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Abstract
Background  Resistant hypertension (RHT) is a challenging clinical condition characterized by persistently elevated blood 
pressure despite adherence to lifestyle modifications and the use of at least three antihypertensive agents, including a high-
dose diuretic. RHT is a heterogeneous condition, influenced by multiple pathophysiological mechanisms such as sodium 
retention, sympathetic overactivity, and vascular dysfunction. Among these, hyperaldosteronism plays a pivotal role in a 
subset of patients.
Methods  This systematic review examines in depth the pharmacokinetic properties of aldosterone synthase inhibitors 
(ASIs), with a focus on their therapeutic potential in patients with RHT. A comprehensive literature search was conducted 
to identify clinical trials and pharmacological studies investigating ASIs, including baxdrostat, dexfadrostat, lorundrostat, 
LY3045697, and osilodrostat (LCI699).
Results  ASIs have shown compelling efficacy in lowering both office-based and 24-h ambulatory blood pressure, particularly 
in patients with elevated aldosterone levels. These findings underscore the critical role of aldosterone-mediated mechanisms 
in the pathophysiology of RHT. The inhibitors differ substantially in their metabolic pathways, selectivity profiles, and 
pharmacokinetic characteristics.
Conclusions  Emerging data support the potential of ASIs as a therapeutic option for RHT, particularly when treatment is 
individualized based on renal function, dietary sodium intake, and comorbidities. Personalized treatment strategies may 
enhance efficacy, improve tolerability, and support durable blood pressure control in this difficult-to-treat population.
Registration  PROSPERO identifier number CRD42024522918
[Graphical abstract available]
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Aldosterone Synthase Inhibitors for Resistant Hypertension

Key Points 

Aldosterone synthase inhibitors (ASIs), including 
baxdrostat, lorundrostat, and dexfadrostat, have demon-
strated promising efficacy in lowering blood pressure in 
patients with resistant hypertension, particularly among 
those with elevated plasma aldosterone levels.

The degree of selectivity of ASIs for cytochrome P450 
(CYP)-11B2 over CYP11B1 is a key determinant in 
reducing cortisol-related adverse effects, making highly 
selective ASIs preferable therapeutic options for resistant 
hypertension compared with less selective compounds 
such as osilodrostat.

Further long-term, well-designed randomized controlled 
trials are warranted to assess the durability of blood 
pressure reduction, long-term safety, and the potential 
integration of ASIs into treatment algorithms for resist-
ant hypertension.

1  Introduction

Resistant hypertension (RHT) is defined as persistently 
elevated blood pressure (BP) despite treatment with at 
least three antihypertensive agents from different classes, 
administered at the maximum tolerated doses, including 
at least one diuretic [1]. The prevalence of RHT varies, 
but a meta-analysis of 91 studies, involving over 3 mil-
lion patients estimated that true RHT affects approxi-
mately 10.3% (95% confidence interval [CI] 7.6–13.2) of 
treated outpatients with hypertension without secondary 
hypertension or major comorbidities [2]. This finding 
underscores a persistent therapeutic gap, whereby a con-
siderable proportion of patients have uncontrolled disease 
despite adherence to evidence-based treatment algorithms. 
Given this scenario, it is essential to screen for secondary 
causes of hypertension, such as primary aldosteronism, 
renal artery stenosis, and pheochromocytoma, to imple-
ment appropriate and individualized therapeutic strate-
gies. Current guidelines recommend referring patients 
with suspected RHT to specialized hypertension centers 
after optimizing antihypertensive regimens and address-
ing common contributors to poor BP control, including 
medication non-adherence, recreational drug use, and 
sleep disorders [3, 4]. Once these confounding factors have 
been excluded, more intensive treatment strategies may 
be warranted. First-line pharmacological management of 
RHT typically includes a triple combination of agents such 

as a renin-angiotensin system blocker, a dihydropyridine 
calcium channel blocker, and a thiazide or thiazide-like 
diuretic, preferably in fixed-dose combinations [3, 4]. If 
needed, beta-blockers or alpha-blockers can be added. 
This strategy has been shown to improve 24-h BP control, 
enhance treatment adherence, and reduce discontinuation 
rates, while maintaining an acceptable side effect profile 
[3, 4]. Beyond these three agents, international guidelines 
recommend spironolactone as the fourth-line therapy of 
choice for RHT, based on findings from the PATHWAY-2 
trial [5]. This pivotal study demonstrated that spironolac-
tone significantly outperformed bisoprolol and doxazosin 
in reducing BP in patients with RHT, thereby justifying its 
inclusion in current treatment algorithms. Spironolactone 
and eplerenone, both steroidal mineralocorticoid receptor 
antagonists (MRAs), are effective but often limited by side 
effects such as hyperkalemia and hormonal disturbances. 
Eplerenone is associated with a more favorable side effect 
profile due to its higher receptor specificity and lower 
affinity and potency than spironolactone [6]. Notably, non-
steroidal MRAs such as finerenone have emerged as poten-
tial alternatives to ASIs, with a potentially superior safety 
profile. Although initial concerns were raised regarding its 
risk of inducing hyperkalemia, recent meta-analyses have 
shown that this risk is comparable to that observed with 
finerenone and eplerenone in patients with heart failure 
[7]. Despite these advances, 8–10% of patients treated for 
hypertension continue to exhibit BP values above 140/90 
mmHg [3, 4], reinforcing the need for novel interventions. 
In this context, two alternative therapeutic strategies are 
under investigation. The first is renal artery denervation 
(RDN), which has shown some efficacy and good safety 
in lowering BP, although its BP-lowering effect appears 
modest and its application remains limited to experienced 
centers. The second strategy targets non-conventional 
pathways within the renin-angiotensin system, particu-
larly elevated aldosterone levels – frequently observed in 
RHT. Although direct renin inhibitors such as aliskiren, 
and dual endothelin receptor antagonists such as aproci-
tentan, are currently not recommended for routine use in 
essential hypertension [8, 9], pharmacological suppres-
sion of aldosterone synthesis has emerged as a promising 
direction. Aldosterone contributes to BP elevation through 
enhanced sodium retention and vasoconstriction [10]. 
Recently, aldosterone synthase inhibitors (ASIs), which 
selectively block aldosterone biosynthesis at the enzymatic 
level (Fig. 1), have been developed and are under clinical 
investigation for the treatment of RHT.

These drugs have shown promising potential in lowering 
BP in patients with RHT. This review critically evaluates 
the pharmacokinetic properties of ASIs and explores their 
role as a targeted therapeutic strategy to improve BP con-
trol in patients with uncontrolled hypertension (i.e., those 
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receiving one or two antihypertensive agents) as well as in 
individuals with RHT (i.e., those receiving at least three or 
four antihypertensive medications without achieving guide-
line-recommended office BP targets).

