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Abstract
The identification that primary aldosteronism is a common cause of resistant hypertension is a
significant advance in our ability to care for patients with hypertension. Primary aldosteronism is
common, and when unrecognized is associated with increased incidence of adverse cardiovascular
outcomes. Identification of primary aldosteronism is based upon use of the plasma aldosterone
level, plasma renin activity and the aldosterone:renin ratio (ARR). Differentiation between
unilateral and bilateral autonomous adrenal aldosterone production then guides further therapy,
with use of mineralocorticoid receptor blockers for those with bilateral autonomous adrenal
aldosterone production and laparoscopic adrenalectomy for those with unilateral autonomous
aldosterone production. In this review, we discuss in detail the pathogenesis of primary
aldosteronism-induced hypertension and potassium disorders, the evaluation of the patient with
suspected primary aldosteronism and the management of primary aldosteronism, both through
medications and through surgery.

Introduction
The goal of medicine is to prevent or minimize the chance of disease. Hypertension is one of
modern medicine’s great successes. High blood pressure substantially increases all cause
morbidity and mortality, including myocardial infarction, congestive heart failure,
cerebrovascular accident (CVA), renal failure, claudication, limb loss, and death. Multiple
randomized, double-blind, placebo-controlled clinical trials demonstrate that controlling
hypertension decreases the risk of these complications, and the benefit is proportional to the
individual’s risk. Clearly, controlling blood pressure substantially benefits the patient’s
future health.

Evidence developed over the past decades has led to the recognition that autonomous
adrenal aldosterone production, termed primary aldosteronism, is surprisingly common in
hypertensive patients. As many as 5–13% of patients with hypertension have primary
aldosteronism1–3, and the likelihood increases with the severity of hypertension4. Indeed,
prospective studies show that 14–23% of patients with resistant hypertension, typically
defined as inadequately controlled blood pressure despite the use of at least three
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antihypertensive medications, including a diuretic, at pharmacologically appropriate doses
and dosing intervals, have primary aldosteronism4–8. Simultaneously, autonomous
aldosterone production leads to altered potassium homeostasis, which may contribute to the
hypertension.

Primary aldosteronism is by no means the only cause of resistant hypertension. Other causes
include renovascular hypertension, other adrenal disorders, including both
pheochromocytoma and Cushing syndrome, and specific genetic defects leading to altered
renal sodium and potassium transport. The latter, in particular, also lead to potassium
homeostasis disorders. We briefly review the screening for these conditions in the evaluation
of the patient with resistant hypertension; excellent recent reviews of the evaluation and
management of renovascular hypertension are available to the interested reader9–11, and
discussion of genetic disorders leading to altered renal sodium and potassium transport and
thereby causing resistant hypertension are available in this issue of Seminars in Nephrology.

Mechanism through which aldosterone alters blood pressure
Aldosterone regulates blood pressure by several mechanisms (Figure 1). These include
effects on the kidneys, vasculature, central nervous system (CNS) and through endocrine
hormones. No single effect is sufficient to explain the hypertension that occurs in primary
hyperaldosteronism; taken together they explain why primary hyperaldosteronism causes
hypertension that can be so difficult to control. Indeed, a recent study exemplifies the central
role of aldosterone in blood pressure regulation. Mice were generated which lacked
aldosterone synthase, a key enzyme in aldosterone production. These mice exhibited an
approximately 40-fold increase in plasma renin activity and a 3.5-fold increase in
angiotensin II levels, yet their mean arterial pressure was decreased substantially, from 110
± 2 mmHg to 96 ± 2 mmHg12. Thus, the lack of aldosterone synthesis results in
hypotension, despite a secondary significant stimulation of the renin-angiotensin system.-.

Aldosterone has mediates multiple renal effects that regulate blood pressure. First,
aldosterone stimulates renal sodium chloride retention by increasing expression of the
thiazide-sensitive sodium-chloride cotransporter in the distal convoluted tubule (DCT), the
amiloride-sensitive epithelial sodium channel (ENaC), in the collecting duct and the
chloride-reabsorbing protein, pendrin, in the cortical collecting duct13–15. Moreover, the
coordinate effect of aldosterone on both ENaC and pendrin has synergistic effects on blood
pressure and plasma volume regulation16. It is important to recognize, however, that
aldosterone-induced plasma volume expansion cannot be the only mechanism through
which aldosterone increases blood pressure. In particular, case reports of individuals with
end-stage renal disease and no residual renal function demonstrate that aldosterone,
completely independent of renal-mediated NaCl retention, can cause severe hypertension
through activation of the mineralocorticoid receptor17.

