Diagnosis of Acromegaly

DOCUMENTING EXCESS GH SECRETION – The diagnosis of acromegaly can be confirmed by measurement of both serum GH concentration after a glucose load and GH-dependent circulating molecules, such as IGF-I and IGFBP-3 (show figure 2) [2].
Serum IGF-I concentration – The best single test for acromegaly is measurement of serum IGF-I. Unlike growth hormone, serum IGF-I concentrations do not vary from hour to hour according to food intake, exercise or sleep, but instead reflect integrated GH secretion during the preceding day or longer. Serum IGF-I concentrations are elevated in virtually all patients with acromegaly and provide excellent discrimination from normal individuals [3,4].

The results must be interpreted, however, according to the patient's age. In normal subjects, serum IGF-I concentrations are highest during puberty and decline gradually thereafter. Values are significantly lower in adults over the age of 60 than in younger subjects. Thus, an apparently "normal" value in a patient aged 70 years may in fact be elevated.

A further caution is that values from one laboratory may not be comparable to those from another laboratory. A major cause of this finding is a difference in the calibration standards for the assay [5].

Serum GH concentration – Measurement of serum growth hormone is indicated in patients with equivocal serum IGF-I values, or in those with elevated serum IGF-I values in whom further biochemical confirmation is required. GH secretion in normal subjects is pulsatile, diurnal, and stimulated by a variety of factors, including short-term fasting, exercise, stress, and sleep; in addition, GH clearance is rapid (plasma half-life about 20 minutes) [6]. As a result, serum GH concentrations fluctuate widely, ranging from less than 0.5 to 1 ng/mL (less than 0.1 ng/mL using very sensitive assays [7]) during most of the day, to 2 to 5 ng/mL before the next meal or after exercise, to as high as 20 or 30 ng/mL at night or after vigorous exercise [8]. Serum GH concentrations also may be high in patients with uncontrolled diabetes mellitus, liver disease, and malnutrition.

All patients with acromegaly have increased GH secretion. However, the serum GH concentration is often in the range of 2 to 10 ng/mL during much of the day, values that can be found in normal subjects. Unlike normal subjects, the patient's serum GH concentrations change little during the day or night, and in most patients do not change in response to stimuli such as food or exercise. Nevertheless, because of the variations in serum GH that occur in normal subjects and in patients with other disorders, a high value cannot be interpreted without knowing when the blood sample was obtained and something about the patient. To obviate these problems it is best not to obtain random measurements of serum GH.

The most specific dynamic test for establishing the diagnosis of acromegaly is an oral glucose tolerance test. In normal subjects, serum GH concentrations fall to 2 ng/mL or less within two hours after ingestion of 50 to 100 g glucose. In contrast, the post-glucose values are greater than 2 ng/mL in over 85 percent of patients with acromegaly [9].

While a single two-hour serum GH measurement is usually adequate, a more common procedure is to measure serum GH before and one and two hours after glucose administration; again, the criterion for the diagnosis is a GH concentration greater than 2 ng/mL.

These results were obtained mainly with a radioimmunoassay method for the measurement of GH. If one of the newer, highly sensitive immunoradiometric or immunochemiluminescent GH assays is used, the serum GH concentration falls to less than 0.3 ng/mL after oral glucose administration in normal subjects [9,10]. Thus, the diagnosis of acromegaly can be made when the serum GH concentration remains above 0.3 ng/mL. More importantly, these more sensitive assays may give better discrimination between those with and without acromegaly [10].

Although rarely necessary, other dynamic tests can be done. Thyrotropin-releasing hormone (TRH), in a dose of 500 ตg intravenously, raises serum GH concentrations by 50 percent or more in about one-half of patients with acromegaly, with peak values occurring at 20 to 30 minutes; serum GH does not rise in normal subjects [11]. Conversely, L-dopa (500 mg orally) reduces serum GH concentrations by 50 percent or more in about one-half of patients with acromegaly, while it raises the GH concentration in normal subjects [12].

Serum IGFBP-3 concentration – Because IGFBP-3 secretion is GH-dependent (as is IGF-I), serum IGFBP-3 concentrations are elevated in patients with acromegaly [13]. There is, however, considerable overlap of these values with those in normal persons, thereby limiting the utility of this measurement [14].
DETERMINING THE SOURCE OF EXCESS GH – Once GH hypersecretion has been confirmed, the next step is magnetic resonance imaging (MRI) of the pituitary, because a somatotroph adenoma of the pituitary is by far the most common cause of acromegaly (show figure 1). Pituitary tumors as small as 2 mm in diameter can be detected with this technique, and the dimensions and anatomic extent of the tumor can be accurately identified; computed tomography is less sensitive. In about 75 percent of patients with somatotroph adenomas, the tumor is a macroadenoma (tumor diameter 10 mm or more), and the tumor may extend to the parasellar or suprasellar region. An occasional patient has an empty sella with the tumor situated within the normal pituitary tissue lining the sella turcica.

It is important to remember that MRI does not distinguish between functioning and nonfunctioning tumors; this distinction must be based upon biochemical studies. This is an important concern because approximately 10 to 20 percent of normal subjects have MRI or autopsy evidence of a pituitary microadenoma.

Although not routinely used any longer for the diagnosis of acromegaly, plain radiograph of the skull can show a number of features of acromegaly. In addition to the enlargement of the sella turcica, other changes that may be seen include elongation of the mandible, enlargement of the frontal and maxillary sinuses, and thickening of the cranial vault (show radiograph 1).

Somatotroph adenomas usually visualize with the somatostatin analogue, 111-In-pentetreotide (somatostatin receptor scintigraphy) [15]. However, scintigraphy is expensive, usually not necessary for adenoma identification, and does not distinguish an adenoma from normal pituitary tissue.

Growth hormone deficinecy
ETIOLOGY – The causes of growth hormone deficiency are the same as the causes of deficiencies of other pituitary hormones. (See "Causes of hypopituitarism"). A study of 172 adults with hypopituitarism found the following distribution of causes for the pituitary disease [3]:

  •  A pituitary tumor or the consequences of treatment of the tumor – 76 percent

  •  An extrapituitary tumor (eg, craniopharyngioma) – 13 percent

  •  The cause was unknown – 8 percent

  •  Sarcoidosis – 1 percent

  •  Sheehan's syndrome – 0.5 percent

As a general rule, the secretion of growth hormone and gonadotropins is more likely to be affected by organic pituitary disease than that of corticotropin (ACTH) and thyrotropin (TSH). The likelihood of growth hormone deficiency in such patients has been estimated to range from approximately 45 percent in patients with no other pituitary hormone deficits to virtually 100 percent in patients with multiple deficits [4].