2 � Methods

This systematic review was designed according to the 2020 
Preferred Reporting Items for Systematic reviews and Meta-
Analysis (PRISMA) guidelines [11]. The protocol of the 
study was prospectively registered in the PROSPERO data-
base (CRD42024522918). No ethical approval was required 
as no new participants were recruited and existing published 
data were exclusively used.

2.1 � Search Strategy

Web of Science, PubMed-MEDLINE, Google Scholar, Sco-
pus and Clinicaltrial.gov were systematically searched with-
out applying any filters (e.g. without any language or date 
restriction), from inception to January 1, 2025. The terms 
“hypertension,” “baxdrostat,” “dexfadrostat,” “lorundrostat,” 
“LY3045697,” “osilodrostat,” “LCI699,” “BI 690517,” and 

“aldosterone synthase inhibitors” were utilized in various 
combinations and in conjunction with the truncation and 
Boolean operators “AND,” “OR,” and “*” to increase the 
sensitivity of the search strategy. The resulting reference list 
was manually checked for additional relevant articles. All 
paper abstracts were screened by two authors to remove inel-
igible articles; the full texts of eligible articles were obtained 
and again assessed by the same authors, who also extracted 
the data and conducted a quality assessment. Disagreements 
were discussed with the principal investigator (AFGC).

2.2 � Criteria for Eligibility of Studies

The comprehensive population, intervention, comparison, 
outcomes, and study (PICOS) selection criteria are presented 
in Table 1.

2.3 � Data Extraction

Data extracted from the eligible articles were as follows: (1) 
first author’s name; (2) year of publication; (3) study loca-
tion; (4) follow-up; (5) main inclusion criteria and underly-
ing disease; (6) tested intervention; (7) study groups; (8) 
number of participants in the active and control groups; (9) 

Fig. 1   Overview of the adrenal 
steroidogenesis pathway 
affected by aldosterone synthase 
inhibitors (ASIs). ASIs block 
the activity of cytochrome 
P450 (CYP)-11B2, the enzyme 
responsible for the conversion 
of 11-deoxycorticosterone to 
corticosterone, corticosterone 
to 18-hydroxycorticosterone, 
and ultimately to aldosterone. 
By inhibiting CYP11B2, ASIs 
reduce the biosynthesis of 
aldosterone and its precursors
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pharmacological properties of drugs; (10) parameters of 
clinical efficacy.

2.4 � Risk‑of‑Bias Assessment

The risk of bias in the included randomized controlled clini-
cal studies was systematically assessed using version 2 of 
the Cochrane risk-of-bias tool for randomized trials (RoB-2 
tool), which considered the following domains: randomiza-
tion, deviations from intended interventions, missing out-
come data, measurement of the outcome, and selection of 
the reported results [12]. Two authors independently per-
formed the risk-of-bias assessment [13]. Disagreements 
were resolved by discussion and consensus.

3 � Results

3.1 � Flow of Literature and Characteristics 
of the Included Studies

The selection process is shown in Fig. 2. The main pharma-
cokinetic characteristics of ASIs are included in Table 2.

Each inhibitor is characterized by a defined molecular for-
mula, with dexfadrostat (C14H13N3) being the simplest and 
lorundrostat (C24H33N7O2) the most complex (Fig. 3). The 
molecular targets differ, with baxdrostat and LY3045697 pri-
marily inhibiting aldosterone synthase (cytochrome P450 
[CYP]-11B2). Dexfadrostat not only targets CYP11B2 
but also acts on placental aromatase, whereas osilo-
drostat inhibits both aldosterone synthase (CYP11B2) and 
11β-hydroxylase (CYP11B1). Lorundrostat showed highly 
selective inhibition of CYP11B2 in vitro, with 374-fold 
selectivity for CYP11B2 versus CYP11B1 [14].

Regarding metabolism, baxdrostat undergoes various 
pathways, including oxidation and N-dealkylation, whereas 
osilodrostat is metabolized by multiple CYP enzymes and 
UDP-glucuronosyltransferases, with no single enzyme 

responsible for more than 25% of its clearance. The area 
under the concentration–time curve (AUC), a measure of 
drug exposure over time, increases proportionally with the 
dose across all drugs. This is especially evident in patients 
with renal impairment, in whom the AUC of baxdrostat 
is notably higher than in individuals with healthy renal 
function.

The maximum plasma concentration (Cmax) also rises 
with dose escalation for all ASIs. However, renal function 
affects Cmax values, particularly for baxdrostat, which exhib-
its lower Cmax levels in patients with kidney failure. The time 
to reach maximal plasma concentration varies between 1 
and 4 h across the drugs within the class, depending on the 
specific dose and patient characteristics. For LY3045697, 
plasma concentrations peak rapidly, sometimes within 30 
minutes when administered after a meal.

The plasma elimination half-life is significantly different 
among ASIs. Baxdrostat demonstrates a relatively long half-
life of approximately 26–31 h, depending on renal function, 
whereas the half-life of osilodrostat is shorter, around 4–5 h. 
Lorundrostat shows a more consistent half-life of approxi-
mately 9–10 h, regardless of dosage.

Clearance rates also vary: baxdrostat displays a clearance 
rate influenced by dietary salt intake, ranging from 3 to 5 
L/h. Volume of distribution for baxdrostat ranges between 
135 and 150 L, indicating extensive distribution in body 
tissues. The proportion of unmodified drug excreted varies; 
for baxdrostat, it is about 12% in patients with healthy renal 
function but significantly lower in those with kidney failure.

The pharmacokinetics of these inhibitors are dose 
dependent, as evidenced by proportional increases in both 
AUC and Cmax. LY3045697 demonstrates strong selectiv-
ity for CYP11B2 over CYP11B1, with a 39-fold difference, 
establishing it as a highly specific ASI. Notably, the phar-
macokinetics of LY3045697 remain consistent between sin-
gle- and multiple-dose administrations, with minimal drug 
accumulation. Patient variability is evident, particularly 
in the coefficient of variation for several pharmacokinetic 

Table 1   The PICOS framework summarizing the rationale behind the systematic review, outlining the criteria for the included clinical studies

Category Inclusion criteria Exclusion 
criteria

Population Adult participants (aged ≥18 years) Patients 
with 
Cushing 
disease

Intervention Aldosterone synthase inhibitors
Comparison Placebo/control treatment
Outcome measure Pharmacological properties and clinical efficacy
Study type Randomized controlled studies or their open-label extensions

Trials conducted in accordance with the Helsinki Declaration and its amend-
ments
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parameters, reflecting individual differences in metabolism 
and drug clearance. Additionally, pharmacokinetic data for 
BI 690517 and lorundrostat have not yet been published.

Table 3 summarizes the characteristics of clinical trials 
investigating ASIs, highlighting both differences and com-
monalities in terms of study design, scope, and objectives.

