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Abstract

Resistant hypertension (RH) remains one of the most challenging clinical scenarios in
cardiovascular medicine due to its strong association with target-organ damage, chronic
kidney disease (CKD), heart failure, atrial fibrillation, stroke, and premature mortality.
Contemporary evidence has transformed the understanding of RH from a simple state of
uncontrolled blood pressure into one of a phenotype of a complex cardio—renal-metabolic
syndrome characterized by persistent neurohormonal activation, sodium retention, endothelial
dysfunction, sympathetic overactivity, obesity, inflammation, and relative aldosterone
excess. Importantly, a substantial proportion of apparent resistant hypertension represents
pseudoresistance caused by poor adherence, suboptimal pharmacologic regimens, white-
coat effect, and inaccurate blood pressure measurement. Recent advances in ambulatory
blood pressure monitoring (ABPM), precision phenotyping, and mechanistic therapies have
reshaped diagnostic and therapeutic strategies. Spironolactone remains the preferred
fourth-line therapy following optimized triple treatment, supported by robust evidence from
PATHWAY-2. Chlorthalidone has demonstrated efficacy in advanced CKD, whereas sodium-
glucose cotransporter-2 (SGLT2) inhibitors and glucagon-like peptide-1 receptor agonists
(GLP-1RA) provide additional cardio-renal-metabolic benefits. Emerging therapies—including
aprocitentan, aldosterone synthase inhibitors such as baxdrostat and lorundrostat, and RNA
interference therapies targeting angiotensinogen—represent major advances in difficult-to-
control hypertension. Likewise, renal denervation has re-emerged as a promising interventional
strategy in carefully selected patients. This Position Statement summarizes current evidence
regarding epidemiology, pathophysiology, diagnosis, phenotyping, and treatment of resistant
hypertension, proposing a modern management paradigm focused not only on blood
pressure control but also on comprehensive cardio—renal-metabolic risk reduction.
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Introduction

Arterial hypertension remains the leading modifiable risk
factor for cardiovascular morbidity and mortality worldwide.
Despite the availability of effective antihypertensive
therapies, a significant proportion of patients fail to achieve
recommended blood pressure targets. Within this context,
resistanthypertension (RH) represents a particularly high-risk
phenotype associated with substantial residual cardiovascular
risk, accelerated vascular aging, and multiorgan damage [1,2].

https://doi.org/10.29328/journal.cach.1001044

Traditionally, RH was conceptualized merely as persistent
blood pressure elevation despite three-drug therapy,
including a diureticc. However, contemporary evidence
supports a more nuanced interpretation. RH should now
be viewed as a heterogeneous phenotype of the cardio-
renal-metabolic syndrome, involving a dynamic interaction
among neurohormonal activation, renal sodium retention,
endothelial dysfunction, metabolic abnormalities, obesity,
and chronic inflammation [3-6].

The clinical relevance of RH extends beyond elevated blood
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pressure values. Patient’s exhibit markedly increased rates
of heart failure, CKD progression, atrial fibrillation, stroke,
coronary artery disease, and all-cause mortality. Importantly,
risk remains elevated even after apparent control of blood
pressure, suggesting that mechanisms beyond hemodynamic
load contribute to adverse outcomes [7-9].

This Position Statement aims to provide an updated and
evidence-based review of resistant hypertension in adults,
integrating contemporary scientific advances, emerging
pharmacological therapies, interventional approaches, and
precision medicine concepts.

Definition and epidemiology of resistant hypertension

According to current definitions, resistant hypertension
is diagnosed when blood pressure remains above target
despite the concurrent use of three antihypertensive agents of
different classes, including:

1. A renin-angiotensin system blocker (ACE inhibitor or
ARB)

2. A calcium-channel blocker

3. A  thiazide/thiazide-like diuretic

chlorthalidone or indapamide)

(preferably

All prescribed at maximally tolerated doses. Patients
controlled using four or more medications are also classified
as resistant hypertensive patients [1,3].

The prevalence of apparent RH ranges between 10-
20% among treated hypertensive populations; however,
the prevalence of true RH is substantially lower once
pseudoresistance has been excluded through ambulatory
blood pressure monitoring (ABPM) and formal adherence
assessment [3,8-10].

The increasing prevalence of obesity, diabetes mellitus,
CKD, and obstructive sleep apnea (OSA) has contributed
significantly to the rising burden of RH globally. Importantly,
obesity-related hypertension has emerged as a dominant
phenotype in the cardio-renal-metabolic era [11].

