

acromegalic women during pregnancy [61].

Diagnostic evaluation

Autonomous GH secretion can be reliably con-

firmed by the oral glucose tolerance test (OGTT).

The normal level of postglucose suppression of

GH is less than 2 lg/L by radioimmunoassay or

less than 1 lg/L by ultrasensitive IRMA or ICMA

1 to 2 hours after an oral glucose load (75 g)

[46,62,63]. Biochemical confirmation of the GH

hypersecretion requires a randomGH level greater

than 0.4 lg/L or a GH nadir during the OGTT

greater than 2 lg/L or 1 lg/L, depending on the

assay utilized, each with elevated sex- and age-

matched IGF-1 levels [64,65]. Recent studies have

suggested that certain patients with clinical fea-

tures of acromegaly and elevated IGF-1 levels

have GH nadirs less than 1 lg/L during the OGTT

[66]. GH levels are normally elevated during ado-

lescence and pregnancy and are decreased by inter-

current illness and malnutrition [46]. Elevated GH

levels are generally proportional to tumor size [46].

Distinction between pituitary and extrapitui-

tary disease can be accomplished with MRI. If evi-

dence of a pituitary adenoma is lacking, peripheral

GHRH-secreting tumors can be diagnosed by

measuring plasma GHRH levels [36]. Chest and

abdominal imaging is recommended to localize

the source of ectopic GH or GHRH. An empty

sella in an acromegalic patient who has no evi-

dence of extrapituitary tumor is suggestive of prior

pituitary infarction [36].

Scintigraphy using octreotide complexed to
111In by diethylene triamine pentaacetic acid

(DTPA) provides an imaging technique that

allows one to visualize pituitary tumors based

on the functional properties of their membrane

somatostatin receptors. A significant correlation

exists between 111In DTPA accumulation by

the adenoma and the effect on plasma GH levels

of octreotide administration [27].

Ancillary tests

Screening fasting blood chemistry, urine analy-

sis, and blood cell count are indicated. A careful

cardiac evaluation is mandatory in all patients

regardless of their age [34]. Investigation of dia-

stolic and systolic function by equilibrium radio-

nuclide angiography is advised at diagnosis and

can be useful to monitor abnormalities in cardiac

performance during treatment [32]. Acromegalic

patients older than 55 years of age with either an

elevated serum IGF-1 or a previous adenoma of

the bowel need long-term surveillance colonos-

copy for colorectal neoplasia, repeated at 3-year

intervals [53]. For patients who are either cured of

their disease or who have a normal colonoscopic

screening after the age of 40 years, 5-year screening

intervals might be appropriate [53]. Barium

radiography is not reliable because of the hyper-

trophied colonic mucosa and lengthening of the

bowel [36]. BMD and careful prostate screening

are recommended. Neuropsychologic assessment

may be of benefit to the patient’s emotional well

being [60]. Overnight sleep studies are required

for the evaluation of sleep apnea.

Corticotroph cell adenoma

Background

Cushing’s syndrome has a prevalence estimated

at approximately 10 per 1 million population [67].

The corticotropin-dependent forms include (1)

pituitary corticotroph adenomas or Cushing’s
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disease (CD) [3]; (2) syndrome of ectopic cortico-

tropin secretion by tumors originating in the lung,

bronchus, thymus, or pancreas, by pheochromocy-

toma and medullary thyroid carcinoma; and (3)

the rare ectopic corticotropin-releasing hormone

(CRH) secretion usually originating from pheo-

chromocytomas, gangliocytomas, and paragan-

gliomas [68,69].

CD accounts for 70% to 80% of corticotropin-

dependent forms of hypercortisolism [67]. Approx-

imately 15% of all pituitary adenomas in adults [3]

are corticotropin-secreting tumors, which are four-

fold to sixfold more prevalent in women [70] and

most often occur between the ages of 20 and 60

years [3]. In children older than 8 years of age,

pituitary disease accounts for more than 50% of

Cushing’s syndrome cases. Corticotropin-secret-

ing pituitary tumors represent approximately

55% of pituitary adenomas diagnosed in children

11 years old or younger and approximately 33%

of those diagnosed in children and young adults

younger than 20 years of age [1].The disease is

equally common in male and female prepubertal

children [71].

