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Purpose: Use of the aldosterone-to-renin ratio (ARR) has
suggested that at least one in 10 hypertensive subjects
have primary aldosteronism (PA). There is thus a timely
need to review the literature for effective drug therapies
and to speculate on other therapeutic options by taking
into account recent advances in understanding of the PA
disease pathophysiological process.

Data source: A MEDLINE and EMBASE search of all
articles published from the start of the databases until July
1999 and reviews of the bibliographies of textbooks.

Study selection: Primary research articles on the medical
treatment of PA with emphasis on diagnosis, treatment
option, drug dosage, therapeutic response and adverse
drug effect.

Data extraction: Study design and quality were assessed.
Relevant data on diagnostic methodology, drug usage and
response were analysed and compared.

Data synthesis: A select number of subjects with
aldosterone-producing adenoma (APA) can be expected to
respond well to surgical treatment. For the majority of PA
cases especially subjects with idiopathic
hyperaldosteronism (IHA), long-term medical treatment is
now safe and feasible although no randomized controlled
trials have been carried out to date. The best therapeutic
response is obtained by directly antagonizing aldosterone
at the receptor level using medium to low dose

spironolactone and this response can be predicted by a
raised ARR. The response to other potassium-sparing
diuretics and calcium channel blockers are modest. IHA
responds better than angiotensin II-unresponsive APA to
angiotensin converting enzyme inhibitors and this may
also be true with angiotensin II receptor blockers. The
discovery of the aldosterone synthase gene opens up the
possibility for gene therapy.

Conclusion: The diagnosis of PA allows appropriate
management with resultant blood pressure control in many
hypertensive subjects who otherwise have resistant
hypertension despite multiple drug therapy. J Hypertens
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Introduction
The diagnosis of hypertension usually means life-long
medication, but in a signi®cant proportion of patients, a
distinct cause can be identi®ed. Removing this cause
may thus offer a cure. Primary aldosteronism (PA) due
to an aldosterone-producing adenoma (APA) is one such
example, where hypertension may be curable by sur-
gery, hence the importance of making this diagnosis.
However, favourable surgical outcome in APA depends
on several factors which include age, duration of hyper-
tension, concomitant essential hypertension, presence
of renal impairment, and prior response to spironolac-
tone. Inevitably, many patients will not be suitable for
this treatment option. Surgery is also not without risks
[1], making this option unattractive for many patients,
especially as most cases can be treated successfully
with long-term medical therapy [2,3]. Since Jerome
Conn ®rst described APA 46 years ago, medical treat-

ment of hypertension has improved. We now have
many more antihypertensive agents with greater ef®-
cacy and better tolerability. More recently, the use of
aldosterone-to-renin ratio (ARR) as a screening test has
made PA due to unilateral APA and also that due to
bilateral idiopathic hyperaldosteronism (IHA) increas-
ingly diagnosed [4]. At least one in ten hypertension
clinic patients [5] and a similar proportion of commu-
nity-treated patients [6] appear to have PA. These
patients with PA tended to have poorer blood pressure
(BP) control than other hypertensives despite multiple
drug therapy. Since medical treatment is the preferred
option for older patients with APA and most if not all
of those with IHA, the time is right to review this area
and to speculate on the possible uses of new and
emerging drugs that can be used to treat PA. Publica-
tions were identi®ed by searching the medical data-
bases of Medline (1966 to July 1999) and EMBASE
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(1974 to July 1999), and from bibliography review of
these papers.

Treatment rationale
There have been no placebo-controlled randomized
trials evaluating the relative ef®cacy of drugs in the
treatment of PA. This is not unexpected, given the
rarity with which this diagnosis was made using pre-
vious diagnostic methodology. Previously the diagnosis
required the presence of clinically resistant hyper-
tension accompanied by `frank' laboratory ®ndings of
hyperaldosteronism, which included hypokalaemic al-
kalosis, suppressed plasma renin activity and excessive
aldosterone production. It is now clear that hyperaldos-
teronism can manifest without necessarily ful®lling all
of these diagnostic criteria. The current `gold standard'
for con®rming the diagnosis of PA is the failure of
plasma aldosterone suppression in response to salt
loading and/or ¯udrocortisone [7]. However, as will be
discussed later, the ARR provides a reasonably robust
screening test in clinical practice.

