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Primary aldosteronism affects 5–13% of patients with hypertension. Patients with hypertension and hypokalemia and
most patients with treatment-resistant hypertension should
undergo screening for primary aldosteronism with a plasma
aldosterone concentration to plasma renin activity ratio. A
high plasma aldosterone concentration to plasma renin activity ratio is a positive screening test result, a finding that
warrants confirmatory testing. For those patients that want
to pursue a surgical cure, the accurate distinction between
the subtypes (unilateral vs. bilateral adrenal disease) of primary aldosteronism is a critical step. The subtype evaluation
may require one or more tests, the first of which is imaging the

H

YPERTENSION, HYPOKALEMIA, suppressed plasma
renin activity (PRA), and increased aldosterone excretion characterize the syndrome of primary aldosteronism,
which was first described in 1955 (1). Bilateral idiopathic
hyperaldosteronism (IHA) and aldosterone- producing adenoma (APA) are the most common subtypes of primary
aldosteronism (Table 1). A much less common form, unilateral hyperplasia or primary adrenal hyperplasia, is caused by
zona glomerulosa hyperplasia of predominantly one adrenal
gland. Two forms of familial hyperaldosteronism (FH) have
been described: FH type I and FH type II. FH type I, or
glucocorticoid-remediable aldosteronism (GRA), is autosomal dominant in inheritance and associated with variable
degrees of hyperaldosteronism, high levels of hybrid steroids
(e.g. 18-hydroxycortisol and 18-oxocortisol), and suppressibility with exogenous glucocorticoids (2). FH type II refers
to the familial occurrence of APA or IHA or both (3).
In this review three questions will be addressed: 1) How
common is primary aldosteronism? 2) How should the clinician distinguish between IHA and APA? and 3) What is the
best treatment for primary aldosteronism?
How Common is Primary Aldosteronism?

In the past, clinicians would not consider the diagnosis of
primary aldosteronism unless the patient presented with
spontaneous hypokalemia, and then the diagnostic evaluation would require discontinuing antihypertensive medications for 2 wk. The “spontaneous hypokalemia/no antihypertensive drug” diagnostic approach resulted in predicted
Abbreviations: APA, Aldosterone-producing adenoma; CT, computed tomography; FH, familial hyperaldosteronism; GRA, glucocorticoid-remediable aldosteronism; IHA, idiopathic hyperaldosteronism;
LV, left ventricular; PAC, plasma aldosterone concentration; PRA,
plasma renin activity.

adrenal glands with computed tomography, followed by selective use of adrenal venous sampling. Because of the deleterious cardiovascular effects of aldosterone, normalization
of circulating aldosterone or aldosterone receptor blockade
should be part of the management plan for all patients with
primary aldosteronism. Unilateral laparoscopic adrenalectomy is an excellent treatment option for patients with unilateral aldosterone-producing adenoma. Bilateral idiopathic
hyperaldosteronism should be treated medically. In addition,
aldosterone-producing adenoma patients may be treated
medically if the medical treatment includes mineralocorticoid receptor blockade. (Endocrinology 144: 2208 –2213, 2003)

primary aldosteronism prevalence rates of less than 0.5% of
hypertensive patients (4 –9). However, it is now recognized
that most patients with primary aldosteronism are not hypokalemic (10 –13) and that screening can be completed with
a simple blood test [plasma aldosterone concentration (PAC)
to PRA ratio] while the patient is taking antihypertensive
drugs (except spironolactone; Refs. 13–20). Fifteen prospective studies have been published on the use of the PAC/PRA
ratio in screening for primary aldosteronism (12, 14, 19, 21–
32). Although there is some uncertainty about test characteristics and lack of standardization (20), the PAC/PRA ratio
is widely accepted as the screening test of choice for primary
aldosteronism (33–35). It has been suggested that captopril
administration may optimize the PAC/PRA test characteristics (10, 36, 37).
Using the PAC/PRA ratio as a screening test followed by
aldosterone suppression confirmatory testing has resulted in
much higher prevalence estimates (5–13% of all hypertensives) for primary aldosteronism (Table 2 and Refs. 10 and
21–27). The prevalence of primary aldosteronism approaches
20% in patients with resistant hypertension (12). However,
the new prevalence data have not yet been uniformly accepted. Although the prevalence studies documented autonomous aldosterone secretion with confirmatory testing
(10, 21–32), it has been suggested that the apparent increased
prevalence may be a result of misclassifying low-renin hypertension as primary aldosteronism (38, 39).
How common is primary aldosteronism? Although unanimity is lacking among experts, the evidence from almost
every continent suggests that primary aldosteronism affects
5–13% of patients with hypertension. Patients with hypertension and hypokalemia, regardless of presumed cause (e.g.
diuretic treatment), and most patients with treatment-resistant hypertension should undergo screening for primary al-
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TABLE 1. Forms of primary aldosteronism
Aldosterone-producing adenoma (APA)
Bilateral idiopathic hyperplasia (IHA)
Primary (unilateral) adrenal hyperplasia
Aldosterone-producing adrenocortical carcinoma
Familial hyperaldosteronism (FH)
Glucocorticoid-remediable aldosteronism (FH type I)
FH type II (APA or IHA)
TABLE 2. Prevalence of unrecognized primary aldosteronism in
patients with hypertension
Author (Ref.)

