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ABSTRACT

risks, and enhance patient outcomes.

ypertension, known as the “silent killer”, affects
H1.2 billion people globally and is a major cause

of cardiovascular disease (CVD) and mortality,
particularly in low- and middle-income countries (LMICs)'2.
Over the past 30 years, its prevalence has doubled, reaching
32% in females and 34% in males, with significant rates
in LMICs'3. In India, hypertension prevalence is 29.8%,
varying between rural (27.6%) and urban (33.8%) areas*.
Contributing factors include poor diet, high sodium intake,
smoking, alcohol consumption, and physical inactivity’.
Resistant hypertension (RH) is defined as a seated office
blood pressure (BP) >140/90 mmHg despite treatment with
three or more antihypertensive medications at optimal
or maximally tolerated doses, including a diuretic®. RH
affects 12-18% of hypertensive individuals’”. RH is linked
to increased risks of CVD, end-stage renal disease (ESRD),

Despite the availability of medications and advocacy for lifestyle interventions, over half of individuals with
hypertension do not achieve recommended treatment goals owing to limitations with medications, such as high cost,
side effects, and poor adherence. Renal denervation (RDN), a minimally invasive endovascular procedure targeting
sympathetic nerves near the renal arteries, is gaining recognition as a safe and effective adjunctive therapy for blood
pressure control in resistant hypertension, supported by several clinical trials and meta-analyses. Recognising the
clinical complexity of resistant hypertension, a group of hypertension experts from India convened to develop an
“RDN triage tool” to guide clinicians in selecting appropriate candidates for RDN therapy based on demographics,
blood pressure, renal function, and cardiac status. This approach is supported by clinical evidence and expert
recommendations and aims to optimise patient selection for RDN therapy, aid clinical decision-making, minimise

and mortality, exacerbated by factors like older age,
obesity, Black race, male sex, diabetes, ischaemic heart
disease, stroke, and chronic kidney disease (CKD)%’.
Diagnosis is complicated by pseudoresistance and secondary
hypertension due to kidney diseases, endocrine disorders,
renovascular hypertension, obesity, and sleep apnoea,
alongside medication non-adherence and non-steroidal anti-
inflammatory drugs worsening hypertension management.
Patients with RH have a 47% higher risk of cardiovascular
(CV) death, along with increased adverse events such as
myocardial infarction, stroke, congestive heart failure, and
chronic kidney disease, compared with those with non-
resistant hypertension'’.

Factors contributing to these outcomes include ineffective
drug combinations and significant medication non-adherence
(53% in patients using >4 drugs)!'. Identifying frailty and

KEYWORDS: blood pressure; European Society of Hypertension; renal denervation; resistant hypertension

© Europa Group 2026. All rights reserved.

SUBMITTED ON 20/07/2025 - REVISION RECEIVED ON 1+ 06/10/2025/ 2 05/01/2026 - ACCEPTED ON 09/01/2026

ell7



e108

recognising the challenges it presents in adhering to treatment
can help target elderly patients with a poorer prognosis or
those at risk of complications from untreated hypertension'2.
However, management of hypertension presents significant
challenges, including adverse effects observed with
antihypertensive medications, especially at high doses.
Addition of antihypertensive drugs beyond the 3 or 4%
drug escalates the issues of side effects and non-adherence™'>.
Therefore, there is a critical need for alternative treatments,
such as adjunctive procedural options, to improve patient
outcomes and adherence'®.

However, the implementation of international guidelines
and triage tools in the Indian context faces distinct
challenges. These include a high prevalence of metabolic
syndrome and early-onset hypertension in South Asian
populations, significant economic barriers to lifelong
multidrug therapy, limited access to specialised hypertension
centres and ambulatory blood pressure monitoring (ABPM),
and a heterogeneous distribution of procedural expertise.
Therefore, a direct translation of global algorithms may be
suboptimal, creating a need for a tailored approach.

Device-based interventions like renal denervation (RDN)
offer a safe, effective, and durable method to lower blood
pressure in patients with uncontrolled hypertension, either
alone or in conjunction with medications’. RDN employs
catheter-based techniques to ablate sympathetic nervous
fibres along renal arteries, addressing a major element of the
complex pathophysiology of hypertension's. This approach
targets sympathetic dysregulation, showing its efficacy in
reducing BP and mitigating organ-specific damage caused
by chronic sympathetic overactivity'®. RDN modulates this
pathway in various experimental models by interrupting
renal afferent nerve signalling, supporting its potential as an
effective therapeutic strategy'’. It is important to acknowledge,
however, that the real-world response to RDN can be variable,
and its cost-effectiveness and widespread feasibility within the
infrastructure of low- and middle-income countries like India
require careful consideration.

The primary objective of this article is to develop
a pragmatic “RDN triage tool” specifically adapted for
the Indian and broader South Asian context. This tool is
intended to address local challenges such as socioeconomic
constraints, healthcare infrastructure limitations, and region-
specific patient phenotypes. The development of this tool is
informed by a systematic review of the evidence and formal
expert consensus, with the aim of providing a practical
framework for patient selection that bridges the gap between
international evidence and local clinical practice.