In order to treat the effects of aldosterone excess, an
appreciation of how this condition leads to hypertension
is essential. Early experiments involving administering
aldosterone to normal volunteers or stopping treatment
abruptly in patients with PA allowed the short-term
changes in haemodynamics to be observed [8,9]. The
initial blood pressure (BP) rise with aldosterone is due
to ¯uid and sodium retention consistent with the
anticipated effect of aldosterone working through the
cytoplasmic mineralocorticoid receptor in the epithelial
cells in the late distal tubules and collecting ducts. One
effect of this is an overexpression of sodium channels
in these cells thus promoting sodium reabsorption. The
rise in BP allows a `pressure natriuresis', which together
with the release of natriuretic factors promotes the
excretion of excess sodium and reduces the initially
expanded ¯uid volume, despite on-going aldosterone
excess. However, the rise in BP continues once plasma
volume is restored and this correlates with a rise in
systemic vascular resistance. One hypothesis suggests
that aldosterone redistributes sodium into cells with the
aid of circulating ouabain-like-factors (OLF) that inhi-
bit the cellular sodium pumps [10]. The resultant
increased intracellular sodium then alters the cellular
calcium metabolism which increases the tonic contrac-
tion of vascular smooth muscles thus increasing the
systemic vascular resistance [11]. Recent studies have
also suggested that aldosterone excess sensitizes the
peripheral vasculature to vasoconstrictors such as angio-
tensin II and norepinephrine via receptor upregulation
[12]. Aldosterone has also been shown to directly
increase intracellular cAMP via a calcium-dependent
non-genomic process facilitating contraction in smooth
muscle cells [13]. In addition, receptors for another
potent vasoconstrictor, endothelin, have been found in

the zona glomerulosa layer of the adrenal gland where
aldosterone is synthesised. These receptors are down-
regulated in APA but not in IHA [14], where they are
involved in a paracrine control of aldosterone produc-
tion [15]. Another recent revelation is that there are
extra-adrenal sources of aldosterone, produced locally
in the heart as well as the vasculature [16] and that
mineralocorticoid receptors are more widespread than
previously thought. In IHA, the activity of aldosterone
synthase, a rate-limiting enzyme involved in the synth-
esis of aldosterone is increased as well as the expression
of mRNA for the gene for CYP11B2 in mononuclear
leukocytes [17]. The same ®ndings are apparent in
resected APA specimens [18]. At least in IHA, early
results have hinted that this maybe related to aldo-
sterone synthase (CYP11B2) genetic polymorphism
[19±22].

Based on the above-described PA pathophysiology,
there are several therapeutic targets. The most obvious
strategy is to antagonize aldosterone at the receptor
level, using spironolactone, its metabolite potassium
canrenoate or eplerenone, an as yet unlicensed drug
which has less anti-androgenic and anti-progestational
effects than spironolactone. The next option is to block
the sodium epithelial channels directly using potas-
sium-sparing diuretics such as amiloride or triamterene.
Since calcium may be involved in maintaining a raised
systemic vascular resistance and is involved as a cellular
messenger in the adrenal synthesis and secretion of
aldosterone [23], calcium channel blockers should be
effective. Angiotensin converting enzyme inhibitors
(ACEI) which reduce circulating angiotensin II may
also be useful, especially in IHA as the adrenal glands
in these patients have heightened angiotensin II stimu-
lated aldosterone release [24]. Similarly, blocking angio-
tensin II at the receptor level may be equally
ef®cacious using speci®c angiotensin II receptor block-
ers (ARB). Finally, interrupting the adrenal synthesis of
aldosterone may be a viable approach whether by
aldosterone synthesis antagonist or inhibiting aldo-
sterone synthase using drugs or gene therapy. Impor-
tantly, since the effects of aldosterone are salt-
dependent, reducing salt intake will aid the manage-
ment of patients with PA [25]. Treatments are currently
instituted empirically in practice and we now review
the ef®cacy of these drugs where data are available.