Country

No. screened

Prevalence

Gordon et al. (21)
Kumar et al. (22)
Kreze et al. (23)
Lim et al. (24)
Loh et al. (25)
Fardella et al. (26)
Schwartz et al. (27)
Rossi et al. (10)

Australia
India
Slovakia
United Kingdom
Singapore
Chile
United States
Italy

199
103
115
465
350
305
117
1,046

8.5%
8.7%
13.0%
9.2%
4.6%
9.5%
12.0%
6.3%

dosteronism with a PAC/PRA ratio (cutoff is laboratory
dependent) with or without captopril administration (Fig. 1).
A high PAC/PRA ratio is a positive screening test result, a
finding that warrants confirmatory testing.

FIG. 1. In patients with suspected primary aldosteronism, screening
can be accomplished by measuring a morning (preferably 0800 h)
ambulatory paired random PAC and PRA. This test may be performed
while the patient is taking antihypertensive medications and without
posture stimulation. Spironolactone is the only medication that will
absolutely interfere with interpretation of the ratio.

How Should the Clinician Distinguish between IHA
and APA?

Unilateral adrenalectomy in patients with APA or PAH
results in normalization of hypokalemia in all; hypertension
is improved in all and is cured in approximately 30 – 60% of
these patients (40). In IHA, unilateral or bilateral adrenalectomy seldom corrects the hypertension (41). IHA and GRA
should be treated medically. Therefore, for those patients
that want to pursue a surgical cure, the accurate distinction
between the subtypes of primary aldosteronism is a critical
step. The more widespread screening for primary aldosteronism has changed the proportion of patients with APA vs.
IHA (Fig. 2). From 1957 to 1985, 248 patients (of whom 98%
were hypokalemic) were diagnosed with primary aldosteronism at Mayo Clinic, and 68% had either surgically confirmed or probable APA. In 1999 alone, 120 patients (of
whom 37% were hypokalemic) were diagnosed with primary aldosteronism at Mayo Clinic, and only 28% had either
surgically confirmed or probable APA.
The subtype evaluation may require one or more tests, the
first of which is imaging the adrenal glands with computed
tomography (CT; Fig. 3). When a solitary unilateral macroadenoma (⬎1 cm) and normal contralateral adrenal morphology are found on CT in a young patient (⬍40 yr old) with
primary aldosteronism, unilateral adrenalectomy is a reasonable therapeutic option (Fig. 3). However, in many cases,
CT may show normal-appearing adrenals, minimal unilateral adrenal limb thickening, unilateral microadenomas (ⱕ1
cm), or bilateral macroadenomas. In these cases, additional
testing may be required to determine the source of excess
aldosterone secretion. Small APAs may be labeled incorrectly as IHA on the basis of CT findings of bilateral nodularity or normal-appearing adrenals. Also, apparent adrenal
microadenomas may represent areas of hyperplasia, and uni-

FIG. 2. A, From 1957–1985, 248 patients were diagnosed with primary aldosteronism at Mayo Clinic; 57% had surgically confirmed
APA, and 11% had probable APA; the remainder (33%) had probable
or confirmed bilateral IHA. B, In 1999, 120 patients were diagnosed
with primary aldosteronism at Mayo Clinic; 20% had surgically confirmed APA, and 8% had probable APA; the remainder (72%) had
probable or confirmed bilateral IHA.

lateral adrenalectomy would be inappropriate. In addition,
nonfunctioning unilateral adrenal macroadenomas are not
uncommon, especially in older patients (⬎40 yr old; Ref. 42).
Patients with APAs have more severe hypertension, more
frequent hypokalemia, higher plasma (⬎25 ng/dl; ⬎694
pmol/liter) and urinary (⬎30 g/24 h; ⬎83 nmol/d) levels
of aldosterone, and are younger (⬍50 yr old) than those with
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Normalization of Blood Pressure vs. Normalization of
Aldosterone Levels and/or Its Actions

FIG. 3. Subtype evaluation of primary aldosteronism. See text for
details. AVS, Adrenal venous sampling; PAH, primary adrenal hyperplasia. [Modified from W. F. Young, Jr., and M. J. Hogan: Trends
Endocrinol Metab 5:97–106, 1994 (82), with permission from
Elsevier.]