DIAGNOSIS – Because the manifestations of growth hormone deficiency are subtle and nonspecific, evaluation for this disorder is usually performed only in adults with known pituitary disease. Evaluation may also be performed in adults who had been diagnosed as having growth hormone deficiency in childhood, because many of them have been found to have normal growth hormone secretion in adulthood.

The diagnosis of growth hormone deficiency in adults is likely if the patient has documented panhypopituitarism, that is, documented deficiencies of TSH, ACTH, and gonadotropins. In a retrospective analysis of 817 adults who were evaluated for consideration of growth hormone therapy, multiple deficiencies of other pituitary hormones correlated highly with a subnormal growth hormone response to a stimulation test [34].

The diagnosis of growth hormone deficiency in an adult should therefore be based on the combination of documented pituitary or hypothalamic disease, panhypopituitarism, and either a subnormal serum IGF-1 concentration or a subnormal serum growth hormone response to a potent stimulus.

Serum IGF-1 – A serum IGF-1 concentration lower than the age-specific lower limit of normal in a patient who has organic pituitary disease confirms the diagnosis of growth hormone deficiency [35].

Provocative tests – Either insulin-induced hypoglycemia or the combination of arginine and growth hormone-releasing hormone is a potent stimulus of growth hormone release. A subnormal increase in the serum growth hormone concentration (<5.1 ng/mL for the former and <4.1 ng/mL for the latter) in a patient who has organic pituitary disease confirms the diagnosis of growth hormone deficiency (show figure 1) [35]. Other stimuli, such as arginine alone, clonidine, L-DOPA, and the combination of arginine and L-DOPA are much weaker and therefore more likely to give false positive results. All tests of growth hormone secretion are more likely to give false positive results in obesity. All are performed in the morning after an overnight fast.

  Insulin-induced hypoglycemia – This test is performed by administering 0.1 unit of insulin per kg of body weight and measuring serum (or blood) glucose and growth hormone before and 15, 30, 60, 90 and 120 minutes after the injection [36]. This test requires constant supervision by a physician, because it is very unpleasant for the patient, and, if severe hypoglycemia occurs, may be dangerous in patients with coronary or cerebrovascular disease.

  Arginine-growth hormone-releasing hormone – An intravenous infusion of arginine, 0.5 g/kg body weight (to a maximum of 30 g), is given over 30 minutes, and a bolus dose of growth hormone-releasing hormone, 1 ตg/kg body weight, is given intravenously at time 0. Serum growth hormone is measured at 0, 30, 60, 90, and 120 minutes (show figure 1) [37]. Transient facial flushing often occurs immediately after administration of GHRH, but otherwise there are no side effects of this test, and for this reason we recommend it over insulin-induced hypoglycemia.
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Peak serum growth hormone concentrations with arginine/GHRH Growth
hormone concentrations in patients with multiple pituitary hormone deficiencies
(MPHD) and in age~ and gender-matched control subjects following the administration
of & combination of arginine and growth hormone-releasing hormone (GHRH). The
median peak GH level in each group is denoted with a horizontal bar. The dashed lines
and superscripts indicate diagnostic cut-points as follows: ) using a maximur
response of 4.1 ng/mL, the combination of specificity (91 percent) and sensitivity
(95 percent) is maximized, whereas using b) a maximurm response of 46 ng/mL or c) 3
minimum response of 1.5 ng/mL, sensitivity and specificity are 95 percent,
respectively. The inset illustrates the time course of the mean serum growth
hormone concentration in response to the stimuli in the two groups of subjects. Data
from Biller, BM, Samuels, MH, Zagar, A, et al. Sensitivity and specificity of six tests
for the diagnosis of adult GH deficiency. J Clin Endocrinol Metab 2002; 87:2067.




Diagnosis of hypopituitarism

The diagnosis of hypopituitarism, defined as deficient secretion of one or more pituitary hormones because of pituitary or hypothalamic disease, is made by documenting subnormal secretion of one or more pituitary hormones in defined circumstances. Each pituitary hormone must be tested separately, since there is a variable pattern of hormone deficiency among patients with hypopituitarism.

The impetus to measure pituitary hormones is the suspicion that the secretion of one or more may be subnormal. This suspicion can be based upon the knowledge that the patient has either a lesion known to cause hypopituitarism or a symptom known to be caused by 

hypopituitarism (See "Causes of hypopituitarism" and see "Clinical manifestations of hypopituitarism"). The knowledge that the patient has a lesion that can cause hypopituitarism, eg, a sellar mass, is by itself sufficient reason to test for hypopituitarism, because some patients with hypopituitarism have no symptoms.

CORTICOTROPIN – For normal health, the basal secretion of corticotropin (ACTH) must be sufficient to maintain the serum cortisol concentration within the normal range. For survival, it must increase to raise serum cortisol concentrations in times of physical stress.

Basal ACTH secretion – To test basal ACTH secretion, serum cortisol should be measured at 8 to 9 AM, the results being interpreted as follows.

  •  A serum cortisol value of < or =3 ตg/dL (83 nmol/L) (normal range 5 to 25 ตg/dL [138 to 690 nmol/L]), confirmed by a second determination, is strong evidence of cortisol deficiency, which in a patient with a disorder known to cause hypopituitarism, is usually the result of that disorder. Such a finding in the absence of any known cause of hypopituitarism mandates measurement of serum ACTH. A serum ACTH value not higher than normal is inappropriately low and establishes the diagnosis of secondary adrenal deficiency (ie, pituitary or hypothalamic disease). A value higher than normal documents primary adrenal insufficiency (ie, adrenal disease). (See "Diagnosis of adrenal insufficiency").

  •  A serum cortisol value of > or =18 ตg/dL (497 nmol/L) indicates that basal ACTH secretion is sufficient, and also that it is probably sufficient for times of physical stress.

  •  A serum cortisol value >3 ตg/dL (83 nmol/L) but <18 ตg/dL (497 nmol/L) that is persistent on repeat determination is an indication to evaluate ACTH reserve.