Mineralocorticoid receptor antagonists
Spironolactone
Most studies in the past used doses of 400±800 mg
daily of spironolactone to treat PA. Spironolactone
directly antagonizes aldosterone at the mineralocorti-
coid receptor level. The BP-lowering ef®cacy in PA has
been impressive in small uncontrolled studies, with BP
falls of 40±60 mmHg systolic and 10±20 mmHg diasto-
lic not uncommonly reported. Ferriss and colleagues

354 Journal of Hypertension 2001, Vol 19 No 3



[26] treated 95 patients with PA using spironolactone
50±400 mg per day for between 1 and 96 months. A
mean fall in BP from 189/122 to 148/97 mmHg was
observed. Exchangeable sodium was also reduced with
correction of all electrolyte abnormalities. Others have
reported similar results (see Table 1) [27±31]. Brown
and colleagues [27] reported that the response to
spironolactone predicted the subsequent response to
adrenal surgery, an important observation that has
clinical relevance in identifying patients who might be
suitable candidates for surgery. Crane and Harris [31]
also treated patients with hypertension strati®ed by
their stimulated renin levels [low renin 43, normal renin
24 and high renin 13] as well as 10 patients with PA
using 100 mg spironolactone four times daily. Mean BP
falls in the four groups after 3 weeks treatment were;
53/21 mmHg in the PA group, 45/22 mmHg in the low
renin group, 29/13 mmHg in the normal renin group
and 25/8 mmHg in the high renin group, respectively.
Hence, renin suppression may be an indicator of
response to an aldosterone antagonist. Kremer and
colleagues [32] extended this observation by treating
with spironolactone (50 to 400 mg daily, . 4 weeks) 67
subjects with low plasma renin activity and high plasma
aldosterone concentration (. 500 pmol/l). Mean BP fell
from 201/122 to 149/97 mmHg and mean serum potas-
sium rose from 3.1 to 4.5 mmol/l. Of these subjects, 38
had adrenals explored of which 23 had adenomas and
15 had hyperplasia. Another approach to predicting the
response to spironolactone was to assess the suppressi-
bility of aldosterone production with salt loading in
hypertensives. Wambach and colleagues [33] studied
ten hypertensive patients who had high aldosterone
excretion despite a high-salt diet and compared these
with 16 hypertensive who had suppressed aldosterone
secretion on a high-salt diet. They found that treatment
with 200 mg spironolactone a day caused a greater fall

in mean BP in the former compared to the latter group
(22 versus 9 mmHg), and that the fall in BP was
correlated with aldosterone excretion on a salt-rich diet.

The presence of inappropriate aldosterone activity can
be more easily assessed using the random and ambulant
ARR derived from blood sampling done in the out-
patient department. Lim and colleagues [35] treated
with spironolactone a cohort of 28 (12 males) hyper-
tensive subjects with a mean age of 55 � 10 years and
ARR greater than 750 (pmol/l per ng/ml per h) who
failed to suppress their plasma aldosterone concentra-
tion in response to salt loading. These subjects were
followed up for a mean period of 12.9 � 7 months.
Spironolactone in doses of 25 to 50 mg daily signi®-
cantly reduced the need for antihypertensive drugs by
ÿ0.5 (2.3 to 1.8) drugs (CI 0.1 to 1.0), P � 0.02, as well
as reducing systolic BP ÿ15 (161 to 146) mmHg (CI 5
to 25, P � 0.007) and diastolic BP ÿ8 (91 to 83) mmHg
(CI 4 to 13, P � 0.001); 48% of the subjects achieved a
BP < 140/90 mmHg and about half of the study sub-
jects were managed with spironolactone monotherapy.
More than half of these patients were previously
treated with thiazide diuretics without adequate BP
control suggesting that the effect of spironolactone in
this patient cohort was likely to be over and above its
diuretic effect, an experience shared by others [36].