Pathophysiological redefinition: blood

pressure elevation

beyond

Resistant hypertension is no longer viewed as merely
refractory vasoconstriction but rather as a multifactorial
syndrome involving several overlapping mechanisms.

Aldosterone excess and volume expansion

Among all pathophysiological mechanisms, relative
aldosterone excess appears to play a dominant role. Even in
the absence of overt primary aldosteronism, many RH patients
demonstrate inappropriate mineralocorticoid activation
promoting sodium retention, vascular fibrosis, inflammation,
endothelial dysfunction, and myocardial remodeling [12-16]
(Figure 1).
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The pivotal PATHWAY-2 trial fundamentally changed
the therapeutic paradigm by demonstrating spironolactone
superiority over bisoprolol and doxazosin, strongly supporting

sodium retention and aldosterone excess as major drivers of
RH [2].

Sympathetic nervous system overactivation

Visceral obesity, insulin resistance, CKD, and OSA
contribute to persistent sympathetic activation, increasing
vasoconstriction, heart rate, sodium retention, and renin-
angiotensin system activity [13,14].

This neurogenic component explains the renewed
enthusiasm for renal sympathetic denervation.

Endothelial dysfunction and inflammation

Chronic inflammation and oxidative stress reduce
nitric oxide bioavailability and promote vascular stiffness,
microvascular  dysfunction, and accelerated arterial
remodeling [1].

Adipose tissue dysfunction further amplifies inflammatory
cytokine release, linking obesity directly with resistant
hypertension and residual cardiovascular risk [29].

Pseudoresistance: the great mimicker

One of the most important contemporary concepts is
distinguishing true resistant hypertension from pseudo
-resistance.

Major causes of pseudo-resistance include:
. Incorrect BP measurement technique

. Inappropriate cuff size

. White-coat hypertension

. Medication nonadherence

. Therapeutic inertia

. Suboptimal diuretic therapy

. Secondary hypertension causes [1,17-21].

ABPM remains mandatory to confirm the diagnosis and
identify nocturnal hypertension, non-dipping patterns,
masked hypertension, and BP variability, all of which carry
adverse prognostic significance [22,23]. Of note, the 2025
AHA/ACC Guideline now explicitly recommends screening
for primary aldosteronism in all patients with resistant
hypertension, irrespective of serum potassium levels, given
that primary aldosteronism accounts for up to 20% of
resistant hypertension cases yet screening rates historically
have remained below 2%. The aldosterone-to-renin ratio is
the preferred initial screening test and may be performed
without interruption of most antihypertensive agents.
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Pathophysiology of resistant hypertension: the cardio-renal-metabolic-neurchormonal continuum
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Figure 1: Contemporary pathophysiology of resistant hypertension. (aldosterone excess, SNS activation, inflammation, oxidative stress,

endothelial dysfunction, obesity, CKD and OSA interactions).

Diagnosis algorithm

The diagnostic sequence of resistant arterial hypertension
must establish a practical clinical route, starting from clinical
suspicion to verification and subsequent treatment plan
(Figure 2).

Emerging pharmacological therapies

The therapeutic landscape of resistant hypertension has
undergone profound transformation during the past decade.
Beyond conventional multidrug therapy, several novel agents
targeting previously underrecognized mechanisms have
emerged, reshaping the management of difficult-to-control
hypertension.

SGLT2 inhibitors: Beyond glycemic control

Sodium-glucose cotransporter-2 inhibitors (SGLT2i) have
emerged as important cardio-renal-metabolic therapies with
clinically meaningful antihypertensive effects.

Through osmotic natriuresis, plasma volume reduction,
improved endothelial function, and attenuation of sympathetic
activity, SGLT2 inhibitors modestly but consistently reduce
blood pressure while simultaneously improving renal and
cardiovascular outcomes [24,25].

Particularly in patients with diabetes mellitus, CKD,
obesity, or heart failure, SGLT2 inhibitors should increasingly
be viewed not merely as glucose-lowering drugs but as
multiorgan protective therapies.

GLP-1 Receptor agonists and the obesity-
hypertension axis

The obesity epidemic has transformed resistant

https://doi.org/10.29328/journal.cach.1001044

hypertension into a predominantly cardio-renal-metabolic
disease. Consequently, therapies targeting obesity itself have
become highly relevant.

Semaglutide and tirzepatide have demonstrated
remarkable reductions in body weight, insulin resistance,
systemic inflammation, and sympathetic activation—all
mechanisms intimately linked with RH [25,26]. Substantial
weight reduction may produce clinically meaningful blood
pressure lowering while simultaneously reducing residual
cardiovascular risk, reinforcing the rationale for integrating
these agents into the management of obese patients with
resistant hypertension.