A Central illustration summarising the clinical problem of
resistant hypertension, the contextual challenges in the Indian
healthcare setting, the consensus-driven methodology, and
the proposed RDN triage framework is provided.

Methods
SYSTEMATIC LITERATURE REVIEW
A systematic literature review was conducted following the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (https://www.prisma-statement.
org/prisma-2020-checklist) to synthesise the evidence on the
efficacy, safety, and patient selection criteria for RDN in RH.
Data sources and search strategy: a comprehensive search
of electronic databases (PubMed, Cochrane Central Register
of Controlled Trials, Embase, and Scopus) was performed
for articles published from January 2010 to December
2023. The search strategy utilised a combination of medical
subject headings (MeSH) terms and keywords, including:
“renal denervation”, “resistant hypertension”, “uncontrolled
hypertension”, “catheter-based ablation”, “SYMPLICITY”,
“SPYRAL”, “radiofrequency ablation”, and “ultrasound
ablation”.

ELIGIBILITY CRITERIA

Inclusion criteria: randomised controlled trials (RCTs),
non-randomised interventional studies, large observational
registries, and meta-analyses focusing on RDN in adult
human patients with resistant or uncontrolled hypertension.

Exclusion criteria: -animal studies, editorials, conference
abstracts without full-text availability, non-English language
articles, and studies focusing on non-resistant hypertension or
other indications for RDN.

Study selection and data extraction: the retrieved records
were screened independently by two authors based on their
title and abstract, followed by a full-text review of potentially
eligible studies. Any discrepancies were resolved through
consensus or consultation with a third author. Data from the
included studies were extracted using a standardised form,
capturing details on study design, patient demographics,
RDN technology and technique, BP outcomes (office and
ambulatory), safety endpoints, and follow-up duration.

Quality assessment: the methodological quality of the
included RCTs was assessed using the Cochrane Risk of Bias
tool (RoB 2). Observational studies were appraised using the
Newcastle-Ottawa Scale.

DEVELOPMENT OF THE RDN TRIAGE TOOL
A multidisciplinary panel of Indian experts from cardiology,
nephrology, endocrinology, and
convened. The panel reviewed and discussed the available
scientific literature and current clinical practices relevant to the
management of hypertension in the Indian setting. Based on the
synthesised evidence from the literature and insights from expert
discussions, an initial draft of the triage tool was developed.
The draft triage tool was reviewed during multidisciplinary
advisory board discussions. Panel members provided their
expert opinions on the clinical relevance, practicality, and

internal medicine was

Abbreviations

BP blood pressure ESC  European Society of Cardiology RH resistant hypertension
cv cardiovascular RCT  randomised controlled trial SBP  systolic blood pressure
CVvD cardiovascular disease RDN  renal denervation

eGFR estimated glomerular filtration rate

RF-RDN radiofrequency renal denervation
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Development of the renal denervation triage tool for the management of resistant hypertension.
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Conceptual framework illustrating the development of a renal denervation (RDN) triage tool. The clinical problem is outlined,
including resistant hypertension with high cardiovascular risk, contextual challenges within the Indian healthcare system, and the
consensus-based methodology using systematic review. This approach leads to a 3-tier RDN classification (favourable, cautious,
or restricted) aimed at optimising patient selection, improving blood pressure control, and enhancing cardiovascular outcomes.
BP: blood pressure; CV: cardiovascular; CVD: cardiovascular disease

applicability of each component of the tool within the
Indian healthcare context. Feedback from the panel was
incorporated through iterative discussions and revisions until
a broad agreement was achieved among the experts.

The final recommendations included within the triage
tool were informed by the available published evidence and
established clinical guidelines from major cardiology societies.
These recommendations were adapted to reflect the clinical
realities and practice patterns relevant to the Indian context.

Evidence review

CLINICAL IMPLICATIONS OF RDN

The two most widely studied modes of RDN are
radiofrequency  RDN (RF-RDN) and ultrasound RDN
(uRDN). These are performed through the femoral artery
with selective renal angiography'. Early clinical trials of
RDN have effectively and safely lowered BP in patients
with RH'. In the second generation of sham-controlled

trials, RDN reduced ambulatory and office BP in patients
in the presence, and also in the absence, of antihypertensive
medications®.

The SPYRAL HTN-ON MED study found that the RDN
group had a significant decrease in 24-hour systolic blood
pressure (SBP) of 18.7 mmHg at 36 months compared to
the sham control group’s 8.6 mmHg decrease, a difference of
10.0 mmHg, which was statistically significant. Safety events
were rare, with no renal artery stenosis or reintervention®.
Meta-analyses of 5,769 patients from 50 RDN studies revealed
a low incidence of renal artery stenosis or dissection
(0.45%), supporting RDN’s efficacy and safety in treating
hypertension?'.

