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Introduction
Currently the management of primary aldosterone is a cottage industry. For those with an historical bent, before the industrial revolution in the eighteenth century consumer goods were produced
by individual farms, ateliers, workshops – cottages, not corporations. In the present day, a dozen grandmothers making apple pies
for the church fair is a residual example of a cottage industry – more
or less sugar, different sorts of apples, some with cinnamon, others with ginger; all as their mothers and grandmothers taught
them. Hallowed by tradition, very difficult to change.
When we look at the current management of primary aldosterone there are well over a dozen possible variations between centers.
In order, as follows:
▪▪ Assays: for plasma aldosterone concentration (PAC), ELISA or
mass spec; PAC versus 24-h urinary aldosterone plus metabolites; plasma renin activity (PRA) or plasma renin concentration (PRC); and in the near future plasma angiotensin.
▪▪ Screening: aldosterone to renin ratio (PAC)/(PRA) or (PAC)/
PRC; setting (or not) an arbitrary lower limit for renin, despite
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Abs tr ac t
The management of primary aldosteronism is widely varied
within various published guidelines, with very little in the
way of data supporting the choice of one variation over others.
Current estimates of prevalence are probably accurate for
aldosterone producing adenoma, but fall very short of that for
bilateral adrenal hyperplasia. Discovery at the level of basic
science has proven illuminating over the past 6 years in terms
of unilateral disease and both somatic and germline mutations,
with much less focus on the much more common bilateral disease; Attempts at harmonization have begun – for example,
criteria for complete/partial/absent cure after adrenalectomy
for unilateral disease; again focus on bilateral disease is muted.
A number of possibilities are suggested as agenda for active
consideration and change, across a wide range of areas – referral patterns, screening, confirmation and lateralization, what
will be needed is discussion and agreement, to fill the lacunae
within the current guidelines. Those involved will want to
change to make such an agenda possible.

the ability to measure lower levels with confidence; use (or
not) of an arbitrary value for PAC, usually in the high normal
range, below which screening is deemed negative, despite an
indicative aldosterone to renin ratio (ARR).
▪▪ Cut-offs: setting high limits for ARR and elevated aldosterone
(strict criteria), thus lowering the percentage of patients
positive on screening and subsequent testing; more relaxed
criteria give ~double the number of patients testing positive.
▪▪ Confirmatory testing: standard (recumbent) saline infusion;
oral sodium loading; fludrocortisone and salt loading
suppression test; captopril challenge; furosemide and upright
posture; seated saline suppression test; dexamethasone
enhanced fludrocortisone suppression test…
▪▪ Imaging: computed tomography (CT), magnetic resonance
imaging (MRI), positron emission tomography (PET),
11C-metomidate, chemokine receptor type 4 (CRCX-4).
▪▪ Adrenal venous sampling: with or without Cosyntropin; if
with, Cosyntropin dose, bolus and/or infusion; selective or
super selective catheterization; selectivity index, lateralization
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index; utility or otherwise of contralateral suppression;
intraprocedural cortisol measurement; cortisol, androstenedione, metanephrine as denominators.
▪▪ Medical therapy: spironolactone dose-limited or not/adjuvant
amiloride/ other adjuvant antihypertensives.
It is tempting to refer to this as infinite variation, which is not
scientifically accurate. There are, however, well over 12 common
variations, and factorial twelve is a very large number.
Where do we go from here? What, if anything, can be achieved
in the next five years? In an attempt to address these questions,
they will be considered under four headings – recognition, discovery, harmonization and finally agenda. Hope springs eternal…

