ELMER
PRESS

Orriginal Article

’ '.) Check for updates ‘

Cardiol Res. 2026;17(5):509-518

Renal Denervation: A Multicenter, Real-World Experience

Sarita Rao® ¥, Kamarishi Roshan Rao®, Ajith Pillai®, Amit Patil9, Anuj Kapadiya®, Arun Gopi',
Gautam Swaroopg, Harshal Ingle?, Keyur Parikh!, Nalin Kumar Mahesh/, Nimit Shahk,
Praveen Chandral, Raj Pratap Singh™, Ramesh Natarajan”, Ravinder Singh Rao®,

Refai ShowkathaliP, Shashi Mohan Sharmad, Sunil Sathe', Sunip Banerjees,

Varada Rajasekhart, Vithala Surya Prakasa Rao", Viveka Kumar",
Yerramareddy Vijaychandra Reddy?

Abstract

Background: Renal denervation (RDN) has emerged as a promising
device-based therapy for the management of resistant hypertension
(RH). However, real-world evidence of effectiveness and safety in
the Indian population remains limited. This study aimed to evalu-
ate the efficacy and safety of catheter-based RDN in reducing blood
pressure (BP) and antihypertensive medication burden among Indian
patients with RH.

Methods: This retrospective, multicenter, real-world study included
26 consecutive patients who underwent RDN across 21 tertiary care
centers in India. Patients were followed at discharge and at 1, 3, 6, and
12 months after the procedure. The primary endpoint was the change
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in office BP at 12 months. Secondary endpoints included changes in
antihypertensive medication burden and procedure-related safety out-
comes.

Results: The mean age of the study population was 60.7 + 13.8 years,
and 61.5% were male. Baseline systolic blood pressure (SBP) and
diastolic blood pressure (DBP) were 186.2 + 18.8 and 98.7 + 25.3 mm
Hg, respectively. Significant reductions in BP were observed at all
follow-up time points. At 12 months, mean SBP and DBP decreased
to 121.7 +10.5 and 75.9 £ 4.7 mm Hg, corresponding to reductions of
63.4 and 24.7 mm Hg, respectively (both P <0.001). The mean num-
ber of antihypertensive medication classes was significantly reduced
from 5.12 + 1.70 at baseline to 2.00 + 0.80 at 1 year (P < 0.001). No
major periprocedural complications or adverse events were reported.
One patient experienced an access-site vascular complication involv-
ing the superficial femoral artery, which was successfully managed
with covered stent implantation without further sequelae.

Conclusions: RDN was associated with significant and sustained
reductions in BP and antihypertensive medication burden over 12
months. The procedure demonstrated a favorable safety profile, sup-
porting its role as an as a safe and effective adjunctive treatment op-
tion for patients with RH.

Keywords: Renal denervation; Resistant hypertension; Blood pres-
sure; India

Introduction

Hypertension is a major modifiable risk factor for cardiovas-
cular morbidity and mortality worldwide [1]. In India, the IC-
MR-INDIAB-17 study reported a hypertension prevalence of
35.5%, corresponding to nearly 320 million affected adults [2].
Despite this substantial disease burden, national NFHS-5 data
demonstrated that only 8.5% of hypertensive patients achieved
optimal blood pressure (BP) control [3], reflecting major gaps
in hypertension care and a potentially increasing burden of un-
controlled and apparent resistant hypertension (RH). Available
Indian data estimate the prevalence of RH to range between
11% and 16.13% among patients with hypertension [4, 5]. Pa-
tients with RH are at substantially higher risk of adverse car-
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diovascular and renal outcomes, including all-cause mortality,
myocardial infarction, heart failure, stroke, and chronic kidney
disease, with an approximately 50% greater overall risk com-
pared with patients without RH [6].

Timely recognition and appropriate treatment of RH are
critical for improving BP control and reducing cardiovascu-
lar risk. Renal denervation (RDN) is a catheter-based therapy
that reduces renal sympathetic nerve activity through radiof-
requency (RF) ablation of the renal arteries. It has emerged as
a promising adjunctive treatment option for patients with RH
despite optimized pharmacological therapy [7]. Contemporary
European Society of Hypertension (ESH) 2023 [8] and Euro-
pean Society of Cardiology (ESC) 2024 [9] guidelines recog-
nize RDN as a validated intervention in appropriately selected
patients, recommending its use within a structured, multidisci-
plinary care pathway.