CD is most often caused by a solitary intrasel-

lar microadenoma. Macroadenomas account for

up to 10% of corticotropinomas, with invasiveness

being more frequent at a younger age [70]. Cere-

brospinal or extracranial metastasis occurs rarely

[72]. Nodular corticotroph hyperplasia without

evidence of a CRH-secreting neoplasm has been

reported in 2% or less of surgical cases [73].

Endocrinopathy

Clinical features highly suggestive of Cushing’s

syndrome include plethora, increased supraclavic-

ular fullness, central obesity, proximal muscle

weakness, cutaneous wasting (skinfold thickness

on the dorsum of the hand <2 mm), purple striae

more than 1 cm in diameter, spontaneous ecchy-

mosis, osteopenia, hypertension, and growth retar-

dation with delayed bone age in children [70,71].

Other symptoms and signs of hypercortisolemia

include papular acne, vellus hypertrichosis of the

forehead and upper cheeks, cutaneous and sys-

temic fungal infections, poor wound healing, lipid

abnormalities, decreased libido, oligomenorrhea

and amenorrhea, infertility, impotence, nephroli-

thiasis,polyuria,headaches,neuropsychiatricprob-

lems ranging from major affective disorders to

global psychologic dysfunction, and, rarely, spi-

nal epidural lipomatosis [67,70,74]. A subset of

older patients with nonsuppressible long-standing

corticotropin-secreting adenomas may present

with macronodular adrenal disease and, rarely,

with single bilateral adenomas [70]. Nelson’s syn-

drome is characterized by high corticotropin levels

and hyperpigmentation. The features typical of

Cushing’s syndrome may be absent in patients

with ectopic corticotropin or CRH secretion [70].

Ectopic corticotropin secretion may, however, typ-

ically present in a young male patient with hypo-

kalemia and rapid onset of symptoms [74]. Cyclic

or periodic Cushing’s syndrome, in which the exac-

erbation of mild Cushingoid features may parallel

fluctuating hormonogenesis, is caused by CD in

50% of cases [75].

Diagnostic evaluation

Screening blood cell count and fasting blood

chemistry are indicated, because patients with

Cushing’s syndrome often present with a white

blood cell count of at least 11,000 cells per cubic

millimeter [70] and may develop hypokalemic

metabolic alkalosis, glucose intolerance, DM,

or hyperlipidemia.

The 24-hour urinary free cortisol measurement

Excessive glucocorticoid levels in urine or

blood are diagnostic of Cushing’s syndrome.

Determination of 24-hour urinary free cortisol

(UFC) by high-pressure liquid chromatography

(HPLC) or immunoassay is the best screening test

for Cushing’s syndrome [70]. The diagnostic sensi-

tivity and specificity of measurements by HPLC

range from 95% to 100% in various series [76].

The diagnosis is unequivocal in a patient with clas-

sic features and fourfold normal cortisol excretion

(around 400 lg/d in most radioimmunoassays)

[70]. In children, UFC should be corrected for

body surface area [70]. Pregnancy should allow

for a higher upper limit of normal free cortisol

measurement. Increased fluid intake augments

UFC excretion, and renal insufficiency or low

urine volume lowers the amount of cortisol

excreted [70]. Results may be falsely positive in

patients with pseudo-Cushing’s syndrome as a

result of endogenous depression, chronic alcohol-

ism, eating disorders, or serious illness [77]. Peri-

odic endogenous hypercortisolism may vary in

cycle length from 12 hours to 85 days. If cyclic

Cushing’s syndrome is suspected based on clinical

findings and the initial biochemical evaluation is

negative, a repeat evaluation in 3 to 6 months is

recommended [78].
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Midnight plasma cortisol

Cortisol secretion normally follows a circadian

rhythm, peaking in the early morning and at its

nadir in the late evening to a few hours after mid-

night [79]. Patients with Cushing’s syndrome fail

to decrease cortisol secretion during the normal

nadir. Using 5.2 lg/dL (140 nmol/L) as a cutoff,

an elevated midnight plasma cortisol level has a

sensitivity of 100% and a specificity of 77% for

the diagnosis of Cushing’s syndrome [79].