Primary Aldosteronism: Recognizing
the Prevalence
As noted above, currently some centers use strict criteria, others
more relaxed. Those using strict criteria commonly report the prevalence of PA to be 5–6 % of hypertensives among whom ~3 % are
ultimately shown to have an aldosterone producing adenoma
(APA), and 2–3 % bilateral adrenal hyperplasia (BAH). Centers using
more relaxed diagnostic criteria report 3–4 % to have an APA, and
6–10 % BAH. This difference is not surprising, given that commonly APA are at the more florid end of primary aldosteronism, and are
in themselves illuminating. What they signify is that – perhaps understandably – patients with unilateral disease (APA) are a much
more attractive area for management than those with BAH. Efficient lateralisation followed by unilateral laparoscopic adrenalectomy produces very satisfying results: biochemical cure (normalization of PAC/plasma [K + ]/ARR) in almost 100 % of patients, complete clinical remission in at least half (particularly in females and
young patients) and partial clinical success (normotension with
lower drug dosage) in nearly all the remainder. The lure is cure, and
patients with BAH who require lifelong management and maintenance are not nearly as satisfying.
That said, even though APA patients tend to have higher levels
of PAC, what evidence there is suggests that there is little difference in terms of cardiovascular risk between the two groups, as recently reported [1]. What is also becoming recognized is that
whereas both the strict and relaxed criteria are effective in picking
APA, (the ‘low-hanging fruit’), in fact neither adequately identifies
the extent to which BAH contributes to primary aldosteronism. This
is not new, as a study by Helber et al. from almost 40 years ago
illustrates [2]. Three groups of patients were sodium loaded for
6 days (175 meq orally) at the end of which a 24-h urine collection
was made. In the 56 control patients, all urinary aldosterone values
were ≤ 6 μg, which was thus taken as the upper limit of the normal
range. All 16 confirmed primary aldosterone patients (interestingly, 12 APA and 4 BAH, the latter with lesser but still elevated urinary
aldosterone values) had levels well above the normal range. Of 100
‘essential’ hypertensives, 64 had urinary levels within the normal
range – that is, ≤ 6 μg/day – and were termed group A; 36 (Group
B) showed urinary aldosterone levels > 6 μg/day, overlapping
with the established BAH group. Group A patients had an average
plasma [K + ] of 4.26 ± 0.37 (SD) meq/l, and Group B patients
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3.81 ± 0.44 (p < 0.001). Group A patients given spironolactone
showed a 9 mmHg fall in blood pressure, in contrast with those
with established primary aldosteronism (21 mmHg) and those in
Group B (22 mmHg). Taken together, the patients with elevated
urinary aldosterone (52/116) constituted 45 % of the patients with
hypertension.
These were not isolated studies, but followed others with similar findings, a number in German, now almost completely forgotten [3–9]. What brought back the issue of prevalence front and
center was the development by Gouli et al. of a dexamethasoneenhanced fludrocortisone suppression test (FDST) for confirmation/exclusion of primary aldosteronism in hypertensive patients
[10]. Seventy-two non-hypertensive individuals with normal
adrenals on CT underwent an FDST, with the 97.5 percentile thus
established taken as the upper limit of normal (serum aldosterone
74 pM/l, aldosterone/renin ratio 32 pM/l/mU/l). On this basis 180
hypertensives with (n = 44) and without (n = 136) adrenal adenomas on CT underwent an FDST: 31 % of these showed values for
both serum aldosterone and aldosterone/renin ratio above the
upper limit of normal, as established in the control group.
Current thinking about the drivers of aldosterone secretion
focuses largely on the renin-angiotensin system, with plasma [K + ]
often an afterthought, and ACTH – a powerful but not chronic stimulus - nowhere. The results of the FDST can be interpreted to suggest that we ignore ACTH at our peril in the diagnosis of ‘autonomous aldosterone secretion’, that is, primary aldosteronism.
An additional role for ACTH was shown in subsequent studies by
Markou et al. from the same group [11], on hypertensive patients
whose serum aldosterone/aldosterone to renin ratios were within
the normal limits established in the first study. Normal controls
(n = 61) and hypertensives (without PA on FDST; n = 113) were subjected to ultra low-dose (0.03 μg) ACTH stimulation and a treadmill
test. Of the hypertensives, 30/113 (27 %) showed an aldosterone but
not a cortisol hyper-response to ACTH infusion, with no difference
in basal ACTH/renin concentrations or cortisol response compared
with controls or non-hyper-responders. On the treadmill test,
hyper-responders showed higher levels of aldosterone, and higher
values for aldosterone/renin and aldosterone/ACTH than nonresponders or controls. If of every 100 hypertensives 31 % have PA
on FDST, and 27 % of the 69 % who do not are hyper-responders to
ACTH (n = 19), the value for hypertensives with overproduction of
aldosterone is 50 %, strikingly similar to that found by Helber et al.
over three decades previously.
There is also increasing evidence that the prevalence of primary aldosteronism is not confined to patients with hypertension.
Early evidence for this came from a case-controlled study by
Stowasser et al. on the rare condition of familial hyperaldosteronism Type l. Young normotensive patients with FH-I (n = 8) were
matched 1:3 for blood pressure with controls and shown to have
both structural and functional cardiac damage [12]. Vasan and colleagues showed in patients in the Framingham study that over time
blood pressure increased most in patients with the highest levels
of serum aldosterone [13]. Reports of demonstrable primary
aldosteronism in prehypertensives came initially from Japan [14],
with a subsequent European longitudinal study detailing the
development of primary aldosteronism over five years in initially
normotensive subjects [15]. Most recently in a landmark paper on
Funder JW. The Next 5 Years … Horm Metab Res 2017; 49: 977–983
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Primary Aldosteronism: Prognostications
for Discovery
Over a five-year period, there is ample room for progress in what
we know. There follows a personal exercise of crystal-ball gazing,
with the hope that there will be one or more discoveries that
nobody could foresee, and which come as a total surprise.
▪▪ There may or may not be yet uncharacterized somatic
mutations in APA. The initial estimates in Caucasian APA
patients will perhaps be shifted upwards, reflecting more
refined sequencing; the very high reported values of KCNJ5
mutations (70–80 % of all APA) in Japan and China may
reflect a real ethnic difference, or more probably
selection/referral bias.
▪▪ Of the familial forms of hyperaldosteronism, FH-I, FH-III and
FH-IV are characterized at the genomic level; to date, despite
strenuous attempts, FH-II is not. Over the next five years this
is likely to split in two ways – one is the characterization of the
genomic basis of FH-II in at least some of the very large
kindreds which have been documented, and the other is the
realization that as the increased prevalence of primary
Funder JW. The Next 5 Years … Horm Metab Res 2017; 49: 977–983