Multiple randomized sham-controlled trials have demon-
strated significant and durable reductions in BP with cathe-
ter-based RDN. However, major RDN studies including the
SYMPLICITY, SPYRAL, RADIANCE trials and Global
SYMPLICITY Registry programs, have been conducted pre-
dominantly in Western populations, with limited data available
from India. Indian patients exhibit distinct clinical character-
istics, including earlier onset hypertension, higher prevalence
of diabetes and metabolic syndrome, increased salt sensitivity,
and variable medication adherence patterns, which may influ-
ence response to RDN [10]. Therefore, the generalizability of
existing RDN evidence to the Indian population remains un-
certain, and real-world data from routine Indian clinical prac-
tice remain limited. The present study evaluated the real-world
effectiveness and safety of catheter-based RDN in Indian pa-
tients with RH, with a focus on changes in BP and anti-hyper-
tensive medication burden over 1-year follow-up.

Materials and Methods

Study design and study population

This was a multicenter, retrospective observational study evalu-
ating the real-world use of catheter-based RDN in India during
2024-2025. Data were collected from 21 tertiary care centers,
and a total of 26 consecutive patients who underwent RDN
were included in the analysis. Given the retrospective design
and absence of systematic ambulatory blood pressure monitor-
ing (ABPM) and objective medication adherence assessment,
the study population likely represented apparent treatment-RH.
Eligible participants were adults aged 18 years or older
with RH, characterized by persistent uncontrolled BP despite
treatment with at least three antihypertensive drug classes,
including a diuretic, prescribed at stable or maximally toler-
ated doses for a minimum of 3 months. At baseline screening,
eligibility required an office systolic blood pressure (SBP) of
> 140 mm Hg, calculated as the average of three seated meas-
urements. Patients were excluded if they had secondary hy-
pertension or more than one hospitalization for hypertensive
emergency during the preceding year. Additional anatomical
exclusions included renal artery stenosis exceeding 50%, renal

artery aneurysm, previous renal artery intervention, multiple
renal arteries, renal artery diameter < 4 mm, or an available
treatable arterial segment <20 mm.

Study treatment and device

All patients underwent catheter-based RDN using the Symplic-
ity™ renal denervation system (Medtronic, Minneapolis, MN,
USA). The system consists of an RF generator and a single-use
catheter designed to deliver controlled RF energy to the renal
arterial wall for disruption of renal sympathetic nerves.

The Symplicity Spyral™ multi-electrode catheter was pri-
marily used. It is a 5 Fr-compatible, over-the-wire device with
a self-expanding nitinol spiral configuration incorporating four
electrodes arranged circumferentially, enabling multi-point ab-
lation within a single positioning. The Symplicity G3™ genera-
tor delivers automated RF energy using preset parameters with
real-time monitoring of temperature and impedance (Fig. 1).

Procedure

RDN was performed via percutaneous femoral arterial access
under fluoroscopic guidance by experienced operators. Fol-
lowing renal angiography, the catheter was advanced into the
main renal artery and its branches (3—8 mm diameter). A series
of ablations were delivered in a helical pattern along the length
of the renal arteries and accessible branch vessels, ensuring
adequate longitudinal and circumferential coverage. Treat-
ment strategy followed predefined protocols consistent with
contemporary RDN techniques.

Follow-up and assessments

Follow-up assessments were performed at 1, 3, 6, and 12 months
after hospital discharge. BP measurements were obtained using
standardized office-based techniques. At each visit, three con-
secutive BP readings were recorded after at least 5 min of rest,
with 1-min intervals between measurements, and the average
value was used for analysis. Anti-hypertensive medications
were documented at baseline and during follow-up visits, with
the number of medication classes recorded for analysis.

Study outcomes

The primary outcome was the change in office BP from base-
line to 1-year follow-up. Secondary outcomes included change
in anti-hypertensive medication burden, assessed by the num-
ber of prescribed agents, as well as procedure-related compli-
cations during follow-up.

Statistical analysis

Continuous variables were summarized as mean =+ standard de-
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Figure 1. Catheter-based renal denervation. (a) Schematic representation of renal artery access for RDN. (b) Representative
angiographic image during renal artery catheter positioning. RDN: renal denervation.

viation, whereas categorical variables were reported as frequen-
cies and percentages. Within-patient changes in SBP, diastolic
blood pressure (DBP), and anti-hypertensive medication burden
from baseline to each follow-up visit were assessed using paired
Student’s #-tests. Subgroup analyses were performed descrip-
tively, with paired Student’s #-tests used to evaluate changes
from baseline within each subgroup. All tests were two-sided,
and statistical significance was defined as P < 0.05.