This paradigm shift suggests that future RH management
may increasingly prioritize metabolic correction alongside BP
lowering.

Aprocitentan: Targeting the endothelin pathway

Aprocitentan, a dual endothelin receptor antagonist (ETA/
ETB), represents one of the most important recent advances
in resistant hypertension [27].

The endothelin pathway contributes to vasoconstriction,
vascular remodeling, sympathetic activation, and aldosterone
synthesis. In the PRECISION trial, aprocitentan demonstrated
significant and sustained reductions in blood pressure among
patients with resistant hypertension receiving background
antihypertensive therapy. Mild edema remains the most
commonly reported adverse effect, but overall tolerability
has proven favorable. Given its complementary mechanism,
aprocitentan may become particularly valuable in patients
with persistent hypertension despite optimized multidrug
regimens.
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Figure 2: Diagnostic algorithm for resistant hypertension and pseudoresistance exclusion.

Sacubitril/Valsartan

Sacubitril /valsartan, a first-in-class angiotensin receptor-
neprilysin inhibitor (ARNI), has attracted growing interest
as a potential therapeutic option in resistant hypertension,
based on its mechanistically complementary mode of
action. By simultaneously inhibiting neprilysin, the enzyme
responsible for natriuretic peptide degradation, and blocking
the angiotensin type 1 receptor, sacubitril/valsartan
amplifies natriuretic peptide signaling, promoting natriuresis,
vasodilation, suppression of the sympathetic nervous system,
and attenuation of aldosterone secretion, while counteracting
the vasoconstrictive, sodium-retentive, and fibrotic effects of
angiotensin II. These dual actions address several of the core
pathophysiological drivers of resistant hypertension with a
single agent. Available clinical evidence, though still limited
and derived primarily from small randomized trials and
observational studies, Sacubitril/ARB is a promising option,
however has not been approved for treatment of resistant
hypertension yet, and further studies are warranted.

Aldosterone synthase inhibitors: a new era in
resistant hypertension

Among all emerging therapies, aldosterone synthase
inhibitors (ASI) represent perhaps the most important
mechanistic breakthrough in RH in more than two decades.

Unlike mineralocorticoid receptor antagonists (MRAs),
which block aldosterone receptor activation, ASIs suppress
aldosterone production directly by selectively inhibiting
CYP11B2. For decades, blocking aldosterone synthesis
was impossible due to the unacceptable risk of adrenal
insufficiency, as aldosterone synthase shares 93% structural

https://doi.org/10.29328/journal.cach.1001044

homology with 11B-hydroxylase. The new Aldosterone
Synthase Inhibitors act as an ultra-highly selective molecular
scalpel, targeting CYP11B2, the enzyme responsible for
aldosterone synthase, without affecting CYP11B1, the enzyme
responsible for cortisol [28].

This upstream strategy may reduce aldosterone escape,
inflammation, fibrosis, and sodium retention more effectively
than receptor blockade alone.

Baxdrostat

Baxdrostat became the first FDA-approved aldosterone
synthase inhibitor in May 2026 for adults with inadequately
controlled hypertension receiving background therapy [28].

The pivotal BaxHTN phase III trial demonstrated placebo-
adjusted systolic BP reductions approaching 10 mmHg,
with efficacy observed in both uncontrolled and resistant
hypertension populations. Hyperkalemia remained the most
relevant adverse effect but was generally manageable with
appropriate monitoring.

To mitigate this risk, the addition of a sodium-glucose
cotransporter-2 (SGLTZ2) inhibitor to an ASI is a highly
promising strategy that may lower the incidence of
hyperkalemia. This cardiorenal synergy is currently being
evaluated in large phase 3 trials, such as Bax-Duo-Pacific
(baxdrostat with dapagliflozin) (29) and EASi-KIDNEY
(vicadrostat with empagliflozin)&quot; The phase 2 FigHTN
trial in patients with eFGR of 44 ml/min/1.73m2 and UACR
show a reduction of systolic BP by 8.1 mmHg, a 55.2%
of decreasin UACR and 41% of treated participants with
hyperkalemia [29,30].
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Lorundrostat

Lorundrostat has demonstrated robust efficacy across
two key Phase II trials. In Advance-HTN (published in the
New England Journal of Medicine, 2025), lorundrostat 50
mg daily reduced 24-hour ambulatory systolic BP by -7.9
mmHg and the titrated 50-100 mg strategy by -6.5 mmHg
versus placebo (p < 0.001 for both), in patients receiving a
standardized background triple antihypertensive regimen.
In the independently conducted Launch-HTN trial (JAMA,
2025), lorundrostat similarly lowered ambulatory systolic
BP at 8 weeks beyond placebo in a broad uncontrolled and
resistant hypertension population. An NDA is currently under
FDA Priority Review. Exploratory signals of benefit in CKD
and albuminuria subgroups raise the possibility of broader
cardiorenal indications in the future [31,32].