The Global SYMPLICITY Registry (GSR) DEFINE
investigated 2,746 patients, with 18% on 0-3 and 82% on
>4 antihypertensive medications. At 36 months, office SBP
decreased by 19.0+28.3 mmHg for the 0-3 medication classes
group and 16.2:+28.6 mmHg for the >4 medication classes
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group. Furthermore, the 24-hour mean SBP significantly
decreased across groups. BP reduction was similar regardless
of the medication regimen, with most patients either reducing
or maintaining their number of medications. The study
concluded that radiofrequency RDN safely reduced BP up to
36 months, making it a safe and effective adjunctive therapy'“.

Furthermore, in the analysis of the GSR-Taiwan, the
first real-world registry of RDN in Taiwan, the safety and
efficacy of RDN in 26 Taiwanese patients with uncontrolled
hypertension using the Symplicity Flex and Symplicity Spyral
catheters (both Medtronic) were evaluated. Sustained office
BP reductions were observed for up to 3 years in the Flex
group (29.7+25.9 mmHg) and up to 2 years in the Spyral
group (42.4+10.7 mmHg; both p<0.05). The safety profiles
remained consistent regardless of the RDN device used or
the number of lesions to which they were applied®?. Likewise,
early BP-lowering effects were notable, consistent with the
findings from previous trials like SYMPLICITY HTN-2,
which achieved significant office-based BP reductions of
32/12 mmHg (xstandard deviation 23/11) at 6 months post-
RDN, with 84% of patients achieving a =10 mmHg SBP
reduction compared to controls (p<0.0001)%%, and SPYRAL
HTN-ON MED, which showed a 18.7 mmHg decrease in
ambulatory SBP at 36 months post-RDN, compared to
8.6 mmHg in sham controls (p=0.0039)%. Subanalyses
from the Global SYMPLICITY Registry further underscored
substantial and sustained BP reductions in Korean and
Taiwanese subpopulations compared with Caucasian
patients. These findings support the efficacy and safety of
RDN as a therapeutic option for RH, warranting continued
exploration and strategic implementation in diverse patient
populations?’.

GUIDELINE POSITIONING OF RDN

Due to advancements in clinical trials and promising
outcomes, the European Society of Cardiology (ESC) Council
on Hypertension, in collaboration with the European
Association of Percutaneous Cardiovascular Interventions®,
updated their guidelines in 2024 to endorse RDN as an
adjunct treatment for uncontrolled RH, supported by AHA
2024 consensus statements as well?*. These guidelines apply
to adult patients with uncontrolled or RH, particularly
those who are on a combination of 3 blood pressure-
lowering medications (including a thiazide or thiazide-like
diuretic) and have not achieved control despite lifestyle
changes and optimal pharmacological interventions. It also
includes individuals who are unable to tolerate long-term
antihypertensive medications or who express a desire to
pursue renal denervation following a shared discussion
of risks and benefits, as well as a multidisciplinary
evaluation®. The 2023 European Society of Hypertension
guidelines suggest RDN for patients with an estimated
glomerular filtration rate (¢GFR) >40 mL/min/1.73 m?> who
have uncontrolled BP despite combination therapy, drug-
related side effects, or true RH (Class II, Level of Evidence
B)¥. Meanwhile, the Asia Renal Denervation Consortium
(ARDeC) convened to discuss regional perspectives. It
highlighted RDN’s efficacy and safety in Asian populations,
supported by trials such as SYMPLICITY HTN-Japan
and the Global SYMPLICITY Registry?®. This underscores
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RDN as a viable initial or adjunct therapy in device-based
hypertension management*-?’. Defining the ideal candidate
for RDN involves balancing the potential risks and benefits
while prioritising patients with the greatest clinical need.
Therefore, shared decision-making between the clinician
and patient, incorporating a careful assessment of risks and
benefits, is essential in determining appropriate treatment
options'.

Defining the ideal candidate for RDN
COMPONENTS OF THE RDN TRIAGE TOOL

A panel of experts in India convened to develop a comprehensive
approach for patient selection in RDN therapy for RH.
The “RDN triage tool” systematically categorises patient
characteristics — demographics, blood pressure control, renal
function, and cardiac status — to aid in therapy prioritisation.
To guide clinical decision-making, this tool classifies patients
into three distinct categories — “favourable indication”,
“cautious indication”, and “restricted indication” — based on
their clinical profile (Table 1, Figure 1).

Based on clinical evidence and expert recommendations,
RDN therapy is strongly recommended for patients
aged 18-75 years with an SBP >160 mmHg despite >3
antihypertensive drugs or drug intolerance, eGFR >40 mL/
min/1.73 m?, and a history or high risk of atherosclerotic
cardiovascular disease (ASCVD), caused by atherosclerosis,
including - myocardial infarction, stroke, and peripheral
artery disease, heart failure, atrial fibrillation, or stroke.
Renal denervation therapy should be used with caution in
patients with a recent renal stent and untreated secondary
hypertension (Table 1).