Ethical statements

The study was conducted in accordance with the ethical
principles of the Declaration of Helsinki and was approved
by the Kusum Independent Ethics Committee (No. PAPER
PUB/2026 _01).

Results

Baseline characteristics

A total of 26 patients underwent RDN, with a predominance of
males (61.5%) compared to females (38.5%). The mean age of
the study population was 60.68 + 13.83 years. The mean body
mass index was 26.7 kg/m?. The mean duration of hyperten-
sion prior to RDN was 9.36 + 7.71 years. Acute hypertension-
related hospitalization was noted in 57.7% of patients, while
50.0% had at least one comorbidity. Renal Doppler evaluation
was performed in 84.6% of patients, and anatomical complex-
ity was noted in 19.2%. Procedurally, the mean duration of
RDN was 79.61 + 36.09 min. The mean total number of abla-
tions performed was 27.48 = 9.82 (Table 1).

BP control

At baseline, the mean pre-procedural SBP was 186.2 + 18.8

Table 1.
Characteristics of the Study Population

Baseline Clinical, Demographic, and Procedural

Variable Value
Gender

Male 16 (61.5%)

Female 10 (38.5%)
Age (years) 60.68 +13.83
Weight (kg) 71.07
Height (cm) 163.15
Duration of hypertension prior to RDN (years) 9.36+7.71
Smoking status 3 (11.5%)
Family history of hypertension 13 (50.0%)
Acute HTN-related hospitalization 15 (57.7%)
Any comorbidity present 13 (50.0%)
Any anatomical complexity 5 (19.2%)
Renal Doppler performed 22 (84.6%)
Procedure time (min) 79.61 +36.09
Contrast volume used (mL) 58.27 £30.08
Ablations

Total (mean + SD) 27.48 £9.82

Right renal artery (mean + SD) 14.04 +5.29

Left renal artery (mean + SD) 13.57 +6.75

HTN: hypertension; RDN: renal denervation; SD: standard deviation.
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Figure 2. Changes in systolic (a) and diastolic (b) blood pressure following renal denervation.

mm Hg and mean DBP was 98.7 + 25.3 mm Hg, indicating
markedly elevated BP prior to intervention. At discharge, there
was a significant reduction in BP, with mean SBP decreas-
ing to 136.6 = 27.3 mm Hg (mean change —49.9 mm Hg; P <
0.001) and mean DBP decreasing to 81.5 + 14.7 mm Hg (mean
change —17.6 mm Hg; P = 0.003). At the 1-month follow-up,
mean SBP was 145.9 + 17.8 mm Hg and DBP was 84.8 + 8.3
mm Hg, corresponding to reductions of —43.8 mm Hg (P <
0.001) and —11.4 mm Hg (P = 0.010), respectively, demon-
strating a slight attenuation compared to discharge but remain-
ing significantly lower than baseline. At 3 months follow-up,
mean SBP further improved to 138.7 = 16.4 mm Hg (mean
change —48.6 mm Hg; P < 0.001), while mean DBP was §1.3
+ 10.1 mm Hg (mean change —13.5 mm Hg; P = 0.002), indi-
cating sustained BP control. At 6 months, a more pronounced
reduction in SBP was observed, with mean SBP decreasing to
127.9 £ 7.9 mm Hg (mean change —58.5 mm Hg; P < 0.001),
while mean DBP was 82.7 + 7.8 mm Hg (mean change —18.0
mm Hg; P = 0.002), with reduced variability suggesting im-
proved stability of control. At 1 year, maximal BP reduction
was achieved, with mean SBP further decreasing to 121.7 +
10.5 mm Hg (mean change —63.4 mm Hg; P < 0.001) and
mean DBP to 75.9 = 4.7 mm Hg (mean change —24.7 mm Hg;
P <0.001) (Figs. 2 and 3).

