The diagnosis of Aldosteronism
                                               9/15/2000 陳素榆

病人為46歲男性身高164 cm體重70kg，之前除曾因renal stone住院接受ESWL外並未有特殊病史或高血壓心臟血管疾病家族史三年前因為低鉀性肌麻痺(Hypokalemia paralysis)，而由急診收入院。當時鉀離子1.9mEq/L, Bp174/108mmHg,Ramdon Renin/aldosterone:0.1ng/ml/hr/134.4 pg/ml，T3:60 T4:6.2 TSH:2.0腹部電腦斷層並未發現Adrenal mass。病人出院後並未回門診追蹤，但斷斷續續因血壓高吃過reserpin直到三年後病人又因為低鉀性肌麻痺K:1.54meq/L, T/P/R:36.4/81/20, BP:201/101mmHg 而來住院，在這次住院同時也發現病人有橫紋肌溶解(Rhobdomyolysis):CK:6700 IU/L, Myoglobulin>650, LDH:810 IU/L)及輕微血糖昇高的情形，我們在病人血鉀已補充接近正常範圍，為病人作一系列檢查如下:
Normal range: rennin:supine0.15-2.33 ng/ml/hr ;erect:1.31-3.95 ng/ml/hr  

aldosterone: urine:1030-5370 pg/day
立;38-307 pg/ml臥29-159 pg/ml隨時37-240pg/ml
Upright 2hours:Renin/aldosteronism:360/0.4
Posture change 

	
	aldosterone
	PRA
	cortisol

	8:00
	148
	0.4
	7.7

	12:00
	376
	0.2
	18.5


Captopril test
	0
	187
	0.4

	90’
	219
	0.4


· NP 59: no definite abnormal radioactivity 

uptake at the bilateral suprarenal regions up to day 7
· ABD CT:R/O right adrenal adenoma
· ABD MRI:a small well-defined nodular lesion 

measuring about 1 cm in diameter is 

noted in right adrenal glane
24 hour urine K:31 meq/day
24 hour urine Na:114 meq/day(daily urine output:2600-3000)

(Paul MS.Minrealocorticoid hypertension. Lancet 1999;353:1341-47)
Introduction
· Hypertension affects 10-25% of the general population.
· Within the past 5 years, the genetic basis for several forms of mineralocoticoid hypertension has been elucidated, and this research has renewed interest in the role of steroid hormones in the control of blood pressure.
· The prevalence of mineralocorticoid-based hypertension in patients with essential hypertension is unclear
Mineralocortocoid secretion and hormone action
· Both types of hormone are secreted from the adrenal cortex 

glucocorticoids in large amounts (cortisol 10-20mg daily) from the zona fasciulata
mineralocorticoid in small amounts (aldosterone 100-150μg daily) from the zona glomerulosa
Primary aldosteronism 

· Prevalence:
  Prevalence rates of 0.5-2.0% have been reported in unselected patients with essential hypertension, but many of these studies relied on detection of hypokalemia and underestimated true prevalence rates. By contrast, studies in specialist centers showed high prevlalence rates of 5-12% in hypertensive population, but these studies were subject to selection bias.
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A.Diagnosis of primary aldosterone 

1. Clinical 

a. hypertension (usually without edema)
b. sign/symptom of hypokalemia
2. Laboratory
a. Usual entry evidence 

     Hypokalemia(potassium<3.5 mmol/L) is rare in untreated hypertension. A patient with spontaneous hypokalemia who is taking diuretics should discontinue that medication, take potassium supplements, and have a repeat test 2 weeks later. 

     Up to 40% of patients with surgically confirmed primary aldosteronism will have normal serum potassium concentrations.(Young WF. Primary aldosteronism:update on diagnosis and treatment. Endocrinologist 1997;7:213-21)(Gordon RD. Primary aldosteronism:hypertension with a genetic basis. Lancet 1992; 340:159-610)
     In some series, up to 20% of patients with primary aldosteonism have normal or low-normal serum K concentration(Basic & clinical Endocrinology 5th edition P363)
       b.More definitive criteria 

1. upright PACng/dl/PRAng/ml/hr ratio: greater than 25% is suggestive, and more than 50 is virtually diagnostic of primary aldosteronism
2. Captopril test:aldosterone reduction of more than 20%-usually to less than 410 pmolL (15 ng/dl) is consider a normal response. 