Spironolactone has also been widely used in mainland
Europe as an antihypertensive agent for treating essen-
tial hypertension. In an early randomized double-blind
study in essential hypertension, Wolf and colleagues
[37] found that 100 mg spironolactone was as effective
as 200 mg but more effective than 25 mg. BP falls of
20/7 mmHg were achieved con®rming that spironolac-
tone is a good antihypertensive drug. In a database with
over 20 000 hypertensive patients on this treatment
followed up over a 10 year period, the antihypertensive
effect of spironolactone as monotherapy in 182 patients
was found to plateau above the dose of 100 mg.
Furthermore, the incidence of gynaecomastia in 699
patients was found to relate to the dose used; 6.9%
(, 50 mg) and 52% (. 150 mg) [38]. The spironolac-
tone doses commonly used in the past to treat PA were
thus probably unnecessarily high. There is a theoretical
risk of breast carcinoma with the use of this agent
because of the effects on oestrogen receptor [39]. How-
ever, this theoretical risk has not been translated into
an excess of breast carcinoma in practice [38].

Potassium canreonate
Potassium canreonate is converted to canrenone, an
active metabolite of spironolactone with a half-life of
about 16.5 h. Experience with this agent in treating PA
is limited. This drug is not available in the USA and in
the UK, only a parenteral form is available. Studies
from Italy have suggested that this agent is effective

Table 1. Spironolactone: observational studies

Study Year Type Dose (mg) % fall in BP

Crane and Harris [31] 1970 10 APA 400 28/20
43 IHA 400 22/18

Brown [27] 1972 38 APA 50±400 21/17
29 IHA

Kremer [32] 1973 23 APA 50±400 26/20
15 IHA

Ganguly [28] 1976 9 APA 50±400 32/21
7 IHA 50±400 32/31

Ferriss [26] 1978 95 PA 400 22/20
Wambach [33] 1980 6 APA 200 16 MAP

10 IHA 200 16 MAP
Helber [34] 1980 9 IHA 200 15 MAP

8 APA 200 16 MAP
Kater [30] 1983 15 APA 100±300 19 MAP

9 IHA 100±300 17 MAP
Ghose [2]� 1999 24 APA 100±200 26/25

�Eight patients were treated with drugs other than potassium-sparing diuretics.
APA, aldosterone-producing adenoma; IHA, idiopathic hyperaldosteronism;
MAP, mean arterial pressure.
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[40,41]. Patients who developed gynaecomastia on
spironolactone have been treated with potassium can-
reonate with resolution of this adverse effect [42]. In
addition, potassium canreonate can be given intra-
venously with normalization of BP within 7 days in
some patients with PA [43].

Eplerenone
Eplerenone (SC-66110) is a new steroid nucleus-based
anti-mineralocorticoid, which acts as a competitive and
selective aldosterone receptor antagonist. The 9,11-
epoxide group in eplerenone results in a signi®cant
reduction of the molecule's progestational and anti-
androgenic actions compared to spironolactone; eplere-
none has 0.1% of the binding af®nity to androgen
receptors and , 1% of the binding af®nity to progester-
one receptors compared to spironolactone [44]. Epler-
enone is extensively metabolized by the liver and
excreted in the urine and faeces as metabolites. The
effectiveness of eplerenone in the treatment of mild to
moderate essential hypertension in 417 patients has
been demonstrated [45]. The doses used ranged from
50 to 400 mg per day. Eplerenone was well tolerated
with the incidence of adverse events similar to placebo.
Potency studies with eplerenone show either equal or
25% less mg per mg potency when compared to
spironolactone (data on ®le with Searle pharmaceuti-
cals). Eplerenone may be a superior drug if it is shown
to be as effective as spironolactone for treatment of
mineralocorticoid-dependent hypertension and if it
lacks the limiting anti-androgen side effects of spirono-
lactone. A multicentre randomized double-blind con-
trolled trial comparing spironolactone and eplerenone
in treating patients with hyperaldosteronism is currently
underway.