ACTH reserve – ACTH reserve should be measured in patients with intermediate serum cortisol values. Several tests of ACTH reserve are available; each has advantages and disadvantages.

  Metyrapone test – The rationale for the administration of metyrapone is that it blocks 11-beta-hydroxylase (CYP11B1), the enzyme that catalyzes the conversion of 11-deoxycortisol to cortisol, resulting in a reduction in cortisol secretion (show figure 1). The ensuing fall in serum cortisol should, if the hypothalamic-pituitary-adrenal axis is normal, cause an increase in ACTH secretion and therefore an increase in adrenal steroidogenesis up to and including 11-deoxycortisol.

  •  In normal subjects, administration of 750 mg of metyrapone orally every four hours for 24 hours results in a decline in 8 AM serum cortisol to less than 7 ตg/dL (172 nmol/L) and an elevation in 8 AM serum 11-deoxycortisol to > or =10 ตg/dL (289 nmol/L) at the end of the 24 hours (show figure 2). Patients taking phenytoin metabolize metyrapone more rapidly than normal; as a result, each metyrapone dose should be 1500 mg. After the 8 AM blood sample is taken at the end of the 24 hours, 100 mg of hydrocortisone should be administered intravenously to reverse the cortisol deficiency caused by the metyrapone.

  •  In patients who have decreased ACTH reserve due to hypothalamic or pituitary disease, the serum 11-deoxycortisol concentration will be less than 10 ตg/dL (289 nmol/L) at the end of 24 hours (show figure 3) [1].

Interpretation of the metyrapone test requires adequate inhibition of cortisol production. If the serum 11-deoxycortisol concentration at the end of 24 hours is <10 ตg/dL (289 nmol/L) but the serum cortisol concentration is > or =7 ตg/dL (193 nmol/L), the reason for the insufficient rise in 11-deoxycortisol may be insufficient inhibition by metyrapone. In this case, reasons for insufficient inhibition should be sought, such as failure to take all of the metyrapone, rapid metabolism, and malabsorption. The test should be then be repeated using a double dose of metyrapone. (See "Metyrapone stimulation tests").

The advantages of the metyrapone test are that it can be administered to adults of any age and the results correlate reasonably well with the serum cortisol response to surgical stress. The principal disadvantage is that the patient must be observed in an inpatient setting so that blood pressure and pulse can be measured lying and standing before each four-hourly dose for 24 hours and the test terminated and 100 mg of hydrocortisone administered intravenously if postural hypotension occurs. In the author's experience, managed care organizations approve this 24-hour admission. This is the test we recommend when a test of ACTH reserve is required.

A shorter version of this test involves the administration of a single 750 mg dose of metyrapone at midnight and measurements of serum 11-deoxycortisol and cortisol at 8 AM [2]. It may not, however, separate normal from abnormal as well as the longer test.

  Insulin-induced hypoglycemia test – The rationale for this test is that hypoglycemia induced by insulin administration is a sufficient stress to stimulate ACTH and therefore cortisol secretion. The test is performed by administering 0.1 unit of insulin per kg of body weight and measuring serum (or blood) glucose and serum cortisol before and 15, 30, 60, 90 and 120 minutes after the injection [3]. In normal subjects, serum cortisol increases to > or =18 ตg/dL (498 nmol/L) if the serum glucose falls to <50 mg/dL (2.8 mmol/L). (See "Insulin-induced hypoglycemia test").

The advantage of this test is that the results also correlate relatively well with the serum cortisol response to surgical stress. The disadvantages are that hypoglycemia can be dangerous in elderly patients and those with cardiovascular or cerebrovascular disease or a seizure disorder, and that constant monitoring is required during the first hour after the administration of insulin. The monitoring is necessary to detect neuroglycopenic symptoms, which should be treated with intravenous glucose. (See "Insulin-induced hypoglycemia test"). For these reasons, we prefer the metyrapone test.

  Cosyntropin stimulation test – The rationale for the administration of cosyntropin (ACTH) is that the adrenal glands atrophy when they have not been stimulated for a prolonged period; as a result, they do not secrete cortisol normally in response to a bolus dose of ACTH. The test is usually performed by administering 0.25 mg (25 units) of cosyntropin (synthetic ACTH 1-24) intramuscularly or intravenously and measuring serum cortisol 60 minutes later. A serum cortisol concentration of > or =18 ตg/dL (497 nmol/L) is considered a normal response.

In practice, this test is not often useful, because a patient who has such severe ACTH deficiency that the adrenal glands do not respond normally to cosyntropin will also probably have an 8 to 9 AM basal serum cortisol value that is < or =3 ตg/dL (83 nmol/L) and therefore will not need a test of ACTH reserve. On the other hand, a patient who has partial ACTH deficiency may respond normally to cosyntropin and requires a test of ACTH reserve [4,5].

A low-dose cosyntropin stimulation test has been proposed as yielding fewer falsely normal results [6], but several studies show that this test has the same pitfalls as the standard dose test [7-10]. We do not recommend that either the standard or low dose test be used.
THYROTROPIN – The adequacy of thyrotropin (TSH) secretion in a patient with known hypothalamic or pituitary disease can be assessed simply by measuring serum thyroxine (T4) or free T4 index. If the serum T4 concentration is normal, TSH secretion is normal; if the serum T4 concentration is low, TSH secretion is low. In patients who have hypothyroidism due to damage to the hypothalamus or pituitary, the serum TSH concentration is usually not helpful in making the diagnosis of hypothyroidism, because a low serum T4 concentration is usually associated with a serum TSH concentration within the normal range. Consequently, serum TSH alone should not be used as a screening test for hypothyroidism in patients who have pituitary or hypothalamic disease. (See "Diagnosis of and screening for hypothyroidism").

