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a b s t r a c t

Blocking the mineralocorticoid receptor (MR) is one of the most effective ways of reducing blood pres-
sure in patients with resistant hypertension and improving cardiovascular prognosis in patients with
heart failure with reduced ejection fraction and left ventricular dysfunction after myocardial infarc-
tion. Blockade of the biological effects of aldosterone has mostly been achieved with spironolactone and
eplerenone, the two steroidal MR antagonists currently on the market. Development of new non-steroidal
dihydropyridine-based third- and fourth-generation MR antagonists is ongoing. These antagonists are
highly selective for the MR, but have no effect on the glucocorticoid, androgen, progesterone and estrogen
receptors, in contrast with spironolactone.
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r é s u m é

Le blocage des récepteurs minéralocorticoïdes (RM) est l’un des moyens les plus efficaces de réduire
la pression artérielle chez les patients ayant une hypertension artérielle résistante et pour améliorer le
pronostic cardiovasculaire chez les patients ayant une insuffisance cardiaque avec une fraction d’éjection

réduite et un dysfonctionnement ventriculaire gauche après un infarctus du myocarde. Le blocage des
effets biologiques de l’aldostérone est réalisé par la spironolactone et l’éplérénone, deux antagonistes
stéroïdiens du RM actuellement sur le marché. Le développement de nouveaux antagonistes du RM
de troisième et quatrième génération non stéroïdiens est en cours. Ces antagonistes sont hautement
sélectifs pour le RM, mais n’ont aucun effet sur les récepteurs des glucocorticoïdes, des androgènes, de
la progestérone et des œstrogènes, contrairement à la spironolactone.
. Introduction

The biological effects of aldosterone on the renal excretion of
odium and potassium and blood pressure (BP) regulation extend
ar beyond extracellular volume regulation and potassium home-
stasis. Independently of its renal effects [2], aldosterone, together
ith high sodium intake, stimulates inflammatory reactions, cel-

ular hypertrophy, matrix formation and apoptosis in the vessels,
eart and kidneys [3]. It is also directly involved in target organ

amage in various cardiovascular and renal diseases [3]. Finally, a
elative aldosterone excess is frequently observed in patients with
esistant hypertension [4].
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Blockade of the biological effects of aldosterone has mostly
been achieved with the two mineralocorticoid receptor antag-
onists (MRAs) currently on the market, spironolactone and
eplerenone. MRAs competitively bind to the mineralocorticoid
receptor (MR) and block its activation by aldosterone and other
mineralocorticoids [1]. Spironolactone and eplerenone are used as
potassium-sparing diuretics and antihypertensive agents in various
conditions with primary aldosteronism (PA) or secondary hyperal-
dosteronism. Blocking the mineralocorticoid receptor (MR) is one
of the most effective ways of reducing BP in patients with resis-
tant hypertension [5–7] and improving cardiovascular prognosis in

patients with heart failure with reduced ejection fraction (HFrEF)
and left ventricular dysfunction after myocardial infarction (MI) [8].

This review will focus on the use of MRAs in resistant
hypertension.
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. Spironolactone

Spironolactone is a steroidal MRA approved in 1959 and
s available worldwide. It is rapidly metabolized by the liver
nto various metabolites, including canrenone, which have anti-

ineralocorticoid activities and longer half-lives that the parent
rug. Spironolactone has been given once daily at doses ranging
rom 1 to 4 mg/kg in patients with primary hypertension or with PA,
ut there is little evidence that doses > 50 mg/day lead to a greater
eduction in BP [1,9]. However, several factors may limit the use of
R antagonists. Firstly, spironolactone has a poor tolerance profile

ecause of its lack of selectivity for the MR [1,9]. It also binds to the
rogesterone and androgen receptors, thereby triggering progesto-
enic and antiandrogenic effects [1]. Its long-term use is therefore
ssociated with a dose-related incidence of gynecomastia in males,
exual dysfunction and menstrual irregularities in females, which
ay occur at any time during the course of treatment, with inci-

ence of 6.9% at doses of 50 mg/day or less and exceeding 50% at
oses of 150 mg/day or more, and may be reversed by stopping
reatment [10].