Epithelial sodium channel blockers
Amiloride
The use of amiloride in treating PA is associated with
BP falls of 20±30 mmHg systolic and 10±15 mmHg
diastolic for treatment periods of between 6 weeks to 6
months (see Table 2) [26,32,46±49]. Unlike spironolac-
tone, where nearly 50% of patients can be maintained
on monotherapy [3,35], about 75% of patients on
amiloride needed additional antihypertensive agents to
achieve BP control [47]. In a non-randomized crossover
study involving ten patients with PA, Hoefnagels and
colleagues [50] reported that 400 mg per day spirono-
lactone reduced mean arterial BP by 20.5% after 6
weeks' treatment. In comparison, a mean arterial BP
reduction of 10.4% was achieved using 40 mg amiloride
per day for a similar length of time following a washout
period of 4 weeks. In 10 patients with essential hyper-
tension, the mean arterial BP reductions were 7.4
versus 6.5%, respectively. Hence, spironolactone was
more ef®cacious than amiloride in the presence of
hyperaldosteronism. Others have also suggested this

[26] although these studies were not randomized and
the washout periods might not have been suf®ciently
long [51].

Triamterene
The ef®cacy of a thiazide±triamterene (hydrochlorthia-
zide 25 mg and triamterene 50 mg) combination has
been investigated in eight patients with hyperaldoster-
onism (®ve APA, three with glucocorticoid-remediable
hyperaldosteronism) [48]. BP fell from 168/101 to 130/
84 mmHg with treatment. Serum potassium rose in six
out of eight patients. Renin rose only in two patients
indicating that continuing excess aldosterone activity
suf®cient to cause renin suppression was probably
present in the other patients.

Calcium channel blockers
Calcium channel blockers lower BP independent of
their effect on aldosterone secretion in patients with
essential hypertension, an action that is similarly applic-
able in patients with PA. This group of drugs, however,
could also reduce aldosterone secretion in some cases
of PA as a mode of BP reduction. The calcium ion may
be the ®nal common intracellular messenger of most
aldosterone secretagogues including angiotensin II,
corticotrophin and potassium [52]. Hence, on this basis,
by blocking the in¯ux of calcium ions into the adrenal
glomerulosa cells, calcium channel blockers may reduce
aldosterone secretion and thus BP in patients with PA
(see Table 3). A single sublingual dose of 20 mg
nifedipine when given to 10 patients with PA reduced
plasma aldosterone from 612 to 167 pmol/l within an
hour without affecting plasma renin activity in one
study [53]. In six patients, nifedipine therapy was
continued for 4 weeks. Plasma aldosterone suppression
was not sustained, rising to 556 pmol/l although BP fell
from a mean of 162/102 to 134/85 mmHg (a fall of 28/
17mmHg). In a separate study reported by Carpene
and colleagues [54], neither acute nor chronic nifedi-
pine administration in 15 PA patients [seven IHA, eight
APA] reduced plasma aldosterone signi®cantly,
although BP fell from 174/106 to 147/84 mmHg over 90
days with 20 mg nifedipine twice per day. When com-
pared with spironolactone, in an open non-randomized

Table 2 Potassium-sparing diuretics: observational studies

Study Year Type Drug/Dose (mg) % fall in BP

Kremer [32] 1973 5 IHA Amiloride 14/14
40

Kremer [46] 1977 8 APA, 11 IHA Amiloride 15/13
40

Ferriss [26] 1978 18 IHA Amiloride 18/11
40

Grif®ng [47] 1982 4 APA, 8 IHA Amiloride 12/10
10±40

Ganguly [48] 1981 5 APA, 3 GRA Triamterene � Thiazide 23/17

GRA, glucocorticoid remediable aldosteronism; APA, aldosterone-producing
adenoma; IHA, idiopathic hyperaldosteronism.
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study reported by Bravo and colleagues [55], nifedipine
in doses of 30±80 mg per day reduced mean arterial BP
to 116 mmHg from a baseline of 127 mmHg in six
patients with APA. In contrast, spironolactone in mono-
therapy doses of 100±200 mg per day reduced the
mean arterial BP to 92 mmHg. The combination of
nifedipine and spironolactone offered no additional
bene®t compared to spironolactone alone.