Age and RDN outcomes

RDN has shown significant and sustained BP reductions
across various age groups. In the GSR study, in which
patients had a mean age of 59.1 years, the Symplicity Flex
catheter group achieved sustained office BP reductions of
29.7 mmHg at 3 years, and the Symplicity Spyral catheter
group achieved a 42.4 mmHg reduction at 2 years, with no
significant changes in heart rate or medication classes®®. The
SYMPLICITY HTN-3 trial (mean patient age 57.9 years)
reported an SBP reduction of 26.4 mmHg at 36 months
in the RDN group versus 5.7 mmHg in the sham group,
confirming the long-term safety of RDN2?%. The SPYRAL
HTN-ON MED study (mean age in the mid-50s) found
a significant ambulatory SBP reduction of 18.7 mmHg at
36 months, independent of medications, with no major safety
issues?®. The Global SYMPLICITY Registry DEFINE study
confirmed BP reductions (19.0 mmHg in the 0-3 medication
classes, 16.2 mmHg in the >4 medication classes) and low
cardiovascular events'. These findings underscore RDN’s
efficacy and safety in achieving sustained BP reductions across
different age groups and medication regimens.

Baseline BP and RDN outcomes

Studies, such as those by Rohla et al, indicate that higher
baseline SBP correlates with greater reductions post-RDNj
for instance, patients in the highest quartile saw a significant
decrease of 13.56 mmHg at 6 months (p<0.01)?”. BP response
to RDN is likely to be higher in cases of severe hypertension,



RDN in resistant hypertension: a triage approach

Table 1. The RDN triage tool/ergonomic decision-making tool.

Phenotype Favourable indication Cautious indication Restricted indication

gzgography 18 to 75 years >75 years without frailty >75 years with frailty
SBP >160 mmHg; >3 drugs/repeated episodes
; - i ; SBP >140-160 mmHg; 3 drugs/
BP control of [eleienee L el ppeiisnste ok, occasional episodes of intolerance to Secondary hypertension*

>2 episodes of hospitalisation due to

manifestation of HTN clldifarissie G

eGFR <40 mL/min/1.73 m%
history of renal stenting
(limited clinical data)

History of ACS in the past 6 months;
systemic vasculitis

Renal status eGFR >40 mL/min/1.73 m2 Abnormal renal arteries

History of established ASCVD; high risk of
ASCVD; heart failure; AF; stroke; CAD

Favourable indication: a patient profile in this category, supported by clinical evidence, indicates that a referral for RDN should be prioritised. Cautious
indication: profiles in this category necessitate a cautious approach, where the decision for RDN must be individualised after a shared risk-benefit
discussion with the patient. *Causes of secondary hypertension: diabetic nephropathy, polycystic kidney disease, glomerular disease, renovascular
hypertension, Cushing syndrome, aldosteronism, phaeochromocytoma, hypothyroidism, hyperthyroidism, hyperparathyroidism, coarctation of the aorta,
sleep apnoea, obesity, pregnancy, medications (analgesics, hormonal contraceptives, antidepressants, and immunosuppressants) and supplements.
ACS: acute coronary syndrome; AF: atrial fibrillation; ASCVD: atherosclerotic cardiovascular disease; BP: blood pressure; CAD: coronary artery disease;
eGFR: estimated glomerular filtration rate; HTN: hypertension; RDN: renal denervation; SBP: systolic blood pressure

Cardiac status End-stage heart failure

Start: patient with resistant hypertension

A 4

Exclude pseudoresistance & confirm true RH

e Verify medication adherence

e Rule out any white-coat effect with ABPM/HBPM
e Exclude any secondary hypertension causes

A 4

Any ABSOLUTE contraindication?

e Untreated secondary hypertension

e Aortic grafts or abnormal renal anatomy
® Prior renal angioplasty or renal stent

e End-stage heart failure (NYHA Class IV)

YES NO

A4 A4

Evaluate the patient against
triage criteria

RDN is not recommended

Overall
patient
profile?

FAVOURABLE CAUTIOUS RESTRICTED
INDIVIDUALISED DECISION
P?TROdNGtE%RIP?TrF | Assessment of risk/benefit N%T nR%cPIY{N:ﬂDED
i ?C?]e Vé' decis el ka and shared decision-making with patients onsie at et at"’?
after shared decision-making Consider in specific contexts management strategies

Figure 1. Visual algorithm for the RDN triage tool. ABPM: ambulatory blood pressure monitoring; eGFR: estimated glomerular
filtration rate; HBPM: home blood pressure monitoring; NYHA: New York Heart Association; RDN: renal denervation;

RH: resistant hypertension
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due to heightened sympathetic tone®. Studies have suggested
using baseline SBP and nighttime variability as indicators
of RDN efficacy, which reflect sympathetic nervous system
involvement in hypertension?*3°.

Renal function and RDN outcomes

In 2012, Hering et al reported a pilot study showing that
RDN reduced SBP by approximately 30 mmHg at 1, 3,
6, and 12 months in patients with hypertension and renal
dysfunction (eGFR 15-45 mL/min/1.73 m?), with stable
renal function3!. Subsequent case reports and series have
demonstrated RDN’s efficacy and safety in patients with
end-stage renal disease (eGFR <15 mL/min/1.73 m?)3%3%,
In patients with mild-to-moderate renal dysfunction, Ott
et al demonstrated that RDN lowered BP and slowed the
decline in renal function®. Specifically, RDN stabilised the
annual decline in eGFR, which was previously 3.5 mL/
min/1.73 m? over 60 months prior to RDN, with no
change observed during the 24 months after RDN?%,
Moreover, data from the Global SYMPLICITY Registry
showed consistent reductions in 24-hour ambulatory
SBP and diastolic BP at 36-month follow-up, irrespective
of baseline renal function. RDN achieves sustained BP
reductions without adverse renal effects®®, aligning with
AHA guidelines®.

