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Abstract: The definition of primary hyperaldosteronism (PA) has shifted, as progress has been made
in understanding the disease. PA can be produced by unilateral or bilateral cortical adrenal hyperpro-
duction of aldosterone, due to hyperplasia, aldosterone-secreting cell clusters, aldosterone-producing
macro or micro adenoma/s, and combinations of the above, or by an aldosterone-producing car-
cinoma. PA is a highly prevalent disease, affecting close to 10% of the hypertensive population.
However, PA is clearly underdiagnosed. The purpose of this review is to address current knowledge
of PA’s clinical manifestations, as well as current methods of diagnosis. PA is associated with a higher
cardiovascular morbidity and mortality than essential hypertension with similar blood pressure
control. Young hypertensive patients, those with a first-degree relative with PA or ictus, and/or those
with apnea/hypopnea syndrome, moderate/severe/resistant hypertension, adrenal incidentaloma,
and/or hypokalemia should be screened for PA. PA can induce atrial fibrillation (AF), and those
patients should also be screened for PA. We propose the use of the Captopril challenge test (CCT),
oral salt loading, or intravenous salt loading for PA diagnosis, given their availability in the majority
of hospital centers. CCT could be first-line, since it is safe and easy to perform.
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1. Introduction

Since first described by Conn in 1955 [1], the definition of primary hyperaldostero-
nism (PA) has shifted, as progress has been made in understanding the disease. Initially,
the presence of hypertension (HT), hypokalemia, and an aldosterone-secreting adrenal
adenoma (APA) were the pathognomonic characteristics of PA, also known as Conn’s
disease. However, we currently know that PA can be produced by unilateral or bilateral
cortical adrenal hyperproduction of aldosterone. Histological findings can vary, with
aldosterone hypersecretion induced by hyperplasia, aldosterone-secreting cell clusters,
aldosterone-producing macro or micro adenoma/s, and combinations of the above, or by
an aldosterone-producing adrenocortical carcinoma [2]. Thus, the 2020 European Society of
Hypertension Consensus (2020-ESH-Consensus) for the diagnosis of PA [3] defines it as “a
group of pathological conditions associated with an aldosterone secretion inappropriate
for sodium intake, that is relatively autonomous from renin–angiotensin system activity
and potassium levels.” Vaidya and Carey [4] sustain that PA is not a specific disease, rather
an evolutionary syndrome, characterized by a suppression of baseline renin secretion, an
inability to stimulate renin secretion normally, and inappropriate and non-suppressible
aldosterone production. HT and hypokalemia can be consequences of this inappropriate
aldosterone secretion, although their presence is not mandatory. As the understanding of
PA advances, so must clinicians change their approach to PA, all too often suspected only
in patients with resistant hypertension (RHT) and hypokalemia.
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PA is the most common cause of secondary HT. Although in the past PA was con-
sidered a rare disease, studies have shown that the prevalence of PA is fairly high. As
observed by Buffolo et al. [5] in a review, and documented by Kayser et al. in a meta-
analysis [6], PA’s prevalence ranges from approximately 5–10 % in the general primary
care hypertensive population, and close to 30% in referral centers where RHT patients are
frequently evaluated [6]. Given that HT affects approximately one third of the population
worldwide [7,8], with a prevalence of up to 48% in the Spanish adult population [9], one
could therefore extrapolate that at least 3% of the people in the world could suffer from PA.

Despite its high prevalence, PA is clearly underdetected in clinical practice, especially
in primary care [5,10]. Funder has gone as far as saying that: “currently the management
of primary aldosterone is a cottage industry” [11], given the massive underdiagnosis of the
entity. In fact, only 8.2% of patients with hypertension in Germany are correctly screened
for the disease [12]. The recommended withdrawal of medication interfering with the renin-
angiotensin-aldosterone system (RAAS) for screening, as well as the fact that blood for
renin determination must typically be drawn in hospital settings, may contribute to making
screening for PA with the aldosterone/renin ratio (ARR) cumbersome. Furthermore, the
choice of ARR cut-off points, as well as the choice and interpretation of diagnostic tests, can
be a challenge for practitioners without experience in the field. This lack of experience could
be compounded by an inadequate awareness of the frequency, scope, and consequences of
untreated PA, as well as of the benefits of specific therapy. The purpose of this review is
to address what is now known about the clinical manifestations of PA, as well as the first
steps recommended for its recognition and diagnosis.