These agents, including baxdrostat, BI 690517, dex-
fadrostat, lorundrostat, LY3045697, and osilodrostat, have 
been tested primarily in phase I and II randomized controlled 
trials, with notable variations in dosing strategies, treatment 
durations, and participant populations.

Baxdrostat and BI 690517 are notable for their exten-
sive dose-ranging investigations. Both drugs were tested 
across multiple dosages, with baxdrostat evaluated in stud-
ies ranging from 0.5 mg to 10 mg, whereas BI 690517 tri-
als included doses as high as 40 mg. However, BI 690517 

was also incorporated in combination with empagliflozin 
in phase II trials, reflecting a broader focus on synergis-
tic treatments than with the primarily standalone testing of 
baxdrostat [19, 20].

Trials of dexfadrostat and lorundrostat similarly empha-
sized dose escalation, but their approaches differed. Stud-
ies of dexfadrostat included both single- and multiple-dose 
designs, with shorter treatment durations (1–8 days in phase 
I and 8 weeks in phase II trials). In contrast, the Target-HTN 
trial, performed with lorundrostat, spanned 8 weeks and 
specifically stratified participants by plasma renin activity, 
offering a more targeted exploration of treatment efficacy in 
distinct patient subgroups [23].

Trials of LY3045697 and osilodrostat provide insight 
into earlier stages of development. LY3045697 was tested 
across a wide dose range (0.1–300 mg) in early phase I trials, 

Fig. 2   Flow chart of the 
number of studies identified 
and included in the systematic 
review
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Aldosterone Synthase Inhibitors for Resistant Hypertension

focusing on safety and tolerability [25]. Similarly, trials of 
osilodrostat evaluated a variety of doses but extended into 
phase II, where it was compared both with placebo and with 
active controls such as eplerenone, setting it apart from the 
others in terms of study design complexity [26].

Although the drugs share a common focus on hyperten-
sion or related conditions, their clinical trajectories reveal 
diverse strategies. Baxdrostat and BI 690517 have under-
gone comprehensive dose-ranging studies, whereas dex-
fadrostat and lorundrostat trials have focused more on par-
ticipant stratification and escalation schedules. LY3045697 
and osilodrostat reflect early-phase exploratory efforts, with 
osilodrostat further distinguished by its inclusion of active 
comparators. These differences illustrate varying priorities 
in optimizing dosage, exploring combination therapies, and 
tailoring interventions to specific patient populations.

Additional information about the ongoing clinical studies 
testing ASIs for the treatment of RHT is provided in Table 4.

These trials vary significantly in terms of study phases, 
designs, inclusion criteria, and expected BP outcomes.

Baxdrostat is being evaluated in three distinct phase III 
clinical trials. These trials focus on participants with RHT, 
characterized by elevated systolic BP despite being on a sta-
ble regimen of at least three antihypertensive medications, 
including a diuretic. The studies include large-scale enrol-
ments, with one trial planning to recruit up to 2500 partici-
pants (NCT06268873), making it notably broader in scope 

than other studies. The inclusion criteria for baxdrostat 
trials also emphasize the need for controlled serum potas-
sium levels and adequate kidney function, with an estimated 
glomerular filtration rate of ≥45 mL/min/1.73 m2. Addi-
tionally, one study (NCT06034743) differentiates between 
subpopulations with uncontrolled hypertension versus RHT, 
further refining its approach to patient selection. In line with 
the importance of appropriate patient stratification, baseline 
renin-angiotensin-aldosterone system activity, and dosing 
considerations, the recent HALO study investigating CIN-
107 (baxdrostat) in patients with uncontrolled hypertension 
did not demonstrate significant BP reductions at dose of 
0.5–2 mg/day compared with placebo. This finding under-
scores the relevance of careful selection and trial design in 
assessing the efficacy of ASIs.

In contrast, lorundrostat is being tested across multiple 
phase II and III studies, reflecting a slightly earlier stage of 
development than baxdrostat. The trials target patients with 
varying degrees of hypertension and kidney function. For 
example, phase II studies (such as NCT06150924) incorpo-
rated patients with albuminuria and estimated glomerular fil-
tration rate as low as 30 mL/min/1.73 m2, indicating a focus 
on individuals with coexisting renal impairments. Lorun-
drostat trials also explored unique study designs, such as a 
dose-escalation open-label arm (Part B of NCT06150924) 
and an open-label extension study (NCT05968430) for 
patients completing previous trials.

Fig. 3   Molecular formulas of 
the main aldosterone synthase 
inhibitors in development for 
the treatment of resistant hyper-
tension
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Both drugs share similarities in terms of their reliance 
on rigorous randomized, double-blind, placebo-controlled 
designs. However, they diverge in their patient focus, with 
baxdrostat trials targeting those with RHT on higher medi-
cation regimens and lorundrostat trials exploring broader 
patient profiles, including those with renal dysfunction and 
proteinuria. Additionally, lorundrostat trials incorporate 
those with fewer participants in earlier phases but compen-
sate with long-term extension trials.

In summary, although both baxdrostat and lorundrostat 
demonstrate potential in addressing RHT, their ongoing tri-
als reflect distinct strategies: baxdrostat trials lean toward 
large-scale, late-phase studies, whereas lorundrostat trials 
adopt a more exploratory and flexible approach, emphasiz-
ing kidney-related comorbidities and patient subpopulations. 
These complementary approaches may ultimately offer 
diverse therapeutic options for RHT.

3.2 � Risk‑of‑Bias Assessment

The evidence regarding ASIs was thoroughly supported 
by multiple studies that provided sufficient and reliable 
information concerning critical methodological aspects. 
Specifically, these studies reported robust details about the 
allocation concealment process, the sequence generation 
procedures, and the measures taken for personal assessments 
and outcome evaluations. These methodological rigor ele-
ments were crucial in ensuring the reliability and validity of 
the findings and are detailed in Table 5, which summarizes 
the specific results and quality of the included studies.