Potential clinical positioning of ASI

Based on current evidence, ASIs may be particularly
attractive in:

* True resistant hypertension

» Patients intolerant to spironolactone/eplerenone

» Relative aldosterone excess phenotypes

» Bilateral primary aldosteronism

* CKD with albuminuria

» HFpEF and obesity-related hypertension phenotypes

* In patients who are already experiencing side effects
from increased circulating aldosterone

Suggested sequence:

Optimized triple therapy — spironolactone (preferred
fourth-line) — chlorthalidone intensification/loop diuretics
in CKD — phenotype-guided add-on therapy (SGLTZ2i, GLP-
1RA, aprocitentan, ASI) — specialist referral/interventional
therapies [33-35] (Figure 3).

RNA Interference therapies: zilebesiran

Zilebesiran introduces a novel therapeutic concept
through small interfering RNA (siRNA) technology directed

against hepatic angiotensinogen production [36].

Administered as a subcutaneous injection every 3-6
months, zilebesiran reduces circulating angiotensin I
production and may overcome the critical limitation of poor
medication adherence. In KARDIA-1 [36], doses of 300 mg and
600 mg resulted in placebo-subtracted reductions exceeding
15 mmHg in 24-hour mean systolic BP at 3 months. KARDIA-2
further demonstrated an additional reduction of up to 12.1
mmHg when zilebesiran was combined with a single standard

https://doi.org/10.29328/journal.cach.1001044
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antihypertensive agent. The subsequent KARDIA-3 study,
conducted in a high-cardiovascular-risk population receiving
two or more background antihypertensives, informed the
design of ZENITH, a global Phase III cardiovascular outcomes
trial now under way.

Although pivotal cardiovascular outcome data are still
pending from the ZENITH trial, the totality of Phase II
evidence supports zilebesiran as a transformative long-acting
strategy, particularly for patients with adherence challenges
or uncontrolled hypertension despite multiple agents.

Renal denervation: The renaissance of device-
based therapy

Renal denervation (RDN) has experienced a major
resurgence following improvements in procedural technique,
patient selection, and technology [37].

Initial enthusiasm declined after the neutral SYMPLICITY
HTN-3 trial; however, methodological limitations, including
incomplete denervation and medication variability, likely
underestimated efficacy [38,39].

Subsequent sham-controlled studies using improved
systems, including SPYRAL HTN-OFF MED, SPYRAL HTN-ON
MED, and RADIANCE-HTN TRIO, demonstrated consistent and
clinically meaningful blood pressure reductions, with systolic
BP reductions ranging from 3.9 to 18.7 mmHg depending
on the population studied. (19,23) Critically, 3-year follow-
up data from SPYRAL HTN-ON MED demonstrated durable
office systolic BP reductions of -18.5 mmHg with RDN versus
-11.7 mmHg with sham (treatment difference: -6.8 mmHg;
P = 0.0002), with the Global Symplicity Registry (n = 3,109)
showing progressive benefit over time. All three major
contemporary guidelines, ESH 2023, ESC 2024, and AHA/
ACC 2025, now endorse RDN as a complementary option for
selected patients with uncontrolled or resistant hypertension,
drug intolerance, or patient preference, following shared risk-
benefit discussion within specialized centers [40-42].

The strongest candidates for renal denervation
include:

* Confirmed true resistant hypertension
+ Sympathetic overactivation phenotype
* Poor medication adherence

» Patients unable to

pharmacotherapy

unwilling  or intensify

Importantly, renal denervation should not be viewed as
a replacement for pharmacological therapy but rather as a
complementary strategy within specialized hypertension
centers (Figure 4).
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Therapeutic algorithm for resistant hypertension
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Figure 4: Algorithm to identify candidates for Renal Artery Denervation.

Position statement recommendations 4.,
Based on contemporary evidence and expert
consensus, the following principles are proposed:
1. Confirm True Resistant Hypertension .
2. Diagnosis should require confirmation through ABPM
or HBPM, exclusion of white-coat effect, adherence 6.
assessment, and optimization of BP measurement
techniques.
3. Prioritize Phenotype-Guided Therapy 7.

https://doi.org/10.29328/journal.cch.1001044

RH management should evolve from empirical escalation
toward mechanism-based treatment, identifying obesity-
driven, renal, aldosterone-mediated, or neurogenic
phenotypes.