IHA (41, 43). Patients fitting these descriptors are considered
to have a high probability of APA (Fig. 3). However, these
factors are not absolute predictors of unilateral vs. bilateral
adrenal disease. With the addition of adrenal venous sampling, we have found unilateral APAs in 36% of patients with
clinically high-probability APA who had normal findings or
unilateral adrenal limb thickening on CT (44). Several studies
have found that CT contributed to lateralization in the minority of patients with primary aldosteronism and that adrenal venous sampling is essential to direct appropriate therapy in patients with primary aldosteronism who have a high
probability of APA and CT findings of unilateral adrenal
limb thickening (34, 45– 47).
Adrenal venous sampling is a difficult procedure because
the right adrenal vein is small; the success rate depends on
the proficiency of the angiographer (45). According to a review of 47 reports, the success rate for cannulating the right
adrenal vein in 384 patients was 74% (41). However, with
experience, the success rate approximates 90 –93% (44, 45).
Some centers perform adrenal venous sampling in all patients diagnosed with primary aldosteronism (45). A more
practical approach is the selective use of adrenal venous
sampling outlined in Fig. 3. Using this approach for the
subtype evaluation of 120 primary aldosteronism patients in
1999 at Mayo Clinic, 7% of patients had adrenalectomy based
on CT findings alone, and 21% had adrenal venous sampling
to guide therapy.
What Is the Best Treatment for Primary
Aldosteronism?

The treatment goal is to prevent the morbidity and mortality associated with hypertension, hypokalemia, and cardiovascular damage. The cause of the primary aldosteronism
helps to determine the appropriate treatment.

Normalization of blood pressure should not be the only
goal in managing the patient with primary aldosteronism.
Mineralocorticoid receptors are present in the heart, brain,
and blood vessels, in addition to the kidney and colon. A
number of animal studies indicate that aldosterone exerts
deleterious effects when plasma concentrations are inappropriate for salt status (48 –50). In experimental models of hypertension and heart failure, the nonepithelial effects of aldosterone are mediated via classical mineralocorticoid
receptors, and are largely or completely abolished by administration of the aldosterone receptor blocker or by reduction of circulating aldosterone by adrenalectomy (48, 51).
It has been demonstrated that selective aldosterone blockade
(at doses that do not alter blood pressure) markedly reduces
tissue (brain, heart, kidney) damage in saline-drinking spontaneously hypertensive rats (48). Aldosterone induces myocardial fibrosis by either stimulation of cardiac fibroblasts
and/or vascular fibrinoid necrosis (52). A clinical correlate of
these laboratory studies was the Randomized Aldactone
Evaluation Study in which spironolactone produced a 30%
reduction in mortality in patients with stage IV congestive
heart failure (53, 54). Increased risk of ischemic cardiac events
is associated with activation of the renin-angiotensin-aldosterone system (55). Plasminogen activator inhibitor-1 is a
major physiologic inhibitor of fibrinolysis (56, 57). Aldosterone increases plasminogen activator inhibitor-1 expression
in vascular smooth muscle and endothelial cells (58), and
levels correlate with plasma concentrations of aldosterone
(59), a correlation inhibited by spironolactone (60).
Patients with primary aldosteronism, when matched for
age, blood pressure, and duration of hypertension, have
greater left ventricular (LV) mass measurements when compared with patients with other types of hypertension (e.g.
pheochromocytoma, Cushing’s syndrome, and essential hypertension; Ref. 61– 63). The LV wall thickness and mass
decreased markedly by 1 yr after adrenalectomy for APA,
but not in those on medical therapy (64). It should be noted
that other studies have been unable to find differences in the
degree of LV hypertrophy in patients with primary aldosteronism when compared with patients with renovascular and
essential hypertension (65, 66).
The results of studies on small resistance arteries in fat
biopsies from patients with primary aldosteronism suggest
that there may be some unique vascular remodeling (67, 68).
In addition, it has been shown that myocardial damage,
when estimated by thallium-201 myocardial scintigraphy, is
more severe in patients with primary aldosteronism than in
those with essential hypertension—a finding that improves
after adrenalectomy (69).
Therefore, normalization of circulating aldosterone or aldosterone receptor blockade should be part of the management plan for all patients with primary aldosteronism.
The Surgical Option