GONADOTROPINS – The approach to the diagnosis of gonadotropin deficiency in a patient with known hypothalamic or pituitary disease varies with the gender of the patient. In a man with hypopituitarism, luteinizing hormone (LH) deficiency can best be detected by measurement of the serum testosterone concentration. If it is repeatedly low at 8 to 10 AM, LH secretion is subnormal and the patient has secondary hypogonadism. When the serum testosterone concentration is low, the serum LH concentration is usually within the normal range, but low compared to elevated values in primary hypogonadism. If fertility is an issue, the sperm count should be determined. (See "Clinical features and diagnosis of male hypogonadism in adults")

In a woman of premenopausal age who has pituitary or hypothalamic disease but normal menses, no tests of LH or FSH (follicle-stimulating hormone) secretion are needed, because a normal menstrual cycle is a more sensitive indicator of intact pituitary-gonadal function than any biochemical test. If the woman has oligomenorrhea or amenorrhea, serum LH or FSH should be measured, to be sure it is not high due to ovarian disease. In addition, at least two of the following three tests should be obtained:

  •  Measurement of serum estradiol.

  •  Vaginal cytology for determination of estrogenization index.

  •  Administration of medroxyprogesterone, 10 mg daily for 10 days, to determine if vaginal bleeding occurs after the 10-day course, and, if so, if it is similar in amount and duration of flow to the patient's menses when they were normal.

Subnormal results for any two of these tests indicate estradiol deficiency as a consequence of gonadotropin deficiency, and warrant consideration of estrogen treatment. Normal results, in association with oligomenorrhea or amenorrhea, could indicate sufficient gonadotropin secretion to maintain normal basal estradiol secretion but insufficient to cause ovulation and normal progesterone secretion. This situation should prompt consideration of intermittent progestin treatment.

The serum LH response to a single bolus dose of gonadotropin-releasing hormone (GnRH) is not helpful in distinguishing secondary hypogonadism due to pituitary disease from that due to hypothalamic disease, because patients who have hypogonadism due to pituitary disease may have normal or subnormal serum LH responses to GnRH, as may those who have hypothalamic disease.

GROWTH HORMONE – The availability of growth hormone for treatment of abnormal body composition in adults who have growth hormone deficiency increases the interest in testing growth hormone secretion in patients who have hypothalamic or pituitary disease.

Measurement of basal serum growth hormone concentration does not distinguish reliably between normal and subnormal growth hormone secretion in adults. Three other criteria, however, are useful:

  •  Deficiencies of multiple other pituitary hormones – The likelihood that the growth hormone response to all provocative stimuli will be subnormal in patients who have organic pituitary disease, eg, a macroadenoma, and deficiencies of ACTH, TSH, and gonadotropins is about 95 percent [11].

  •  Serum IGF-1 – A serum IGF-1 concentration lower than the age-specific lower limit of normal in a patient who has organic pituitary disease confirms the diagnosis of growth hormone deficiency [12].

  •  Provocative tests of growth hormone secretion – Either insulin-induced hypoglycemia or the combination of arginine and growth hormone-releasing hormone is a potent stimulus of growth hormone release. Subnormal increases in the serum growth hormone concentration (<5.1 ng/mL for the former and <4.1 ng/mL for the latter) in a patient who has organic pituitary disease confirms the diagnosis of growth hormone deficiency (show figure 4) [12]. Other stimuli, such as arginine alone, clonidine, L-DOPA, and the combination of arginine and L-DOPA are much weaker and therefore more likely to give false positive results. All tests of growth hormone secretion are more likely to give false positive results in obesity.

PROLACTIN – Testing for prolactin deficiency is unnecessary, impractical, and futile. It is unnecessary because the main physiologic role of prolactin is for nursing. It is impractical because it is difficult to distinguish low from normal serum prolactin concentrations, and there is no standardized test of prolactin reserve. It is futile, because no treatment is available for a woman who has known pituitary disease who cannot nurse because of prolactin deficiency.

RECOMMENDATIONS – Pituitary function should be tested when a patient is found to have a disease that affect the hypothalamus or pituitary (see "Causes of hypopituitarism"). Each pituitary hormone that the physician thinks is clinically important to a patient needs to be tested separately.

  •  ACTH secretion is tested by measuring serum cortisol at 8 to 9 AM on two or more occasions; if the value is <3 ตg/dL, the patient has cortisol deficiency, and if >18 ตg/dL, the patient has cortisol sufficiency. If the value is persistently intermediate, a test of ACTH reserve, such as a metyrapone test, should be performed.

  •  TSH secretion is tested by measuring the serum total thyroxine concentration and the T3 uptake. A low T4 and TSH that is not elevated indicate secondary hypothyroidism.

  •  Gonadotropin secretion in a man is tested by measuring the serum total testosterone concentration on two or more occasions at 8 to 9 AM. A low testosterone, assuming he is not obese, and LH that is not elevated indicate secondary hypogonadism. Gonadotropin secretion in a woman of premenopausal age who has amenorrhea is tested by measuring estradiol. A low estradiol and FSH that is not elevated indicate secondary hypogonadism.

  •  Growth hormone secretion can be assumed to be subnormal if the patient has 1) organic pituitary disease, 2) deficiencies of ACTH, TSH, and gonadotropins, and 3) either an age-specific low serum IGF-1 concentration or a subnormal growth hormone response to arginine and GHRH.

Diagnosis of Adrenal insufficiency
LABORATORY DIAGNOSIS – Confirmation of the clinical diagnosis of adrenal insufficiency entails three stages [4]:

  •  Demonstrating inappropriately low cortisol secretion

  •  Determining whether the cortisol deficiency is dependent on or independent of ACTH deficiency

  •  Seeking a treatable cause of the primary disorder (eg, histoplasmosis involving the adrenal glands or a pituitary adenoma compromising normal pituitary function)

A scheme for establishing the diagnosis of adrenal insufficiency and determining its cause is shown in Figure 1 (show figure 1). Although laboratory testing is essential to confirm the diagnosis of adrenal insufficiency, both laboratory and patient errors can cause misleading results. One way to minimize these errors is to make certain that the different tests are internally consistent. (See "Basic principles in the laboratory evaluation of adrenocortical function").

Further complicating the diagnosis is the fact that the most common cause of primary adrenal insufficiency, autoimmune adrenalitis, is a process that usually worsens over a period of many months or years. Two groups followed patients with adrenal autoantibodies but no evidence of adrenal insufficiency for three to five years and concluded that there were four stages in the development of adrenal insufficiency: stage 1, high plasma renin activity and normal or low serum aldosterone; stage 2, impaired serum cortisol response to ACTH stimulation; stage 3, increased morning plasma ACTH with normal serum cortisol; and stage 4, low morning serum cortisol and overt clinical adrenal insufficiency [5-7]. Thus, by the time the patient has developed low serum cortisol concentrations, adrenal destruction is essentially complete.