Impact of RDN on CV risk reduction

The GSR highlights radiofrequency RDN’s efficacy in reducing
major adverse CV events among high-risk hypertensive
patients; those on 0-3 and >4 antihypertensive medications
saw significant office SBP reductions of 19.0+28.3 mmHg and
16.2+28.6 mmHg over 36 months, respectively (p<0.0001 for
both). Additionally, the 24-hour mean systolic BP decreased
by 10.7+19.7 mmHg and 8.9x20.5 mmHg (p<0.0001
for both). The reduction in 24-hour systolic BP at 3 years
was 8.9+20.1 mmHg for the overall cohort, with high-risk
subgroups showing reductions: 10.4+21.0 mmHg for resistant
hypertension, 8.7+17.4 mmHg in patients aged =65 vyears,
10.2+17.9 mmHg for diabetes, 8.6+18.7 mmHg for isolated
systolic hypertension, 10.1220.3 mmHg for chronic kidney
disease, and 10.0£19.1 mmHg for atrial fibrillation (all
p<0.0001)™.

RF-RDN reduces major adverse CV events by nearly
one-third over 3 years in resistant hypertension patients on
multiple medications, as shown in real-world registry data®.
The number needed to treat (NNT) was 32 for the overall
cohort, with lower values observed in high-risk subgroups:
21 for resistant hypertension, 30 for type II diabetes mellitus,
28 for chronic kidney disease, and 27 for high atherosclerotic
cardiovascular disease risk®".

These findings support renal denervation’s efficacy in
high-risk populations, consistent with US and European
recommendations. Studies indicate that pre-RDN BP levels
reliably predict treatment outcomes in RH, with patients in
the highest quartile experiencing a significant decrease of
13.56 mmHg at 6 months (p<0.01)%".

These findings underscore RDN’s potential for long-term BP
reductions and improved cardiovascular outcomes, confirming
its role as a safe and effective adjunctive therapy in managing
hypertension, as recommended by the AHA and ESC"-.
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Future perspectives

Despite the robust efficacy demonstrated in trials, it is crucial
to acknowledge the heterogeneity in individual BP response
to RDN. A proportion of patients are non-responders, and
the predictors of response are still being elucidated. In India,
significant barriers remain, including the high upfront costs
of the procedure and catheter-based technologies, the need
for specialised interventional expertise, which is currently
concentrated in tertiary care centres, and the requirement for
long-term follow-up. A formal cost-effectiveness analysis in
the Indian healthcare system is urgently needed.

While the present RDN triage tool provides a structured,
consensus-based framework for patient selection, its current
formulation is a foundational step rather than a definitive
endpoint. The true clinical utility of any decision-support
tool lies in its validation and successful implementation in
real-world settings. As this tool is consensus based, it has
not yet undergone prospective validation to assess its impact
on clinical decision-making, patient outcomes, or procedural
success rates. To bridge this gap, future work must focus
on integrating the tool into clinical practice. A prospective
multicentre registry could be developed to validate the
proposed triage tool in real-world clinical settings. Such
a study would evaluate its ability to identify appropriate
candidates accurately, predict BP response to RDN, and
assess its effect on long-term adherence and cardiovascular
outcomes.  Furthermore, implementation science principles
should be employed to understand the barriers and facilitators
to the tool’s adoption across diverse healthcare settings in
India, from tertiary care centres to larger secondary care
hospitals.

Conclusions

This article underscores the profound impact of hypertension,
especially in low- and middle-income countries, and the
complexities in managing RH compounded by comorbidities.
RDN has emerged as a promising adjunct therapy, supported
by robust trial evidence from studies such as SPYRAL
HTN-ON MED, and GSR - demonstrating sustained blood
pressure reductions. The development of the RDN triage
tool for clinical decision-making highlights the importance of
precise patient selection and a comprehensive understanding
of RDN therapy. These advancements affirm RDN’s efficacy
and safety, underscoring its pivotal role in improving
cardiovascular outcomes in RH management.