Medication burden

The number of anti-hypertensive medication classes pre-
scribed demonstrated a significant and progressive reduction
over time. At baseline, patients were receiving a mean of 5.12
+ 1.70 medication classes. At discharge, this decreased to 3.15
+ 1.31, representing a significant reduction compared to base-
line (P < 0.001). At 1 month follow-up, the mean number of
medication classes was 3.44 + 0.96 (P < 0.001 vs. baseline),

512

and at 3 months follow-up it was 3.33 + 1.05 (P < 0.001), in-
dicating sustained reduction in pharmacological burden during
early and intermediate follow-up. At 1 year, a further reduction
was observed, with patients requiring a mean of 2.00 + 0.80
medication classes, corresponding to a mean reduction of ap-
proximately —3.35 classes compared to baseline (P < 0.001).
Overall, there was a marked and sustained decrease in anti-
hypertensive medication burden over time, with the greatest
reduction observed at 1 year (Fig. 4).

Safety outcomes

No major periprocedural or long-term adverse events were ob-
served. One patient developed a right thigh hematoma with an
associated superficial femoral artery (SFA) leak, which was
successfully managed with covered stent placement without
further sequelae. No additional vascular complications, renal
impairment, or device-related adverse events were noted dur-
ing follow-up. Overall, RDN demonstrated a favorable safety
profile in this cohort.

Sub-group analysis
Sex-based analysis

A sex-based subgroup analysis demonstrated comparable base-
line SBP between females (185.6 = 23.3 mm Hg) and males
(186.5 £ 16.2 mm Hg), whereas baseline DBP was higher in
males (105.9 +27.5 vs. 87.2 £ 16.6 mm Hg). Both females and
males demonstrated a substantial and progressive reduction in
SBP following RDN. At discharge, SBP reduction was compa-
rable between females (—49.2 mm Hg) and males (—50.3 mm

Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™ | https://cr.elmerpub.com



Rao et al Cardiol Res. 2026;17(5):509-518

a Change in Mean Systolic Blood Pressure (SBP) Compared to Pre-procedural Values
0 -
2 =20
E
5 40
o0
w
£ -60 -
) ~49.87 — -48.62
g -80 - -58.50
(3] -63.35
M Mean (95% CI)
-100 5 ’ ; ; .
Discharge 1 Month 3 Months 6 Months 1 Year
b Change in Mean Diastolic Blood Pressure (DBP) Compared to Pre-procedural Values
0 -
;';’E;" -20 - * | '
3 -11.43 -13.52
& =40.4 -17.61 -17.96
[} -24.65
o
= -60 -
8
S -80 -
S B Mean (95% CI)
-100 : r , ; .
Discharge 1 Month 3 Months 6 Months 1 Year

Figure 3. Mean change in systolic (a) and diastolic (b) blood pressure from baseline following renal denervation.

Hg). At 1 month, a slightly attenuated reduction was observed, —63.4 mm Hg) in females and males, respectively, indicating a
more pronounced in females (—47.3 mm Hg) compared to sustained and comparable long-term effect across both sexes.

males (—41.2 mm Hg). Thereafter, a progressive decline was In contrast, DBP reduction demonstrated a differential
noted, with SBP reductions at 3 months (—54.6 vs. —45.3 mm pattern. At discharge, males showed a greater reduction than

Hg), 6 months (=57.6 vs. =59.7 mm Hg), and 1 year (—64.1 vs. females (—21.7 vs. —11.2 mm Hg). This difference persisted

Trend of Number of Antihypertensive Medication Classes Over Time
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(£1.05)
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Figure 4. Reduction in antihypertensive medication burden following renal denervation.
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at 1 month (—16.0 vs. =5.3 mm Hg) and 3 months (—16.8 vs.
—10.4 mm Hg). At 6 months and 1 year, the magnitude of
DBP reduction remained consistently higher in males (—23.1
and —28.9 mm Hg) compared with females (=7.3 and —15.4
mm Hg), suggesting a more pronounced diastolic response in
males over time.

Both females and males demonstrated a significant reduc-
tion in antihypertensive medication burden following RDN.
Baseline medication use was comparable between groups (fe-
males: 5.3 + 1.83 vs. males: 5.0 £ 1.67 classes). At discharge,
a significant reduction was observed in both females (3.25 +
1.39) and males (3.08 £+ 1.31; both P = 0.001). This reduction
was sustained at 1 month follow-up and 3 months follow-up in
both groups (P < 0.05). At 1 year, medication burden further
declined to 2.2 + 1.03 classes in females and 2.0 + 0.58 classes
in males, representing an overall reduction of approximately
three medication classes from baseline. Overall, the magnitude
and trajectory of medication reduction were comparable be-
tween sexes.