Subnormal cortisol secretion – The diagnosis of adrenal insufficiency of any cause depends entirely upon the demonstration of inappropriately low cortisol production. Serum cortisol concentrations are normally highest in the early morning (between about 4 and 8 AM) and increase with stress (show figure 2). Therefore, a low serum cortisol concentration (less than 3 mcg/dL [80 nmol/L]) provides presumptive evidence that the patient has adrenal insufficiency [8,9], and a value below 10 mcg/dL (275 nmol/L) strongly suggests the diagnosis. Similarly, a salivary cortisol concentration at 8 AM above 5.8 ng/mL (16 nmol/L) excludes adrenal insufficiency, whereas a value below about 1.8 ng/mL (5 nmol/L) makes the probability of adrenal insufficiency high. (See "Measurement of cortisol in serum and saliva").

One report evaluated the utility of basal morning serum cortisol measurements in the diagnosis of adrenal insufficiency [10]. Values below 5 mcg/dL (138 nmol/L) had almost 100 percent specificity but only 36 percent sensitivity (as defined by a subnormal serum cortisol response to insulin-induced hypoglycemia). Using a higher serum cortisol of 10 mcg/dL (275 nmol/L) as the criterion for adrenal insufficiency increased the sensitivity to 62 percent but reduced the specificity to 77 percent. Thus, a low morning serum cortisol concentration alone is not a reliable predictor of deficient adrenal function.

Similar considerations apply to high values. A morning serum cortisol concentration of more than 15 mcg/dL (415 nmol/L) predicts a normal serum cortisol response to insulin-induced hypoglycemia or a short ACTH test in virtually all patients [8,10-13]. However, some patients with partial secondary adrenal insufficiency who "may" have an inadequate adrenal response to stress have similar morning values [14]. The term "may" is used here because it is not clear that normal subjects need serum cortisol concentrations this high after a stress such as major abdominal surgery [14] to survive and recover from the surgery in a normal fashion [15,16].

As with morning serum cortisol concentrations, basal urinary cortisol and 17-hydroxycorticosteroid (17-OHCS) excretion is low in patients with severe adrenal insufficiency, but may be low-normal in patients with partial adrenal insufficiency. (See "Measurement of urinary corticosteroid and cortisol excretion").

Measuring the midnight-to-morning urinary cortisol increment has been proposed as a measure of adrenal insufficiency [17]. Forty patients with pituitary disease and 40 normal subjects were studied. A normal increment in the urinary cortisol/creatinine ratio was > or =9. Four of 18 patients tested failed the insulin-induced hypoglycemia test but passed the cortisol increment test, and two of 22 patients tested had results discordant with the one-hour 250-mcg ACTH stimulation test. This test must be evaluated further before it is clinically applied.

The serum cortisol concentration is normally low in the late afternoon and reaches its nadir late in the evening, about the time of sleep, a manifestation of the circadian rhythm in ACTH secretion [18]. As a result, serum cortisol measurements at these times are of no value in establishing the diagnosis of adrenal insufficiency.

Subnormal response to acute ACTH stimulation – If it were possible to measure serum cortisol and plasma ACTH immediately, the diagnosis and cause of adrenal insufficiency could be established without delay in most cases [4]. (See below, see "Measurement of ACTH; CRH; and other hypothalamic and pituitary peptides", and see "Evaluation of the response to ACTH in adrenal insufficiency").

  •  The patient would have primary adrenal insufficiency (ie, primary adrenal disease) if the serum cortisol concentration was inappropriately low and a simultaneous plasma ACTH concentration was very high.

  •  The patient would have secondary (ie, pituitary disease) or tertiary (hypothalamic disease) adrenal insufficiency if both the serum cortisol and plasma ACTH concentrations were inappropriately low.

Unfortunately, plasma ACTH results are usually not rapidly available, and it is often important (as with the patient who presents in shock) to determine quickly whether primary adrenal insufficiency is the cause. This can be done indirectly by stimulating the adrenal gland with exogenous ACTH. The plasma concentration of endogenous ACTH is irrelevant for the purpose of interpreting the test: if it is already very high (as in primary adrenal insufficiency), ACTH administration will not cause an additional cortisol response; if it is low (as in secondary or tertiary adrenal insufficiency, the adrenal gland will respond to the exogenous ACTH, although sometimes the response is sluggish. It may, however, be useful to measure plasma ACTH and serum cortisol before injecting the ACTH.

  Short ACTH stimulation tests – A short ACTH stimulation test should be performed in virtually all patients in whom the diagnosis of adrenal insufficiency is being considered, unless the diagnosis has been ruled out by a basal serum cortisol value in the upper end of the reference range or higher. The agent used is synthetic ACTH(1-24) (cosyntropin), which has the full biologic potency of native ACTH(1-39). In healthy individuals, cortisol responses are greatest in the morning, but in patients with adrenal insufficiency the response to cosyntropin is the same in the morning and afternoon [19]. Details about performing the ACTH stimulation tests and interpreting their results are discussed elsewhere.

A normal response to the high-dose (250 mcg as an iv bolus) ACTH stimulation test is a rise in serum cortisol concentration after 30 or 60 minutes to a peak of 18 to 20 mcg/dL (500 to 550 nmol/L) or more [20-23]. The low-dose (1 mcg or 0.5 mcg/1.73 m2 surface area as an iv bolus) ACTH stimulation test [20,21,24,25] criteria for a normal response are more variable: 18 to 22.5 mcg/dL (500 to 620 nmol/L). For both tests, a subnormal response confirms the diagnosis of adrenal insufficiency, but further studies are necessary to establish its type and cause.

A normal response to the high-dose (250 mcg) ACTH stimulation test excludes primary adrenal insufficiency [26] and most patients with secondary adrenal insufficiency. A meta-analysis of 28 studies evaluated the diagnostic utility of the ACTH stimulation tests. At 95 percent specificity, the sensitivity of the high-dose test for primary adrenal insufficiency (97.5 percent) was greater than that for secondary adrenal insufficiency (57 percent). Thus, while an abnormal response to this test is very helpful for establishing the diagnosis of adrenal insufficiency and a normal response excludes the diagnosis of primary adrenal insufficiency, a normal response does not exclude the diagnosis of secondary adrenal insufficiency [27].