Other calcium channel blockers similarly have had vari-
able effects on plasma aldosterone while having little
effect on plasma renin activity in patients with PA.
Nitrendipine in one report did not alter plasma aldo-
sterone [59] while in another, plasma aldosterone was
increased [56]. Nicardipine [57] may reduce plasma aldo-
sterone, and in one case report, amlodipine [60] masked
the diagnosis of APA in a 30-year woman by suppressing
aldosterone secretion. Verapamil when given intra-
venously selectively reduced plasma aldosterone in pa-
tients with IHA but not in those with APA [58].

Angiotensin converting enzyme inhibitors
ACEIs by inhibiting angiotensin II generation may
preferentially reduce BP in patients with IHA since
these patients have enhanced adrenal sensitivity to
angiotensin II in secreting aldosterone (see Table 4)
[24]. This is re¯ected by the rise in plasma aldosterone
concentrations in response to the erect posture in
patients with IHA; not seen in patients with Conn's
adenoma or angiotensin II-unresponsive APA. Mantero
and colleagues [61] gave 75 mg captopril per day to six
APA patients and ®ve subjects with IHA. The mean
arterial BP fell 13% (NS) in the APA group (from 152 to
147 mmHg) but fell 20% (from 139 to 120 mmHg,
P , 0.01) in the IHA group with a slight decrease in
plasma aldosterone in the latter group. A similar level of
BP reduction was observed in four patients with IHA
given 80 mg enalapril per day [62] with an associated
signi®cant reduction in aldosterone secretion. The BP-
lowering effect of ACEIs in patients with PA is there-
fore modest. This may relate to the fact that plasma

renin activity in these patients is already generally
suppressed, hence the low baseline levels of circulating
angiotensin II. In addition, ACEIs may not completely
suppress continuing angiotensin II formation by non-
ACE pathways. Spironolactone can stimulate this sup-
pressed renin±angiotensin system in PA by blocking the
usual negative feedback responsible for renin suppres-
sion. This rarely can result in resistant hypertension
probably due to an increase in angiotensin II. Interest-
ingly, this may then be responsive to ACEIs [63,64].
Nonetheless, with regard to angiotensin II-sensitive PA,
the contribution of tissue ACE-dependent and -inde-
pendent pathways of angiotensin II generation on aldo-
sterone secretion is currently not well delineated.

Aldosterone synthesis inhibitors and other
drugs affecting aldosterone secretion
Aldosterone synthesis inhibitors reduce plasma aldo-
sterone but their BP-lowering ef®cacy is generally
disappointing. Trilostane [65] and metyrapone [66]
have both been used in hyperaldosteronism. Trilostane
appears to be effective in the short term but not in the
long term [67].

Heparin [68,69] and low-molecular-weight heparin
[70,71] both suppress aldosterone secretion. However,
since they are given by injection, their use as antihy-
pertensive agents seems limited. Dopamine agonists
suppress aldosterone release and dopamine antagonists
stimulate aldosterone release from the adrenal glands
[72]. In addition, cisapride, a 5-HT4 receptor agonist
increases plasma aldosterone [73] although the clinical
relevance of this is uncertain. This drug has recently
been withdrawn by the manufacturer because of its
potential pro-arrhythmic effect.

Emerging therapies for primary
aldosteronism
Drugs which speci®cally block the angiotensin II type I
receptor (e.g. losartan, valsartan, irbesartan, candesar-
tan, telmisartan, etc) are now available. At least in
theory, these drugs should be effective in lowering BP
in patients with PA caused by IHA. Anecdotally, we
successfully treated a patient with ARR . 1000 and
multiple drug intolerance with valsartan 160 mg mono-
therapy. No doubt, with the adoption of ARR as a
screening test, more patients with PA will be identi®ed

Table 3 Calcium channel blockers: observational studies

Study Year Type Drug/Dose (mg) % fall in BP

Nadler [53] 1985 3 APA, 3 IHA Nifedipine 17/17
20

Bravo [55] 1986 6 APA Nifedipine 9 MAP
40

Opocher [58] 1987 5 IHA Verapamil 9 MAP
6 APA 40, IV 7 MAP

Stimpel [56] 1989 3 IHA, 3 APA Nitrendipine 6/8
60

Carpene [54] 1989 8 APA, 7 IHA Nifedipine 16/21
40

Veglio [57] 1990 6 IHA, 2 GRA Nicardipine 25 MAP
80

GRA, glucocorticoid remediable aldosteronism; APA, aldosterone-producing
adenoma; IHA, idiopathic hyperaldosteronism; MAP, mean arterial pressure.