aldosteronism is acknowledged there is an increasing
possibility that first degree relatives might have different
underlying causative mechanisms. The fact that one family
member has an APA, and another BAH, does not exclude a
common cause, but raises the index of suspicion that this
might not be the case.
▪▪ In five years, it is likely that there will be available validated
and accurate assays for plasma angiotensin. An equally
confident prediction would be that it will be much longer than
5 years for this proximate actor in aldosterone secretion to be
widely adopted.
▪▪ Within five years it is likely that there will be at least some
novel mineralocorticoid receptor antagonists which are
tissue-selective. Whether or not these will replace spironolactone at low dose as the common mineralocorticoid receptor
antagonist in primary aldosteronism is not at all certain. Eplerenone is expensive, except in Japan, varyingly recompensable,
and optimally prescribed twice daily: unfortunately, from the
primary aldosterone viewpoint, many of the mineralocorticoid receptor antagonists in development do not appear
natriuretic, a sine qua non for primary aldosteronism. Watch
this space, but keep expectations low.
▪▪ At the level of basic science/translational research, in five
years we should know more about how aldosterone producing cell clusters (APCC) emerge more or less to replace a
continuous zona glomerulosa with advancing age, in most but
not all subjects [18], and what drives them to produce
aldosterone. Although often called constitutive in terms of
aldosterone secretion, adrenal glands in the elderly, many of
whom appear to have little or no zona glomerulosa, do
respond to salt restriction by substantial elevation of plasma
aldosterone, albeit to a lesser extent than in younger
individuals [18]. In apparently normal adrenal glands some
APCC express somatic mutations (e. g., CACNA1D, ATP1A1)
but curiously not KCNJ5, by far the most common of all
somatic mutations [19].
▪▪ In step with the question of what drives APCC is an older
question, which is what drives BAH. Germline mutations are
one clear but relatively uncommon cause of BAH; for the bulk
of bilateral disease, true hyperplasia or bilateral multinodular
disease, we do not have as yet convincing answers. There have
been preliminary suggestions of roles for activating antibodies against angiotensin receptors, of super-sensitivity to
angiotensin, and of leptin. In a series of early studies patients
with BAH (and a small subset with APA) were shown to be
hyper-responsive to angiotensin infusion, with this hyperresponsiveness not further characterized [20–23]. In many
senses, BAH is the poor relation, given the extent of focus on
APA: this is not only unwarranted, but counterproductive
given the increasing recognition of the high prevalence of
non-APA primary aldosteronism, despite attempts to flag this
as ‘autonomous aldosterone secretion’ or ‘dysregulated
aldosterone production.’
▪▪ Finally, and given the emerging evidence that primary
aldosteronism causes or contributes to blood pressure
elevation in ≥ 50 % of so-called essential hypertensives
(classical, plus elevated 24-h urinary aldosterone