2. Cardiovascular Risk Associated with Primary Hyperaldosteronism (PA)

PA patients present increased morbimortality when compared with subjects with
essential HT (EHT) [13–17]. The elevated cardiovascular risk observed in PA is directly
correlated with aldosterone secretion [18,19] and thus with chronic activation of mineralo-
corticoid receptors in extra-renal and extra-colon target tissues such as blood vessels, the
heart, and the brain. Beyond HT, chronic mineralocorticoid hyper-stimulus of the cardiovas-
cular system has been associated with endothelial damage, an increment in intima-media
thickness, myocardial hypertrophy, and fibrosis. Thus, patients with PA have a higher
cardiovascular risk than patients with EHT with similar blood pressure levels (BP), and
this high risk persists even when BP levels are controlled [20].

Additionally, PA is also associated with other known cardiovascular risk factors such
as obstructive sleep apnea [21–23], obesity [24–26], chronic kidney disease [27,28], the
metabolic syndrome, and type 2 diabetes [29–32], all of which could also contribute to the
high cardiovascular risk of these patients.

Patients with PA have an increased risk of developing sustained arrhythmias, partic-
ularly of atrial fibrillation (AF) [32,33]. AF can be 12 times more frequent in PA than in
EHT patients [13], and will be discussed more extensively below. Likewise, a high rate
of major cardiovascular events is also seen in PA patients. Milliez et al. [13] found that
PA is associated with 4.16-fold higher risk for the development of stroke and 6.47-fold
higher risk for coronary disease than EHT patients. A recent meta-analysis by Monticone
et al. [32] indicated that patients with PA have a 2.56-fold higher risk for ictus, a 1.77-fold
for coronary disease, and 3.4-fold for heart failure than EHT patients.

The high rate of cardiovascular events could explain the elevated mortality rate
found in PA patients [34,35]. A meta-analysis by Meng et al. [16] encountered a 1.97-fold
increment in total mortality in patients with PA as compared with EHT patients after
only three years of follow-up. However, specific therapy for this disease can substantially
reduce said risk. Mulatero et al. [36] found that treatment of patients with bilateral PA
with mineralocorticoid-receptor blockers (MRB) reduced the cardiovascular event rate by
approximately 30%, with an average follow-up of 12 years. Unilateral adrenalectomy, when
indicated, reduced events even more dramatically, at a rate of 70% in the same study [36].
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Furthermore, two major studies found that total mortality was lowered to approximately a
third in PA patients treated with unilateral adrenalectomy [35,37].

The high rate of cardiovascular events and mortality, together with the positive re-
sponse of PA patients to specific therapy, highlight the importance of assuring that patients
with PA are diagnosed.

3. Clinical Manifestations

The clinical manifestations of PA are a function of mineralocorticoid-receptor activa-
tion in target tissues, as well as the degree of sodium intake. The main classical site of
aldosterone action is in the distal nephron, where the hormone stimulates the reabsorption
of sodium and water-increasing effective circulating volume-and induces potassium ex-
cretion. The higher the delivery of sodium to the distal nephron, the greater these effects.
Aldosterone also increases H+ excretion and bicarbonate absorption. Other important
tissues where aldosterone acts are arterial vessels, where it can induce vasoconstriction,
and cardiomyocytes, shortening the action potential in the left atria as well as inducing
remodeling, hypertrophy, inflammation and fibrosis in atria and ventricles [38]. Symptoms
and signs derived from hypertension and/or hypokalemia can be expected in patients with
PA. Thus, one can understand why both the guidelines for the diagnosis and treatment
of PA of the Japan Endocrine Society of 2009 [39] (2009-JES-Guidelines) and the latest
clinical guideline of the Endocrine Society of 2016 [20] (2016-ES-Guidelines) recommend
screening for PA when hypertension is present (the latter when HT is moderate, severe,
or resistant, and the former when any degree of HT is present). The guidelines of the
International Society of Hypertension [40], however, only recommend screening for PA
when HT is accompanied by hypokalemia. Yet hypokalemia is not a constant in PA. In fact,
only a minority of patients with HT induced by PA present hypokalemia, with a prevalence
ranging from 9% to 37% according to a review by Gruber and Beuschlein [41]. It would
seem that that the higher the number of patients screened for PA, the lower the prevalence
of hypokalemia found.

The relationships between PA on the one hand, and AF and hyperparathyroidism on
the other hand deserve special attention and are discussed below.