Hypokalemia occurs either as a result of total body K+ depletion or through an alteration in
the distribution of potassium between intracellular and extracellular compartments 18. In the
cortical collecting duct, aldosterone consistently stimulates sodium reabsorption and
potassium secretion19,20 However, despite this increase in renal cortical potassium secretion,
total renal potassium excretion typically does not change 21–23. Within the renal cortex
aldosterone increases expression of the potassium channels which secrete potassium24,25 but
also stimulates K absorptive pumps (H, K-ATPases) in the renal cortex and medulla 26. A
major component of the hypokalemia observed with aldosterone excess may actually reflect
aldosterone’s stimulation of the ubiquitous Na+-K+-ATPase, resulting in transcellular shifts
of potassium into cells, decreasing extracellular potassium22,23,27. As discussed elsewhere,
potassium depletion predisposes to hypertension through a variety of mechanisms28–30.
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Some of aldosterone’s effect on blood pressure are related to its effects on vascular tone.
Aldosterone increases both basal vascular tone and vascular reactivity to circulating
vasoconstrictors, including norepinephrine, epinephrine, angiotensin II and vasopressin31,32.
Simultaneously, aldosterone decreases flow-mediated vasodilatation, perhaps due to
decreased nitric oxide production resulting from decreased endothelial nitric oxide synthase
expression33,34. Finally, aldosterone causes perivascular fibrosis, and increases vascular
expression of endothelin35.

Part of the effects of aldosterone on blood pressure regulation appear to be mediated through
effects in the central nervous system (CNS). Complete systems for both aldosterone
synthesis and mineralocorticoid receptor expression are present in the CNS36–38. CNS
aldosterone levels parallel salt-sensitive hypertension in rats39, and aldosterone administered
directly in the CNS, via intra-cerebroventricular catheters, increases blood pressure, even
using doses which when administered peripherally do not alter blood pressure40. Salt-
sensitive hypertension is, at least in part, due to aldosterone produced directly in the CNS39

and low-salt diets increase expression in the CNS of the rate limiting enzyme for aldosterone
production, CYP11B236. Indeed, intracerebroventricular administration of mineralocorticoid
receptor antagonists blocks the development and can reverse salt-sensitive hypertension41.
Some data suggest that peripheral aldosterone increases blood pressure through activation of
a CNS MR receptor42. The mechanisms for activation of a CNS aldosterone-MR axis
increases blood pressure are not fully understood, but may involve stimulation of
sympathetic hyperactivity43,44.

Aldosterone mediates its physiologic and pathophysiologic effects predominantly by
activating the mineralocorticoid receptor (MR)45. The MR is located in the inactive state in
the cytoplasm; aldosterone binding to MR promotes a conformational change and
translocation to the nucleus where it regulates gene transcription. Aldosterone also has
nongenomic effects, which develop independent of MR, and may involve activation of
GPR3046,47.

Cortisol is a naturally synthesized glucocorticoid with an affinity for the MR similar to that
of aldosterone, but is present in plasma at ~100-fold greater levels than aldosterone. The
enzyme, 11-beta-hydroxysteroid dehydrogenase type 2 (11–β-HSD2) is expressed in the
aldosterone-sensitive distal nephron and collecting duct, metabolizes cortisol to cortisone,
which binds to MR poorly, thereby preventing glucocorticoid-dependent activation of the
MR48. Either the genetic deficiency or ingestion of inhibitors of 11–β-HSD can result in
excessive activation of the MR, and the development of severe hypertension48. Aldosterone
also has non-genomic effects, but their role in mineralocorticoid-dependent blood pressure
regulation remains unclear49,50.