979

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.

two counts, Baudrand and colleagues (from Boston and Chile)
examined 210 normotensives from the HyperPATH cohort who
had suppressed plasma renin activity (PRA < 1.0 ng/ml/h), and had
completed an oral sodium suppression test, received an infusion
of angiotensin II, and had blood pressure and renal plasma flow
determined [16]. On the generous criteria for salt-loaded urinary
aldosterone excretion rate (12 μg/24 h: cf. Helber et al. [2] 6 μg/24 h)
the frequency of biochemically confirmed primary aldosteronism
was 29/210 (14 %).
There are two particularly noteworthy aspects to the study. First
is that “Primary aldosteronism (PA) is defined as a severe form of
autonomous aldosterone secretion that causes hypertension”. This
opening sentence of the abstract is tempered by their subsequent
description of the 14 % frequency of “normotensives with PA”. The
authors then write that “our findings indicate a continuum of subclinical, autonomous and renin-independent aldosterone secretion
and mineralocorticoid receptor activation that ranges from subtle
to biochemically confirmed PA”. Quite so: and the inference to be
drawn is that the strict definition of primary aldosteronism is no
longer tenable. The most interesting finding of the study, however,
is that there was no difference in plasma aldosterone/renin ratios between the 14 % of “normotensives with PA” and the remaining 86 %.
Finally, in terms of prevalence, there is now increasing acceptance that hypertension resistant to 3 conventional agents including a diuretic (or requiring 4 or more agents for normotension) not
only includes the 15–20 % with primary aldosteronism as currently
defined, but perhaps most if not all such patients: certainly the response to mineralocorticoid receptor antagonists is equivalent in
the 15–20 % and the residual 80–85 %. Similarly, there is growing
acceptance that many subjects designated ‘low renin hypertensives’ in fact are victims of very straitened cut-offs: certainly their
responses to mineralocorticoid receptor antagonists are identical,
in terms of lowering of blood pressure and left ventricular hypertrophy, to those seen with confirmed primary aldosteronism [17].

levels/resistant hypertension/low renin hypertension/FDST/
ACTH super sensitivity), methods to obviate adrenal venous
sampling (AVS) for as many patients as possible are crucial.
Lateralisation by AVS is needed as a guide to unilateral
adrenalectomy: currently, lateralisation on the basis of
imaging is demonstrably inferior [24]. The problem is that of
removing the wrong adrenal, a major blunder: the occasional
APA missed, and treated medically, is a source of dissatisfaction, but not a blunder. The current Endocrine Society
Guideline supports omitting AVS in a young patient with
immeasurably low renin, clearly elevated PAC, and a classic
unilateral adenoma on imaging. Much more important is to
establish and validate algorithms maximizing the probability
of bilateral disease, so that such patients can proceed to
medical therapy without AVS. Of all the prognostications for
discovery this last is the most urgent, and if successfully
developed over the next five years clearly the most useful in
terms of management.