Unilateral laparoscopic adrenalectomy is an excellent
treatment option for patients with APA or unilateral hyperplasia. Although blood pressure control improves in nearly
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100% of patients postoperatively, average long-term cure
rates of hypertension after unilateral adrenalectomy for APA
range from 30 – 60% (40, 70). Persistent hypertension after
adrenalectomy is correlated directly with having more than
one first-degree relative with hypertension, use of more than
two antihypertensive agents preoperatively, older age, increased serum creatinine, and duration of hypertension, and
it is most likely due to coexistent primary hypertension (40,
70, 71–73).
Laparoscopic adrenalectomy is the preferred surgical approach and is associated with shorter hospital stays and less
long-term morbidity (71, 73). The blood pressure response to
spironolactone preoperatively often predicts the blood pressure response to unilateral adrenalectomy in patients with
APA. To decrease the surgical risk, hypokalemia should be
corrected with spironolactone preoperatively; treatment
with this drug should be discontinued postoperatively.
Aldosterone concentrations in blood or urine should be
measured shortly after the operation. For the first few weeks
postoperatively, a generous sodium diet should be followed
to avoid the hyperkalemia of hypoaldosteronism that may
occur because of the chronic suppression of the reninangiotensin-aldosterone axis. Typically, the hypertension resolves in 1–3 months postoperatively. It has been found that
adrenalectomy for APA is significantly less expensive than
long-term medical therapy alone (74).
The Pharmacologic Option

IHA and GRA should be treated medically (35). In addition, APA patients may be treated medically if the medical
treatment includes mineralocorticoid receptor blockade.
There have been no placebo-controlled randomized trials
evaluating the relative efficacy of drugs in the treatment of
primary aldosteronism (75). Spironolactone has been the
drug of choice to treat primary aldosteronism for more than
three decades. However, it is not selective for the aldosterone
receptor. For example, antagonism at the testosterone receptor may result in painful gynecomastia, impotence, and menstrual irregularity. The incidence of gynecomastia in 699
patients treated with spironolactone was dose-dependent
(6.9% at doses of ⬍50 mg/d and 52% at daily doses of ⬎150
mg; Ref. 76). Treatment goals are normotension and normokalemia without potassium supplementation.
Eplerenone is a new steroid-based antimineralocorticoid,
which acts as a competitive and selective aldosterone receptor antagonist that has been approved for the treatment of
uncomplicated essential hypertension and should be available for use in 2003 (77). The 9,11-epoxide group in
eplerenone results in a significant reduction of the progestational and antiandrogenic actions of the molecule compared with spironolactone; eplerenone has 0.1% of the binding affinity to androgen receptors and less than 1% of the
binding affinity to progesterone receptors compared with
spironolactone (78). The effectiveness of eplerenone in the
treatment of mild to moderate essential hypertension in 417
patients has been demonstrated (79). Eplerenone was well
tolerated, with the incidence of adverse events similar to
placebo. In a separate study, the addition of eplerenone to an
angiotensin-converting enzyme inhibitor or an angiotensin

receptor blocker resulted in significant blood pressure lowering in patients with suboptimally controlled essential hypertension (80). Treatment trials comparing the efficacy of
eplerenone vs. spironolactone for the treatment of primary
aldosteronism have not been published. Presumably
eplerenone will be the superior drug if it is shown to be as
effective as spironolactone for the treatment of mineralocorticoid-dependent hypertension and if it lacks the limiting
antiandrogen side effects of spironolactone.
In patients that are intolerant of aldosterone receptor antagonists, amiloride may be used for its potassium-sparing
properties. However, amiloride lacks the mineralocorticoid
receptor antagonist benefits. In addition, amiloride is not a
very effective antihypertensive agent in patients with primary aldosteronism, and if hypertension persists, a secondstep agent (e.g. a thiazide diuretic) should be added (81).
Conclusion

The evidence from almost every continent suggests that
primary aldosteronism affects 5–13% of patients with hypertension. Patients with hypertension and hypokalemia,
regardless of presumed cause (e.g. diuretic treatment), and
most patients with treatment-resistant hypertension should
undergo screening for primary aldosteronism with a PAC/
PRA ratio with or without captopril administration. A high
PAC/PRA ratio is a positive screening test result, a finding
that warrants confirmatory testing. For those patients that
want to pursue a surgical cure, the accurate distinction between the subtypes of primary aldosteronism is a critical
step. The subtype evaluation may require one or more tests,
the first of which is imaging the adrenal glands with CT,
followed by selective use of adrenal venous sampling. The
treatment goal is to prevent the morbidity and mortality
associated with hypertension, hypokalemia, and cardiovascular damage. Because of the deleterious cardiovascular effects of excess aldosterone, normalization of circulating aldosterone or aldosterone receptor blockade should be part of
the management plan for all patients with primary aldosteronism. Unilateral laparoscopic adrenalectomy is an excellent treatment option for patients with APA or unilateral
hyperplasia. IHA and GRA should be treated medically. In
addition, APA patients may be treated medically if the medical treatment includes mineralocorticoid receptor blockade.
Acknowledgments
Received March 3, 2003. Accepted March 7, 2003.
Address all correspondence and requests for reprints to: William F.
Young, Jr., M.D., Mayo Clinic, 200 First Street SW, Rochester, Minnesota
55905. E-mail: Young.William@Mayo.edu.

