Corticotropin-Releasing Hormone Stimulation Test

Original Description and Indication

Corticotropin releasing hormone (CRH), a 41- amino acid peptide, is a hypothalamic factor that stimulates the pituitary secretion of adrenocorticotropic hormone (ACTH) (1).   It was first isolated and sequenced from sheep hypothalami by Vale et al in 1981 (2). Subsequent studies showed that there is considerable homology between species, particularly in the amino terminal that is required for biologic activity.  In the United States, ovine CRH is used in the differential diagnosis of Cushing’s syndrome, while in Europe, human CRH is available.  Synthetic ovine CRH is slightly more potent with a longer duration of action compared to human CRH (3-6). 

The concept that underlies the use of CRH stimulation in Cushing’s syndrome is that pituitary tumors (Cushing’s disease) usually respond to CRH with an increase in ACTH and cortisol levels while ectopic ACTH-secreting tumors usually do not (7). Patients with an adrenal cause of hypercortisolism also do not respond to CRH stimulation due to suppression of ACTH secretion. 

In 1993, Yanovski et al. developed the combined low-dose dexamethasone suppression-CRH stimulation test to distinguish Cushing’s syndrome from a pseudo-Cushing’s state (8).  The hypercortisolism of pseudo-Cushing’s states is thought to be mediated through increased hypothalamic secretion of CRH in the setting of a hypothalamic-pituitary-adrenal axis that is otherwise appropriately restrained by the negative cortisol feedback. In contrast, the hypercortisolism of true Cushing’s syndrome suppresses hypothalamic CRH secretion and is less responsive to the negative feedback of exogenous glucocorticoids. Therefore, in comparison to true Cushing’s syndrome, patients with pseudo-Cushing’s states show a greater suppression of cortisol production by exogenous glucocorticoids and a diminished response to CRH injection. This concept forms the basis of the Dex-CRH test in the differential diagnosis of hypercortisolism. 

Therefore, the CRH stimulation test, alone or in combination with other agents like vasopressin and low dose dexamethasone, is currently used for the following indications:

· To evaluate the cause of ACTH-dependant Cushing’s syndrome – distinguish between pituitary and ectopic sources of ACTH

· To discriminate between Pseudo-Cushing’s states and Cushing’s syndrome (in combination with low-dose dexamethasone)

· To distinguish between pituitary or hypothalamic cause of central adrenal insufficiency

· To assess ACTH suppression in cases with suspected mild primary adrenal Cushing’s syndrome when basal ACTH levels are incompletely suppressed (5 to 15 pg/ml)
· Inferior petrosal sinus sampling

Technique

After fasting for four or more hours, intravenous access is established. Synthetic ovine CRH at a dose of 1 mcg/kg body weight or a maximum dose of 100 mcg is then injected as an intravenous bolus over 1 minute. Blood samples for ACTH and cortisol are drawn at baseline at -15 (or 5) and 0 minutes and then as often as 5, 10, 15, 30, 45, 60, 90, and 120 minutes after CRH injection (9 - 10). Plasma ACTH rises quickly after CRH injection, reaching a peak within 10 to 15 minutes. Cortisol levels rise more slowly, reaching peak values at 30 to 60 minutes. Therefore, usually for ACTH levels, sampling at -5, 0, 15, and 30 minutes and for cortisol levels, sampling at -15, 0, 45, and 60 minutes is sufficient for evaluation of Cushing’s syndrome.  In normal individuals, the increase in ACTH levels is the same irrespective of the time of day; however, peak values are higher in the morning. On the other hand, peak cortisol levels are similar at both times of day but the increase is smaller in the morning when basal cortisol levels are high. As the normal circadian rhythm is absent in patients with Cushing’s syndrome, the CRH stimulation test can be performed at any time of the day (11). Some patients may have flushing or a metallic taste in the mouth immediately after CRH injection.  Rarely, sinus tachycardia occurs, but no other major side-effects have been reported at this dose of CRH (4).


For the combined dexamethasone-CRH test, the patient takes dexamethasone 0.5 mg every 6 hours by mouth for 2 days. CRH is administered 2 hours after the last dose of dexamethasone and blood samples are obtained at baseline and 15 minutes for cortisol measurement. A dexamethasone level is also measured at baseline to evaluate adequate dosing and levels.  An inadequate level should prompt re-testing with a higher dose of dexamethasone.
Assay Requirements

Blood samples should be immediately placed into lavender-top EDTA-containing tubes and placed on ice. The samples should be processed within one hour and analyzed immediately or frozen until the ACTH assay is performed.  Sandwich ACTH immunoassays with a functional limit of detection of 5 or below are available commercially.  Similarly commercially available cortisol assays may be used.

Interpretation


The criteria for interpretation of CRH stimulation test in Cushing’s syndrome vary among institutions. A mean cortisol increase at 30 and 45 minutes of > 20% and a mean ACTH increase at 15 and 30 minutes of >35% over their respective mean baseline values is thought to be consistent with Cushing’s disease (3).   A negative response of both cortisol and ACTH is required for the diagnosis of ectopic ACTH secretion.

In adrenal insufficiency, after CRH stimulation, patients with hypothalamic disease usually have exaggerated and prolonged ACTH response with a subnormal cortisol response while those with pituitary adrenal insufficiency have decreased ACTH and cortisol responses to CRH (12). However, the exact criteria for this discrimination are not well defined and need further study (13 - 14). Hence, the test is rarely used in clinical practice.
For the dexamethasone-CRH test, a cortisol value at baseline of more than 1.8 ug/dL, and a value greater than 1.4 ug/dL at 15 minutes suggests Cushing’s syndrome (8). 

Statistics of Test Performance


In initial studies for the differential diagnosis of Cushing’s syndrome, the criterion of a 20% or greater increase in cortisol levels gives a sensitivity of 91% and specificity of 88%. Similarly, an increase in ACTH levels by 35% gives a sensitivity of 91% and a specificity of 100% (3).  Subsequent studies of patients with ectopic ACTH secretion show a reduced specificity, about 88% (15). Of note, the criteria for interpretation of the test are different for human CRH stimulation test. The increase in cortisol levels post CRH has been found to be more sensitive and specific than ACTH levels when human CRH is used (6).

For the dexamethasone-CRH test, initial studies reported a 100% diagnostic accuracy using the criterion of serum cortisol level >1.4 mcg/dl (38 nmol/l) at 15 minutes after CRH for the diagnosis of Cushing’s syndrome (8). However, later reports showed lower diagnostic performance particularly in patients with Cushing’s syndrome (16 - 17). Given the expense of CRH, and variable results in recent studies, the Dex-CRH test should be reserved for those patients in whom other tests yield equivocal results. 

Drawbacks

The CRH stimulation test is an expensive test. The cost for the CRH dose in United States is close to $300 and assays for ACTH and cortisol add to the overall expense. Not all patients respond as expected. About 8% of patients with Cushing’s disease do not respond to CRH but have a central to peripheral gradient on IPSS. Similarly, occasional patients with ectopic ACTH secretion respond to CRH stimulation due to incomplete suppression of hypothalamic-pituitary axis. Therefore, a second test (high-dose dexamethasone suppression test or bilateral inferior petrosal sinus sampling) is recommended to confirm the diagnosis.
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