Liddle’s test, 1mg Overnight and Low & High Dose Dexamethasone Suppression Tests
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1. Origin of the tests
First described by Liddle in 1960 and called ‘adrenal suppression tests’.

Low dose tests
· The principle of the test relies on the observation that in healthy individuals, endogenous cortisol is suppressed by ‘low-dose’ dexamethasone whereas in Cushing’s syndrome (CS) autonomous cortisol production does not suppress.
· In the 1960s, there were no assays for serum or urine cortisol.  Urinary steroids including 17-hydroxysteroids could be assayed and were the outcome measure in the original test. 
· In 1965 Nichols, Nugent et al. reported that while dexamethasone given at 08:00 or 16:00 (initial dose 0.5mg) caused only temporary suppression of cortisol production (from 17-OH corticosterone levels), the same dose given at midnight led to virtually complete suppression for 24 hours in healthy volunteers.
· The same authors then reported that patients with CS did not suppress 17-OH CS following midnight dexamethasone and that therefore the test could be used as a screening test for CS (Nugent et al 1965).
· Subsequently, after development of assays for serum cortisol, and dose response studies the dose for the overnight test was standardized at 1mg dexamethasone (Reschini et al. 1987).

High-dose tests

· High-dose dexamethasone suppression testing (HDDST) relies on the concept that pituitary corticotroph tumor cells retain sensitivity (albeit impaired) to glucocorticoids but tumor cells in ectopic ACTH secretion (EAS) do not.

· Liddle described administering higher dose dexamethasone (2mg every 6 hours for 48 hours) to distinguish between ACTH-dependent hyperadrenocorticism (which tended to suppress) from those with autonomously functioning adrenal tissue (which tended not to suppress).

· Now that we can quantify plasma ACTH facilitating diagnosis of adrenal Cushing’s, the role of the HDDST is to help to distinguish between pituitary Cushing’s disease (CD) and EAD.


· The 8mg overnight dexamethasone suppression test has been found to be at least as effective as the 8mg 48-hour test (2mg every 6 hour for 48 hours) in distinguishing between CD and EAS (Bruno et al 1985, Tyrell et al 1986).


2. Indications for the tests in 2010
a. Low dose tests  - (1mg over night and low dose 48 hour test)
Screening for patients with suspected Cushing’s syndrome (CS).
Current endocrine society practice guidelines recommend that after careful exclusion of patients on significant exogenous steroids, screening for CS should be considered for the following patient groups:
i)	Patients with unusual features for age e.g. osteoporosis or hypertension
ii) Patients with multiple and progressive Cushing’s features  - particularly proximal myopathy, plethora, pink striae …
iii) Children with decreasing height percentiles and increasing weight percentiles
iv) Patients with adrenal incidentaloma.
Other recommended screening tests include 24-hour urinary free cortisol, and midnight salivary cortisol.

Some medical and psychiatric conditions including obesity, depression and anxiety are associated with over-activity of the HPA axis, and distinction of these conditions from CS can be challenging.  For patients with these conditions, the 48-hour low dose dexamethasone suppression test (LDDST) is recommended as the optimal screening test (Nieman et al 2008).

	b) High-dose tests.
These should only be performed in patients with a clinical and biochemical diagnosis of CS.  In these patients, the HDDST may help to distinguish between CD and EAS.  However the HDDST is not recommended as the sole differential test and the result should be interpreted alongside the results of other biochemical tests such as the CRH test and inferior petrosal sinus sampling (IPSS) (Lindsay and Nieman 2005).

Dexamethasone suppression tests are not suitable for all patients with suspected Cushing’s syndrome.  Enzyme inducers of the CYP 3A4 system such as rifampicin and carbamazepine enhance the clearance of dexamethasone therefore reducing the plasma dexamethasone concentrations.  Therefore alternative screening tests for Cushing’s syndrome should be considered for patients on these drugs.  

The modern end point of all dexamethasone suppression test is total serum cortisol.  Therefore patients should be off medications that alter CBG and therefore total cortisol levels, such as exogenous estrogens.  For pregnant patients, UFC and salivary cortisol measurements are better screening tests (Nieman et al 2008). 

3. Mechanism of tests
Prior to any dexamethasone suppresson test, establish that the patient is not on interfering drugs (e.g. rifampicin or the oral contraceptive pill) and is not pregnant.
a) Overnight tests
Low dose: Administer 1mg dexamethasone between 23:00 and 24:00.  Lab draw between 08:00 and 09:00 the following morning for plasma cortisol.

High dose: Measure 9am serum cortisol on day 1. Administer dexamethasone 8mg between 23:00 and 24:00 pm on day 1.  Measure serum cortisol between 08:00 and 09:00 on day 2.


b) 48-hour tests
	LDDST
0.5mg dexamethasone is administered every 6 hours for 48 hours starting at 0900 on day 1.  On day 3 at 0900, six hours after the last dose, a blood sample is taken for serum cortisol and, if feasible, a serum dexamethasone level. 
	HDDST
For the high dose test (in patients with established Cushing’s syndrome), the test is identical except that instead of 0.5 mg, 2mg of dexamethasone is given every 6 hours.  In the original Liddle test, after 2 baseline urine collections, 48 hour of low dose dexamethasone was given followed by 48 hours high dose dexamethasone.

3. Assay requirements
In contrast with plasma ACTH, serum cortisol is relatively stable in the blood.   It is important that the patient receives clear instructions and takes the dexamethasone as recommended and has the blood test(s) at the correct time.