References
1. Conn JW 1955 Presidential address. Part I, Painting background. Part II,
Primary aldosteronism, a new clinical syndrome. J Lab Clin Med 45:3
2. Lifton RP, Dluhy RG, Powers M, Rich GM, Cook S, Ulick S, Lalouel JM 1992
A chimeric 11␤-hydroxylase/aldosterone synthase gene causes glucocorticoid-remediable aldosteronism and human hypertension. Nature 355:262–265
3. Jackson RV, Lafferty A, Torpy DJ, Stratakis C 2002 New genetic insights in
familial hyperaldosteronism. Ann N Y Acad Sci 970:77– 88
4. Andersen GS, Toftdahl DB, Lund JO, Standgaard S, Nielsen PE 1988 The
incidence rate of phaeochromocytoma and Conn’s syndrome in Denmark,
1977–1981. J Hum Hypertens 2:187–189

Downloaded from endo.endojournals.org on December 2, 2005

2212

Endocrinology, June 2003, 144(6):2208 –2213

5. Gifford Jr RW 1969 Evaluation of the hypertensive patient with emphasis on
detecting curable causes. Milbank Mem Fund Q 47:170 –186
6. Kaplan NM 1967 Hypokalemia in the hypertensive patient, with observations
on the incidence of primary aldosteronism. Ann Intern Med 66:1079 –1090
7. Sinclair AM, Isles CG, Brown I, Cameron H, Murray GD, Robertson JW 1987
Secondary hypertension in a blood pressure clinic. Arch Intern Med 147:1289 –
1293
8. Abdelhamid S, Muller-Lobeck H, Pahl S, Remberger K, Bonhof JA, Walb D,
Rockel A 1996 Prevalence of adrenal and extra-adrenal Conn syndrome in
hypertensive patients. Arch Intern Med 156:1190 –1195
9. Anderson G, Blakeman N, Streeten D 1994 The effect of age on prevalence
of secondary forms of hypertension in 4429 consecutively referred patients.
J Hypertens 12:609 – 615
10. Rossi E, Regolisti G, Negro A, Sani C, Davoli S, Perazzoli F 2002 High
prevalence of primary aldosteronism using postcaptopril plasma aldosterone
to renin ratio as a screening test among Italian hypertensives. Am J Hypertens
15:896 –902
11. Young Jr WF 2002 Primary aldosteronism: management issues. Ann NY Acad
Sci 970:61–76
12. Calhoun DA, Nishizaka MK, Zaman MA, Thakkar BB, Weissman P 2002
Hyperaldosteronism among black and white subjects with resistant hypertension. Hypertension 40:892– 896
13. Mulatero P, Rabbia F, Milan A, Paglieri C, Morellow F, Chiandussi L, Veglio
F 2002 Drug effects on aldosterone/plasma renin activity ratio in primary
aldosteronism. Hypertension 40:897–902
14. Hiramatsu K, Yamada T, Yukimura Y, Komiya I, Ichikawa K, Ishihara M,
Nagata H, Izumiyama T 1981 A screening test to identify aldosteroneproducing adenoma by measuring plasma renin activity. Results in hypertensive patients. Arch Intern Med 141:1589 –1593
15. Vallotton MB 1998 Screening and diagnosis of hypertension forms secondary
to excess of mineralocorticoid. Rev Fr Endocrinol Clin 39:109 –118
16. McKenna TJ, Sequeira SJ, Hefferanan A, Chambers J, Cunningham S 1991
Diagnosis under random conditions of all disorders of the renin-angiotensinaldosterone axis, including primary hyperaldosteronism. J Clin Endocrinol