The 1-mg overnight dexamethasone

suppression test

This test consists of administering 1 mg of dex-

amethasone at 11:00 pm, with measurement of

serum cortisol at 8:00 am the next morning. A nor-

mal cortisol level is less than 5 lg/dL (<138 nmol/

L). Serum cortisol concentrations greater than

10 lg/mL (>275 nmol/L) are strongly suggestive

of Cushing’s syndrome. Values between 5 and

10 lg/dL are equivocal. This test has modest diag-

nostic accuracy because of false-positive results

and a sensitivity as low as 55% in cases of mild

hypercortisolism [80].

Plasma corticotropin

Once the diagnosis of Cushing’s syndrome has

been confirmed, the source of hormone excess

must be identified. The advent of a sensitive and

specific two-site immunometric assay for plasma

corticotropin has facilitated the diagnosis of CD

[81]. Corticotropin has a short plasma half-life,

necessitating that samples be kept in an iced-water

bath, centrifuged, aliquoted, and frozen within a

few hours to avoid spuriously low results [70].

Simultaneous plasma cortisol levels should be

determined [80]. Measured by immunometric

assay, plasma corticotropin levels greater than 10

pg/mL (2.2 pmol/L) are suggestive of, and levels

greater than 20 pg/mL (4.5 pmol/L) are indicative

of a corticotropin-secreting neoplasm [70]. Sub-

normal corticotropin levels less than 5 pg/mL

(1.1 pmol/L) are usually present in patients with

corticotropin-independent Cushing’s syndrome

[74]. Patients with the ectopic corticotropin syn-

drome generally have high plasma corticotropin

values, although these may overlap with those seen

in patients with CD [74].

High-dose dexamethasone suppression test

When plasma corticotropin levels are greater

than 10 pg/mL, the source of corticotropin secre-

tion (pituitary versus ectopic) must be localized.

Corticotropin secretion by corticotropinomas is

usually inhibited by high-dose glucocorticoids.

The high-dose dexamethasone suppression test

(HDDST) is performed by collecting a 24-hour

baseline urine sample, administering 2 mg of dex-

amethasone orally every 6 hours for 2 days, and

repeating a 24-hour urine collection during the last

24 hours of the test. In children the dexamethasone

dose is weight adjusted [82]. A criterion of 69%

suppression from baseline 24-hour UFC is

required to yield a specificity of 100% in the

diagnostic of CD [67,70].

The 8-mg overnight dexamethasone

suppression test

This test is widely used because of its conven-

ience and consists of measuring a baseline plasma

cortisol followed by the administration of 8 mg

of dexamethasone orally at 11:00 PM. A second

plasma cortisol level is drawn 9 hours later at

8:00 AM. As the criterion for CD, a decrease in

plasma cortisol of 50% or more yields a diagnostic

accuracy comparable to that of the HDDST

[67,70]. However, conditions that alter dexametha-

sone absorption or metabolism confound the

results of the HDDST and the overnight dexa-

methasone suppression test.

Corticotropin-releasing hormone stimulation test

CRH (1 lg/kg or 100 lg intravenously) is

administered in the morning and elicits an increase

in plasma corticotropin or cortisol in patients with

CD, whereas patients with ectopic corticotropin

secretion do not respond [83]. A rise in plasma cor-

ticotropin values of greater than 35% at 15 and 30

minutes compared with baseline yields a 100%

specificity and a 93% sensitivity, and an increase

in cortisol of at least 20% in the mean post-

CRH value at 30 and 45 minutes yields a specific-

ity of 88% and a sensitivity of 91% in the diagnosis

of CD [83].