Table 4 Inhibitors: observational studies

Study Year Type Drug/Dose (mg) % fall in MAP

Mantero [61] 1981 6 APA Captopril 13 (NS)
5 IHA 75 20

Grif®ng [62] 1985 4 IHA Enalapril 16 in 3 and
80 12 in 1

NS, not statistically signi®cant; APA, aldosterone-producing adenoma; IHA,
idiopathic hyperaldosteronism; MAP, mean arterial pressure.

Medical treatment of primary aldosteronism Lim et al. 357



to allow formal trials to be carried out to assess the
ef®cacy of these drugs.

Other areas of potential research involve the develop-
ment of drugs which can effectively inhibit the actions
of aldosterone synthase, thus reduce the production of
aldosterone. This is the key enzyme that has been
shown to be overexpressed in patients with PA. Also,
the gene for aldosterone synthase (CYP11B2) has now
been identi®ed. It may be possible in the near future to
develop gene therapy to reduce the expression of or to
inhibit the action of mRNA of this gene at the cellular
level [74]. Even more exciting, is the prospect that
patients or normotensive individuals with aldosterone
synthase genetic polymorphisms that predispose to
inappropriate aldosterone activity may be identi®able
by genetic testing, so that preventative measures can
be undertaken either to treat the associated hyper-
tension at an earlier stage or to avoid the development
of hypertension [19]. Importantly, actions which abolish
the inappropriate aldosterone activity whether in PA or
other disease states such as heart failure may improve
survival through non-BP-dependent means since aldo-
sterone is involved in many adverse processes, includ-
ing promoting ®brosis in the heart and the vasculature
[75].

The medical management of
hyperaldosteronism
Despite the availability of an armamentarium of drugs
which work at different parts of the BP regulatory
system, the current management of hypertension is still
empirical, based on guidelines derived from large treat-
ment trials where patients were assumed to have homo-
geneous pathophysiology [76]. This non-speci®c
approach [77] may partly underly the lack of success in
controlling BP on a population level [78]. Attempts are
being made to treat hypertensive patients on an indivi-
dual basis, but this is more related to choosing drugs
which potentially can treat a comorbid condition, such
as recommending ACEI therapy to diabetic hyper-
tensive individuals with microalbuminuria. Brown and
colleagues [77] have tried to identify a `best' antihyper-
tensive drug on an individual basis using a systematic
rotation of drugs on a 4-monthly basis of four drug
classes which included ACEI, â-blocker, calcium chan-
nel blocker and diuretic. They were able to increase
success of monotherapy (BP < 140/90 mmHg) from 22/
56 (39%) to 41/56 (73%), comparing randomly assigned
®rst drug and the best drug. This study further high-
lights the heterogeneity of the hypertension pathophy-
siology but the application of this complicated treatment
methodology is likely to be limited in clinical practice.

Previous attempts to use renin pro®ling to guide
treatment, i.e., treating low-renin individuals with
diuretics and high-renin individuals with ACEIs and â-

blockers have not been translated into routine practice.
This is probably due to a lack of standardization of the
renin status and correlation with aldosterone secretion.
Should it be based on random blood samples or
following stimulatory manoeuvres? There are also a
multitude of methodologies for de®ning renin status
including the need for diuretic challenge, dietary salt
manipulation or linkage with 24 h urinary sodium
excretion. These cumbersome methodologies are
clearly not practical. Furthermore, we have shown that
the `stimulated' renin, i.e., the renin level following
oral frusemide pre-treatment, though speci®c, lacks
sensitivity in detecting hyperaldosteronism [79].