3.1. PA and Atrial Fibrillation

As commented above, PA is strongly associated with AF [13]. Several mechanisms
associated with mineralocorticoid activity excess would explain a cause–effect relationship
between PA and AF [33,38]. These include HT, atrial and ventricular structural remodeling
and fibrosis, atrial electrical remodeling, and hypokalemia. The left ventricular hypertro-
phy commonly observed in patients with PA [42,43], and the related diastolic dysfunction,
would be one of the most important pathogenic factors explaining the association be-
tween PA and AF [44]. Hypokalemia would facilitate the development of AF [45], since
hypokalemia is a direct inducer of arrythmias. Furthermore, a complete abolition of the
PA-related increased risk for new-onset AF has been documented in PA patients cured by
unilateral adrenalectomy [46].

The prevalence of AF in PA patients is approximately 7% [13,45]. This rate is higher in
the subgroup of hypokalemic PA patients, with values up to 12% [45]. Likewise, Mourtzinis
et al. observed a two-fold higher prevalence of PA in AF patients as compared with controls
in a retrospective study [47]. A meta-analysis developed by Monticone et al. [32] found
a 3.5-fold higher risk for AF in PA versus EHT. Recently, the results of the prospective
PAPPHY study [48] have been published, finding a prevalence of PA of 42% in 73 enrolled
hypertensive patients with AF not attributed to other causes. Based on current evidence,
and in agreement with the 2020-ESH-Consensus [3], patients with AF should be screening
for PA.
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3.2. PA and Hyperparathyroidism

Over the past few years, clinical evidence for a relationship between aldosterone
and parathormone (PTH) levels in PA patients has been increasing [49]. PA could induce
secondary hyperparathyroidism. An increased excretion of calcium and magnesium in
urine and feces, followed by an elevation in PTH levels, has been detected in rats with
pharmacological hyperaldosteronism [50]. Data from the German Conn’s Registry [51]
indicate that PA patients have higher serum PTH and lower serum calcium levels than
non-PA subjects. A prevalence of secondary hyperparathyroidism of 54.6% was found
in the 141 prospectively-followed PA patients of this study. Additionally, patients with
secondary hyperparathyroidism had lower potassium levels, as well as higher aldosterone
levels than those with normal PTH levels. Furthermore, surgical or medical treatment
of PA with MRB ameliorated the secondary hyperparathyroidism [51]. As is the case in
experimental animals, calcium excretion is also increased in PA patients, and could be the
cause of lower serum calcium levels, which would induce a secondary elevation of PTH.
Although the mechanism for increased calciuria in PA is not clear, the increase in effective
circulating volume and renal perfusion that characterizes PA could be involved.

PA is also associated with primary hyperparathyroidism. The aforementioned Conn’s
Registry [51] found a prevalence of primary hyperparathyroidism of 1.2% in a retrospective
cohort of 503 PA patients, and of 2.1% in a prospective cohort of 141 PA patients. The
PTH receptor-1 is present in the adrenal cortex of PA patients [52]. Moreover, it has
been documented that PTH can induce aldosterone secretion from adrenal tissue [53] as
well as from aldosterone-secreting cells in patients with PA [53]. On the other hand, the
mineralocorticoid receptor is present in the parathyroid gland [52]. In fact, both aldosterone
and angiotensin-II can induce PTH secretion from parathyroid glands [54]. Brunaud et al.
found a positive correlation between aldosterone and PTH levels in patients with primary
hyperparathyroidism [55]. Thus, primary hyperparathyroidism and PA appear to be
related, although whether PA induces hyperparathyroidism or vice versa is unclear.

Current guidelines for PA diagnosis do not mention the clinical relationship between
hyperparathyroidism and PA. Furthermore, poor BP control is yet to be an indication for
surgical treatment of primary hyperparathyroidism, in spite of the benefits on BP control
shown following parathyroid surgery in this disorder [56]. However, we believe it is pru-
dent to rule out PA in a patient with hyperparathyroidism and HT. In fact, Rossi et al. [57]
proposed that hyperparathyroidism can be useful in the identification of patients with PA
caused by an APA.

3.3. Hypoklemia

Hypokalemia is probably the most widely known manifestation associated with
hyperaldosteronism. The prevalence of hypokalemia in patients with PA ranges widely [5],
from 2.7% [58] to 57.1% [59]. This variability seems to depend on whether screening for PA
is limited to patients with resistant HT and/or hypokalemia, or whether broader indications
for screening, such as those of the 2016-ES-Guidelines, are applied. The cut-off point used
to define hypokalemia could also be a factor [59].