MRI

MRI of the sella identifies a tumor in approxi-

mately two thirds of patients with CD with a spe-

cificity of approximately 95% [84]. A precontrast

scan must always be performed, because 5% of

microadenomas are ‘‘soft’’ and readily visible,

becoming isointense with the enhancing pituitary

gland on the immediate postgadolinium scan [84].

Bilateral simultaneous inferior petrosal

sinus sampling

Inferior petrosal sinus sampling (IPSS) for cor-

ticotropin has emerged as the most accurate and

reliable means of distinguishing pituitary from

nonpituitary corticotropin-dependent Cushing’s
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syndrome [85–90]. IPSS should be reserved for

patients with classic clinical and biochemical CD

in whom MRI findings are negative or equivocal,

for patients with equivocal suppression and stimu-

lation tests [78], and for patients with a clinical pre-

sentation consistent with ectopic corticotropin

secretion (male, hypokalemia, or rapid onset of

symptoms) [74]. In experienced hands, the diag-

nostic accuracy of IPSS approaches 80% to 100%

[88]. Blood samples are obtained in the basal state

and at 3, 5, and 10 minutes after the administration

of ovine CRH (1 lg/kg or 100 lg intravenously)

from each inferior petrosal sinus (IPS) and a

peripheral vein, creating an IPS-to–peripheral cor-

ticotropin ratio (IPS/P ratio) [74]. The procedure

must be performed when peripheral cortisol levels

are elevated to suppress the normal corticotroph

population of the anterior pituitary. Determina-

tion of midnight plasma cortisol or UFC excretion

should thus be performed immediately before

IPSS [70]. Peripheral CRH should be measured

routinely to exclude the possibility of a nonpitui-

tary neoplasm secreting CRH as the source of

hypercortisolism [74]. Corticotropin concentra-

tions are greater in the central samples in CD

and increase after CRH administration, reflecting

corticotropin secretion by the adenoma. CRH sig-

nificantly reduces the number of false-negative

basal results [89]. In contrast, when corticotropin

secretion is ectopic, corticotropin values in the cen-

tral and peripheral specimens are similar and do

not increase after CRH [70]. An IPS/P ratio greater

than 3.0 after the administration of CRH is con-

sidered consistent with CD. Most patients with

ectopic corticotropin syndrome have an IPS/P

ratio less than 2.0, and, rarely, certain patients

have ratios between 2.0 and 3.0. Bilateral simulta-

neous sampling is essential, because the maximal

basal nondominant IPS/P is less than 2.0 in more

than 50% of patients with CD and remains less

than 2.0 after ovine CRH administration in 33%

of cases [86]. Lateralization of the pituitary micro-

adenoma is defined by a corticotropin IPS gradi-

ent. A gradient greater than 1.4 between the IPSs

before and after CRH stimulation has a posi-

tive predictive value of 74% and 83%, respectively

[87,89]. If a reversal of the lateralization gradient is

seen from the pre- to post-CRH values, the test

cannot be relied on for lateralization [90]. Midline

adenomas may cause misleading lateralization gra-

dients [89]. The rate of correlation of the cortico-

tropin IPS gradient with operative outcome

ranges from 47% to 75% [85,89]. When a discrep-

ancy exists between imaging and IPSS, IPSS is

more likely to agree with the final pathologic find-

ing [89]. IPS sampling has been associated with

morbid and even fatal complications, including

transient discomfort in the ear during catheteriza-

tion, deep vein thrombosis, pulmonary emboli,

and brain stem vascular damage [85,89,91]. The

use of intravenous heparin during the procedure

is advocated to help prevent thrombosis [89].