We believe that the ARR may serve as a guide for
targeting drug therapy, at least if applied to patients
with resistant hypertension or those requiring more
than two antihypertensive agents for BP control. Non-
potassium-sparing diuretics should perhaps be avoided
as ®rst-line therapy in patients with a raised ARR since
this may lead to hypokalaemic arrhythmic death in the
presence of hyperaldosteronism [80,81]. A recent re-
analysis of the Systolic Hypertension in the Elderly
Program (SHEP) study data [82] suggested that even
low-dose diuretic was associated with a 7.2% one-year
incidence of hypokalaemia compared to 1% in the
placebo-treatment group. Of further concern, those who
developed hypokalaemia in this study did not derive
any cardiovascular mortality bene®ts. It is conceivable
that subjects prone to diuretic-induced hypokalaemia
may also be those with undiagnosed hyperaldosteron-
ism. Hence in patients with a raised ARR, spironolac-
tone 25±50 mg daily can be given concurrently with
other already-prescribed antihypertensive agents. The
BP can then be observed over the next 3 to 6 months.
If the BP response is good then the other agents can be
downtitrated or even stopped. Otherwise, spironolac-
tone can be co-prescribed with additional antihyperten-
sive agents such as diuretics, ACEIs and calcium
channel blockers as appropriate.

The role of surgery
The role of surgery in the treatment of PA is depen-
dent on the subtype, patient comorbidities, and factors
that predict surgical cure. APA (30 to 60% of PA cases)
and unilateral adrenal hyperplasia (uncommon) are
potentially biochemically correctable with unilateral
adrenalectomy; whereas, IHA should be treated medi-
cally. Factors predicting cure of hypertension following
adrenalectomy have not been described consistently in
relatively small studies [83±86]. Sawka and colleagues
[87] reported that in 97 patients with PA treated with
adrenalectomy (56 laparoscopic), hypertension at a
median follow-up period of 29 months was improved in
95% (decrease > 1 stage using JNC VI classi®cation
and/or fewer antihypertensives taken) or cured in 32%
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of patients (BP , 140/90 mmHg without antihyperten-
sives). Cure of hypertension was independently
predicted by: family history of hypertension in < 1
®rst-degree relatives, use of < 2 antihypertensives pre-
operatively, systolic BP , 140 mmHg at postoperative
dismissal and preoperative ARR . 2220. With appropri-
ate surgical expertise, laparoscopic adrenalectomy is
associated with a considerably shorter hospitalisation,
lower pain medication requirements, a more rapid
return to normal activities, and a decrease in late
morbidity. Thus, laparoscopic adrenalectomy is the
surgical treatment of choice for PA due to APA. How-
ever, many APAs are less than 1 cm in diameter, which
is beyond the limit of CT scan resolution and would
hence be missed unless more invasive techniques such
as adrenal venous sampling are carried out. One
approach is to treat all CT-scan-negative patients with
a raised ARR medically and another approach is to
exclude the presence of APA systematically for possible
surgical intervention. It is unclear at present which is
the better option with regard to long-term outcome.
More research is clearly needed to outline a rational
diagnostic pathway for these patients so that the most
appropriate treatment can be instituted.

Conclusion
PA is being increasing diagnosed, and may account for
10% or more of the hypertensive population. Appro-
priate medical treatment should thus be targeted at this
signi®cant subgroup of patients for optimum BP con-
trol. Long-term medical treatment has been shown to
be both safe and feasible. Although no randomised
controlled trial has been carried out to date, the best
therapeutic response can be expected by directly
antagonizing aldosterone at the receptor level using
medium-to-low dose spironolactone and this response
can potentially be predicted by a raised ARR. Epler-
enone, a new and better-tolerated speci®c mineralocor-
ticoid receptor blocker is currently being assessed for
the treatment of PA. The response to other potassium-
sparing diuretics and calcium channel blockers are
modest. IHA responds better than angiotensin II-un-
responsive APA to ACEIs and this may also be true
with ARBs. This may be due to the fact that subjects
with IHA have enhanced adrenal sensitivity to angio-
tensin II. The discovery of the aldosterone synthase
gene opens up the possibility for future gene therapy.
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