4 � Discussion

Pharmacokinetic analyses and available clinical data sug-
gest that ASIs represent a promising therapeutic option 
for improving BP control in patients with RHT. However, 
several critical questions remain regarding their safety and 
long-term clinical applicability. The studies included in this 
systematic review show that ASIs significantly reduce both 
systolic and diastolic BP in patients with RHT. Specifically, 
baxdrostat, lorundrostat, and dexfadrostat have demonstrated 

dose-dependent BP reductions, with particularly notable 
efficacy in individuals with elevated plasma aldosterone 
concentrations. Moreover, the enzyme selectivity of cer-
tain ASIs, such as lorundrostat and LY3045697, for the 
CYP11B2 enzyme (responsible for aldosterone synthesis) 
over CYP11B1 (involved in cortisol synthesis), presents 
a compelling advantage in terms of minimizing off-target 
hormonal effects [28]. In contrast, osilodrostat (LCI699) 
lacks this selectivity and inhibits both enzymes, leading 
to cortisol suppression. This pharmacological profile has 
led to its primary approval for the treatment of Cushing’s 
syndrome rather than RHT [29]. Although osilodrostat has 
shown BP-lowering effects in selected populations, includ-
ing patients with type 1 familial hyperaldosteronism [30], its 
impact on the hypothalamic-pituitary-adrenal axis limits its 
clinical applicability in RHT compared with more selective 
ASIs such as baxdrostat and lorundrostat [31]. This is clini-
cally relevant, as inhibition of CYP11B1 can interfere with 
cortisol production, potentially resulting in hypothalamic-
pituitary-adrenal axis suppression and other adverse hormo-
nal effects [32]. Therefore, ASIs with greater selectivity for 
CYP11B2 are expected to provide a more favorable safety 
profile, minimizing risks related to cortisol biosynthesis 
[33]. This distinction is especially important in the context 
of long-term therapy, since chronic cortisol suppression may 
lead to adrenal insufficiency and associated complications 
[34].

A pivotal consideration in the clinical use of ASIs for 
RHT is their electrolyte safety, particularly regarding the risk 
of hyperkalemia [35]. Although baxdrostat and lorundrostat 
appear to exhibit a relatively benign electrolyte profile, with 
a lower incidence of clinically significant hyperkalemia than 
less selective agents such as osilodrostat [36], available evi-
dence suggests that the incidence of hyperkalemia is dose-
dependent, with higher doses associated with a greater likeli-
hood of electrolyte imbalances [37]. Moreover, in patients 
with RHT, particularly those with chronic kidney disease 
(CKD) or other comorbidities that affect potassium bal-
ance, the risk of hyperkalemia may be further exacerbated 
[37]. This presents a significant concern, as hyperkalemia 
can lead to serious complications, including arrhythmias, 
muscle weakness, and even life-threatening cardiovascular 

Table 5   Outcomes of the risk-of-bias evaluation of the included studies using version 2 of the Cochrane risk-of-bias tool for randomized trials

Drugs Bias arising from the 
randomization process

Bias due to deviations from 
intended interventions

Bias due to miss-
ing outcome data

Bias in measure-
ment of the outcome

Bias in selection of 
the reported results

Baxdrostat Low risk Low risk Low risk Low risk Low risk
Dexfadrostat Low risk Low risk Low risk Low risk Low risk
Lorundrostat Low risk Low risk Low risk Low risk Low risk
LY3045697 Low risk Low risk Low risk Low risk Low risk
Osilodrostat (LCI699) Low risk Low risk Low risk Low risk Low risk
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events [38]. Consequently, careful monitoring of potassium 
levels is essential, especially during the initiation and titra-
tion phases of therapy, to ensure that patients do not experi-
ence dangerous electrolyte disturbances. Pharmacokinetics 
also play a crucial role in the clinical application of ASIs. 
For instance, baxdrostat has a long half-life (26–31 h), which 
allows for once-daily administration, thus improving patient 
adherence to treatment. In contrast, ASIs with shorter half-
lives, such as osilodrostat (4–5 h), require more frequent 
dosing, which may contribute to fluctuations in BP and 
increase the risk of adverse effects. The pharmacokinetic 
properties of these drugs are important not only for deter-
mining their dosing schedules but also for understanding 
their potential for accumulation in the body, particularly in 
patients with renal insufficiency. In patients with impaired 
renal function, the clearance of ASIs may be reduced, lead-
ing to drug accumulation and a higher risk of adverse effects, 
such as hyperkalemia and hypotension.

Another important consideration is whether ASIs could 
be a suitable option for RHT in facilities capable of per-
forming RDN. RDN has emerged as a potential treatment 
for patients with RHT, particularly those with sympathetic 
overactivity. Given that ASIs target aldosterone synthesis 
whereas RDN modulates renal sympathetic nerve activity, 
there is potential for these approaches to be complemen-
tary. Future investigations should explore the therapeutic 
interplay between ASIs and RDN or assess ASIs as viable 
alternatives in patients with disease refractory to interven-
tional approaches. Head-to-head comparative studies evalu-
ating ASIs versus RDN in the management of RHT could 
yield valuable insights into their relative efficacy, safety, and 
long-term clinical utility. Despite the promising efficacy and 
safety profile demonstrated thus far, significant knowledge 
gaps remain, particularly concerning long-term cardiovascu-
lar outcomes and the use of ASIs in clinically complex, high- 
risk subpopulations. One of the most urgent priorities is the 
conduct of well-powered, long-duration trials that evaluate 
the sustained effectiveness and safety of ASIs across diverse 
patient cohorts, as most of the current evidence derives from 
short-term studies with narrow inclusion criteria.

In particular, future studies should enroll patients with 
prevalent comorbidities such as diabetes, CKD, and car-
diovascular disease, as these conditions may alter the phar-
macokinetics and safety profiles of ASIs [20]. In CKD, 
elevated aldosterone may also contribute to disease pro-
gression via pro-inflammatory and fibrotic mechanisms 
independent of BP control [39]. Importantly, patients 
with coexisting RHT and CKD have limited therapeutic 
options, particularly due to the electrolyte-related con-
straints of many antihypertensive agents. In this context, 
vicadrostat (BI 690517), a novel, potent, selective ASI, 
is under development for the treatment of CKD with or 

without concurrent diabetes. Early phase studies have 
demonstrated a favorable benefit–risk evaluation in healthy 
volunteers [40], and a phase III randomized controlled trial 
is ongoing [41]. As research progresses, long-term data 
will also be crucial for evaluating the durability of BP 
reduction with ASI therapy and assessing the long-term 
cardiovascular outcomes of patients treated with these 
agents.

Beyond RHT, ASIs may also offer benefit in patients 
with uncontrolled essential hypertension, particularly 
those with evidence of aldosterone excess. In patients 
with primary aldosteronism, especially those with bilateral 
adrenal hyperplasia or who are non-surgical candidates, 
ASIs have demonstrated significant BP-lowering effects, 
potentially offering a mechanistically superior approach 
over receptor blockade alone [42]. ASIs may also prove 
beneficial in other aldosterone-driven phenotypes, such as 
obesity, type 2 diabetes mellitus, and CKD, where inap-
propriate renin-angiotensin-aldosterone system activation 
is often present despite normovolemia. To explore this 
potential, well-designed randomized controlled trials are 
required to identify subgroups most likely to benefit.