PA is frequent in HT patients with hypokalemia. Burrello et al. have recently found
a PA prevalence of 28.1% in a total of 804 hypokalemic hypertensive patients [59]. When
these patients were classified into diuretic-induced versus spontaneous hypokalemia,
PA in the former was of the order of 16.5%, and of 37.4% in the latter. In this study,
hypokalemia was defined as a serum potassium <3.7 mmol/L, and the intravenous saline
loading test (ISLT) or the captopril challenge test (CCT) were used for diagnosis of PA,
following a positive screening. Furthermore, the rate of PA increased as the cut-off point
to define hypokalemia decreased, with a PA rate of 76.7% in hypertensive patients with a
kalemia < 2.5 mmol/L. The prevalence of PA in normotensive subjects with hypokalemia is
currently unknown [41], although we expect that the IPAHK study (Incidence of Primary
Aldosteronism in Patients with Hypokalemia) will elucidate this issue, since it is probable
that a phenotype of hypokalemic normotensive PA exists [60].
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Despite the high prevalence of PA in hypokalemic patients with HT, in standard clinical
practice hypokalemia would not be the most common indication for initial screening for
PA. Ramos et al. [61] evaluated the frequency of the indications for PA screening based on
the 2016-ES-Guidelines [20]. The study [61] found that in 70 patients diagnosed with PA in
a general endocrinology outpatient clinic over an 8-year period, spontaneous hypokalemia
was an indication for screening of PA in only 8.6%, and diuretic-induced hypokalemia in
18.6%. Both types of hypokalemia were less frequent than the detection of a sustained
systolic BP above 150 mmHg and/or a diastolic BP of 100 mmHg or higher (moderate or
severe HT: 94.3%), or resistant HT (24.3%). Therefore, limiting screening for PA to patients
with HT and hypokalemia, a criterion established seven decades ago, in defiance of what
has been learned about PA over the last few decades, is nothing short of astonishing, and
condemns a majority of PA patients to an increased morbimortality.

3.4. Hypertension

Current guidelines for the study of PA recommend screening only in hypertensive
patients or in first-degree relatives of patients with PA. The relationship between blood
pressure and circulating aldosterone levels [62] as well as the mineralocorticoid activity [63]
is clear. Thus, it is easy to understand that the prevalence of PA increases in accordance with
the severity of HT [42], reaching rates between 6–16% in resistant HT when the ISLT is used
for diagnosis [6], and close to 30% when an oral salt loading test (OSLT) is performed [6,64].
Lower values are observed when other tests such as CCT or fludrocortisone suppression
test (FST) are used for PA diagnosis.

“Subclinical” PA

As commented above, PA could be diagnosed in an initial phase before detection
of hypertension. Ito et al. [60] in 2012 were one of the first groups to support the idea
that PA is not only confined to patients with moderate to severe and/or resistant HT,
but can also be found in patients with mild HT, and even in those with normotension.
They pointed out that, at the time of their review, at least 30 normotensive PA cases
had been documented in the literature from 1972 to 2009. Markou et al. [65] discovered
that approximately 13% of normotensive people had a diagnosis of PA, using a cut-off
point of ARR ≥0.93 ng/dL*µU/mL (0.78 with direct renin in pg/mL) and a plasma aldos-
terone (PAC) ≥2.96 ng/dL in the combined fludrocortisone-dexamethasone suppression
test (FDST). Furthermore, they found that those with the diagnosis of PA had >15-fold
higher risk for developing HT as compared with non-PA normotensive subjects. These
results coincided with those of Baudrand et al. [66]. The latter group detected that 14%
of healthy normotensive subjects had a diagnosis of PA when a cut-off point for urinary
aldosterone ≥12 µg/24 h in the context of urinary sodium ≥ 200 mmol/24 h was used as
the diagnostic criterion. Additionally, Baudrand et al. detected lower levels of plasma renin
activity (PRA) during a low-salt diet, as well as a higher excretion of urinary potassium
and a lower 24 h urinary sodium-to-potassium ratio (the latter both known biomarkers of
mineralocorticoid activity) in those participants with diagnosis of PA, as compared with
those without it. They concluded that a continuum of renin-independent aldosteronism
is present in the normotensive, which is correlated with major mineralocorticoid activity.
These findings have been recently confirmed by a study of Brown et al. [64], where the
presence of abnormal and non-suppressible renin-independent aldosterone production,
considered as a biochemically overt primary aldosteronism, was demonstrated in 11.3%
of normotensive and 22% of resistant hypertensive participants. A cut-off point for uri-
nary aldosterone ≥12 µg/24 h in the context of urinary sodium ≥190 mmol/24 h with a
suppressed renin activity was used for diagnosis in this study. Like Baudrand et al. [66],
Brown et al. [64] also observed that renin-independent aldosterone secretion was parallel
to the severity of hypertension. Thus, PA appears to be a progressive disease, where a
continuous overproduction of aldosterone over time would condition the severity of the
HT phenotype.
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In accordance with the aforementioned studies, at the 2021 European Congress of
Endocrinology, Kostoglou-Athanassiou et al. [67] presented three cases diagnosed of PA—
all of them women—in whom HT was absent. Each of these patients had hypokalemia,
a unilateral adrenal tumor, and elevated aldosterone levels with suppressed renin levels.
Although few details from the diagnostic study were described, the authors of this study
proposed that PA might occur with a clinical phenotype that does not include HT. These
three cases are clinically similar to these 30 reviewed by Ito et al. [60], a majority of whom
were women (77%), of middle age (range: 23–60 years), with an APA found in 20, and
bilateral disease discovered in 30 cases [60].