Sampling of the cavernous sinus has yielded a

20% false-negative rate [92] and has a higher inci-

dence of occlusive events [70]. Jugular venous

sampling is easier to perform and has a sensitiv-

ity of 88% and a specificity of 100% using the same

interpretation criteria as for IPSS. This approach

may be used as an initial procedure with a referral

for IPSS when results are negative [93].

Thyrotroph cell adenomas

Background

TSH-secreting pituitary adenomas are a rare

type of glycoprotein hormone–secreting tumor

associated with inappropriate TSH secretion and

hyperthyroidism. The detection rate of these tu-

mors has increased considerably with the advent

of ultrasensitive TSH assays. TSH-secreting

tumors occur at a rate of 1 in 1 million in the gen-

eral population and represent 1% to 2.8% of all

pituitary adenomas [3,94–97]. Patients of all ages,

with an equal gender predilection, harbor such

tumors [94]. However, thyrotropinomas are rare

in childhood. Most adenomas secrete TSH alone,

often accompanied by hypersecretion of the a-sub-
unit. Mixed hormonal secretion occurs in approx-

imately 30% of patients, with GH being detected in

16%, PRL in 11%, and gonadotropins in 1.4% of

cases [94]. Approximately 90% of patients present

with macroadenomas of 23 mm in average maxi-

mal diameter [94,96]. Extrasellar extension has

been documented in approximately two thirds

of patients, and invasion of the cavernous and

sphenoid sinuses has been reported in 35% [94,

96]. TSH-secreting adenomas have been associated

with MEN-I [98] and the McCune-Albright syn-

drome [99].

Endocrinopathy

In accordance with recent large studies, most

patients have symptoms of hyperthyroidism for

many years (mean duration of 9 years) preceding

the time of diagnosis. Symptoms are most often

severe, but can be mild or, less commonly, absent

[96]. Manifestations of hyperthyroidism include
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goiter, warm moist skin, palmar erythema, friable

nails, weight loss despite normal or increased calo-

ric intake, dyspnea on exertion or at rest, resting

tachycardia, palpitations, arrhythmias, heart fail-

ure, oligomenorrhea or amenorrhea in women,

gynecomastia, reduced sperm count and impo-

tence in men, insomnia, irritability, fatigability,

typical stare, fine distal tremor, brisk deep tendon

reflexes, proximal muscle weakness, osteoporosis,

hypercalcemia, mild leukopenia with relative lym-

phocytosis, and abnormal liver function [100].

Goiter is present in 80% to 94% of patients, includ-

ing those with previous partial thyroidectomy, and

may be multinodular. Thyroid nodules are

detected in two thirds of patients, probably as a

result of sustained TSH stimulation over many

years [96]. One case of thyroid follicular carcinoma

has been reported [101]. Features of hyperthyroid-

ism rarely associated with thyrotropinomas

include thyrotoxic periodic paralysis (TPP) [102]

and Graves bilateral exophthalmos [103]. Unilat-

eral exophthalmos as a result of orbital invasion

by the tumor has been reported [94]. Associated

hyperprolactinemia may result in menstrual disor-

ders or galactorrhea in up to one third of female

patients, decreased libido in men, and delayed

puberty in children [94]. Typical features of acro-

megaly are present when TSH and GH are cose-

creted by the tumor. Visual field defects occur in

approximately 40% to 50% of cases, and head-

aches occur in approximately 20% to 40% of

patients [94,96].

Diagnostic evaluation

A screening blood chemistry panel and blood

cell count are indicated. Baseline endocrine evalu-

ation includes the measurements of serum TSH,

free T4, free T3, a-subunit, PRL, and GH concen-

trations. TSH levels should be measured by a

third-generation assay (lower limit of sensitivity

of 0.01 mU/L) [104]. Free T4 and free T3 measure-

ments must be performed by a two-step direct

method rather than by analogue-based techniques

so as to prevent spuriously elevated values caused

by variation of thyroid hormone transport pro-

teins [103]. Patients present with detectable TSH

levels, which may be normal or low in up to one

third of cases, and high free thyroid hormone lev-

els [94]. The lack of correlation between free thy-

roid hormone and TSH levels has been attributed

to enhanced biologic activity of the TSH molecule

[105]. In patients previously treated with thyroid

ablation, the TSH levels are up to six times higher

compared with untreated patients [94], the symp-

toms of hyperthyroidism are more severe, the

tumors tend to be larger, and the visual field

impairments are greater. After thyroid ablation,

the absence of negative thyroid hormone feedback

seems to promote pituitary tumor growth and

secretion [96].