Authors’ affiliations

1. Department of Endocrinology, Bharti Hospital, Karnal,
India, and University Centre for Research & Development,
Chandigarh University, Mohali, India; 2. Dobney Hypertension
Centre, Medical School — Royal Perth Hospital Unit, The
University of Western Australia, Perth, WA, Australia;
3. Department of Nephrology, Sir Ganga Ram Hospital,
New Delbi, India; 4. PD Hinduja Hospital and Medical
Research Centre, Mumbai India; 5. Cath Lab, AIG Hospitals,
Hyderabad, India; 6. Department of General Medicine, Hind
Institute of Medical Sciences, Lucknow, India; 7. Dia Care
— Diabetes Care and Hormone Clinic, Abmedabad, India;
8. Department of Medicine, Rheumatology Services, Seth G.S.
Medical College & KEM Hospital, Mumbai, India; 9. Internal



Medicine, Yatharth Super Speciality Hospital, Greater Noida,
India; 10. AMRI Hospitals, Kolkata, India; 11. Medanta the
Medicity, Gurgaon, India; 12. Department of Cardiology, AIG
Hospitals, Hyderabad, India; 13. Interventional Cardiology
and Electrophysiology, Yashoda Hospital, Hyderabad, India;
14. Department of Medicine, Topiwala National Medical
College & BYL Nair Ch Hospital, Mumbai, India; 15. Lilavati
Hospital, Mumbai, India; 16. Department of Diabetes, Obesity
& Metabolic Diseases, Ruby Hall Clinic, Sabyadri Hospitals,
Pune, India; 17. Department of Nephrology, Kokilaben
Dbhirubbai Ambani Hospital, Mumbai, India; 18. SNN
Specialities Clinic & SNN Diagnostic Centre, Chennai, India;
19. Jothydev’s Diabetes Research Center, Thiruvananthapuram,
India

Funding
The multidisciplinary expert group meeting was supported by
Medtronic, India.

Acknowledgments
The authors acknowledge Shital Kolhe for assistance with
medical writing and manuscript development.

Conflict of interest statement
The authors have no conflicts of interest to declare.

References

1. NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in hyper-
tension prevalence and progress in treatment and control from 1990 to
2019: a pooled analysis of 1201 population-representative studies with 104
million participants. Lancet. 2021;398:957-80.

2. World Health Organization. Hypertension — Fact Sheet. 202S5. https:/
www.who.int/news-room/fact-sheets/detail/hypertension (Last accessed 17
Feb 2026).

3. Nguyen TN, Chow CK. Global and national high blood pressure burden
and control. Lancet. 2021;398:932-3.

4. Anchala R, Kannuri NK, Pant H, Khan H, Franco OH, Di Angelantonio E,
Prabhakaran D. Hypertension in India: a systematic review and meta-ana-
lysis of prevalence, awareness, and control of hypertension. | Hypertens.
2014;32:1170-7.

5. Flack JM, Buhnerkempe MG, Moore KT. Resistant Hypertension: Disease
Burden and Emerging Treatment Options. Curr Hypertens Rep.
2024;26:183-99.

6. McEvoy JW, McCarthy CP, Bruno RM, Brouwers S, Canavan MD,
Ceconi C, Christodorescu RM, Daskalopoulou SS, Ferro CJ, Gerdts E,
Hanssen H, Harris J, Lauder L, McManus RJ, Molloy GJ, Rahimi K,
Regitz-Zagrosek V, Rossi GP, Sandset EC, Scheenaerts B, Staessen JA,
Uchmanowicz I, Volterrani M, Touyz RM; ESC Scientific Document
Group. 2024 ESC Guidelines for the management of elevated blood pres-
sure and hypertension. Eur Heart J. 2024;45:3912-4018.

7. Yoon M, You SC, Oh J, Lee CJ, Lee SH, Kang SM, Park S. Prevalence and
prognosis of refractory hypertension diagnosed using ambulatory blood
pressure measurements. Hypertens Res. 2022;45:1353-62.

8. Buhnerkempe MG, Botchway A, Prakash V, Al-Akchar M, Nolasco
Morales CE, Calhoun DA, Flack JM. Prevalence of refractory hypertension
in the United States from 1999 to 2014. | Hypertens. 2019;37:1797-804.

9. Sim JJ, Bhandari SK, Shi J, Liu IL, Calhoun DA, McGlynn EA, Kalantar-
Zadeh K, Jacobsen SJ. Characteristics of resistant hypertension in a large,
ethnically diverse hypertension population of an integrated health system.
Mayo Clin Proc. 2013;88:1099-107.

10. Carey RM, Calhoun DA, Bakris GL, Brook RD, Daugherty SL, Dennison-
Himmelfarb CR, Egan BM, Flack JM, Gidding SS, Judd E, Lackland DT,
Laffer CL, Newton-Cheh C, Smith SM, Taler SJ, Textor SC, Turan TN,

20.

21.

22,

23.

RDN in resistant hypertension: a triage approach

White WB; American Heart Association Professional/Public Education and
Publications Committee of the Council on Hypertension; Council on
Cardiovascular and Stroke Nursing; Council on Clinical Cardiology;
Council on Genomic and Precision Medicine; Council on Peripheral
Vascular Disease; Council on Quality of Care and Outcomes Research; and
Stroke Council. Resistant Hypertension: Detection, Evaluation, and
Management: A Scientific Statement From the American Heart Association.
Hypertension. 2018;72:e53-90.

. Jung O, Gechter JL, Wunder C, Paulke A, Bartel C, Geiger H, Toennes SW.

Resistant hypertension? Assessment of adherence by toxicological urine
analysis. ] Hypertens. 2013;31:766-74.