All these findings lead us to hypothesize that initially PA can be a subclinical entity,
absent HT, characterized by an autonomous (renin-independent) overproduction of al-
dosterone that will continuously over-activate the mineralocorticoid receptor, and will
eventually induce hypertension and/or hypokalemia. In fact, a previous study conducted
by Vasan et al. [62], found that the risk for developing HT in a healthy normotensive cohort
was directly associated with serum aldosterone levels. However, although interesting,
screening in normotensives is currently not cost-effective, although it could be considered
in patients with unexplained hypokalemia. Further studies will be necessary to elucidate
this issue.

4. Diagnostic Approach

A prompt diagnosis of PA is essential to avoid the morbidity associated with the
disease, since specific therapy can be initiated. In fact, unilateral PA is surgically curable,
with resolution of HT when PA is detected early. However, a longer evolution of the disease
is associated with lower HT cure rates [20].

Whereas the 2009-JES-Guidelines [39] recommends ruling out PA in all hyperten-
sive patients, the 2007 and 2016-ES-Guidelines [20] and 2020-ESH-Consensus [3] propose
selective screening in patients at a high risk for PA (Table 1).

Table 1. Current recommended target population for screening of primary hyperaldosteronism (PA).

2009-JES-Guidelines [39] 2016-ES-Guidelines [20] 2020-ESH-Consensus [3]

All patients with hypertension

1. Patients with blood pressure ≥150 (systolic)
and/or 100 (diastolic) mmHg on ≥3
measurements on different days.

2. Resistant hypertension: blood pressure ≥140
(systolic) and/or 90 (diastolic) mmHg with
3 drugs (including a diuretic),
or <140/90 mmHg with ≥4 drugs.

3. Hypertension and hypokalemia.
4. Hypertension and adrenal incidentaloma.
5. Hypertension and sleep apnea síndrome.
6. Hypertension and a family history of early onset

hypertension or stroke (before 40 years old).
7. Hypertensive first-degree relatives of patients

with PA.

1. Resistant hypertension.
2. Grade 3 Hypertension (≥180/100 mmHg).
3. Hypertension and hypokalemia.
4. Hypertension and adrenal incidentaloma.
5. Hypertension and atrial fibrillation.
6. Grade 2 hypertension.
7. Grade 1 hypertension

(considered “Doubtful”).
8. Family history of PA or early stroke.
9. Young onset hypertension (<40 years old)

(considered “probably”).

JES: Japan Endocrine Society; ES: Endocrine Society; ESH: European Society of Hypertension; PA: primary
hyperaldosteronism.

Both the 2009-JES-Guidelines and 2016-ES-Guidelines as well as the 2020-ESH-Consensus
recommend a two-step approach (screening followed by confirmatory testing) for the diag-
nosis of PA. Once PA is diagnosed, the next step is the differential diagnosis of subtype,
distinguishing unilateral from bilateral disease by performing adrenal venous sampling.
For screening, the three guidelines recommend determination of the ARR. The renin denom-
inator can indicate either PRA or direct measurement of renin levels (PRC), whereas the
numerator is the patient’s serum aldosterone level. When an ARR is higher than a specified
cut-off point, screening is considered positive, and a confirmatory test must be performed.
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However, the use of ARR as an adequate screening method is in question, particularly
if a high cut-off is used [4]. Brown et al. [64] used a one-step diagnostic approach in which
an OSLT with a urine aldosterone ≥12 µg/dL was diagnostic of PA. The use of an ARR cut-
off point >30 ng/dL/ng/mL in that study showed a sensitivity of only 22.2% in untreated
stage 1 HT subjects, 50% in untreated stage 2 HT, and of only 27.6% in treated resistant HT.
Thus, Vaidya and Carey [4] propose the use of an ARR cut-off of 20 ng/dL/mL//h (2.4
with direct renin in mU/L, or 2 if in pg/mL). The specific clinical characteristic of a patient
can also play a role in deciding the cut-off point.