a-Subunit hypersecretion is detected in 66% of

patients and the a-subunit/TSH molar ratio is ele-

vated in 80% of patients with thyrotropinomas

[94]. The ratio is calculated as a-subunit (micro-

grams per liter)/TSH (milliunits per liter) · 10

and should be interpreted based on the glycopro-

tein secretory status of the patient [106]. Beck

Peccoz et al [106] have established normality

guidelines for this ratio: if TSH is normal, the ratio

is less than 5.7 in normogonadotropic patients and

less than 29.1 in hypergonadotropic patients; if

TSH is elevated, the ratio is less than 0.7 in normo-

gonadotropic patients and less than 1.0 in hyper-

gonadotropic patients.

Complimentary tests related to the diagnosis of

hyperthyroidism include the measurement of sex

hormone–binding globulin (SHBG) (concomitant

hypersecretion of GH, however, may inhibit

SHBG secretion [94]) and the 131iodine scan of

the thyroid gland, which shows a diffuse and

increased uptake after 24 hours. Ultrasonography

of the thyroid is indicated in patients presenting

with a multinodular goiter or suspicious thyroid

nodule. The basal metabolic rate as measured by

indirect calorimetry is increased. The prevalence

of thyroid peroxidase (TpO) antibodies and

thyroid-stimulating immunoglobulins (TSIs) is

similar to that of the normal population. Specific

anti-TSH receptor autoantibodies have been

detectable in 4% of patients who later developed

Graves disease [94,107]. If TPP is suspected, the

differential diagnosis of familial periodic paralysis

can be excluded on the basis of a positive family

history or abnormal muscle fiber conduction

velocity in the latter disease [102].

If MRI studies of the pituitary gland are equiv-

ocal, the differential diagnosis between a TSH-

secreting tumor and resistance to thyroid hormone

(RTH) should be determined [108], necessitating

dynamic testing with TRH or octreotide. In

patients harboring TSH-secreting pituitary adeno-

mas, the TSH response to TRH administration

(200–500 lg intravenously) is absent or blunted

in approximately 90% of patients, regardless of

previous thyroid ablation [94]. The unresponsive-

ness to TRH has been attributed to the lack of

TRH receptors on these adenomas [109]. Native
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somatostatin or its analogues inhibit TSH secre-

tion in most patients harboring TSH adenomas

and may be predictive of the efficacy of long-term

treatment in up to 94% of patients [110]. The

a-subunit response to these stimulatory agents

usually parallels that of TSH [111]. RTH can be

diagnosed based on the documentation of familial

cases; TSH level and a-subunit serum level, which

are frequently in the normal range; SHBG in the

normal range, except in RTH patients on estrogen

therapy or those showing profound hypogonad-

ism; an intact or increased response of TSH to

TRH, with a peak level 20 minutes after TRH

administration [112,113]; and an absent or mild

TSH response to octreotide [96]. In difficult cases,

particularly after thyroidectomy, genetic investiga-

tions for RTH may be required for diagnostic

purposes [108].

Bilateral petrosal sinus sampling has been used

in difficult cases, allowing for the identification

and lateralization of a microadenoma not seen on

radiographic scans [114]. Pituitary scintigraphy

with radiolabeled Tyr3-substituted octreotide and
111In-octreotide tomography have been shown to

image somatostatin receptors successfully on thy-

rotropinomas [115,116]. Tumor size reduction after

treatment with octreotide did not, however, corre-

late significantlywith tumor receptor labeling [116].
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