. Eplerenone

Eplerenone is a steroidal MRA that is more selective for the MR
han spironolactone [1], and does not interfere with progesterone
r androgen receptors. It is marketed to improve the survival of
table patients with left ventricular systolic dysfunction and clini-
al evidence of congestive heart failure after acute MI [8]. It is also
sed as an alternative to spironolactone in patients with essential
ypertension or PA [9], but is not approved everywhere worldwide

n these indications. Eplerenone differs from spironolactone in that
ts affinity for the progesterone and androgen receptors is 500-fold
ower and it does not, therefore, have the sexual side effects of
pironolactone [1,10]. No active metabolites have been identified,
nd its elimination half-life (4–6 h) is shorter [1,9]. Eplerenone is
short-acting steroidal MRA that is less potent than spironolac-

one on a milligram-to-milligram basis [10]. It is given at doses of
5–50 mg/day to patients with cardiac failure [8], and at doses of
0–100 mg once or twice daily to patients with primary hyperten-
ion [9]. It has been tested in patients with PA at doses from 50 to
00 mg/day [11].

. The use of MRAs in resistant hypertension

According to the 2018 European guidelines [6], hypertension is
efined as resistant to treatment when the recommended treat-
ent strategy fails to bring systolic (SBP) and diastolic blood

ressure (DBP) values to below 140 mmHg and/or 90 mmHg,
espectively, and the inadequate control of BP is confirmed by
mbulatory BP monitoring or home BP monitoring in patients
hose adherence to therapy has been confirmed. The recom-
ended treatment strategy (Class I A recommendation) should

nclude appropriate lifestyle measures and treatment with opti-
al or best-tolerated doses of three or more drugs that should

nclude a diuretic and typically an ACE inhibitor or angiotensin
eceptor blocker (ARB), and a long-acting calcium channel blocker
CCB). A meta-analysis of 20 observational studies and randomized
ontrolled trials estimated the prevalence of resistant hyperten-
ion (RHTN) at 13.7% (95% confidence interval (CI): 11.2%–16.22%)
or observational studies and 16.3% (95% CI: 10.7%–21.9%) for ran-

omized controlled trials [12]. RHTN is associated with a higher
revalence of end-organ damage than well-controlled hyperten-
ion, including left ventricular hypertrophy, carotid intima–media
hickening, microalbuminuria and retinal lesions [6,13,14]. The fre-
uent association of target organ damage and the clustering of
 PRESS

cardiovascular risk factors in patients with RHTN accounts for the
higher risk of a major cardiovascular event in these patients and,
thus, of poor short-term prognosis [6,15].

Multidrug drug regimens are required to achieve BP goals
through interference with the complex interplay of different
pathways implicated in the pathogenesis of RHTN, which, by
contributing to volume and sodium overload, increases arterial
stiffness, and renal fibrosis in the mid- and long-term. Other fac-
tors, including age, ethnicity, the presence of associated comorbid
conditions, chronic kidney disease and proteinuria, compelling
indications for certain classes of drugs, and the risk of drug-drug
interactions, should be taken into account for the treatment [6].

Reduction of sodium and alcohol intake, as well as weight reduc-
tion and regular exercise should always be part of the treatment
approach [6,16,17]. For those with obstructive sleep apnea, contin-
uous positive airway pressure (CPAP) may be of moderate benefit,
[18] but this remains a matter of debate for patients with RHTN,
and long-term compliance with CPAP may be problematic. In addi-
tion, effective treatment combines discontinuation of interfering
substances, and the sequential addition of antihypertensive drugs
to the initial triple therapy. Ultimately, all current drugs should
be replaced by a simpler treatment regimen using single pill com-
bination therapy to reduce pill burden and improve adherence to
treatment [6].

The first step of RHTN care is to optimize the doses of current
treatment or to prescribe appropriate antihypertensive drug com-
binations [6]. One of the causes of RHTN is inappropriate refractory
volume retention of multifactorial origin, as suggested by the low
renin levels measured in patients with RHTN [19]. BP control can
thus be improved by increasing the intensity of diuretic therapy,
particularly in patients with chronic kidney disease [16]. The dose
of the diuretic can be increased or a more potent thiazide-like
diuretic (indapamide and chlorthalidone) can be used instead of
hydrochlorothiazide or bendroflumethiazide if eGFR ≥ 30 ml/min
[6]. Loop diuretics should be used when eGFR < 30 ml/min [6],
although small studies reported that thiazides may retain their
natriuretic and antihypertensive effects when eGFR < 30 ml/min.