Metab 73:952–957
17. Ignatowska-Switalska H, Chodakowska J, Januszewicz W, Feltynowski T,
Adamczyk M, Lewondowski J 1997 Evaluation of plasma aldosterone to
plasma renin activity ratio in patients with primary aldosteronism. J Hum
Hypertens 11:373–378
18. Weinberger MH, Fineberg NS 1993 The diagnosis of primary aldosteronism
and separation of two major subtypes. Arch Intern Med 153:2125–2129
19. Gallay BJ, Ahmad S, Xu L, Toivola B, Davidson RC 2001 Screening for
primary aldosteronism without discontinuing hypertensive medications:
plasma aldosterone-renin ratio. Am J Kidney Dis 37:699 –705
20. Montori VM, Young Jr WF 2002 Use of plasma aldosterone concentrationto-plasma renin activity ratio as a screening test for primary aldosteronism: a
systematic review of the literature. Endocrinol Metab Clin North Am 31:619 –
632
21. Gordon RD, Stowasser M, Tunny TJ, Klemm SA, Rutherford JC 1994 High
incidence of primary aldosteronism in 199 patients referred with hypertension.
Clin Exp Pharmacol Physiol 21:315–318
22. Kumar A, Lall SB, Ammini A, Peshin SS, Karmarkar MG, Talwar KK, Seth
SD 1994 Screening of a population of young hypertensives for primary hyperaldosteronism. J Hum Hypertens 8:731–732
23. Kreze A, Okalova D, Vanuga P, Putz Z, Kodaj J, Hrnciar J 1999 Occurrence
of primary aldosteronism in a group of ambulatory hypertensive patients.
Vnitr Lek 45:17–21
24. Lim P, Dow E, Brennan G, Jung R, MacDonald TM 2000 High prevalence of
primary aldosteronism in the Tayside hypertension clinic population. J Hum
Hypertens 14:311–315
25. Loh KC, Koay ES, Khaw MC, Emmanuel SC, Young Jr WF 2000 Prevalence
of primary aldosteronism among Asian hypertensive patients in Singapore.
J Clin Endocrinol Metab 85:2854 –2859
26. Fardella C, Mosso L, Gomez-Sanchez C, Cortes P, Soto J, Gomez L, Pinto M,
Huete A, Oestreicher E, Foradori A, Montero J 2000 Primary hyperaldosteronism in essential hypertensives: prevalence, biochemical profile, and molecular biology. J Clin Endocrinol Metab 85:1863–1867
27. Schwartz GL, Turner ST 2002 Prevalence of unrecognized primary aldosteronism in essential hypertension. Am J Hypertens 15:18A (Abstract)
28. Hamlet SM, Tunny TJ, Woodland E, Gordon RD 1985 Is aldosterone/renin
ratio useful to screen a hypertensive population for primary aldosteronism?
Clin Exp Pharmacol Physiol 12:249 –252
29. Lazurova I, Schwartz P, Trejbal D, Zachar M, Bober J, Sokol L, Wagnerova
H, Trejbalova L, Valansky L 1999 Incidence of primary hyperaldosteronism
in hospitalized hypertensive patients. Bratisl Lek Listy 100:200 –203
30. Lim PO, Rodgers P, Cardale K, Watson AD, MacDonald TM 1999 Potentially
high prevalence of primary aldosteronism in a primary-care population. Lancet 353:40
31. Mosso L, Fardella C, Montero J, Rojas P, Sanchez O, Rojas V, Rojas A, Huete
A, Soto J, Foradori A 1999 High prevalence of undiagnosed primary hyperaldosteronism among patients with essential hypertension [Alta prevalencia

