Adrenal Vein Sampling in Primary Aldosteronism

Introduction:


Produced in the zona glomerulosa of the adrenal gland, aldosterone exerts its effect by binding to the nuclear mineralocorticoid receptor leading to enhanced sodium uptake in epithelial tissues.  Water follows the sodium causing increased volume load and cardiac output, ultimately leading to the development of increased blood pressure.  Also, hypokalemia can develop as the sodium reabsorption leads to postassium excretion (Mattsson 2006).  Primary aldosteronism occurs when aldosterone secretion occurs inappropriately.

First described in 1955, the syndrome of primary aldosteronism is characterized by hypertension, suppressed plasma renin activity, increased plasma aldosterone concentration and non-suppressible aldosterone.  Prevalence rates range from 5-10% of the hypertensive population (Young 2002).  The Endocrine Society guidelines from 2008 recommend screening for primary aldosteronism in patients with Joint National Commission stage 2 (>160-179/100-109 mmHg) hypertension, stage 3 (>180/110 mmHg) hypertension, drug-resistant hypertension, hypertension with spontaneous or diuretic induced hypokalemia, hypertension and adrenal adenoma, hypertension and family history of early onset hypertension or cerebrovascular accident at a young age (<40), or hypertensions and a first degree relative with primary aldosteronism (Funder 2008).

First proposed in 1981, the plasma aldosterone to plasma renin ratio (ARR) is used in screening for primary aldosteronism.  Primary aldosteronism is suspected when the plasma renin level is suppressed and plasma aldosterone is increased.  It is important to note that the diagnostic value is denominator dependent and is also dependent on the lower limit of detection of the plasma renin assay.  Cutoffs for the screening test can vary, but one proposed cutoff is an ARR >20 ng/dl per ng/ml/hr with a plasma aldosterone of >15 ng/dl in the setting of low plasma renin (Young 2002).  If a screening test is positive, the next step is to perform a confirmatory test for primary aldosteronism.  Confirmatory tests include fludrocortisone suppression, oral saline load, intravenous slaine load, and captopril challenge (Mulatero 2010).  Once the diagnosis is confirmed, the next step is subtype differentiation.

The goal of subtype differentiation is to differentiate surgically curable disease from surgically non-curable disease.  The most common forms are aldosterone-producing adenoma (APA) or bilateral adrenocortical hyperplasia (BAH), also referred to as idiopathic hyperaldosteronism (IHA) (Rossi 2008).  The first step towards subtype differentiation is high resolution computed tomography for identification of adrenal nodules.  However, adenomas can escape detection or an adrenal mass can occur by chance in a patient with primary aldosteronism.  Thus adrenal imaging by itself is inadequare to discriminate APA and BAH (Rossi 2008).  Adrenal vein sampling is regarded as the gold standard diagnostic test for demonstrating lateralization of aldosterone secretion (Rossi 2008).

Adrenal Vein Sampling:

Adrenal vein sampling was initially proposed as a way to localize catecholamine secreting neoplasms (Young 2009).  In 1967, Melby et al. reported the use of adrenal vein sampling in primary aldosteronism and it has since become the gold standard test to differentiate unilateral from bilateral disease (Young 2009).  In his initial paper, he reported the comparison of aldosterone from the right and left adrenal veins in seven patients with primary aldosteronism and also in three normal patients.  The authors found elevated aldosterone secretion and a higher aldosterone to cortisol ratio from the involved adrenal gland compared to the uninvolved adrenal gland.  All primary aldosteronism patients in the study were operated for unilateral adrenalectomy and were found to have adenomas that correlated with the lateralization found on adrenal vein sampling (Melby 1967).