4.1. Screening for PA

When a two-step method is chosen as the diagnostic strategy, a screening test should
theoretically be highly sensitive. Therefore, a low cut-off point of ARR should be chosen.
The 2009-JES-Guidelines propose the use of an ARR >20 ng/dL/mL/h as a positive screen-
ing for PA, while 2016-ES-Guidelines let each medical department decide the best cut-off
point based on their own clinical settings. However, 2016-ES-Guidelines mention that an
ARR of 30 ng/dL/mL/h (3.7 with direct renin in mU/L, or 3 if in pg/mL) is the most
widely used cut-off worldwide [20].

It is important to note that the ARR is affected by several clinical settings [68] condi-
tioning false positive or negative results (Table 2). Furthermore, laboratory methods to
assay PAC and PRC/PRA also influence the values obtained. In addition, aldosterone levels
can vary widely from day to day in the same subject. These factors would explain why
some studies have reported a “normal” ARR value during the diagnostic study in up to a
third of PA patients [3]. Therefore, a single negative ARR for screening must not be used to
rule out PA [69]. Of particular importance is the 2016-ES-Guideline recommendation that
the ARR be repeated whenever the patient presents or presents anew an indication for PA
screening, regardless of prior ARR values [20].

Ideally, factors that can affect the measurement of PAC and PRC/PRA must be avoided
when possible. Nevertheless, the need to withdraw medication for a simple screening test
makes some clinicians think twice before ordering the screening. However, interrupting
most hypertension medication before ARR determination does not seem to be necessary,
and might only reduce the number of patients screened. In fact, Schwartz et al. [70]
documented that ARR accuracy was similar within the same group of PA patients when
tested with and without drugs interfering with the RAAS, although patients on MRBs
were not included in the study. These results were confirmed in a recent study by Łebek-
Szatańska et al. [71] also demonstrating that screening for PA in patients taking non-MRB
drugs that affect the RAAS did not alter screening accuracy when compared with drug
withdrawal. Even MRBs could possibly be maintained. Rossi and colleagues [72] conducted
a prospective study in which patients were screened for PA pre- and post-MRB therapy
with canrenone (an active metabolite of spironolactone). Thirty-two patients with unilateral
PA and 10 with bilateral PA were included. They did not find significant differences in
the accuracy of ARR, and the use of MRB did not interfere with the diagnosis of unilateral
or bilateral PA. However, in the same study, the combination of MRB and olmesartan
did diminish the accuracy of ARR for PA detection, which could be explained by the
decrease in PAC and increase in PRC values induced by that combination. We currently
recommend that MRBs and amiloride be interrupted at least 4 weeks prior to screening, and
when possible diuretic use as well 2 weeks pre-screening. However, other hypertension
medication can be maintained. If a negative result is observed, repetition of the test
following additional drug withdrawal can be considered, particularly if an indication for
screening persists.

Interpretation of Results

Even when the ARR is elevated, some authors suggest that a minimum level of PAC
be required for a screening test to be considered positive. While many experts use a
PAC ≥ 15 ng/dL, others suggest a cut-off point no lower than that used in confirmatory
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suppression tests [69]. A study of Stowasser et al. [69] found that only 4% of PA patients
with APA presented basal PAC values < 10 ng/dL. However, studies by the same author
showed that a rate of up to 36% of false-negative results for PA can be observed if a
PAC < 15 ng/dL is defined as negative screening [73]. Likewise, Mosso et al. found that
43% of patients with PA diagnosed by FST can have PAC levels between 9 to 16 ng/dL
during the screening [58] and 24.5% of PA patients diagnosed by OSLT had a PAC below
10 ng/dL in the study of Brow et al. [64]. Selection of a cut-off value can be complex, given
the variability of the confirmatory test protocols and the type of PA population in the studies.
We currently use a cut-off point of PAC > 8 ng/dL with a positive ARR ≥20 ng/dL/mL/h
(2.4 with direct renin in mU/L, or 2 if in pg/mL) in patients receiving non-MRB/amiloride
medication. In other words, PAC can be low, but higher than the lower normal limit,
particularly when renin is suppressed.

Table 2. Effect of clinical situations in normal renin-angiotensin-aldosterone response.