Primary Aldosteronism: Harmonization
As previously noted, there is wide variation in practice: harmonisation is unlikely to be achieved across the board in five years, but
some key areas in screening and diagnosis could well be largely
aligned within that time frame: where there’s a will there’s a way.
Areas in which such harmonization might be achieved are as follows:
▪▪ Screening: the report by Baudrand et al. [16] where 14 % of
normotensives had clearly demonstrated primary aldosteronism on the basis of their elevated urinary aldosterone levels
but no elevation in aldosterone/renin ratio when a spot
plasma aldosterone value is used should sound the tocsin for
the present ARR as a screening test. The physiology underling
this discrepancy can be seen in ▶Fig. 1, shown below.
▪▪ The salient majority of aldosterone secretion is in recumbency, possibly reflecting redistribution of blood volume and
consequent generation of angiotensin, possibly involving
factors yet to be established. It differs from cortisol, where the
nocturnal rise is both ACTH driven, and constitutes a much
lesser percentage of total daily secretion; in contrast, daytime
secretion of aldosterone is clearly a small minority of 24-h
secretion. The half-life of aldosterone in blood is of the order
of 12 min, so that measuring levels three hours into the
waking day can be confidently expected to miss nocturnal
hypersecretion. What this demands at first blush is a return to
the past, to the days of Helber et al. previously cited, and to
screen patients with a higher probability of primary aldosteronism (in the 2016 Guidelines [25], ~50 % of hypertensives)
by a more representative aldosterone concentration. The
circadian physiology of aldosterone essentially invalidates
‘low-renin hypertension’, for example, on the basis of a
positive ARR but a spot plasma aldosterone concentration < 14.5 ng/dl (in [17], for example).
▪▪ Physicians believe that 24-h urine collections are disliked by
patients, which may be the case. In the face of this difficulty, it
would be a worth a trial of a 24-h collection versus the first
morning collection, plus any urine passed on waking during
the night. If, as might be expected, a high level of concord-
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▶Fig. 1 Circadian variation in corticosteroid levels (Personal
communication, Paolo Sassone-Corsi).