Randomized controlled trials comparing ASIs with 
standard antihypertensive therapies, in both uncontrolled 
hypertension and RHT, are needed to fully define their 
therapeutic positioning. In this regard, the recently pub-
lished lorundrostat HTN trial [24] provides compelling 
evidence supporting the clinical utility of ASIs in patients 
with uncontrolled hypertension or RHT. Participants were 
randomized to receive lorundrostat 50 mg/day for 6 weeks 
followed by 100 mg/d for 6 weeks, lorundrostat 50 mg/d 
for 12 weeks, or placebo for 12 weeks. The results rein-
force the therapeutic potential of lorundrostat in these 
populations. In the pooled cohort, 6 weeks of treatment 
with lorundrostat 50 mg/day led to a significant reduction 
in office systolic BP compared with placebo ( – 8.8 mmHg; 
P<0.001). In the RHT subgroup (i.e. patients receiving 
three or more antihypertensive agents), lorundrostat 50 
mg/day produced an even greater reduction in office sys-
tolic BP ( – 9.0 mmHg; P<0.001) relative to placebo. In 
addition, prospective cohort studies and real-world obser-
vational data could offer valuable insights into the long-
term safety and effectiveness of ASIs across a broader 
spectrum of patients with hypertension. Such research will 
be critical to establishing the definitive clinical role of 
ASIs and to optimizing their integration into hypertension 
treatment algorithms. Finally, head-to-head comparative 
trials between ASIs and other fourth-line treatments for 
RHT, such as MRAs, are warranted. Although MRAs have 
proven efficacy in BP reduction in patients with hyperaldo-
steronism, they are frequently associated with undesirable 
side effects, including hyperkalemia, sexual dysfunction, 
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and gynecomastia. If ASIs demonstrate comparable anti-
hypertensive efficacy but with an improved safety and tol-
erability profile, they could emerge as a preferred alterna-
tive, particularly for patients who are intolerant to MRAs 
or experience significant adverse effects.

5 � Conclusions

ASIs represent a promising therapeutic strategy for manag-
ing RHT, supported by encouraging pharmacological and 
clinical evidence. Data provide valuable insights into their 
mechanisms of action, pharmacokinetic properties, and 
potential therapeutic applications.

Evidence suggests that baxdrostat, lorundrostat, and dex-
fadrostat may provide effective BP control with an accept-
able safety profile in patients with uncontrolled hypertension 
or RHT. In addition, given that ASIs target aldosterone syn-
thesis and RDN modulates renal sympathetic nerve activity, 
there is potential for these approaches to be complementary 
in patients with difficult-to-treat hypertension.

Further investigations are needed to clarify the role of 
ASIs in clinical practice, optimize treatment protocols, and 
evaluate their long-term efficacy and safety. Research should 
also explore the potential application of ASIs in patients 
with hypertension without RHT and assess their role in set-
tings where RDN is available.

Well-designed randomized controlled trials and real-
world observational studies will be essential to define the 
optimal integration of ASIs into hypertension management 
across diverse patient populations.

Acknowledgements  Images have been kindly provided by Servier 
Medical Art (https://​smart.​servi​er.​com/), licensed under CC BY 4.0 
(https://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/).

Declarations 

Funding  Open access funding provided by Alma Mater Studiorum - 
Università di Bologna within the CRUI-CARE Agreement.

Author Contributions  Conceptualization: AFGC and FF. Data cura-
tion: AFGC, GT, AA, PP, GN, FP, CB, and FF. Investigation: AFGC, 
GT, AA, PP, and FF. Methodology: AFGC, GT, AA, PP, GN, FP, 
CB, and FF. Project administration: AFGC, GT, and FF. Supervision: 
AFGC and FF. Visualization: AA, FP, and FF. Writing: AFGC, GT, 
AA, PP, and FF. Reviewing and editing: GN, FP, and CB

Data Availability Statement  Data sharing is not applicable to this arti-
cle as no datasets were generated or analyzed during the current study.

Conflicts of Interest  Claudio Borghi has received personal fees from 
Servier Pharma, EGIS Pharma, the Menarini Group, and Mineralys 
Therapeutics. Arrigo FG Cicero, Giuliano Tocci, Ashot Avagimyan, 
Peter Penson, Giulia Nardoianni, Francesco Perone, and Federica 
Fogacci have no potential conflicts of interest that might be relevant to 
the contents of this manuscript.

Ethics Approval  Not applicable.

Code Availability  Not applicable.

Consent to Participate  Not applicable.

Consent for Publication  Not applicable.

Open Access   This article is licensed under a Creative Commons Attri-
bution-NonCommercial 4.0 International License, which permits any 
non-commercial use, sharing, adaptation, distribution and reproduction 
in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other 
third party material in this article are included in the article's Creative 
Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article's Creative Commons 
licence and your intended use is not permitted by statutory regula-
tion or exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this licence, visit 
http://​creat​iveco​mmons.​org/​licen​ses/​by-​nc/4.​0/.

References

	 1.	 Chan RJ, Helmeczi W, Hiremath SS. Revisiting resistant hyperten-
sion: a comprehensive review. Intern Med J. 2023;53(10):1739–
51. https://​doi.​org/​10.​1111/​imj.​16189.

	 2.	 Noubiap JJ, Nansseu JR, Nyaga UF, Sime PS, Francis I, Bigna JJ. 
Global prevalence of resistant hypertension: a meta-analysis of 
data from 3.2 million patients. Heart. 2019;105(2):98–105. https://​
doi.​org/​10.​1136/​heart​jnl-​2018-​313599.

	 3.	 Weir MR, Hsueh WA, Nesbitt SD, Littlejohn TJ 3rd, Graff A, Sho-
jaee A, Waverczak WF, Qian C, Jones CJ, Neutel JM. A titrate-
to-goal study of switching patients uncontrolled on antihyperten-
sive monotherapy to fixed-dose combinations of amlodipine and 
olmesartan medoxomil ± hydrochlorothiazide. J Clin Hypertens 
(Greenwich). 2011;13(6):404–12. https://​doi.​org/​10.​1111/j.​1751-​
7176.​2011.​00437.x.

	 4.	 Duprez D, Ferdinand K, Purkayastha D, Samuel R, Wright R. 
Ambulatory blood pressure response to triple therapy with an 
angiotensin-receptor blocker (ARB), calcium-channel blocker 
(CCB), and HCTZ versus dual therapy with an ARB and HCTZ. 
Vasc Health Risk Manag. 2011;7:701–8. https://​doi.​org/​10.​2147/​
VHRM.​S25743.

	 5.	 Williams B, MacDonald TM, Morant S, Webb DJ, Sever P, McI-
nnes G, Ford I, Cruickshank JK, Caulfield MJ, Salsbury J, Mac-
kenzie I, Padmanabhan S, Brown MJ, British Hypertension Soci-
ety’s PATHWAY Studies Group. Spironolactone versus placebo, 
bisoprolol, and doxazosin to determine the optimal treatment 
for drug-resistant hypertension (PATHWAY-2): a randomised, 
double-blind, crossover trial. Lancet. 2015;386(10008):2059–68. 
https://​doi.​org/​10.​1016/​S0140-​6736(15)​00257-3.