In particular, the high-dose ACTH test does not entirely exclude secondary adrenal insufficiency, especially if it is of recent onset (eg, within one to two weeks after pituitary surgery). In such patients, the adrenal glands have not yet become completely atrophic, and are still capable of responding to ACTH stimulation; as a result only an insulin-induced hypoglycemia or metyrapone test is completely reliable in these patients [28,29]. For the same reason, the high-dose test may also miss chronic partial pituitary ACTH deficiency [14]. As noted above, however, the practical clinical importance of this limitation is unclear.

It is not clear whether the low-dose test is superior to the high-dose ACTH stimulation test for the detection of secondary adrenal insufficiency. The low-dose test can detect partial adrenal insufficiency (as can occur with the chronic use of inhaled glucocorticoids or early adrenal destruction by infectious or autoimmune disease) that may be missed by the standard high-dose test, which provides a supraphysiologic stimulus that can stimulate a partially diseased adrenal [14,30]. The low-dose test is also preferred in patients with secondary or tertiary adrenal insufficiency [23,24,31]. In the meta-analysis mentioned above, at a 95 percent specificity, the sensitivities of the low-dose (61.4 percent) and high-dose (57 percent) tests were similar and receiver-operating curves were similar, using data from 44 patients [27]. However, another study of 42 patients showed that the low- dose test had greater specificity (93.3 vs 90 percent) at 100 percent sensitivity [32]. It is possible that differences in the study populations or cortisol assays and criteria for interpretation may account for these differences.

A cosyntropin dose of 0.5 mcg per 1.73 m2 dose has the advantage of compensating for plasma volume, but may not result in the same peak serum cortisol concentrations at 30 minutes as a 1 mcg dose because the peak with the smaller dose tends to be reached earlier [30]. Thus, the 1.0 mcg dose is recommended.

Adrenal crisis – It is essential that treatment of patients who present in possible adrenal crisis not be delayed while diagnostic tests are performed. Blood for serum cortisol and serum chemistry should be drawn and therapy initiated immediately with intravenous saline and dexamethasone. (See "Treatment of adrenal insufficiency", section on Adrenal crisis). The short ACTH stimulation test can be performed after initiation of glucocorticoid treatment provided that:

  •  Glucocorticoid therapy has not been given for more than a few days, after which it could begin to suppress the hypothalamic-pituitary-adrenal axis and compromise the adrenal response [30].

  •  Neither hydrocortisone (cortisol) nor cortisone (which is converted to cortisol by the liver) is given because both are measured in cortisol radioimmunoassays. Dexamethasone, which is not measured in these assays, is the glucocorticoid of choice in these patients.

ESTABLISHING THE CAUSE OF ADRENAL INSUFFICIENCY – It is important to determine whether the adrenal insufficiency is primary, secondary, or tertiary because it may be due to a disease that has other clinical ramifications, such as tuberculosis in primary adrenal insufficiency or a pituitary tumor in secondary adrenal insufficiency. (See "Causes of secondary and tertiary adrenal insufficiency"). Cortisol secretion is deficient in patients with primary adrenal insufficiency despite the fact that their ability to secrete ACTH is intact. Conversely, patients with secondary or tertiary adrenal insufficiency have intrinsically normal but atrophic adrenal glands that are capable of producing cortisol but fail to do so because ACTH secretion is deficient.

Basal plasma ACTH concentration – Measurement of the basal plasma ACTH concentration can usually distinguish between these disorders if the reference laboratory's ACTH assay is reliable and there is no urgency in establishing the cause of adrenal insufficiency, as in patients with chronic, mild symptoms and signs. When coupled with simultaneous measurement of basal serum cortisol, measurement of plasma ACTH can both confirm the diagnosis of adrenal insufficiency and establish its cause.

The approach is somewhat different in previously undiagnosed patients who present in hypotensive crisis. These patients may have adrenal insufficiency or one of several other possible diagnoses. Furthermore, adrenal insufficiency, if present, may have been caused by infection, a bleeding diathesis, or metastatic disease that requires prompt diagnosis and treatment. In these patients, measurement of basal serum cortisol followed by the short ACTH stimulation test provides the most rapid and reliable diagnosis. A basal plasma ACTH measurement can be ordered at the same time, but diagnosis and treatment must proceed immediately without waiting for the plasma ACTH result. (See "Treatment of adrenal insufficiency", section on Treatment of adrenal crisis).

In primary adrenal insufficiency, the 8 AM plasma ACTH concentration is high, sometimes as high as or higher than 4000 pg/mL (880 pmol/L). In contrast, plasma ACTH concentrations are low or low normal in secondary or tertiary adrenal insufficiency. The normal value at 8 AM is usually between 20 and 80 52 pg/mL (4.5 and 18 pmol/L) in a two-site chemiluminescent assay. (See "Measurement of ACTH; CRH; and other hypothalamic and pituitary peptides").

Because glucocorticoid treatment will suppress the ACTH secretion, blood samples for ACTH determination must be drawn before initiating glucocorticoid therapy or, in patients already being treated, at least 24 hours after the last dose of a short-acting glucocorticoid such as hydrocortisone, and even longer after long-acting glucocorticoids such as dexamethasone. Clinical judgment must be used to determine whether or not this is safe. If the patient has been on replacement long-acting glucocorticoid therapy, the steroid should be replaced with hydrocortisone for several days before measuring the morning plasma ACTH. If the sample is drawn in the proper setting and the ACTH assay is reliable, then this measurement by itself is sufficient to establish whether the adrenal insufficiency is primary [26].

Response to prolonged ACTH stimulation – Prolonged stimulation with exogenous ACTH will also distinguish between primary and secondary or tertiary adrenal insufficiency. The atrophic adrenal glands in secondary or tertiary adrenal insufficiency recover cortisol secretory capacity if chronically exposed to ACTH, whereas the adrenal glands in primary adrenal insufficiency are partially or completely destroyed, are already exposed to maximally stimulating levels of endogenous ACTH, and cannot respond to additional ACTH.