3. Unrinary aldosterone: A 24 h urinary aldosterone excertion rate greater than 28 to 39 nmol/d(10 to 14 μg/d) in the presence of a urinary sodium excretion greater than 250 mmol/d.
4. Saline infusion test: Post saline plasma aldosterone levels greater than 280 pmol/L(>10 ng/dL) confirm the diagnosis of autonomous aldosterone production.
b. Differential Diagnosis 

*In normal physiology, aldosterone secretion is controlled by angiotensin II through the renin-angiotensin system.
*Adenomas are an autonomous source of aldosterone production outside the normal control of angiotensin II ; corticotropin assumes more importance in the control of aldosterone than normal.
*In glucocoricoid-suppressible hyperaldosteronism, aldosterone secretion and the secretion of intermediaty metabolistes are controlled by corticotropin.
1. Posture study: The response in normal subjects and in essential hypertensionis an increase in plasma aldosterone levels of at least 50%. In APA patients aldosterone levels generally decline in parallel with the circadian secretion of cotisol.

2. 18-hydroxycorticosterone(18-OHB):

· Increased urinary excretion pf 18-hydroxycortisol and 18-oxocortisol, which is a characteristic finding in individuals with the dexamethasone-suppressible form of primary aldosteronism.

· Blood level of 18-OHB, and intermediate of the aldosterone biosynthetic pathway, are greater than 2800 nmol/ml(100 ng/dl in APA subjects, whereas patients with IHA have lower 18-OHB level.
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· The ratio between plasma renin activity and plasma aldosterone concentration may be a sensitive screening test even in patients still taking antihypertensive medication, but validation of this test in each center depend on the assays used and on salt intake in the general population 

· The posture study is valid only if plasma renin activity rises when the patient adopts the erect posture, and if cortisol concentration, which is linked to underlying corticotropin secretion, falls between 0800 h and 1200 h. 

· Aldosterone-producting adenomas reposnsive to angiotensin II have been reported, which may explain why the overall accuracy of posture sensitive in primary aldosteronism is only 70-80% 

· The predictive value in distinguishing between APA and IHA approaches 90%(Basic & clinical endocrinology 5 th edition P363; William P741)
**The saline infusion test is typically distinguishes patients with primary aldosteronism from those with low renin essential hypertension.
3. Location: In about 2/3 of cases, primary aldosteronism is caused by a small (0.5-2.0cm) solitary aldosterone-producing adenoma of the adrenal gland, which is three times more common in women than men.
i. Adrenal CT and MRI: CT is has better spatial resolution and may be more sensitive in detecting smaller adenomas than MRI.
ii. Adrenal scintigraphy(iodocholesterol)has been useful in some centers
iii. Few patients need invasive adrenal vein cannulation, although this procedure may be required to make a diagnosis or to assist in the lateralisation or a lesion if the posture tests and imaging studies are inconclusive.The most sensitive diagnostic test for primary aldosteronism is the comparison of aldosterone concentrations in both adrenal veins, although this test is technically difficult and not without risk. Aldosterone-producing adenoma is made if aldosterone concentration is more than ten times higher in one adrenal vein that the other. Simultaneous cortisol measurements ensure that cannula is in the adrenal vein; expression of aldosteorone in terms of its ration to cortisol improves diagnostic accuracy .
            Nuclear medicin fig

=>After removal of aldosteron-producing adenomas, normal blood potassium concentration is restored in 100% of cases and blood pressure falls to normal in 70% of cases. Aldosterone secretion from the contralateral normal adrenal gland may be suppressed, and postoperative hypoaldosteronism should be anticipated and treated by increasing sodium intake, by transient fludrocortisone therapy, or both.
Conclusion
· In the meantime, all hypertensive patients should have their serum electrolyte concentrations measured, and those with hypokalemia must be investigated further.
· Since hypokalemia may be absent in many cases of proven mineralocorticoid hypertension, patients with severe hypertension (for example those on triple antihypertensive therapy), and those with a family history of hypertension or cerebrovascular disease should also be screened.
· In practice, the posture study can be undertaken when the initial biochemical confirmation studies are done.
· The clinician should consult the local endocrine lab for reference ranges for plasma rennin activity and aldosterone concentrations.
· Assays for 18-hydroxycortisol or 18-hydroxycorticosterone are available in only a few centers in the UK but are valuable to establish a differential diagnosis. (In Taiwan,?)
· Adrenal imaging should be undertaken only when biochemical confirmation of primary aldosteronism has been confirmed, and should be interpreted together with the results of the posture and biochemical data.
· Corticotropin-stimulation tests and dexamethasone suppression studies may be helpful in the diagnosis of glucocorticoid-suppressible hyperaldosteronism, this diagnosis can be confirmed by genetic analysis.

· Catheterization of the adrenal vein remains the most accurate diagnostic test in difficult cases, and may also be used to identify whether a functioning adrenal lesion is unilateral or bilateral.