Effect in Renin
Secretion

Effect in Aldosterone
Secretion ARR

Drugs

ACEi ↑↑ ↓ ↓

ARB ↑↑ ↓ ↓

MRB ↑↑↑ ↑↑ ↓

Diuretics ↑↑↑ ↑↑ ↓

Amiloride

Thiazide

Loop diuretics

Ca++-channel antagonist * ↑ N/↓ * N/↓

NSAI ↓ ↓ N/↑

β-blockers ↓ ↓ N/↑

Clonidine ↓ ↓ N/↑

Methyldopa ↓ ↓ N/↑

Kalemia

Hyperkalemia N ↑↑↑ ↑

Hypokalemia N ↓↓↓ ↓

Physiological

Menstrual cycle

Follicular phase N N N

Ovulation ↑ ↑ N

Luteal phase ↑ ↑↑ ↑

Pregnancy ↑↑↑ ↑↑ ↓

Orthostatism ↑↑ ↑↑ ↓

Salt intake

Low-salt diet ↑↑↑ ↑↑ ↓

High-salt diet ↓↓↓ ↓↓ ↓
N: none; ↑: increases levels; ↓: decreases levels. Number of the arrows do not indicate a ratio of the effect; they
must be interpreted as a subjective indicator of the authors about the effect of described clinical situations on renin
and/or aldosterone secretion. * Amlodipine is the one Ca++-channel antagonist with a known effect on direct
reduction of aldosterone secretion. ACEi: angiotensin-converting enzyme inhibitors; ARR: aldosterone to renin
ratio; ARB: angiotensin II type 1 receptor blockers; MRB: mineralocorticoid receptor blockers, NSAI: nonsteroidal
anti-inflammatories. Adapted from Funder et al. [20]. Reprinted with permission from Ref. [20]. Copyright 2016
Oxford University Press.
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4.2. Confirmatory Tests

Patients with a positive screening should have a confirmatory test for the diagnosis of
PA. An exception to the rule are patients with pathognomonic data of PA: hypokalemia with
suppressed PRA/PRC and a PAC > 20 ng/dL. In this case, PA can be directly diagnosed [20],
as there is no alternative diagnosis, given the fact that normally hypokalemia will suppress
aldosterone levels.

Several tests have been proposed for confirmation of PA. The basis of the confirmatory
tests is that aldosterone secretion in PA is autonomous, and will not markedly descend
following suppression of renin and/or angiotensin II. However, this premise is false, and
aldosterone secretion in PA is not completely autonomous from angiotensin. In fact, APAs
express angiotensin-II type 1 receptors [74]. Furthermore, APAs present a “circadian
rhythm,” [75] which would explain that aldosterone levels can lower in any test lasting
1–2 h. Once again, cut-off points used for diagnosis will be vital to limit false negatives.

Currently, four different dynamic tests are commonly used, and recommended in
the 2016-ES-Guidelines: OSL, ISLT, CCT, and FST [20]. The OSLT and ISLT are designed
to suppress renin and consequently angiotensin-II stimulation of aldosterone production,
where a cut-off in urinary aldosterone or PAC after the tests, respectively, defines the
diagnosis of PA. The CCT is based on the inhibition of angiotensin-II stimulus of aldosterone
secretion, by a decrease in angiotensin-II generation. The losartan test has been also reported
and is founded on the inhibition of angiotensin-II stimulus of aldosterone secretion by the
blockade of its action [76]. The FST is based on the suppression of renin, angiotensin-II, and
aldosterone production secondary to extrinsic mineralocorticoid excess. One additional test,
the dexamethasone suppression test (DST) [77], is used when glucocorticoid-remediable
aldosteronism is suspected: young onset HT induced by PA. Other tests, in addition to
suppression of renin-angiotensin-II, seek the blockade of physiological ACTH stimulus of
aldosterone production to diminish the rate of false positives [78,79]. A recently described
test combining a double blockade of angiotensin-II stimulus (using captopril and valsartan)
with the blockade of ACTH stimulus of aldosterone production (using dexamethasone)
could be of use in some clinical situations [78].

Clinicians should be aware that the ISLT, OSLT and fludrocortisone tests can worsen
BP and induce hypokalemia. Of the 4 standard tests described in 2016-ES-Guidelines [20],
the CCT test is the safest and easiest to perform. An adequate salt-intake should be
indicated when possible, the 3 days prior to the CCT [80]. Losartan can be used in patients
allergic to captopril, with interpretation of results similar to CCT [76]. The ISLT and CCT
should be performed early in the day, given the circadian rhythm of aldosterone secretion.
Before performing any of these tests, medication that interferes with the RAAS should be
interrupted for approximately 2–4 weeks. Testing can be performed while the patient is on
hydralazine, long-acting verapamil, and/or alpha blockers such as doxazosin.