Effects of unrecognized primary aldosteronism
Identification of primary aldosteronism is important because this simplifies management of
what can otherwise be very difficult to control hypertension and because unrecognized
primary aldosteronism is associated with increased risk of serious adverse cardiovascular
complications. As shown in Figure 2, when patients with untreated primary aldosteronism
are compared to patients with essential hypertension, the risk of previous myocardial
infarction or acute coronary syndrome is increased ~2.5-fold, cerebrovascular event or TIA
is increased ~3–4-fold, sustained cardiac arrhythmia is increased ~5-fold and the peripheral
arterial disease is increased ~3-fold51. Renal disease is also increased in patients with
primary aldosteronism, with greater amounts of urinary albumin excretion and greater rates
of microalbuminuria52. However, after primary aldosteronism is diagnosed and treatment is
begun, whether with medications or with adrenalectomy, the risk of future cardiovascular
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events is no different than in patients with essential hypertension51. Thus, identification and
treatment of primary aldosteronism both improves blood pressure control and appears to
reduce the excess cardiovascular risk associated with primary aldosteronism.

Normal regulation of adrenal aldosterone production
A number of factors regulate adrenal aldosterone production. Several of these factors are
directly related to aldosterone’s role in blood pressure regulation, and include acute and
chronic NaCl depletion, intravascular volume depletion and angiotensin II53,54. Atrial
natriuretic peptide, which is increased in volume expanded conditions, inhibits aldosterone
production55. Chronic hyperkalemia stimulates aldosterone production and chronic
hypokalemia inhibits production, consistent with the role of aldosterone in regulating total
body potassium stores and renal clearance of potassium. Whether this is due to a specific
effect of K+ on the adrenal cortex or reflects stimulation of K+ sensors elsewhere that
regulate adrenal cortical aldosterone synthesis remains an incompletely addressed issue.
There is a significant circadian variation in plasma aldosterone levels, which is independent
of renin and angiotensin II, and corresponds with circadian variations in both blood pressure
and plasma potassium56,57. Corticotrophin (ACTH) stimulates aldosterone production58, but
the physiologic role of this regulation is currently not clear. Atrial natriuretic peptide inhibits
both basal and hormone-stimulated aldosterone secretion, and this may contribute to the
expected natriuresis in volume-overloaded conditions59,60. A large number of other stimuli
and inhibitors of adrenal aldosterone production have been identified, but their role in
normal physiologic conditions is thought to be relatively minor53,54.

Identification of primary aldosteronism
Screening for and confirming the diagnosis of primary aldosteronism has undergone
fundamental alteration in recent years. Until relatively recently, screening was limited to
evaluating patients who had a combination of resistant hypertension and hypokalemia, and
involved only evaluation of the plasma aldosterone. Confirmation then required
demonstration of a failure to suppress aldosterone production in the presence of either a
NaCl load or exogenous mineralocorticoid administration. However, this paradigm has been
largely replaced by one in which there is recognition that autonomous adrenal aldosterone
production, even in the absence of an elevated absolute level of plasma aldosterone, can lead
to resistant hypertension.

Autonomous adrenal aldosterone production indicates adrenal aldosterone production is
excessive for the identifiable regulators of adrenal aldosterone production related to blood
pressure regulation. Chronic changes in serum potassium, particularly when induced by
changes in dietary potassium intake, increase aldosterone secretion, and this involves both
direct effects on adrenal aldosterone secretion and indirect effects mediated through
increased renin release61. The second major regulator of aldosterone secretion is AngII,
which acting through the angiotensin II, type 1 (AT1) receptor, stimulates aldosterone
secretion54. Thus, significant aldosterone release in the non-volume depleted individual who
does not have hyperkalemia and in absence of renin-mediated AngII production indicates
autonomous aldosterone production, and is generally referred to as primary aldosteronism.
However, altered sensitivity of the adrenal gland to one or more of these stimuli may
underlie, at least in part, the development of excessive aldosterone secretion in many
individuals. In particular, recent studies show that genetic alterations in a specific K+

channel, KCNJ5, leads to increased adrenal aldosterone release in response to even normal
levels of extracellular K+, and thereby to development of primary aldosteronism 62–64. Other
studies show that, at least in genetically modified mice, that gain-of-function mutation in the
angiotensin II type 1A receptor cause autonomous aldosterone production and hypertension,
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i.e., primary aldosteronism65. The frequency with which this occurs in humans, and whether
gain-of-function mutations in the down-stream signaling pathway for aldosterone contribute
to the genesis of primary aldosteronism, are important, but as yet unanswered, questions.