4. Interpretation and statistics
Low-dose tests
a) 1 mg overnight test
A normal absolute 08:00- 09:00 cortisol level following overnight 1mg dexamethasone has been quoted as <5mcg/dl (Pecori Giraldi et al).  However, 15% of patients with CS have been reported to suppress to <5mcg/dl (Findling et al 2004), and therefore this cut-off may lack sensitivity.  A more stringent cut-off of <1.8mcg/dl is now recommended (Nieman et al 2008) which has a higher sensitivity of >95% and a lower specificity of 80% (Wood et al 1997) with an increased number of false positives.  In summary a response following 1mg overnight dexamethasone that excludes CS is a 08:00- 09:00 cortisol level <1.8mcg/dl.

b) LDDST (48 hour low dose test)
A normal response following 48 hours low dose dexamethasone is taken as a serum cortisol <1.8mcg/dl.  This cut-off was initially reported to have a high sensitivity of >95% (Kennedy et al 1984).  More recent studies has reported a similarly high sensitivity (91% but with a relatively low specificity (70%) (Nieman et al 2008).  One possible explanation is that there was significant variation of dexamethasone levels due to differences in absorption and metabolism, although dexamethasone levels were not measured.  The current guidelines stated that overall the evidence suggests that the 48-hour LDDSST has similar or slightly less diagnostic accuracy than the other screening tests for CS (1mg overnight dexamethasone, urinary free cortisol and midnight salivary cortisol) (Nieman et al 2008).

High-dose tests
The high dose test should only be performed and interpreted when the diagnosis of CS has been established.  

The 8mg overnight dexamethasone suppression tests has been reported to have similar diagnostic accuracy to the 6 day 48 hour test (Dichek et al 1994).

Tyrrell et al. reported that using a criterion of 50% suppression of serum cortisol compared with baseline cortisol had a high diagnostic accuracy (Tyrrell et al 1986).  By using a more stringent cut-off of 68% suppression as a normal response to the test, the diagnostic accuracy may improve.    In a study of 34 patients with CD and 7 with ectopic ACTH secretion (EAS), the sensitivity in and specificity in diagnosing CD were 71 and 100%.  While the HDDST may detect patients with CD, some patients with EAS also suppress (Lindsey and Nieman 2005), limiting the use of the HDDST alone in the differential diagnosis of ACTH-dependent CS.  However when interpreted with the results of other biochemical tests such as the CRH test, the HDDST may help to differentiate between CD and EAS.




References

1. Liddle GW.  Tests of pituitary-adrenal suppressibility in the diagnosis of Cushing’s syndrome. J Clin Endocrinol Metab 1960; 20:1539-1560

2. Nieman LK, Biller BM, Findling JW et al.  The diagnosis of Cushing’s syndrome: an Endocrine Society Clinical Practice Guideline. J Clin Endocrinol Metab 2008 95(3) 1526-1540

3.  Luo G, Guenthner T, Gan LS, Humphreys WG.  CYP3A4 induction by xenobiotics: biochemistry, experimental methods and impact on drug discovery and development. Curr Drug Metab 2004; 5(6);483-505

4. Nichols T, Nugent CA, Tyler FH. Diurnal variation in suppression of adrenal function by glucocorticoids. J Clin Endocrinol Metab 1965; Mar 25:343-9

5. Nugent CA, Nichols T, Tyler FH. Diagnosis of Cushing’s syndrome; single dose dexamethasone suppression test. Arch Intern Med. 1965 Aug;116:172-6

6. Reschini E, Giustina G. Clinical experience with a simple screening test for Cushing’s syndrome combining the determination of plasma cortisol circadian rhythm with the overnight dexamethasone suppression test. Am J Med Sci. 1987 Jan-Feb;275(1):33-42

7. Bruno OD, Rossi MA, Contreras LN et al. Nocturnal high-dose dexamethasone suppression test in the aetiological diagnosis of Cushing’s syndrome. Acta Endocrinol (Copenh) 1985 109(2) 158-62

8. Wood PJ, Barth JH, Freedman DB, Perry L, Sheridan B. Evidence for the low dose dexamethasone suppression test to screen for Cushing’s syndrome—recommendations for a protocol for biochemistry laboratories. Ann Clin Biochem 1997 34 (pt 3) 222-9

9. Kennedy L, Atkinson AB, Johnston H et al. Serum cortisol concentrations during low dose dexamethasone suppression test to screen for Cushing’s syndrome. Br Med J (Clin Res Ed) 1984 Nov 3;289(6453) 1188-91

10. Pecori Giraldi F, Pivonello R, Ambrogio AG et al. The dexamethasone-suppressed corticotropin-releasing hormone stimulation test and the desmopressin test to distinguish Cushing’s syndrome from pseudo-Cushing’s states. Clin Endocrinol (Oxf) 2007 66(2)251-7

11. Findling JW, Raff H, Aron DC. The low-dose dexamethasone suppression test: a reevaulation in patients with Cushing’s syndrome. J Clin Endocrinol Metab 2004 Mar 89(3) 1222-6

12. Lindsay JR, Nieman LK. Differential diagnosis and imaging in Cushing’s syndrome. Endocrinol Metab Clin North Am. 2005 Jun 34(2) 403-21

13. Tyrrell JB, Findling JW, Aron DC et al. An overnight high-dose dexamethasone suppression test for rapid differential diagnosis of Cushing’syndrome. Ann Intern Med 1986 Feb 104(2) 180-6

14. Dichek HL, Nieman LK, Oldfield et al. A comparison of the standard high dose dexamethasone suppression test and the overnight 8-mg dexamethasone suppression test for the differential diagnosis of adrenocorticotropin-dependent Cushing’s syndrome. J Clin Endocrinol Metab 1994 Feb 78(2) 418-22

FUBSELLTS et 1960 st e prsion s

S enite st o e e
e vt
ot prodciondos S

Ection o et o B

) h e g iy o

e oS ma i

e o b o o TR

e ey o ot i

B ——
e e

[ttt o