There is no “gold standard” test. Wu et al. [81] evaluated the overall diagnostic
accuracy of different confirmatory tests for PA in a systematic review and meta-analysis,
finding similar accuracy for the CCT, ISL and FST, but not including the OSL in their
analysis. Given the discrepancies that can be encountered among tests, we suggest the use
of a second, alternative confirmatory test when clinical suspicion is high, and the result of a
first test is negative. Our group most frequently uses the CCT, administering 25 mg to the
patient, following blood extraction for ARR determination, repeating the ARR 2 h after the
dose. This test can also be performed with 50 mg of captopril, repeating ARR 60 or 90 min
after captopril administration. Currently, the results obtained from CCT with both doses of
captopril are interpreted in the same way [20], and their diagnostic accuracy when ARR is
used has been found to be similar [82]. Cut-off points used for diagnosis of PA are a 2 h
PAC level ≥ 12 ng/dl, or an ARR of ≥50 ng/dL/ng/mL/h [83] (ARR ≥ 6 with direct renin
in mU/L, or ≥5 if PRC is expressed in pg/mL). We also use the OSLT when additional
testing is performed. Occasionally, we have used the ISLT, under close medical supervision.
The methodology of the three tests most frequently used by our team and commonly used
diagnostic criteria are presented in Table 3.
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Table 3. Most used functional confirmatory tests for primary hyperaldosteronism.

Captopril Challenge Test (*) Oral Salt Loading Intravenous Saline Loading

Methodology

Preparation:
Correction of hypokalemia

Modification of drugs interfering with the RAAS

Salt intake during the 3 previous
days should be at least 7.6 g/d

when possible [80].
Keep in sitting position from at

least 20–30 min before to the end
of the test.

Test should be performed
before 9 a.m.

Salt intake should be increased
for at least 3 days before urine

collection to reach at
least 11.7 g/d.

Increased salt intake is not
necessary.

Keeping a sitting position from
at least 30 min before and

during test.
Test should be performed

before 9 a.m.

Procedure:
Oral administration of Captopril.

Blood testing at basal and
60–90 min (with captopril 50 mg),

or basal an 2 h (with
captopril 25 mg)

Procedure:
After 3 days of a high-salt diet,

24 h urine collection is
performed.

Procedure:
Infusion of 2 L of NaCl 0.9%

through 4 h.
Blood testing at basal and 4 h

Diagnostic criteria (*)

At the end of the test:
PAC ≥ 12 ng/dL,

or
ARR ≥ 50 ng/dL/mL/h
(≥5 in ng/dL * pg/mL),

or
decrement of PAC above 30% as

compared to baseline.

Urinary aldosterone≥12 µg/24 h
with urinary

Na ≥ 200 mmol/24 h.

At 4 h post infusion:
PAC ≥ 6 ng/dL.

Contraindication Allergy to ACEi

Active heart failure
Hypokalemia

Uncontrolled hypertension
Coronary disease

Precaution Blood pressure could drop.
Hypokalemia could occur in next 48 h after salt loading is begun.

Heart failure might be triggered.
Blood pressure could increase during salt loading.

Hospitalization
Required No No Yes (ambulatory

hospitalization)

RAAS: renin angiotensin aldosterone system; PAC: plasma aldosterone concentration; ARR: aldosterone to renin
ratio; ACEi: angiotensin-converting enzyme inhibitors. (*) Just one criterion is necessary for diagnosis. When
negative and positive criteria coexist, the result is considered as diagnostic for PA.

We would like to point out that given the fact that all test directed towards renin and
angiotensin inhibition are based on at least a partially false premise, the number of false
negative results could be important. Improvement of screening and diagnostic testing for
PA with safe, sensitive, and selective procedures is highly desirable, since current screening
and tests are likely detecting only “the tip of the iceberg”.

5. Conclusions

The prevalence of PA among hypertensive patients is high, and patients with the
disease experience an elevated morbimortality rate. Cardiovascular events and mortal-
ity are markedly reduced by specific therapy. Nonetheless, the condition is massively
underdiagnosed. We encourage physicians to rule out PA in patients presenting with
even moderate hypertension, or developing hypertension or stroke before 40 years of
age, unexplained atrial fibrillation, hypertension and sleep apnea, as well as in family
members of patients with PA, as recommended by current PA guidelines [3,20]. Screening
for and diagnosis of PA should not be limited to hypertensive patients with hypokalemia,
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adrenal incidentaloma, or resistant hypertension, if we wish to improve the prognosis of
our patients.
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