Consequently, screening for primary aldosteronism involves simultaneous assessment of
plasma aldosterone, renin and potassium. Renin is the upstream enzyme responsible for
conversion to angiotensinogen to angiotensin I, which is then converted by angiotensin
converting enzyme to AngII, and there thereby is a strong correlation between renin and
AngII. Renin is used in clinical settings because measurement of AngII levels is not
clinically available due to technical difficulties in its measurement. Plasma renin activity
measurements are generally preferred to immunoreactive renin measurements because of
greater accuracy when low levels are present. Because increases in potassium are associated
with stable, if not increased plasma renin activity, the presence of aldosterone levels that do
not parallel plasma renin activity indicates autonomous adrenal aldosterone production, i.e.,
primary aldosteronism. Thus, plasma aldosterone levels in the normal individual should
parallel the plasma renin activity, with a modifying effect by plasma potassium.

Interpretation of the plasma aldosterone and plasma renin activity is typically performed by
calculation of the “aldosterone-to-renin ratio,” or “ARR.” Using the typical units for plasma
aldosterone (ng/dl) and plasma renin activity, ng Ang I/ml/hr, the normal ARR is ~10, with
normal typically stated to extend to as high as 25. Thus, an ARR greater than 25 is often
taken as screening evidence for primary aldosteronism.

Use of the ARR without consideration of actual values of aldosterone and plasma renin
activity can be problematic. A plasma aldosterone of 5 ng/dl, essentially a measurement at
the lower limit of normal, in combination with a plasma renin activity of 0.1 ng/ml/hr, the
lower limit of reporting for most laboratories, results in an ARR of 50, yet the patient
actually is exhibiting near complete suppression of both aldosterone secretion and plasma
renin activity. In this case, autonomous adrenal aldosterone production is unlikely.
Consequently, ARR should not be used in isolation, but should be used in conjunction with
assessment of the actual plasma aldosterone level. The optimal level of plasma aldosterone
to use is unclear, however. Some reports recommend using plasma aldosterone levels of
>12–15 ng/dl and >15 ng/dl66,67, whereas others do not recommend a formal cut-off68. In
part this is because a significant number, 36–48%, of individuals with primary
aldosteronism have plasma aldosterone levels between 9–16 ng/dl4,69 and ~20% of
individuals with unilateral autonomous adrenal aldosterone production have levels <15 ng/
dl69.

Effect of concomitant medications on ARR testing for primary
aldosteronism

One of the important issues when assessing a patient for primary aldosteronism is the
possibility that anti-hypertensive medications can alter the effectiveness of screening tests. If
these medications have substantial effects, and anti-hypertensive regimens need to be
changed prior to screening, then substantial delays may ensue, and some clinicians or
patients may decide to forgo testing because of the complexity of changing the
antihypertensive regimen. In one study ~2% (1/55) of patients using amlodipine and 23%
(4/17) using irbesartan had false-negative ARR measurements; no false negative tests were
seen with beta-adrenergic receptor blockers, alpha-adrenergic receptor blockers or
angiotensin converting enzyme inhibitors70. Other studies, however, have not found that
angiotensin receptor blockers or calcium channel blockers lead to false-negative ARR
testing.71. The likelihood of false-positive tests appears to be greatest with the use of beta-
adrenergic receptor blockers, which can decrease plasma renin activity, typically by ~50%,
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without altering plasma aldosterone levels71, but neither the frequency with which this leads
to a false-positive elevation in the ARR nor the time-course of the reversal of this effect
after discontinuing this medication class is clear.