Age-based subgroup analysis

Patients were stratified by age into < 60 years (n = 9) and >
60 years (n = 14) groups. Patients aged > 60 years had high-
er baseline SBP than those aged < 60 years (189.8 + 19.6 vs.
179.2 £ 19.4 mm Hg), whereas baseline DBP was lower in the
> 60-year group (93.2 + 15.9 vs. 107.1 £ 37.7 mm Hg).

Both age groups demonstrated significant reductions in
SBP following RDN. In patients aged > 60 years, SBP de-
creased from 189.8 + 19.6 mm Hg at baseline to 149.5 + 27.1
mm Hg at discharge (P < 0.001), 152.5 + 13.9 mm Hg at |
month (P < 0.001), 140.8 £ 15.9 mm Hg at 3 months (P <
0.001), 127.1 + 6.2 mm Hg at 6 months (P < 0.001), and 120.7
+ 12.7 mm Hg at 1 year (P < 0.001). Similarly, in patients
aged < 60 years, SBP decreased from 179.2 + 19.4 mm Hg at
baseline to 116.6 = 17.4 mm Hg at discharge (P <0.001), 139.7
+ 22.6 mm Hg at 1 month (P = 0.002), 134.6 + 20.9 mm Hg
at 3 months (P <0.001), 125.6 + 8.5 mm Hg at 6 months (P <
0.001), and 122.8 + 5.6 mm Hg at 1 year (P <0.001).

For DBP, patients aged > 60 years showed significant re-
ductions from 93.2 + 15.9 mm Hg at baseline to 79.2 = 12.0
mm Hg at discharge (P =0.009), 82.5 + 6.0 mm Hg at 1 month
(P=0.019), 77.8 +£ 6.5 mm Hg at 3 months (P = 0.002), 80.3 +
3.0 mm Hg at 6 months (P =0.021), and 74.7 = 4.3 mm Hg at
1 year (P=0.036). In patients aged < 60 years, DBP decreased
from 107.1 + 37.7 mm Hg at baseline to 85.8 + 20.0 mm Hg
at discharge (P = 0.087), 89.3 + 12.2 mm Hg at 1 month (P =
0.145), 87.0 = 14.6 mm Hg at 3 months (P =0.140), 86.4 + 9.0
mm Hg at 6 months (P = 0.071), and 77.4 + 5.1 mm Hg at 1
year (P =0.036).

Patients with and without comorbidities

In the comorbidity-based subgroup analysis (n = 25), patients
with comorbidities had higher baseline SBP (190.6 + 15.3 vs.
181.8 + 22.3 mm Hg) and DBP (103.3 = 34.1 vs. 93.8 £ 11.5

mm Hg) compared to those without comorbidities. SBP de-
creased significantly in both groups at discharge (150.0 +31.2
mm Hg; P=0.0002 vs. 124.3 + 17.2 mm Hg; P <0.001), with
sustained reductions at 1 month (156.0 + 14.0 vs. 136.4 £ 15.0
mm Hg; both P <0.001) and 3 months (147.8 + 16.0 vs. 129.7
+ 10.2 mm Hg; both P < 0.001). At 6 months, SBP was com-
parable (126.5 £ 7.8 vs. 127.9 = 7.6 mm Hg; both P < 0.001),
and remained significantly reduced at 1 year (119.6 + 13.2 vs.
124.2 £ 4.9 mm Hg; both P <0.001).

DBP reduction was significant in patients without co-
morbidities at discharge (76.5 + 9.5 mm Hg; P = 0.0004) and
1 month (83.9 + 9.0 mm Hg; P = 0.023), whereas it did not
reach significance in those with comorbidities (86.7 = 18.1
mm Hg; P = 0.081 and 85.5 + 8.5 mm Hg; P = 0.054). By
3 months, DBP reduction became significant in both groups
(79.8 £ 12.3 mm Hg; P = 0.021 vs. 83.2 £ 7.5 mm Hg; P
= 0.013), and remained significant at 6 months (84.7 + 8.5
mm Hg; P =0.034 vs. 82.5 £ 4.4 mm Hg; P=0.001) and 1
year (76.4 £ 4.9 mm Hg; P=0.02 vs. 74.7 £ 4.2 mm Hg; P <
0.001) (Table 2).