The fourth-line treatment should involve an MRA, such as
spironolactone (Class I A recommendation) [6]. MR blockade is
an effective way to decrease BP in patients with RHTN for multi-
ple pathophysiological reasons, [20] as shown in randomized trials
and meta-analyses [21]. The PATHWAY-2 double-blind crossover
study has provided the strongest evidence in favor of the use of
spironolactone as a fourth-line treatment added to a pre-existing
three-drug regimen (an ACEI, a CCB, and a low dose of bendroflume-
thiazide) in overweight patients with RHTN, eGFR ≥ 45 ml/min, and
plasma potassium concentrations within the normal range [5].
Indeed, 12-week treatment with spironolactone 25–50 mg was the
most effective treatment, allowing BP control in 58% of the patients
compared to 42% of those treated with doxazosin (4–8 mg), and 43%
of those treated with bisoprolol (5–10 mg). However, both biso-
prolol and doxazosin reduced BP more than placebo when added
to background treatment. Spironolactone was more effective in
those with a low renin profile on the initial triple combination
therapy. The risk of hyperkalemia may be greater in patients with
chronic kidney disease, particularly if spironolactone is added to a
treatment including a RAS blocker, making it necessary to monitor
plasma potassium and creatinine concentrations closely. The effi-
cacy and safety of spironolactone has not yet been established in
patients with significant renal insufficiency.

Amiloride (10 mg once daily) was later shown to achieve a

BP decrease comparable to spironolactone 25 mg once daily [22].
Finally, the ReHOT (Resistant Hypertension Optimal Treatment)
randomized study [23] comparing 12-week treatment with
spironolactone (12.5–50 mg QD) or clonidine (0.1–0.3 mg BID) in
Brazilian patients, showed similar rates of combined office and
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4-hour ambulatory BP control [23]. The rate of side effects
eported for both spironolactone and clonidine was low. The
atients randomized to clonidine more frequently had somnolence.

Specialist advice should be sought at a dedicated tertiary BP
linic if BP still remains uncontrolled [6]. At this stage, stepwise
ddition of a beta-blocker (with the exception of atenolol), an
lpha-blocker, and a centrally acting alpha-agonist is preferred. The
omplexity of the multidrug therapeutic regimens used in patients
ith RHTN increases the likelihood of drug-related side effects and
ay contribute to the lack of adherence to treatment by patients
ho may be taking large numbers of other drugs for comorbid

onditions.

. Non-steroidal dihydropyridine-based mineralocorticoid
eceptor antagonists

Development of new non-steroidal dihydropyridine-based
hird- and fourth- generation MRA is ongoing. The first-in-class of
his new generation of MRAs is dihydronaphthyridine finerenone.
1] Finerenone is a passive antagonist highly selective for the MR,
ut has no effect on the glucocorticoid, androgen, progesterone and
strogen receptors [1]. Its in vitro potency toward the MR is similar
o that of spironolactone [1]. Finerenone was initially developed
or the treatment of heart failure with reduced ejection fraction
HFrEF) [24] but, despite initial encouraging results, it was not
eveloped further for the treatment of HF. Finerenone is currently

nvestigated for the prevention of renal and cardiovascular com-
lications in patients with diabetic nephropathy (FIDELIO-DKD,
CT02540993 and FIGARO-DKD, NCT02545049). Two other non-

teroidal MRAs, esaxerenone and apararenone, are being developed
n Japan for the treatment of hypertension and diabetic nephropa-
hy [1]. However, it should be borne in mind that the risk of
dverse events associated with non- steroidal MRAs is probably
imilar to that for the first generation of steroidal MRAs, and
ay include electrolyte disorders, hypotension, renal insufficiency

nd severe hypoaldosteronism, depending on residual aldosterone
roduction, initial renal function, dehydration, general anesthe-
ia, comorbidities (type-2 diabetes), and coprescriptions (COX
nhibitors, RAS blockers, heparin, trimethoprim-sulfamethoxazole
tc.) [25].

In summary, RHTN is commonly a salt-retaining state, most
ikely due to inappropriate aldosterone secretion [22]. MR block-
de by spironolactone overcomes the salt retention and resistance
f hypertension to treatment. Spironolactone (25 to 50 mg/day)
hould be used in patients with RHTN but restricted to those
ith an eGFR ≥ 45 ml/min and plasma potassium concentra-

ion ≤ 4.5 mmol/L, particularly in cases of a compelling indication,
uch as heart failure, in accordance with guidelines [6]. When
pironolactone is contraindicated or not tolerated, bisoprolol, [5]
oxazosin, [5] amiloride [22] or clonidine [23] can be used for the
reatment of RHTN.
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