How the clinician interpret these findings is not clear. Certainly, in an ideal setting, one
might discontinue all antihypertensive medications prior to ARR testing. However, this
certainly is not routinely feasible, nor is there good data on how long medications need to be
discontinued prior to ARR testing. Even adjustment of antihypertensive medication regimen
to avoid medications that alter testing results can difficult, and can result in serious
complications, sometimes requiring hospitalization, in 10% or more of patients72. A
reasonable clinical approach is to perform ARR testing without altering medications, but to
be cognizant that medications can influence testing interpretation, particularly if a borderline
elevation, i.e., 25–50, is identified.

Confirmation of primary aldosteronism
Several approaches are used to confirm the diagnosis of primary aldosteronism. Those most
commonly performed include showing lack of suppression of plasma aldosterone levels with
either NaCl loading, either oral or intravenous, or with exogenous mineralocorticoid
administration73. At present, none of these is considered a “gold standard” confirmatory test.
Moreover, these maneuvers can worsen blood pressure control and are contraindicated in
patients with severe uncontrolled hypertension. A captopril challenge test has also been used
in the past, but is less frequently used because of increasing reports of false negative or
equivocal tests68,74.

The clinical importance in routine clinical practice of confirming the diagnosis of primary
aldosteronism requires consideration of both the risks and benefits of confirmatory testing.
As noted above, none of the confirmatory tests have 100% sensitivity or specificity. Many
of the tests require maneuvers that can raise blood pressure, which is problematic in the
management of the patient who already has poorly controlled hypertension. The captopril
challenge test is optimally performed in patients not receiving inhibitors of the renin
angiotensin system, requiring discontinuation of many routinely used anti-hypertensive
medications, such as beta-blockers, ACE-I, ARB and direct renin inhibitors, which can lead
to worsening of their hypertension control. Moreover, patients with resistant hypertension
generally respond well to mineralocorticoid receptor (MR) antagonists with significant
improvement in their blood pressure75,76. Response is generally slow, with a maximum
response to each dose change requiring as much as a month to develop. In a recent clinical
trial, ~75% of patients treated with escalating doses of spironolactone responded, as defined
by a diastolic BP less than 90 mm Hg or a decrease in diastolic BP of at least 10 mmHg;
maximal response was seen at 12–16 weeks of treatment 77. It is also important to recognize
that pre-treatment plasma renin activity and aldosterone do not predict the magnitude of
blood pressure improvement78,79. Because of these factors, some centers do not routinely
perform confirmatory testing prior to initiating treatment with MR blockers for patients with
an ARR and primary aldosteronism.

Differentiation of unilateral from bilateral autonomous adrenal aldosterone
production

Autonomous adrenal aldosterone production can result from a variety of histologic and
pathophysiologic processes. The two most common are bilateral adrenal hyperplasia (BAH)
and aldosterone-producing adenoma (APA), which typically account for 90% or more of all
identified causes. Rare causes include unilateral adrenal hyperplasia and bilateral
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aldosterone-producing adenoma. Because treatment depends on whether the disease is
unilateral or bilateral, accurate differentiation is critical.

In the past, differentiating unilateral from bilateral aldosterone production was based on the
observation that hyperplastic adrenal tissue, as seen in bilateral adrenal hyperplasia,
exhibited increased sensitivity to AngII stimulation of aldosterone production, while APA
was relatively insensitive. These tests involved saline suppression tests, with measurement
of plasma aldosterone prior to and after infusion of 1.25 L of normal saline over two hours,
and postural stimulation tests, with measurement of plasma aldosterone after being
recumbent overnight and then following four hours of upright posture. However, the
technical difficulties in performing these tests and the recognition that they had significant
error rates for discriminating between unilateral and bilateral autonomous adrenal
aldosterone production has led to most centers no longer using them.

Abdominal imaging, using CT imaging, is typically the first step in the evaluation of
whether autonomous aldosterone production is unilateral or bilateral. Using high-resolution
imaging with thin slices between serial images is important in order to avoid the possibility
of failing to identify a small adenoma. MR imaging can be performed, but typically does not
have the resolution or ability to perform slices as thin as can be obtained by CT imaging.
Accordingly, CT imaging is the preferred initial imaging tool. Imaging is effective only in
evaluating for the possibility of an adenoma, and does not differentiate successfully between
hyperplastic and normal adrenal cortical tissue.