Young • Minireview

32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.

46.

47.
48.

49.
50.
51.

52.
53.
54.
55.
56.

57.
58.
59.
60.
61.

de hiperaldosteronismo primario no diagnosticado en hipertension catalogados como esenciales]. Rev Med Chil 127:800 – 806
Rossi GP, Rossi E, Pavan E, Rosati N, Zecchel R, Semplicini A, Perazzoli F,
Pessina AC 1998 Screening for primary aldosteronism with a logistic multivariate discriminant analysis. Clin Endocrinol (Oxf) 49:713–723
Moneva MH, Gomez-Sanchez CE 2001 Establishing a diagnosis of primary
aldosteronism. Curr Opin Endocrinol Diabetes 8:124 –129
Gordon RD, Stowasser M, Rutherford JC 2001 Primary aldosteronism: are we
diagnosing and operating too few patients? World J Surg 25:941–947
Young Jr WF 1999 Primary aldosteronism: a common and curable form of
hypertension. Cardiol Rev 7:207–214
Castro OL, Yu X, Kem DC 2002 Diagnostic value of the post-captopril test in
primary aldosteronism. Hypertension 39:935–938
Racine MC, Douville P, Lebel M 2002 Functional tests for primary aldosteronism: value of captopril suppression. Curr Hypertens Rep 4:245–249
Kaplan NM 2001 Cautions over the current epidemic of primary aldosteronism. Lancet 357:953–954
Padfield PL 2002 Primary aldosteronism, a common entity? The myth persists.
J Hum Hypertens 16:159 –162
Sawka AM, Young Jr WF, Thompson GB, Grant CS, Farley DR, Leibson C,
van Heerden JA 2001 Primary aldosteronism: factors associated with normalization of blood pressure after surgery. Ann Intern Med 135:258 –261
Young Jr WF, Klee GG 1988 Primary aldosteronism: diagnostic evaluation.
Endocrinol Metab Clin North Am 17:367–395
Kloos RT, Gross MD, Francis IR, Korobkin M, Shapiro B 1995 Incidentally
discovered adrenal masses. Endocr Rev 16:460 – 484
Blumenfeld JD, Sealey JE, Schlussel Y, Vaughan Jr ED, Sos TA, Atlas SA,
Muller FB, Acevedo R, Ulick S, Laragh LH 1994 Diagnosis and treatment of
primary aldosteronism. Ann Intern Med 121:877– 885
Young Jr WF, Stanson AW, Grant CS, Thompson GB, van Heerden JA 1996
Primary aldosteronism: adrenal venous sampling. Surgery 120:913–920
Rossi GP, Sacchetto A, Chiesura-Corona M, De Toni R, Gallina M, Feltrin
GP, Pessina AC 2001 Identification of the etiology of primary aldosteronism
with adrenal vein sampling in patients with equivocal computed tomography
and magnetic resonance findings: results in 104 consecutive cases. J Clin
Endocrinol Metab 86:1083–1090
Magill SB, Raff H, Shaker JL, Brickner RC, Knechtges TE, Kehoe ME,
Findling JW 2001 Comparison of adrenal vein sampling and computed tomography in the differentiation of primary aldosteronism. J Clin Endocrinol
Metab 86:1066 –1071
Doppman JL, Gill Jr JR 1996 Hyperaldosteronism: sampling the adrenal veins.
Radiology 198:309 –312
Rocha R, Rudolph AE, Frierdich GE, Nachowiak DA, Kekec BK, Blomme
EA, McMahon EG, Delyani JA 2002 Aldosterone induces a vascular inflammatory phenotype in the rat heart. Am J Physiol Heart Circ Physiol 283:
H1802–H1810
Rocha R, Funder JW 2002 The pathophysiology of aldosterone in the cardiovascular system. Ann NY Acad Sci 970:89 –100
Stier Jr CT, Chander PN, Rocha R 2002 Aldosterone as a mediator in cardiovascular injury. Cardiol Rev 10:97–107
Martinez DV, Rocha R, Matsumura M, Oestreicher E, Ochoa-Maya M,
Roubsanthisuk W, Williams GH, Adler GK 2002 Cardiac damage prevention
by eplerenone: comparison with low sodium diet or potassium loading. Hypertension 39:614 – 618
Brilla CG, Pick R, Tan LB, Janicki JS, Weber KT 1990 Remodeling of the rat
right and left ventricles in experimental hypertension. Circ Res 67:1355–1364
Pitt B, Zannad F, Remme WJ, Cody R, Castaigne A, Perez A, Palensky J,
Wittes J 1999 The effect of spironolactone on morbidity and mortality in
patients with severe heart failure. N Engl J Med 341:709 –717
Rocha R, Williams GH 2002 Rationale for the use of aldosterone antagonists
in congestive heart failure. Drugs 62:723–731
Alderman MH, Madhavan S, Ooi WL, Cohen H, Sealey JE, Laragh JH 1991
Association of the renin-sodium profile with the risk of myocardial infarction
in patients with hypertension. N Engl J Med 324:1098 –1104
Vaughan DE, Lazos SA, Tong K 1995 Angiotensin II regulates the expression
of plasminogen activator inhibitor-1 in cultured endothelial cells. A potential
link between the renin-angiotensin system and thrombosis. J Clin Invest 95:
995–1001
Kerins DM, Hao Q, Vaughan DE 1995 Angiotensin induction of PAI-1 expression in endothelial cells is mediated by the hexapeptide angiotensin IV.
J Clin Invest 96:2515–2520
Brown NJ, Kim KS, Chen YQ, Blevins LS, Nadeau JH, Meranze SG, Vaughan
DE 2000 Synergistic effect of adrenal steroids and angiotensin II on plasminogen activator inhibitor-1 production. J Clin Endocrinol Metab 85:336 –344
Brown NJ, Agirbasli MA, Williams GH, Litchfield WR, Vaughan DE 1998
Effect of activation and inhibition of the renin angiotensin system on plasma
PAI-1. Hypertension 32:965–971
Sawathiparnich P, Kumar S, Vaughan DE, Brown NJ 2002 Spironolactone
abolishes the relationship between aldosterone and plasminogen activator
inhibitor-1 in humans. J Clin Endocrinol Metab 87:448 – 452
Tanabe A, Naruse M, Naruse K, Hase M, Yoshimoto T, Tanaka M, Seki T,
Demura R, Demura H 1997 Left ventricular hypertrophy is more prominent

Downloaded from endo.endojournals.org on December 2, 2005

Young • Minireview

62.
63.
64.
65.

66.

67.
68.

69.
70.
71.