From this first report, adrenal vein sampling in primary aldosteronism has continued to evolve.  Some controversies remain including whether the addition of cosyntropin to the test either as a bolus or constant infusion improves the diagnostic accuracy, and what diagnostic criteria to use (Auchus 2010).  In performing this test there are some things that need to be considered.  First, the patient needs to be prepared properly.  They should be tested in a fasting state and be supine for at least one hour before testing (Young 2009).  Additionally, certain anti-hypertensives should be avoided to prevent false results.  Mineralocorticoid receptor antagonists in particular should be discontinued at least 6 weeks before testing.  Preferred medications include extended release verapamil, α-adrenergic blockers and hydralazine.  Patients should also be potassium replete as hypokalemia can lower the aldosterone levels (Rossi 2007).
In addition to patient preparation, the test should be performed by an experienced and skilled practitioner is needed, especially given some of the technical difficulties that can arise in cannulating the right adrenal vein.  Additionally, a well-defined protocol should be in place (Rossi 2007, Young 2009).  Samples are obtained from the right adrenal, left adrenal, and from a peripheral source.  This should be performed simultaneously or in rapid sequence to limit fluctuations in secretion that occur with time (Young 2009).

 The NIH protocol for adrenal vein sampling in primary aldosteronism is as follows:

1. Catheterization of bilateral femoral veins is performed with a 0.45 polyurethane catheter with 6 French sheath in the right, and Muller catheter in the left.

2. Cannulation of both adrenal veins is obtained via the right femoral vein.

3. Simultaneous baseline sampling for aldosterone and cortisol is performed from both adrenal veins and a peripheral sample is drawn from the left femoral catheter at time -5 minutes and at time 0 minutes.

4. After obtaining baseline samples, a 0.25mg push of ACTH is given followed by steady infusion of ACTH of 1mcg/ml at 150-200 ml/hr.

5. At time +10 minutes and + 15 minutes, simultaneous samples are again obtained from right adrenal vein, left adrenal vein, and left femoral vein.

6. Upon completion of sampling, ACTH infusion is stopped and switched to normal saline at KVO and catheters are removed.

It is important to note that all samples are stored on ice during sampling and are then transported to the laboratory on ice for processing.
Interpretation of the results of the sampling is dependent not only on the aldosterone concentration and on the cortisol concentration, but also on whether ACTH stimulation was used.  In the setting of ACTH stimulation during adrenal vein sampling, a few ratios need to be calculated.  The first is the selectivity index (SI) which is used to determine if there was adequate cannulation of the adrenal veins.  This is calculated by taking the ratio of cortisol from the adrenal compared to the cortisol from the peripheral sample.  This should be done for both right and left sided samples.  With ACTH stimulation, a ratio of 5:1 indicates successful cannulation of the adrenal vein.  Without ACTH stimulation, a ratio of 3:1 suggests successful cannulation, though different cut-offs have been suggested (Young 2009).

After confirming successful cannulation, the next step is to determine unilaterality versus bilaterality.  First the aldosterone concentration needs to be corrected for possible dilution by dividing by the cortisol to get the A:C ratio.  Next, the cortisol corrected values are compared to calculate the lateralization index (LI).  The greater of A:C ratio is divided by the smaller A:C ratio.  A ratio of > 4:1 suggests lateralization, < 3:1 suggests bilateral disease, and anything in between is inconclusive (Young 2009, Auchus 2010).
An example of the calculation follows below:

	Location
	Aldosterone
	Cortisol
	Selectivity Index
	A:C ratio

	Right adrenal
	A
	D
	D/F
	A/D

	Left adrenal
	B
	E
	E/F
	B/E

	Peripheral
	C
	F
	
	


In this example, selectivity index (SI) should be > 5 to indicate successful cannulation of the adrenal veins.  Lateralization index (LI) would be calculated by taking the higher A:C ratio divided by the lower A:C ratio.  If LI is > 4 then unilateral disease lateralizing to the numerator side is suggested.  If LI is < 3 then bilateral disease is suggested.  If LI is between 3 and 4 then the results are indeterminant and a repeat study may need to be considered.  Alternatively, repeating the assay on samples stored from the test or measuring 18-hydroxycorticosterone could be considered (Auchus 2010).  The true sensitivity and specificity of the test is difficult to determine as calculating this would require performing an adrenalectomy on all patients to verify the diagnosis.
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