It is important for the clinician to recognize, however, that imaging techniques are not able
to differentiate an APA from a non-functional adenoma and that they may fail to identify
both unilateral adrenal hyperplasia and an APA below the resolution of the imaging
modality. For example, recent studies suggest that 20–30% of adenomas identified by CT
imaging in patients with primary aldosteronism are non-functional, and that 20–30% of
patients without an adenoma identifiable by CT imaging will have evidence by adrenal vein
aldosterone sampling of unilateral aldosterone production80–82. The likelihood of an
adenoma being non-functional in patients with primary aldosteronism appears to be age-
related, and at autopsy, an adrenal mass is found in approximately 3% of those 50 years of
age or greater83. Why the frequency of nonfunctional adrenal adenomas appears to be
greater in those with primary aldosteronism than in the general population is not clear. Thus,
in patients in whom an APA is likely, confirmatory testing with adrenal vein sampling
(AVS) for aldosterone should be performed. This is a technically difficult procedure,
however, and failure rates, most commonly due to failure to cannulate the right adrenal vein,
can be significant; failure rates can be greater than 90% in centers that do not perform this
procedure frequently84. Implementation of standardized procedures increase the success
rate, but failure of successful cannulation remains common, occurring in 5–30% of patients
undergoing the procedure84–86.

Interpretation of AVS results requires biochemical confirmation of successful cannulation of
both adrenal veins. Because of the anatomic position of the right adrenal vein arising from
the inferior vena cava, while the left adrenal vein arises from the left renal vein, failure to
cannulate the right adrenal vein is common, and may be difficult to identify from
fluoroscopic imaging during the AVS procedure. Accordingly, biochemical confirmation,
demonstrating high levels of cortisol in the adrenal vein sample significantly greater than in
the inferior vena cava (IVC), is critical. This is calculated using the formula: SIL/R =
[Cortisol]L/R ÷ [Cortisol]IVC, where L/R indicates left or right adrenal vein, respectively. A
minimal selectivity index of 1.1, i.e., adrenal vein cortisol more than 110% of IVC cortisol
concentration, is taken to indicate successful adrenal vein sampling, and the greater the
selectivity index, the greater the confidence of successful adrenal vein sampling.
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Corticotrophin hormone (ACTH) or a synthetic analogue is frequently administered during
the AVS procedure. This serves to stimulate adrenal cortisol production, increasing the
difference between adrenal vein and inferior vena cava cortisol levels, increasing the
selectivity index and thereby assisting in determining whether the adrenal vein was
successfully cannulated85,87–89. However, ACTH also stimulates aldosterone production,
sometimes by as much as 20-fold. Some evidence suggests that the effect of ACTH on
aldosterone production may be greater in normal adrenal tissues than in APA, leading to an
increased risk of misclassifying whether a patient with an APA actually has BAH, and
sometimes attributing the APA to the incorrect side89.

These many issues complicate the interpretation of AVS results. First, the procedure is
technically difficult, and should be performed in specialized centers by a specific
interventional radiologist using a standardized procedure. Second, radiologic interpretation
of adrenal vein cannulation is not sufficient to identify biochemical evidence of adrenal vein
sampling. Third, stimulation of cortisol production with ACTH or an analogue increases the
ease of confirming successful adrenal vein sampling, but because of effects on aldosterone
production may lead to misleading interpretations as to whether aldosterone secretion is
unilateral or bilateral and, if unilateral, which side is the predominant source. Thus,
interpretation requires careful evaluation of the biochemical studies resulting from AVS in
conjunction with imaging modalities.

Other tests have been used to differentiate bilateral and unilateral autonomous aldosterone
production. Physiologic testing based on the differential sensitivity of hyperplastic and
adenomatous adrenal cortical tissue to AngII, such as saline suppression testing and postural
stimulation testing, have significant error rates, as much as 20%, and are not routinely used
as a basis for determining whether surgical intervention is appropriate. Assessment of
urinary steroid metabolites, such as aldosterone-18-glucoronide is both problematic and has
low sensitivity90,91. Adrenal scintigraphy, using 131I-norcholesterol (NP-59), may have
value in selected patients, but may yield incorrect information regarding whether disease is
unilateral or bilateral in as many as 24% of cases92. Whether NP-59 combined SPECT/CT
imaging results in improved accuracy will require further testing93.