Discussion

RF RDN has consistently demonstrated durable BP reduc-
tion across randomized sham-controlled trials and real-world
registries, primarily conducted in Western populations [11].
These studies have included patients with resistant or difficult-
to-control hypertension and varying comorbidity profiles, es-
tablishing RDN as a promising adjunctive therapy. However,
the generalizability of these findings to the Indian population
remains uncertain. Indian patients exhibit distinct clinical
characteristics that may influence response to RDN, includ-
ing earlier onset of hypertension, higher burden of metabolic
risk factors, variable medication adherence, and differences in
healthcare access and treatment patterns [12]. Despite these
distinctions, there is a paucity of data evaluating the effective-
ness of RDN in Indian cohorts.

To our knowledge, this represents one of the first real-
world analyses of RF RDN from an Indian population. In this
retrospective study of 26 patients with up to 1-year follow-
up, we demonstrate significant and sustained reductions in
BP, providing important region-specific evidence that comple-
ments existing global data.

The magnitude of BP reduction observed in the present co-
hort (—63.4 mm Hg SBP and —24.7 mm Hg DBP at 1 year) ex-
ceeds that reported in contemporary sham-controlled trials and
registries conducted predominantly in Western populations. In
SPYRAL HTN-OFF MED [13] and ON MED [14], as well as
RADIANCE-HTN SOLO [15] and TRIO [16], reductions in
ambulatory SBP were modest, typically in the range of —5 to
—10 mm Hg. In contrast, earlier non—sham-controlled studies
such as SYMPLICITY HTN-1 [17] and HTN-2 [18] report-
ed larger reductions in office BP (approximately —27 to —32
mm Hg SBP and —10 to —12 mm Hg DBP at 6—12 months),
although still lower than those observed in the present study.
Importantly, data in Asian populations remain limited. In the
Global SYMPLICITY Registry Korean cohort [19], office
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Table 2. Longitudinal Changes in Systolic and Diastolic Blood Pressure Across Overall and Subgroup Analyses Following Renal

Denervation
Pre-vrocedure Discharge 1-month 3-month 6-month 1-year
P g follow-up follow-up follow-up follow-up

SBP DBP SBP DBP SBP DBP SBP DBP SBP DBP SBP DBP
Overall BP (n=26) 186.16 98.73+ 136.6+ 8147+ 1459+ 84.81 138.71  81.28+ 127.88 82.65 121.73 75.87+

+18.75 2527 27.35 14.71 17.82 +833 +£164 1007 +787 £7.8 +1046 4.67
Females (n = 10) 185.6+ 872+ 138.12 76.78+ 140+ 82.67 13323 799+ 128+ 81.78 121.5+ 73.67

2327  16.58 +17.37 10.07 17.23 +730 £1693 1037 7.29 +4.71 14.36 +3.67
Males (n = 16) 186.5+ 10593 13565 845+ 1503 86.41 142.83  82.33+ 128.06 83.21 123.13 7743

16.17 +£27.5 +£32.82 16.7 +17.6 +997 +£1541 1016 +8.01 +£7.6 +£543 +424
Age less than 60 179.2  107.1 116.6 85.8+ 139.7 89.3 £ 134.6 87.0+ 1256 864 122.8 77.4
years (n =9) +194 +£377 +£174 200 +22.6 12.2 +20.9 146 +8.5 +9.0 =<£56 +5.1
Age more than 60 189.8+ 932+ 1495 792+ 1525 82.5+ 140.8 7827 127.1 803 120.7 74.7
years (n = 14) 19.6 15.9 +27.1 120 +13.9 6.0 +159 +6.14 =£62 +3.0 +12.7 +43
Family history of 181.77 105+ 12791 8591+ 143+ 88.9 + 1424+ 83.7+ 12538 84.42 12231 76.33
hypertension (n=13) +18.93 32.33 +21.97 18.01 17.94 9.18 19.64 12.86  £8.02 +7.72 555 +£4.96
With comorbidities 190.61 10331 150+ 86.73+ 156+14 85.55 147.82  79.82+ 12646 84.67 119.62 76.42
(n=13) +1533 +£34.01 31.19 18.10 +855 £1597 1230 +781 +847 +13.15 +49%4
Diabetes (n = 10) 191.7+ 101.5+ 151.11 88.67+ 15425 8425 142.66  76.88 1244  79.78 1185+ 75.78

17.31  38.94 +£3244 19.62 £14.40 +£528 £1517 £594 +£754 +£6.67 1561 +5.02

BP: blood pressure; DBP: diastolic blood pressure; SBP: systolic blood pressure.