Spironolactone Remains First Fourth-Line Therapy

Spironolactone should remain the preferred fourth
agent unless contraindicated by hyperkalemia or renal
dysfunction.

Prefer Chlorthalidone Over Hydrochlorothiazide

www.clinhypertensionjournal.com
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8. Chlorthalidone orindapamide should be favored because
of superior potency and longer duration of action.

9. Incorporate Cardio-Renal-Metabolic Therapies

10.SGLT2 inhibitors and GLP-1 receptor agonists should
be increasingly considered in appropriate patients due
to their pleiotropic benefits.

11.Integrate Emerging Therapies Rationally

12.Aprocitentan and aldosterone synthase inhibitors may
become major components of future RH treatment
algorithms.

13.Consider Renal Denervation in Selected Patients

14.RDN should be reserved for carefully phenotyped
patients managed within experienced multidisciplinary
centers. However, first-contact physicians should be
familiar with this alternative treatment because many
patients remain without referral to specialized centers
by inertia Figure 4.

Future directions and precision medicine

Advanced phenotyping, biomarkers, genomics, wearable
technologies, and artificial intelligence may soon allow
individualized therapeutic selection based on predominant
pathophysiological mechanisms rather than empirical drug
escalation.

Future research priorities include:

e Hard cardiovascular outcome trials for ASI

5,

» Biomarker-guided therapeutic selection

+ Integration of obesity therapeutics into RH algorithms
* Expanded role of digital hypertension monitoring

* Precision-based renal denervation candidate selection

The transition from a blood pressure-centered model
toward a multisystem cardio-renal-metabolic protection
paradigm may represent the most important conceptual shift
in hypertension management of the coming decade (Figure 5).

Potential biomarkers in RH

* Soluble ST2 (sST2) is the soluble receptor for

interleukin-33 (IL-33). It directly reflects the
mechanical stress of the myocardium.
* GDF-15 — Differentiating Factor of Growth 15.

Emerging biomarker associated with inflammation,
oxidative stress, and cellular apoptosis. It has an
important prognostic value for cardiovascular mortality
in Failure Resistant hypertension, cardiac failure, ACS,
and atrial fibrillation.

* Galectin-3 — Fibrosis Marker. It reflects the degree of
fibrosis and inflammation of the heart tissue. Especially
useful in ventricular hypertrophy, cardio-oncology, and
in cardiomyopathies with ventricular dysfunction.

MicroRNAs: The Future of Personalized Medicine in
Cardiology. MicroRNAs (miRNAs) are small particles of
non-ribonucleic acid coding agents (18-25 nucleotides)
that regulate gene expression post-transcriptionally. Their

Precision medicine and future therapies in resistant hypertension
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Figure 5: Contemporary therapeutic ecosystem in resistant hypertension (pharmacological therapies, obesity management, precision

medicine, ASI, RDN, biomarkers, digital monitoring).
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presence in circulation, stable and reproducible, makes them
promising candidates as next-generation biomarkers.

Conclusion

Resistant hypertension represents one of the most
complex and high-risk conditions in cardiovascular medicine.
Contemporary evidence strongly supports redefining RH
as a cardio-renal-metabolic syndrome characterized by
aldosterone excess, sodium retention, endothelial dysfunction,
sympathetic overactivation, inflammation, obesity, and
chronic kidney disease interactions [43-47].

The systematic exclusion of pseudoresistance through
ABPM and adherence assessment is mandatory before
escalation of therapy. Spironolactone remains the
cornerstone of fourth-line treatment, while chlorthalidone,
SGLT2 inhibitors, GLP-1 receptor agonists, aprocitentan,
and aldosterone synthase inhibitors expand therapeutic
opportunities.

The FDA approval of baxdrostat (Baxfendy) in May
2026 as the first aldosterone synthase inhibitor marks the
beginning of a new mechanistic era in the pharmacological
management of resistant hypertension, while lorundrostat
remains in advanced regulatory review. Renal denervation,
now endorsed by all three major international guidelines
(ESH 2023, ESC 2024, AHA/ACC 2025), offers a durable
and evidence-based complementary strategy for carefully
selected patients. Ultimately, precision medicine approaches
integrating metabolic, renal, neurohormonal, and vascular
phenotyping, alongside emerging tools in genomics, digital
monitoring, and artificial intelligence, are likely to redefine
the management paradigm of resistant hypertension in the
decade ahead.
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