ance was established, the overnight rather than the complete
24-h collection could be used to estimate whether aldosterone production is or is not within the normal range. This is
urgent, in that it is probable that the majority of patients with
primary aldosteronism currently screen negative because of a
totally inappropriate spot plasma aldosterone measurement.
▪▪ One of the outstanding examples of variation betweencenters is that of the extraordinary range of methods used to
confirm/exclude primary aldosteronism in subjects who
screen positive in terms of the aldosterone/renin ratio. The
seated saline suppression test (SSST) has proven very
promising in preliminary studies [26], on which basis some
centers have already chosen to adopt it. If it is validated by
larger studies it would then be worthwhile doing a trial of the
SSST with and without dexamethasone at 11 PM on the eve
of the test, to determine whether the findings on the FDST
are replicated.
▪▪ The use of cosyntropin in AVS is vexed, and the relative
advantages and disadvantages it confers are debated, on
occasion hotly. One measure of harmonization might be
to standardize the timing, dosage and administration
(infusion ± bolus) among those centers in which it is used.
▪▪ Adopt/adapt standard criteria for biochemical success of
unilateral adrenalectomy after AVS, and for complete, partial
and absent clinical success. In a recent study using the Delphi
process and iterative questionnaires consensus was reached
[27]. The rationale in particular was to examine whether the
previously reported wide variation in clinical success reflected
Funder JW. The Next 5 Years … Horm Metab Res 2017; 49: 977–983
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Primary Aldosteronism – Agenda
Many items that need reconsideration and action have already been
telegraphed in the previous sections; five such agenda items are
thus briefly listed, as follows:
▪▪ Recognize the true prevalence of primary aldosteronism to
include ‘dysregulated aldosterone secretion’ and ‘inappropriate
aldosterone production’.
▪▪ Recalibrate the discovery/management/therapeutic focus
from the present APA front and center to include large-scale
follow-up studies to optimize management of the much more
common BAH.
▪▪ Given recognition of the increased prevalence of primary
aldosteronism, and high probability that BAH constitutes the
majority of such patients, to refine and validate procedures
and protocols to avoid AVS in such patients.
▪▪ Lose the spot plasma aldosterone assay, given the preponderance of aldosterone secretion being overnight, and the
probability that aldosterone hypersecretion is similarly
predominantly nocturnal.
▪▪ If the seated saline suppression test preliminary results are
confirmed in a current larger study, to use the SSST in
parallel with the existing confirmatory test at each individual
center, with a view to all centers using a common test in
the future.
To which might be added six additional agenda items not previously raised which may cause less pain and have more chance of success that the five major issues previously addressed. In order:
▪▪ Reconsider how we manage partial clinical success after
unilateral adrenalectomy for APA. Patients with complete
biochemical success after laparoscopic adrenalectomy, in
terms of normalizing plasma PAC/[K + ]/ARR often still require
antihypertensives to reduce blood pressure into the normal
range; this is termed partial clinical success. Continued
elevation of blood pressure despite complete biochemical
success is commonly attributed to vascular damage/coexistent essential hypertension. A modest minority of such
patients show low plasma aldosterone concentrations
post-operatively, which commonly revert to normal over
weeks or months; these low levels presumably reflect
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suppression of aldosterone biosynthesis in the contralateral
adrenal, and the time taken to recover. When, however,
plasma aldosterone concentrations are normal post-surgery
for APA, there are powerful reasons for including a low-dose
mineralocorticoid receptor antagonist in the antihypertensive
regimen. One of the difficulties entailed in referring to MR as
‘aldosterone receptors’ is that were that the case, and the
source of aldosterone hypersecretion removed, there would
appear to be little sense in using an ‘aldosterone blocker’ (sic).
In fact MR evolved millions of years before aldosterone [28];
90–99 % of all MR are normally occupied but not activated by
cortisol, which has the same affinity for MR as aldosterone but
circulates at ~100-fold higher plasma free concentrations;
and finally, crucially, in conditions of tissue damage cortisol
becomes an MR agonist, mimicking aldosterone [29]. The
vasculature is a physiologic target for aldosterone; in
damaged blood vessels cortisol mimics aldosterone and raises
blood pressure [30]. Finally, in DOC/salt rats, eplerenone has
been shown to reverse established vascular and cardiac
damage to control levels [31]. There would thus appear to be
a strong case for including a low-dose mineralocorticoid
receptor antagonist in the antihypertensive regime for
patients with partial clinical success after unilateral adrenalectomy for primary aldosteronism when their plasma aldosterone levels are in the normal range.
▪▪ Reconsider how we manage BAH. In several remote communities with very low salt intake plasma aldosterone concentrations are correspondingly very high, with no deleterious
cardiovascular effects. Elevated aldosterone concentrations
per se are thus not the problem, when they are homeostatic:
in conjunction with inappropriate sodium status, however, the
combination is vasculotoxic and blood pressure elevating.
Accordingly, part of the regimen of treatment of BAH should
logically include tapering off of salt intake over 6 weeks, to
a maintainable low-salt regimen: (it takes 6 weeks for the
taste buds to recalibrate).
▪▪ Educate general practitioners/family doctors about the
prevalence of primary aldosteronism (even on the current
straitened definition). In a recent study of Italian and German
General Practitioners [32], respondents reported having
hundreds of hypertensive patients, as might be anticipated,
on average with remarkably high average office blood
pressure. In Germany 18 % of GPs reported having no patients
with primary aldosteronism, and in Italy the figure was 30 %.
Referrals were overwhelmingly to cardiologists, rather than to
endocrinologists or expert hypertension centers; in Germany,
the figure for prevalence was 2 %, and in Italy 1 %.
▪▪ Close the gap between the diagnosis of hypertension and
referral for possible primary aldosteronism. This is commonly
5–10 years, and there are compelling data that clinical success –
complete or partial – is closely negatively correlated with
advancing age [27]. The laminated two-page single sheet
desk reference/patient reference in development for the
Endocrine Society recommends that at the first visit to the GP
at which an elevated blood pressure is found a careful blood
draw for plasma renin is made. If renin activity is < 1.0 ng/ml/h
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different criteria or not. The answer appears to be a resounding
no, in that the range of outcomes across 12 expert centers
was as broad as that pre-consensus, so that the variation
reflects other factors (e. g., age at referral, gender bias, etc.,).
Such criteria need to be real-world: one example is the
breadth of acceptance of blood pressure measurements
allowed (office/home/24 h ambulatory).
▪▪ Finally, recognize that low dose (maximum 50 mg/day;
preferably 12.5–25 mg/day) spironolactone, plus amiloride if
available and considered needed, plus other anti-hypertensives as required, is optimal therapy for BAH. Low dose
spironolactone thus supported is much less likely to cause
unwanted side-effects, and thus much less likely to provoke
issues of poor compliance.

Review

“There is nothing more difficult and dangerous, or more doubtful
of success, than to attempt to introduce a new order of things…
for the innovator has for enemies all those who derive advantage
from the old order, while those who will benefit from the new will
be at best lukewarm defenders” [35].
Machiavelli’s rather bleak view of human nature notwithstanding, the final agenda item is to continue to bring together those
involved in primary aldosteronism, so that we can increasingly
reach consensus, for the benefit of the patients involved and the
societies in which we live.
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