Endocrinology, June 2003, 144(6):2208 –2213 2213

in patients with primary aldosteronism than in patients with other types of
secondary hypertension. Hypertens Res 20:85–90
Rossi GP, Sacchetto A, Pavan E, Palatini P, Graniero GR, Canali C, Pessina
AC 1997 Remodeling of the left ventricle in primary aldosteronism due to
Conn’s adenoma. Circulation 95:1471–1478
Shigematsu Y, Hamada M, Okayama H, Hara Y, Hayashi Y, Kodama K,
Kohara K, Hiwada K 1997 Left ventricular hypertrophy precedes other targetorgan damage in primary aldosteronism. Hypertension 29:723–727
Rossi GP, Sacchetto A, Visentin P, Canali C, Graniero GR, Palatini P, Pessina
AC 1996 Changes in left ventricular anatomy and function in hypertension and
primary aldosteronism. Hypertension 27:1039 –1045
Yoshihara F, Nishikimi T, Yoshitomi Y, Nakasone I, Abe H, Matsuoka H,
Omae T 1996 Left ventricular structural and functional characteristics in patients with renovascular hypertension, primary aldosteronism and essential
hypertension. Am J Hypertens 9:523–528
Goldkorn R, Yurenev A, Blumenfeld J, Fishman D, Devereux RB 2002 Echocardiographic comparison of left ventricular structure and function in hypertensive patients with primary aldosteronism and essential hypertension. Am J
Hypertens 15:340 –345
Rizzoni D, Porteri E, Castellano M, Bettoni G, Muiesan ML, Muiesan P,
Giulini SM, Agabati-Rosei E 1996 Vascular hypertrophy and remodeling in
secondary hypertension. Hypertension 28:785–790
Rizzoni D, Muiesan ML, Porteri E, Salvetti M, Castellano M, Bettoni G,
Tiberio G, Giulini SM, Monteduro C, Garavelli G, Agabiti-Rosei E 1998
Relations between cardiac and vascular structure in patients with primary and
secondary hypertension. J Am Coll Cardiol 32:985–992
Abe M, Hamada M, Matsuoka H, Shigematsu Y, Sumimoto T, Hiwada K 1994
Myocardial scintigraphic characteristics in patients with primary aldosteronism. Hypertension 23:I164 –I167
Celen O, O’Brien MJ, Melby JC, Beazley RM 1996 Factors influencing outcome of surgery for primary aldosteronism. Arch Surg 131:646 – 650
Meria P, Kempf BF, Hermieu JF, Plouin PF, Duclos JM 2003 Laparoscopic

72.
73.
74.
75.
76.
77.
78.

79.
80.
81.
82.

management of primary aldosteronism: clinical experience with 212 cases.
J Urol 169:32–35
Fukudome Y, Fujii K, Arima H, Ohya Y, Tsuchihashi T, Abe I, Fujishima M
2002 Discriminating factors for recurrent hypertension in patients with primary aldosteronism after adrenalectomy. Hypertens Res 25:11–18
Rossi H, Kim A, Prinz RA 2002 Primary aldosteronism in the era of laparoscopic adrenalectomy. Am Surg 68:253–256
Sywak M, Pasieka JL 2002 Long-term follow-up and cost benefit of adrenalectomy in patients with primary hyperaldosteronism. Br J Surg 89:
1587–1593
Lim PO, Young WF, MacDonald TM 2001 A review of the medical treatment
of primary aldosteronism. J Hypertens 19:353–361
Jeunemaitre X, Chatellier G, Kreft-Jais C, Charru A, DeVries C, Plouin PF,
Corvol P, Menard J 1987 Efficacy and tolerance of spironolactone in essential
hypertension. Am J Cardiol 60:820 – 825
Zillich AJ, Carter BL 2002 Eplerenone: a novel selective aldosterone blocker.
Ann Pharmacother 36:1567–1576
De Gasparo M, Joss U, Ramjoue HP, Whitebread SE, Haenni H, Schenkel
L, Kraehenbuehl C, Biollaz M, Grob J, Schmidlin J 1987 Three new epoxyspironolactone derivatives: characterization in vivo and in vitro. J Pharmacol
Exp Ther 240:650 – 656
Weinberger MH, Roniker B, Krause SL, Weiss RJ 2002 Eplerenone, a selective
aldosterone blocker, in mild-to-moderate hypertension. Am J Hypertens 15:
709 –716
Krum H, Nolly H, Workman D, He W, Roniker B, Krause S, Fakouhi K 2002
Efficacy of eplerenone added to renin-angiotensin blockade in hypertensive
patients. Hypertension 40:117–123
Bravo EL, Fouad-Tarazi FM, Tarazi RC, Pohl M, Gifford RW, Vidt DG 1988
Clinical implications of primary aldosteronism with resistant hypertension.
Hypertension 11:I207–I211
Young Jr WF, Hogan MJ 1994 Renin-independent hypermineralocorticoidism.
Trends Endocrinol Metab 5:97–106

Downloaded from endo.endojournals.org on December 2, 2005