Therapy of primary aldosteronism
Once the diagnosis of primary aldosteronism has been made and a determination has been
made as to whether autonomous adrenal aldosterone production is unilateral or bilateral,
therapy is rather straightforward. With unilateral aldosterone production, surgical removal
results cure of the hypertension in 30–50% and significant improvements in blood pressure
control in almost all of the remainder. The preferred surgical procedure is laparoscopic
adrenalectomy, which should be performed by a surgeon experienced with this procedure. If
bilateral autonomous aldosterone production is identified, bilateral adrenalectomy is
contraindicated because of the consequent adrenal insufficiency of other adrenal hormones,
such as cortisol, catecholamines and adrenal-derived sex steroid hormones. Unilateral
adrenalectomy can be performed, but typically results in the expected 50% reduction in
plasma aldosterone levels. In most cases, this reduction in plasma aldosterone is not
sufficient to induce a significant improvement in blood pressure control.

Patients with bilateral autonomous aldosterone production should be treated with
mineralocorticoid receptor (MR) blockers. They should be started at modest doses, and
titrated slowly. In contrast to patients with mild essential hypertension, in whom MR
blockers have minimal effect on blood pressure, in patients with primary aldosteronism
blood pressure improvements of 0.5 – 0.7 mmHg per mg spironolactone are not unusual in
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the author’s experience. Most patients find that the responses are delayed, and dose
adjustments should be done once a month until an optimal dose is identified.

Two MR blockers are in widespread use in the United States, spironolactone and
eplerenone. Spironolactone has off-target effects on sex-steroid hormone receptors, which
can lead to a dose-dependent risk of breast enlargement (gynecomastia) in men and breast
tenderness (gynecodynia) and menstrual irregularities in women; eplerenone is more
selective for the MR and the risk of these adverse effects is less, but not completely
eliminated. These differences in side-effects led many to prefer the use of eplerenone to
spironolactone for several years. However, a recent clinical trial was reported in which
patients with primary aldosteronism were randomized to use of either spironolactone or
eplerenone77. Spironolactone was significantly more effective than eplerenone at improving
blood pressure, with almost twice as great a reduction in blood pressure and a substantially
greater proportion of patients experiencing a significant improvement in blood pressure
(Figure 3). The difference in response is likely due to pharmacologic differences, as
metabolites of spironolactone are biologically active, and have relatively long half-lives,
whereas eplerenone has a relatively short half-life of ~4 hours, and its metabolites are
inactive94,95. Overall side-effects were similar, although spironolactone therapy caused
more male gynecomastia and female gynecodynia than did eplerenone. Accordingly,
spironolactone may be the preferred agent for medical treatment of primary aldosteronism.

There are additional side-effects of MR blocker therapy with which the clinician should be
familiar. Muscle cramps are not uncommon, are observed with both spironolactone and
eplerenone and may be quite distressful to the patient. In general, changing from one MR
blocker to the other will provide symptomatic relief. A second important side-effect with
which to be familiar are neuropsychiatric side-effects. These are often non-specific, and can
include symptoms of feeling out of touch with reality, difficulty thinking, feeling lost and
disoriented, unawareness of what is going on, general weakness, difficulty planning and
organizing, and tiredness and feeling weary77. While seen more commonly with eplerenone
than with spironolactone, they are seen with both77. Other studies have suggested that MR
blockers can alter selective attention and performance in various memory tasks96. In the
author’s experience, many of these effects are temporary and resolve within a few weeks.
Finally, hyperkalemia is common when MR blockers are used for conditions other than
primary aldosteronism, such as mortality reduction in patients with congestive heart
failure97,98, but is relatively uncommon in patients with primary aldosteronism. However, it
can occur late in therapy, often following years of MR blocker administration, and may
require either a decrease in the MR dose or addition of diuretics.