. Uchmanowicz I, Chudiak A, Jankowska-Polanska B, Gobbens R.

Hypertension and Frailty Syndrome in Old Age: Current Perspectives.
Card Fail Rev. 2017;3:102-7.

. Ojha U, Ruddaraju S, Sabapathy N, Ravindran V, Worapongsatitaya P,

Haq J, Mohammed R, Patel V. Current and Emerging Classes of
Pharmacological Agents for the Management of Hypertension. Am |
Cardiovasc Drugs. 2022;22:271-85.

. Mahfoud F, Mancia G, Schmieder RE, Ruilope L, Narkiewicz K,

Schlaich M, Williams B, Ribichini F, Weil J, Almerri K, Sharif F, Lauder L,
Wanten M, Fahy M, Bohm M. Outcomes Following Radiofrequency Renal
Denervation According to Antihypertensive Medications: Subgroup
Analysis of the Global SYMPLICITY Registry DEFINE. Hypertension.
2023;80:1759-70.

. Swaminathan RV, East CA, Feldman DN, Fisher ND, Garasic JM, Giri JS,

Kandzari DE, Kirtane AJ, Klein A, Kobayashi T, Koenig G, Li J, Secemsky E,
Townsend RR, Aronow HD. SCAI Position Statement on Renal
Denervation for Hypertension: Patient Selection, Operator Competence,
Training and Techniques, and Organizational Recommendations. | Soc
Cardiovasc Angiogr Interv. 2023;2:101121.

. Schlaich MP, Schmieder RE, Bakris G, Blankestijn PJ, Bohm M,

Campese VM, Francis DP, Grassi G, Hering D, Katholi R, Kjeldsen S,
Krum H, Mahfoud F, Mancia G, Messerli FH, Narkiewicz K, Parati G,
Rocha-Singh KJ, Ruilope LM, Rump LC, Sica DA, Sobotka PA, Tsioufis C,
Vonend O, Weber MA, Williams B, Zeller T, Esler MD. International
expert consensus statement: Percutaneous transluminal renal denervation
for the treatment of resistant hypertension. | Am Coll Cardiol.
2013;62:2031-45.

. Ma J, Chen X. Advances in pathogenesis and treatment of essential hyper-

tension. Front Cardiovasc Med. 2022;9:1003852.

. Lauder L, Kandzari DE, Liischer TE, Mahfoud E. Renal denervation in the

management of hypertension. Eurolntervention. 2024;20:¢467-78.

. Barbato E, Azizi M, Schmieder RE, Lauder L, Bchm M, Brouwers S,

Bruno RM, Dudek D, Kahan T, Kandzari DE, Liischer TF, Parati G,
Pathak A, Ribichini FL, Schlaich MP, Sharp ASP, Sudano I, Volpe M,
Tsioufis C, Wijns W, Mahfoud F. Renal denervation in the management of
hypertension in adults. A clinical consensus statement of the ESC Council
on Hypertension and the European Association of Percutaneous
Cardiovascular Interventions (EAPCI). Eurolntervention. 2023;18:
1227-43.

Mahfoud F Kandzari DE, Kario K, Townsend RR, Weber MA,
Schmieder RE, Tsioufis K, Pocock S, Dimitriadis K, Choi JW, East C,
D’Souza R, Sharp ASP, Ewen S, Walton A, Hopper I, Brar S, McKenna P,
Fahy M, Bohm M. Long-term efficacy and safety of renal denervation in
the presence of antihypertensive drugs (SPYRAL HTN-ON MED): a ran-
domised, sham-controlled trial. Lancet. 2022;399:1401-10.

Townsend RR, Walton A, Hettrick DA, Hickey GL, Weil J, Sharp ASP,
Blankestijn PJ, Bohm M, Mancia G. Review and meta-analysis of renal
artery damage following percutaneous renal denervation with radio-
frequency renal artery ablation. Eurolntervention. 2020;16:89-96.

Lee CK, Wang TD, Lee YH, Fahy M, Lee CH, Sung SH, Kao HL, Wu YW,
Lin TH. Efficacy and Safety of Renal Denervation for Patients with
Uncontrolled Hypertension in Taiwan: 3-Year Results From the Global
SYMPLICITY Registry-Taiwan (GSR-Taiwan). Acta Cardiol Sin.
2019;35:618-26.

Symplicity HTN-2 Investigators; Esler MD, Krum H, Sobotka PA,
Schlaich MP, Schmieder RE, Bohm M. Renal sympathetic denervation in
patients with treatment-resistant hypertension (The Symplicity HTN-2
Trial): a randomised controlled trial. Lancet. 2010;376:1903-9.

Asialntervention 2026;12:2107-e114 » Sanjay Kalra et al.

ell3



ell4

24, Sesa-Ashton G, Nolde JM, Muente I, Carnagarin R, Macefield VG,

Dawood T, Lambert EA, Lambert GW, Walton A, Esler MD, Schlaich MP.
Long-Term Blood Pressure Reductions Following Catheter-Based Renal
Denervation: A Systematic Review and Meta-Analysis. Hypertension.
2024;81:e63-70.