	 6.	 Mitsuboshi S, Morizumi M, Imai S, Hori S, Kotake K. Associa-
tion between mineralocorticoid receptor antagonists and kidney 
harm: a systematic review and meta-analysis of randomized con-
trolled trials. Pharmacotherapy. 2025;45(1):43–53. https://​doi.​org/​
10.​1002/​phar.​4618.

	 7.	 Pei H, Wang W, Zhao D, Wang L, Su GH, Zhao Z. The use of a 
novel non-steroidal mineralocorticoid receptor antagonist finer-
enone for the treatment of chronic heart failure: a systematic 
review and meta-analysis. Medicine (Baltimore). 2018;97(16): 
e0254. https://​doi.​org/​10.​1097/​MD.​00000​00000​010254.

https://smart.servier.com/
https://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1111/imj.16189
https://doi.org/10.1136/heartjnl-2018-313599
https://doi.org/10.1136/heartjnl-2018-313599
https://doi.org/10.1111/j.1751-7176.2011.00437.x
https://doi.org/10.1111/j.1751-7176.2011.00437.x
https://doi.org/10.2147/VHRM.S25743
https://doi.org/10.2147/VHRM.S25743
https://doi.org/10.1016/S0140-6736(15)00257-3
https://doi.org/10.1002/phar.4618
https://doi.org/10.1002/phar.4618
https://doi.org/10.1097/MD.0000000000010254


	 A. F. G. Cicero et al.

	 8.	 Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, 
Burnier M, Clement DL, Coca A, de Simone G, Dominiczak A, 
Kahan T, Mahfoud F, Redon J, Ruilope L, Zanchetti A, Kerins 
M, Kjeldsen SE, Kreutz R, Laurent S, Lip GYH, McManus R, 
Narkiewicz K, Ruschitzka F, Schmieder RE, Shlyakhto E, Tsioufis 
C, Aboyans V, Desormais I, ESC Scientific Document Group. 
2018 ESC/ESH guidelines for the management of arterial hyper-
tension. Eur Heart J. 2018;39(33):3021–104. https://​doi.​org/​10.​
1093/​eurhe​artj/​ehy339.

	 9.	 Mancia G, Kreutz R, Brunström M, Burnier M, Grassi G, Janusze-
wicz A, Muiesan ML, Tsioufis K, Agabiti-Rosei E, Algharably 
EAE, Azizi M, Benetos A, Borghi C, Hitij JB, Cifkova R, Coca 
A, Cornelissen V, Cruickshank JK, Cunha PG, Danser AHJ, 
Pinho RM, Delles C, Dominiczak AF, Dorobantu M, Doumas M, 
Fernández-Alfonso MS, Halimi JM, Járai Z, Jelaković B, Jordan J, 
Kuznetsova T, Laurent S, Lovic D, Lurbe E, Mahfoud F, Manolis 
A, Miglinas M, Narkiewicz K, Niiranen T, Palatini P, Parati G, 
Pathak A, Persu A, Polonia J, Redon J, Sarafidis P, Schmieder R, 
Spronck B, Stabouli S, Stergiou G, Taddei S, Thomopoulos C, 
Tomaszewski M, Van de Borne P, Wanner C, Weber T, Williams 
B, Zhang ZY, Kjeldsen SE. 2023 ESH guidelines for the man-
agement of arterial hypertension the task force for the manage-
ment of arterial hypertension of the European Society of Hyper-
tension: endorsed by the International Society of Hypertension 
(ISH) and the European Renal Association (ERA). J Hypertens. 
2023;41(12):1874–2071. https://​doi.​org/​10.​1097/​HJH.​00000​
00000​003480.

	10.	 Schiffrin EL. Effects of aldosterone on the vasculature. Hyperten-
sion. 2006;47(3):312–8. https://​doi.​org/​10.​1161/​01.​HYP.​00002​
01443.​63240.​a7.

	11.	 Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 
statement: an updated guideline for reporting systematic reviews. 
BMJ. 2021;372: n71. https://​doi.​org/​10.​1136/​bmj.​n71.

	12.	 Sterne JAC, Savović J, Page MJ, et al. RoB 2: a revised tool for 
assessing risk of bias in randomised trials. BMJ. 2019;366: l4898. 
https://​doi.​org/​10.​1136/​bmj.​l4898.

	13.	 Cicero AFG, ALGhasab NS, Tocci G, Desideri G, Fiorini G, 
Fogacci F. Efficacy and safety of low-dose bisoprolol/hydrochlo-
rothiazide combination for the treatment of hypertension: a sys-
tematic review and meta-analysis. J Clin Med. 2024;13(15): 4572. 
https://​doi.​org/​10.​3390/​jcm13​154572.

	14.	 Shimizu H, Tortorici MA, Ohta Y, Ogawa K, Rahman SMA, Fujii 
A, Hiraga Y, Kawai M, Sugimoto-Kawabata K, van Iersel MT, 
van Lier JJ, Djedjos S, Slingsby BT, Rodman DM. First-in-human 
study evaluating safety, pharmacokinetics, and pharmacodynam-
ics of lorundrostat, a novel and highly selective aldosterone syn-
thase inhibitor. Clin Transl Sci. 2024;17(8): e70000. https://​doi.​
org/​10.​1111/​cts.​70000.

	15.	 Freeman MW, Bond M, Murphy B, Hui J, Isaacsohn J. Results 
from a phase 1, randomized, double-blind, multiple ascending 
dose study characterizing the pharmacokinetics and demonstrat-
ing the safety and selectivity of the aldosterone synthase inhibitor 
baxdrostat in healthy volunteers. Hypertens Res. 2023;46(1):108–
18. https://​doi.​org/​10.​1038/​s41440-​022-​01070-4.

	16.	 Freeman MW, Halvorsen YD, Bond M, Murphy B, Isaacsohn 
J. Results from a phase 1 study assessing the pharmacokinetics 
of the aldosterone synthase inhibitor baxdrostat in participants 
with varying degrees of renal function. Clin Pharmacol Drug Dev. 
2024;13(4):410–8. https://​doi.​org/​10.​1002/​cpdd.​1371.

	17.	 Freeman MW, Halvorsen YD, Marshall W, Pater M, Isaacsohn J, 
Pearce C, Murphy B, Alp N, Srivastava A, Bhatt DL, Brown MJ, 
BrigHTN Investigators. Phase 2 trial of baxdrostat for treatment-
resistant hypertension. N Engl J Med. 2023;388(5):395–405. 
https://​doi.​org/​10.​1056/​NEJMo​a2213​169.