This test is performed by administering ACTH as a continuous infusion for 48 hours [33] while measuring urinary 17-OHCS or cortisol excretion and the serum cortisol daily. (See "Evaluation of the response to ACTH in adrenal insufficiency"). Glucocorticoid replacement should be given as dexamethasone, 0.5 to 1 mg daily for at least 24 hours before and during the test. These doses of dexamethasone do not affect the adrenal response to ACTH or interfere with either serum or urinary steroid measurements. There is a progressive increase in cortisol secretion in secondary or tertiary adrenal insufficiency, but little or no response in primary adrenal insufficiency. (See "Evaluation of the response to ACTH in adrenal insufficiency").

The 48-hour ACTH stimulation test reliably separates primary from secondary or tertiary adrenal insufficiency in the shortest time; the longer three- to five-day ACTH stimulation tests provide little or no additional information and rarely need be performed.

An important limitation to prolonged ACTH stimulation occurs in patients who have pituitary or hypothalamic disease with only partial ACTH deficiency and, consequently, only partial cortisol insufficiency. These patients may have intermediate 8 AM plasma ACTH and serum cortisol concentrations (eg, 10 pg/mL [2.2 pmol/L] and 10 mcg/dL [275 nmol/L], respectively). In them, the response to ACTH stimulation may not distinguish between secondary adrenal insufficiency and normal hypothalamic-pituitary-adrenal axis function, and testing ACTH reserve with the metyrapone stimulation test is indicated. (See "Metyrapone stimulation tests").

Metyrapone tests – The metyrapone tests may be useful in occasional patients in whom partial ACTH deficiency is suspected. (See "Metyrapone stimulation tests"). Metyrapone blocks the final step in cortisol biosynthesis, resulting in reductions in cortisol secretion and the serum cortisol concentration, and stimulation of ACTH secretion in response to the decrease in cortisol negative feedback inhibition. The single-dose overnight metyrapone test is as reliable and quicker than the standard three-day test [34], and has the additional value of being apparently safe for outpatient use [35,36]. The longer tests should not be performed in an outpatient in whom adrenal insufficiency is considered a possibility since it will worsen the degree of cortisol deficiency. (See "Metyrapone stimulation tests").

At present, metyrapone is not available in pharmacies. To obtain metyrapone (Metopironeฎ), a pharmacist must call Novartis Pharmaceutical Corp. at 1-800-988-7768 on weekdays.

Hypocortisolemia is not as strong a stimulus to ACTH secretion as is stress, such as that caused by hypoglycemia. As a result, the metyrapone test will detect partial ACTH deficiency that may be missed by the standard ACTH stimulation test [14] or the insulin-induced hypoglycemia test [37].

Corticotropin-releasing hormone test – The differentiation between secondary and tertiary adrenal insufficiency can made by the administration of corticotropin-releasing hormone (CRH), although from a therapeutic standpoint this distinction is seldom important. There is little or no ACTH response in patients with secondary, or pituitary-related, adrenal insufficiency, whereas patients with tertiary disease due to lack of CRH from the hypothalamus usually have an exaggerated and prolonged ACTH response [38,39]. Other studies found a good concordance between the cortisol responses to insulin and CRH in patients suspected of having secondary adrenal insufficiency, but criteria for interpretation differed [27,40]. Also, the CRH test is expensive and requires multiple blood samples. Thus, additional studies are needed to define the optimal test protocol and criteria for interpretation of the test in this setting. (See "Corticotropin-releasing hormone stimulation test").

Summary – None of these tests can be considered completely reliable for establishing or excluding the presence of secondary or tertiary adrenal insufficiency in all patients, and the results of different tests in a patient may be discordant. As an example, a patient with acute ACTH deficiency may have a normal response to a short ACTH stimulation test but subnormal responses to insulin-induced hypoglycemia or metyrapone, and a patient with partial ACTH deficiency may have a normal response to insulin-induced hypoglycemia but a subnormal response to metyrapone. Insulin induced-hypoglycemia may approximate most closely the hypothalamic-pituitary-adrenal activation that occurs during stress, but inducing hypoglycemia is potentially hazardous. Notwithstanding its limitations the short ACTH test is probably the single best (and simplest) test for confirming a diagnosis of chronic secondary adrenal insufficiency [41].

Pituitary function test
RECOMMENDATIONS – Pituitary function should be tested when a patient is found to have a disease that affect the hypothalamus or pituitary (see "Causes of hypopituitarism"). Each pituitary hormone that the physician thinks is clinically important to a patient needs to be tested separately.

  •  ACTH secretion is tested by measuring serum cortisol at 8 to 9 AM on two or more occasions; if the value is <3 ตg/dL, the patient has cortisol deficiency, and if >18 ตg/dL, the patient has cortisol sufficiency. If the value is persistently intermediate, a test of ACTH reserve, such as a metyrapone test, should be performed.

  •  TSH secretion is tested by measuring the serum total thyroxine concentration and the T3 uptake. A low T4 and TSH that is not elevated indicate secondary hypothyroidism.

  •  Gonadotropin secretion in a man is tested by measuring the serum total testosterone concentration on two or more occasions at 8 to 9 AM. A low testosterone, assuming he is not obese, and LH that is not elevated indicate secondary hypogonadism. Gonadotropin secretion in a woman of premenopausal age who has amenorrhea is tested by measuring estradiol. A low estradiol and FSH that is not elevated indicate secondary hypogonadism.

  •  Growth hormone secretion can be assumed to be subnormal if the patient has 1) organic pituitary disease, 2) deficiencies of ACTH, TSH, and gonadotropins, and 3) either an age-specific low serum IGF-1 concentration or a subnormal growth hormone response to arginine and GHRH.

Thyroid function test
Hyperthyroidism
RECOMMENDATIONS – In patients in whom hyperthyroidism is suspected we recommend the following:

  •  Serum TSH concentration should be the initial screening test. If subnormal, serum free T4 and T3 concentrations are run by most laboratories. If not, but the index of suspicion for hyperthyroidism is high, a free T4 should be ordered with the initial TSH measurement.

  •  If serum TSH is low, and free T4 and T3 are high, the diagnosis of hyperthyroidism is confirmed, and a 24-hour thyroid radioiodine uptake and scan should be done to differentiate Graves' hyperthyroidism and from other causes. (See "Disorders that cause hyperthyroidism").

  •  If free T4 and T3 are high, but TSH is normal or high, a pituitary MRI should be done to look for a pituitary mass (TSH-secreting adenoma). If there is no pituitary mass, but there is end-organ evidence of hyperthyroidism, a careful family pedigree should be obtained for the possibility of partial thyroid hormone resistance. (See "Thyrotropin (TSH)-secreting pituitary adenomas" and see "Resistance to thyroid hormone; thyrotropin; and thyrotropin-releasing hormone").