25. Mancia G, Kreutz R, Brunstrom M, Burnier M, Grassi G, Januszewicz 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, Fernindez-Alfonso MS,
Halimi JM, Jédrai Z, Jelakovi¢ 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 ],
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 manage-
ment of arterial hypertension The Task Force for the management of arte-
rial hypertension of the European Society of Hypertension: Endorsed by
the International Society of Hypertension (ISH) and the European Renal
Association (ERA). | Hypertens. 2023;41:1874-2071.

26. Kario K, Kim BK, Aoki J, Wong AY, Lee YH, Wongpraparut N,

Nguyen QN, Ahmad WAW, Lim ST, Ong TK, Wang TD. Renal Denervation
in Asia: Consensus Statement of the Asia Renal Denervation Consortium.
Hypertension. 2020;75:590-602.

27.Rohla M, Nahler A, Lambert T, Reiter C, Gammer V, Grund M,

Blessberger H, Kammler ], Kypta A, Saleh K, Huber K, Steinwender C,
Weiss TW. Predictors of response to renal denervation for resistant arterial
hypertension: a single center experience. | Hypertens. 2016;34:123-9.

28. Bhatt DL, Kandzari DE, O’Neill WW, D’Agostino R, Flack JM, Katzen BT,

Leon MB, Liu M, Mauri L, Negoita M, Cohen SA, Oparil S, Rocha-
Singh K, Townsend RR, Bakris GL; SYMPLICITY HTN-3 Investigators.
A controlled trial of renal denervation for resistant hypertension. N Engl |
Med. 2014;370:1393-401.

29. Jeong JH, Fonkoue IT, Quyyumi AA, DaCosta D, Park J. Nocturnal blood

pressure is associated with sympathetic nerve activity in patients with
chronic kidney disease. Physiol Rep. 2020;8:¢14602.

30. Gosse P, Cremer A, Pereira H, Bobrie G, Chatellier G, Chamontin B,

Courand PY, Delsart P, Denolle T, Dourmap C, Ferrari E, Girerd X, Michel

Asialntervention 2026;12:¢107-e114 » Sanjay Kalra et al.

31.

33.

34.

35.

36.

37.

Halimi J, Herpin D, Lantelme P, Monge M, Mounier-Vehier C, Mourad JJ,
Ormezzano O, Ribstein J, Rossignol P, Sapoval M, Vaisse B, Zannad F,
Azizi M. Twenty-Four-Hour Blood Pressure Monitoring to Predict and
Assess Impact of Renal Denervation: The DENERHTN Study (Renal
Denervation for Hypertension). Hypertension. 2017;69:494-500.

Hering D, Mahfoud F, Walton AS, Krum H, Lambert GW, Lambert EA,
Sobotka PA, Bohm M, Cremers B, Esler MD, Schlaich MP. Renal
denervation in moderate to severe CKD. | Am Soc Nephrol. 2012;23:
1250-7.

. Ott C, Schmid A, Ditting T, Sobotka PA, Veelken R, Uder M, Schmieder RE.

Renal denervation in a hypertensive patient with end-stage renal disease
and small arteries: a direction for future research. J Clin Hypertens
(Greenwich). 2012;14:799-801.

Schlaich MP, Bart B, Hering D, Walton A, Marusic P, Mahfoud F, Bohm M,
Lambert EA, Krum H, Sobotka PA, Schmieder RE, Ika-Sari C, Eikelis N,
Straznicky N, Lambert GW, Esler MD. Feasibility of catheter-based renal
nerve ablation and effects on sympathetic nerve activity and blood pressure
in patients with end-stage renal disease. Int | Cardiol. 2013;168:2214-20.

Ott C, Mahfoud F, Schmid A, Toennes SW, Ewen S, Ditting T, Veelken R,
Ukena C, Uder M, Bshm M, Schmieder RE. Renal denervation preserves
renal function in patients with chronic kidney disease and resistant hyper-
tension. | Hypertens. 2015;33:1261-6.

Hering D, Marusic P, Duval ], Sata Y, Head GA, Denton KM, Burrows S,
Walton AS, Esler MD, Schlaich MP. Effect of renal denervation on kidney
function in patients with chronic kidney disease. Int ] Cardiol.
2017;232:93-7.

Ott C, Mahfoud F, Mancia G, Narkiewicz K, Ruilope LM, Fahy M,
Schlaich MP, Bhm M, Schmieder RE. Renal denervation in patients with
versus without chronic kidney disease: results from the Global
SYMPLICITY Registry with follow-up data of 3 years. Nephrol Dial
Transplant. 2022;37:304-10.

Schmieder RE, Mahfoud F, Mancia G, Narkiewicz K, Ruilope L,
Hutton DW, Cao KN, Hettrick DA, Fahy M, Schlaich MP, Bohm M,
Pietzsch JB. Clinical event reductions in high-risk patients after renal
denervation projected from the global SYMPLICITY registry. Eur Heart |
Qual Care Clin Outcomes. 2023;9:575-82.