Recommended evaluation of the patient with possible primary
aldosteronism

Because untreated primary aldosteronism is associated with adverse outcomes and treated
primary aldosteronism responds very well to medical therapy, and may potentially be
curative if unilateral aldosterone production is identified, aggressive case identification and
treatment may be beneficial. Current evidence suggests that all patients with resistant
hypertension, defined as inadequately controlled blood pressure despite documented
compliance with a three medication regiment dosed appropriately and including a diuretic,
and patients with either spontaneous or easily provoked hypokalemia, should be screened for
primary aldosteronism with measurement of plasma aldosterone and plasma renin activity
and calculation of the ARR. The author then uses the following protocol for the evaluation
of these patients (Figure 4). If the ARR is markedly elevated, >50, in conjunction with a
non-suppressed plasma aldosterone, greater than 10 ng/dl, then a presumptive diagnosis of
primary aldosteronism can be made and treatment with the MR blocker spironolactone
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instituted. Confirmatory testing can be considered, but the benefit is not clear, as patients
who meet these criteria are likely to have an excellent blood pressure response to MR
blockers. Patients who are good surgical candidates and willing to consider adrenalectomy,
if indicated, then undergo high-resolution CT imaging with thin sectioning though the
adrenal glands to screen for an adrenal adenoma. Patients found to have an adenoma then
undergo adrenal vein sampling to determine whether the adenoma is functional or non-
functional. In addition, patients without an adenoma but with a poor response to MR blocker
therapy can be considered for AVS. Because AVS is technically difficult, the procedure
should be performed in specialized centers. Patients with unilateral aldosterone secretion can
undergo laparoscopic adrenalectomy, with excellent likelihood of either cure or significant
improvement in their blood pressure.

Conclusion
Primary aldosteronism is a frequent cause of resistant hypertension, which should be
considered in essentially all patients with resistant hypertension. Screening involves
measurement of plasma aldosterone and plasma renin activity and calculation of the ARR,
but interpretation of the results involves consideration of each of these components, not just
the ARR. CT imaging followed by adrenal vein sampling for aldosterone enables
differentiation between unilateral and bilateral autonomous adrenal aldosterone production.
Patients with unilateral autonomous adrenal aldosterone production who are good surgical
candidates can undergo laparoscopic adrenalectomy, with excellent likelihood of either cure
or substantial improvement in their hypertension. Those with bilateral autonomous
aldosterone production can be treated with MR blockers and can expect a substantial
improvement in their blood pressure. Spironolactone may be a preferred agent because of
evidence of greater efficacy than observed with eplerenone.
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Figure 1.
Mechanisms through which aldosterone increases blood pressure. Aldosterone production is
regulated in large through the renin-angiotensin system, acting through the AT1 receptor to
stimulate adrenal aldosterone production. Aldosterone has multiple effects that regulate
blood pressure. These include actions in the CNS, likely mediated through increased
sympathetic nervous system tone, direct stimulation of renal NaCl retention, increased
arterial vasoconstriction, decreased arterial vasodilatory responses and stimulation of
endothelin.
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Figure 2.
Risk of cardiovascular events in patients with unrecognized primary aldosteronism.
Incidence of previous cardiovascular events was determined at time of diagnosis of primary
aldosteronism in 54 consecutive patients, and compared with 323 patients matched for age,
sex, body mass index and estimated duration of hypertension51. Incidence of previous
myocardial infarction or reversible ischemia, cerebrovascular accident (CVA) or transient
ischemic attack (TIA), sustained cardiac arrhythmia and peripheral arterial disease (PAD)
was assessed, and in each case was significantly greater (P<0.05) than in patients with
essential hypertension.
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Figure 3.
Results of randomized controlled trial of spironolactone versus eplerenone in the treatment
of primary aldosteronism. Patients with primary aldosteronism were randomized to either
spironolactone or eplerenone therapy. Dose was increased at pre-specified time intervals
until hypertension control was obtained. At each time point, the likelihood of significantly
improved blood pressure control, pre-defined as either a DBP < 90 mmHg or a decrease of
at least 10 mmHg was significantly greater in individuals treated with spironolactone77. Not
shown is that mean improvement in blood pressure at each time point was ~2–2.5-fold
greater in patients randomized to spironolactone than in those randomized to eplerenone.
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Figure 4.
Evaluation and management of suspected primary aldosteronism. See text for details.
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