	18.	 Bornstein SR, de Zeeuw D, Heerspink HJL, Schulze F, Cronin L, 
Wenz A, Tuttle KR, Hadjadj S, Rossing P. Aldosterone synthase 

inhibitor (BI 690517) therapy for people with diabetes and albu-
minuric chronic kidney disease: a multicentre, randomized, dou-
ble-blind, placebo-controlled, phase I trial. Diabetes Obes Metab. 
2024;26(6):2128–38. https://​doi.​org/​10.​1111/​dom.​15518.

	19.	 Tuttle KR, Rossing P, Hauske SJ, Cronin L, Hussain J, de Zeeuw 
D, Heerspink HJL. Methods article for a study protocol: study 
design and baseline characteristics for aldosterone synthase inhibi-
tion in chronic kidney disease. Am J Nephrol. 2024;55(2):262–72. 
https://​doi.​org/​10.​1159/​00053​4808.

	20.	 Tuttle KR, Hauske SJ, Canziani ME, Caramori ML, Cherney D, 
Cronin L, Heerspink HJL, Hugo C, Nangaku M, Rotter RC, Silva 
A, Shah SV, Sun Z, Urbach D, de Zeeuw D, Rossing P, ASi in 
CKD group. Efficacy and safety of aldosterone synthase inhibition 
with and without empagliflozin for chronic kidney disease: a ran-
domised, controlled, phase 2 trial. Lancet. 2024;403(10424):379–
90. https://​doi.​org/​10.​1016/​S0140-​6736(23)​02408-X.

	21.	 Mulatero P, Groessl M, Vogt B, Schumacher C, Steele RE, Brooks 
A, Hossack S, Brunner HR. CYP11B2 inhibitor dexfadrostat 
phosphate suppresses the aldosterone-to-renin ratio, an indicator 
of sodium retention, in healthy volunteers. Br J Clin Pharmacol. 
2023;89(8):2483–96. https://​doi.​org/​10.​1111/​bcp.​15713.

	22.	 Mulatero P, Wuerzner G, Groessl M, Sconfienza E, Damianaki 
A, Forestiero V, Vogt B, Brunner H, Gerlock T, Steele R, Schu-
macher C. Safety and efficacy of once-daily dexfadrostat phos-
phate in patients with primary aldosteronism: a randomised, paral-
lel group, multicentre, phase 2 trial. EClinicalMedicine. 2024;71: 
102576. https://​doi.​org/​10.​1016/j.​eclinm.​2024.​102576.

	23.	 Laffin LJ, Rodman D, Luther JM, Vaidya A, Weir MR, Rajicic 
N, Slingsby BT, Nissen SE, Target-HTN Investigators. Aldos-
terone synthase inhibition with lorundrostat for uncontrolled 
hypertension: the Target-HTN randomized clinical trial. JAMA. 
2023;330(12):1140–50. https://​doi.​org/​10.​1001/​jama.​2023.​16029.

	24.	 Laffin LJ, Kopjar B, Melgaard C, Wolski K, Ibbitson J, Bhikam S, 
Weir MR, Ofili EO, Mehra R, Luther JM, Cohen DL, Sarraju A, 
Wilkinson MJ, Flack JM, Rodman D, Nissen SE, Advance-HTN 
Investigators. Lorundrostat efficacy and safety in patients with 
uncontrolled hypertension. N Engl J Med. 2025;392(18):1813–23. 
https://​doi.​org/​10.​1056/​NEJMo​a2501​440.

	25.	 Sloan-Lancaster J, Raddad E, Flynt A, Jin Y, Voelker J, Miller 
JW. LY3045697: results from two randomized clinical trials of 
a novel inhibitor of aldosterone synthase. J Renin-Angiotensin-
Aldosterone Syst. 2017;18(3):1470320317717883. https://​doi.​org/​
10.​1177/​14703​20317​717883.

	26.	 Andersen K, Hartman D, Peppard T, Hermann D, Van Ess P, 
Lefkowitz M, Trapani A. The effects of aldosterone synthase inhi-
bition on aldosterone and cortisol in patients with hypertension: 
a phase II, randomized, double-blind, placebo-controlled, multi-
center study. J Clin Hypertens (Greenwich). 2012;14(9):580–7. 
https://​doi.​org/​10.​1111/j.​1751-​7176.​2012.​00667.x.

	27.	 Calhoun DA, White WB, Krum H, Guo W, Bermann G, Trapani 
A, Lefkowitz MP, Ménard J. Effects of a novel aldosterone syn-
thase inhibitor for treatment of primary hypertension: results of a 
randomized, double-blind, placebo- and active-controlled phase 2 
trial. Circulation. 2011;124(18):1945–55. https://​doi.​org/​10.​1161/​
CIRCU​LATIO​NAHA.​111.​029892.

	28.	 Bernhardt R. The potential of targeting CYP11B. Expert Opin 
Ther Targets. 2016;20(8):923–34. https://​doi.​org/​10.​1517/​14728​
222.​2016.​11518​73.

	29.	 Antonini S, Brunetti A, Zampetti B, Boeris D, Saladino A, Cesare 
Cozzi R. Osilodrostat in Cushing’s disease: the management of its 
efficacy and the pitfalls of post-surgical results. Endocrinol Diabe-
tes Metab Case Rep. 2022; https://​doi.​org/​10.​1530/​EDM-​22-​0311

	30.	 Rossi GP, Rossi FB, Guarnieri C, Rossitto G, Seccia TM. Clini-
cal management of primary aldosteronism: an update. Hyperten-
sion. 2024;81(9):1845–56. https://​doi.​org/​10.​1161/​HYPER​TENSI​
ONAHA.​124.​22642.

https://doi.org/10.1093/eurheartj/ehy339
https://doi.org/10.1093/eurheartj/ehy339
https://doi.org/10.1097/HJH.0000000000003480
https://doi.org/10.1097/HJH.0000000000003480
https://doi.org/10.1161/01.HYP.0000201443.63240.a7
https://doi.org/10.1161/01.HYP.0000201443.63240.a7
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.3390/jcm13154572
https://doi.org/10.1111/cts.70000
https://doi.org/10.1111/cts.70000
https://doi.org/10.1038/s41440-022-01070-4
https://doi.org/10.1002/cpdd.1371
https://doi.org/10.1056/NEJMoa2213169
https://doi.org/10.1111/dom.15518
https://doi.org/10.1159/000534808
https://doi.org/10.1016/S0140-6736(23)02408-X
https://doi.org/10.1111/bcp.15713
https://doi.org/10.1016/j.eclinm.2024.102576
https://doi.org/10.1001/jama.2023.16029
https://doi.org/10.1056/NEJMoa2501440
https://doi.org/10.1177/1470320317717883
https://doi.org/10.1177/1470320317717883
https://doi.org/10.1111/j.1751-7176.2012.00667.x
https://doi.org/10.1161/CIRCULATIONAHA.111.029892
https://doi.org/10.1161/CIRCULATIONAHA.111.029892
https://doi.org/10.1517/14728222.2016.1151873
https://doi.org/10.1517/14728222.2016.1151873
https://doi.org/10.1530/EDM-22-0311
https://doi.org/10.1161/HYPERTENSIONAHA.124.22642
https://doi.org/10.1161/HYPERTENSIONAHA.124.22642


Aldosterone Synthase Inhibitors for Resistant Hypertension

	31.	 Nardoianni G, Pala B, Scoccia A, Volpe M, Barbato E, Tocci G. 
Systematic review article: new drug strategies for treating resist-
ant hypertension-the importance of a mechanistic, personalized 
approach. High Blood Press Cardiovasc Prev. 2024;31(2):99–112. 
https://​doi.​org/​10.​1007/​s40292-​024-​00634-4.