  • If TSH is low,  and serum T3, but not free T4 concentration is high, the patient most likely has Graves' disease or an autonomously functioning thyroid adenoma. However, the possibility of exogenous T3 ingestion should also be considered. (See "Exogenous and ectopic hyperthyroidism").

  •  The pattern of low TSH, high serum free T4, and normal T3 concentrations suggests hyperthyroidism with concurrent nonthyroidal illness, amiodarone therapy, or exogenous T4 ingestion. (See "Thyroid function tests in nonthyroidal illness" and see "Amiodarone and thyroid dysfunction" and see "Exogenous and ectopic hyperthyroidism").

  •  Patients without overt signs of hyperthyroidism in the setting of a low serum TSH and normal free T4 and T3 concentrations most likely have subclinical hyperthyroidism. Other possibilities include nonthyroidal illness, recovery from hyperthyroidism, or central hypothyroidism. (See "Thyroid function tests in nonthyroidal illness" and see "Central hypothyroidism").

Hypothyroidism

LABORATORY TESTING AND EVALUATION – The clinical evaluation of a patient with suspected hypothyroidism should be directed toward confirming the presence and identifying the cause of the hormone deficiency. The history, for example, may uncover past treatment of hyperthyroidism with radioiodine or thyroidectomy, the use of drugs that affect thyroid hormone synthesis, or prior cranial irradiation suggesting a central cause of hypothyroidism (show table 2). Physical examination may, in appropriate cases, reveal thyroid enlargement (goiter) or an old thyroidectomy scar. (See "Disorders that cause hypothyroidism").

Laboratory confirmation of the diagnosis of hypothyroidism consists of measuring serum TSH and free thyroxine (T4). The former usually confirms the presence of hypothyroidism, while the latter helps to distinguish between primary and secondary or tertiary disease (show table 3). (See "Laboratory assessment of thyroid function").

  •  Primary hypothyroidism is characterized by a high serum TSH concentration and a low serum free T4 concentration. Patients with a high serum TSH concentration and a normal serum free T4 concentration have subclinical hypothyroidism.

  •  Secondary hypothyroidism is characterized by a low serum T4 concentration and a serum TSH concentration that is not appropriately elevated. In this setting, differentiation must be made between pituitary and hypothalamic disorders.

Measurement of serum TSH – This is the most sensitive test for detecting primary hypothyroidism in ambulatory patients. Although the normal range for serum free T4 concentrations is wide (approximately 0.8 to 2.8 ng/dL [10 to 36 pmol/L]), each person has an endogenous set point dictating the optimum concentration for that individual. TSH secretion increases when the serum free T4 concentration falls below that level.
Suppose, for example, a woman's serum free T4 concentration falls from 2.0 ng/dL (26 pmol/L) (her normal set point) to 1.4 ng/dL (18 pmol/L) (low for this patient, but still within the normal range). This small change would lead to an appreciable rise in the serum TSH concentration (assuming hypothalamic and pituitary function is normal) that is proportionately larger than the decline in serum free T4. The development of sensitive TSH assays has made measurement of thyrotropin releasing-hormone (TRH) unnecessary for the diagnosis of primary hypothyroidism. (See "Thyroid hormone synthesis and physiology", section on Regulation of thyroid hormone production).

Primary thyroid disease accounts for over 95 percent of cases of hypothyroidism. As a result, measurement of serum TSH (rather than free T4 or total T4) is an excellent screening test for hypothyroidism in ambulatory patients being evaluated for nonspecific symptoms such as fatigue, depression, or menstrual irregularity [8]. There are, however, three settings in which measurement of serum TSH may not be a useful tool for the diagnosis of hypothyroidism (show table 4):

  •  If pituitary or hypothalamic disease is known or suspected.

  •  In hospitalized patients, since there are many other factors in acutely or chronically ill euthyroid patients that influence TSH secretion [8-10]. (See "Thyroid function tests in nonthyroidal illness").

  •  In patients receiving drugs or with underlying diseases which affect TSH secretion (show table 4). Drugs that can decrease TSH secretion include dopamine, glucocorticoids, phenytoin, and somatostatin analogues (such as octreotide). Drugs that increase TSH secretion include dopamine antagonists (metoclopramide or domperidone), amiodarone, and oral cholecystographic dyes (sodium ipodate).

  •  High serum TSH concentrations also occur in TSH-induced hyperthyroidism, primary adrenal insufficiency [11], and factitiously in rare patients who have antibodies to the murine immunoglobulins used in the assay [12].

Evaluation of a high serum TSH value – When a high serum TSH concentration is discovered, the test should be repeated and serum free T4 measured (either directly or by measuring total T4 and T3-resin uptake or thyroid hormone binding index [THBI] and calculating a free T4 index). The following patterns may be seen:

  •  The repeat serum TSH value will be normal, indicating that the initial high value represented a laboratory error or a transient case of hypothyroidism.

  •  The repeat serum TSH value is still high and either the serum free T4 or free T4 index is  low, suggesting primary hypothyroidism. In these patients, appropriate replacement therapy with T4 should be initiated. (See "Treatment of hypothyroidism").

  •  The repeat serum TSH value is still high but the serum free T4 value is within the normal range, indicating subclinical hypothyroidism. The decision about T4 replacement in this disorder is made on a case by case basis. (See "Subclinical hypothyroidism").

Hyperthyrotropinemia may rarely be due to resistance to TSH secondary to alterations in the TSH receptor, failure of the cell to express the receptor at the cell surface, or to receptor-independent mechanisms. Many of these patients are euthyroid, while others are hypothyroid. (See "Disorders that cause hypothyroidism").
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Receiver operating characteristic curve The receiver operating
characteristic curve (ROC) plots sensitivity against 1- specificity (ie, the false
positive rate). Cutoff values for the diagnostic test vary along the length of the
black curve, reflecting the interchange between sensitivity and specificity. The
area under the ROC curve represents the accuracy of the test. A test that
performs no better than chance would be represented by a straight line (red
line) with an area under the ROC of 0.5 A near perfect test would have a
rectangular configuration (blue line) with an area under the ROC approaching
1.00.