	32.	 Schumacher CD, Steele RE, Brunner HR. Aldosterone synthase 
inhibition for the treatment of hypertension and the derived mech-
anistic requirements for a new therapeutic strategy. J Hypertens. 
2013;31(10):2085–93. https://​doi.​org/​10.​1097/​HJH.​0b013​e3283​
63570c.

	33.	 Freel EM, Ingram M, Wallace AM, White A, Fraser R, Davies 
E, Connell JM. Effect of variation in CYP11B1 and CYP11B2 on 
corticosteroid phenotype and hypothalamic-pituitary-adrenal axis 
activity in hypertensive and normotensive subjects. Clin Endo-
crinol (Oxf). 2008;68(5):700–6. https://​doi.​org/​10.​1111/j.​1365-​
2265.​2007.​03116.x.

	34.	 Prete A, Bancos I. Glucocorticoid induced adrenal insufficiency. 
BMJ. 2021;374:n1380. https://​doi.​org/​10.​1136/​bmj.​n1380. Erra-
tum in: BMJ. 2021;374:n1936 https://​doi.​org/​10.​1136/​bmj.​n1936

	35.	 Azizi M, Riancho J, Amar L. Aldosterone synthase inhibitors: a 
revival for treatment of renal and cardiovascular diseases. J Clin 
Endocrinol Metab. 2025;110(3):e557–65. https://​doi.​org/​10.​1210/​
clinem/​dgae8​23.

	36.	 Marzano L, Merlo M, Martinelli N, Pizzolo F, Friso S. Efficacy 
and safety of aldosterone synthase inhibitors for hypertension: 
a meta-analysis of randomized controlled trials and systematic 
review. Hypertension. 2025;82(4):e47–56. https://​doi.​org/​10.​
1161/​HYPER​TENSI​ONAHA.​124.​23962.

	37.	 Götzinger F, Kunz M, Lauder L, Böhm M, Mahfoud F. New ways 
of mitigating aldosterone in cardiorenal disease. Eur Heart J Car-
diovasc Pharmacother. 2024;10(6):557–65. https://​doi.​org/​10.​
1093/​ehjcvp/​pvae0​49.

	38.	 Tromp J, van der Meer P. Hyperkalaemia: aetiology, epidemiol-
ogy, and clinical significance. Eur Heart J Suppl. 2019;21(Suppl 
A):A6–11. https://​doi.​org/​10.​1093/​eurhe​artj/​suy028.

	39.	 Kobayashi M, Pitt B, Ferreira JP, Rossignol P, Girerd N, Zan-
nad F. Aldosterone-targeted therapies: early implementation in 
resistant hypertension and chronic kidney disease. Eur Heart J. 
2025;46(27):2618–42. https://​doi.​org/​10.​1093/​eurhe​artj/​ehaf2​25.

	40.	 Schulze F, Schaible J, Goettel M, Tanaka Y, Hohl K, Schultz A, 
Jang IJ. Phase 1 studies of the safety, tolerability, pharmacokinet-
ics, and pharmacodynamics of BI 690517 (vicadrostat), a novel 
aldosterone synthase inhibitor, in healthy male volunteers. Naunyn 
Schmiedebergs Arch Pharmacol. 2025;398(7):9083–98. https://​
doi.​org/​10.​1007/​s00210-​025-​03838-0.

	41.	 Judge PK, Tuttle KR, Staplin N, Hauske SJ, Zhu D, Sardell R, 
Cronin L, Green JB, Agrawal N, Arimoto R, Mayne KJ, Sammons 
E, Brueckmann M, Shah SV, Rossing P, Nangaku M, Landray MJ, 
Wanner C, Baigent C, Haynes R, Herrington WG. The potential 
for improving cardio-renal outcomes in chronic kidney disease 
with the aldosterone synthase inhibitor vicadrostat (BI 690517): 
a rationale for the EASi-KIDNEY trial. Nephrol Dial Transplant. 
2025;40(6):1175–86. https://​doi.​org/​10.​1093/​ndt/​gfae2​63.

	42.	 Yoshida Y, Shibata H. Evolution of mineralocorticoid recep-
tor antagonists, aldosterone synthase inhibitors, and alternative 
treatments for managing primary aldosteronism. Hypertens Res. 
2025;48(2):854–61. https://​doi.​org/​10.​1038/​s41440-​024-​01970-7.

https://doi.org/10.1007/s40292-024-00634-4
https://doi.org/10.1097/HJH.0b013e328363570c
https://doi.org/10.1097/HJH.0b013e328363570c
https://doi.org/10.1111/j.1365-2265.2007.03116.x
https://doi.org/10.1111/j.1365-2265.2007.03116.x
https://doi.org/10.1136/bmj.n1380
https://doi.org/10.1136/bmj.n1936
https://doi.org/10.1210/clinem/dgae823
https://doi.org/10.1210/clinem/dgae823
https://doi.org/10.1161/HYPERTENSIONAHA.124.23962
https://doi.org/10.1161/HYPERTENSIONAHA.124.23962
https://doi.org/10.1093/ehjcvp/pvae049
https://doi.org/10.1093/ehjcvp/pvae049
https://doi.org/10.1093/eurheartj/suy028
https://doi.org/10.1093/eurheartj/ehaf225
https://doi.org/10.1007/s00210-025-03838-0
https://doi.org/10.1007/s00210-025-03838-0
https://doi.org/10.1093/ndt/gfae263
https://doi.org/10.1038/s41440-024-01970-7

	Aldosterone Synthase Inhibitors for Resistant Hypertension: Pharmacological Insights – A Systematic Review
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 
	Registration 
	Graphical Abstract

	1 Introduction
	2 Methods
	2.1 Search Strategy
	2.2 Criteria for Eligibility of Studies
	2.3 Data Extraction
	2.4 Risk-of-Bias Assessment

	3 Results
	3.1 Flow of Literature and Characteristics of the Included Studies
	3.2 Risk-of-Bias Assessment

	4 Discussion
	5 Conclusions
	Acknowledgements 
	References