SBP decreased by —19.4 = 17.2 mm Hg at 6 months and —27.2
+ 18.1 mm Hg at 12 months (both P < 0.001), confirming sus-
tained BP reduction with a favorable safety profile.

Several factors may explain these differences by varia-
tions in study design and BP assessment methodology. Sham-
controlled trials use ABPM and incorporate rigorous control of
confounding factors such as medication adherence, regression
to the mean, and placebo effects, resulting in more conserva-
tive but internally valid estimates of treatment effect. In con-
trast, earlier non—sham-controlled studies relied predominant-
ly on office BP measurements, which are more susceptible to
observer bias, Hawthorne effect, and variability, often leading
to larger apparent reductions.

A recent study by Ratti et al [20] (2026) demonstrated that
catheter-based RDN resulted in a significant reduction in BP
among patients with RH, with mean SBP decreasing by 49.2
+ 12.1 mm Hg (from 175.1 + 8.2 to 122.7 = 13.0 mm Hg) and
DBP by 12.2 + 8.7 mm Hg (from 88.7 = 7.1 to 71.5 + 7.4 mm
Hg) at 3-month follow-up. The procedure was also associated
with a reduction in antihypertensive medication burden.

In this study, the greater magnitude of BP reduction is
likely attributable to multiple factors. First, patients had high-
er baseline BP levels, reflecting a more severe hypertensive
phenotype, which is a well-recognized predictor of greater re-
sponse to RDN. Second, the real-world nature of this cohort
may have allowed concurrent improvements in medication
adherence and lifestyle modifications, both of which can aug-
ment BP reduction but are less apparent in tightly controlled
trial settings. Third, procedural factors, including a higher
number of ablations and more extensive circumferential and
branch vessel treatment, may have resulted in more effective
sympathetic denervation. Finally, unlike randomized sham-

controlled trials that incorporate standardized run-in periods,
ABPM, and rigorous control of potential confounding factors,
our study relied on office BP measurements and routine clini-
cal follow-up. Accordingly, regression to the mean, observer-
related effects, and the absence of a sham-control group may
also have contributed to the magnitude of the observed treat-
ment effect. Prior registry data suggest greater long-term BP
reduction in Asian cohorts compared with Western popula-
tions, potentially reflecting variations in sympathetic activity,
salt sensitivity, or vascular physiology.

In the present study, RDN was associated with a substan-
tial and progressive reduction in antihypertensive medication
burden, with the mean number of medication classes decreas-
ing from 5.12 4+ 1.70 at baseline to 2.00 + 0.80 at 1 year (P <
0.001), corresponding to a reduction of approximately three
medication classes. This magnitude of de-escalation is notably
greater than that reported in randomized trials. In the SPYRAL
HTN-ON MED trial [14], baseline medication use was rela-
tively low (1.8 + 1.0 in the RDN group), and over follow-up,
medication burden remained stable or modestly increased in
the control arm, with the RDN group requiring fewer medica-
tions compared with sham at 12 months (3.9 + 3.1 vs. 5.5 +
5.2; P=0.0004), but without a marked absolute reduction from
baseline. Similarly, in SYMPLICITY [17-19] studies and reg-
istry data, medication regimens were generally maintained
or only modestly adjusted due to protocol-driven treatment
strategies, limiting the extent of medication reduction. Despite
the low procedural volume at several participating centers,
favorable clinical outcomes were observed across sites. This
may reflect standardized procedural techniques, careful patient
selection, and performance by experienced interventional car-
diologists at tertiary referral centers.
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Limitations

This study is limited by its retrospective, observational de-
sign without a sham or control group, introducing potential
bias and confounding. The multicenter design included a rela-
tively small number of patients from each participating cent-
er, reflecting the early adoption of RDN in India. This may
have introduced inter-center variability and limits assessment
of center-specific procedural experience and outcomes. The
small sample size limits statistical power and generalizabil-
ity, particularly for subgroup analyses. BP assessment was
based on office measurements without systematic ambula-
tory monitoring. In addition, medication adherence was not
objectively assessed. Detailed data on laboratory investiga-
tions, other vitals, medication adherence, and dose adjust-
ments were not available. Procedural variability across cent-
ers may have influenced outcomes. Follow-up was limited
to 1 year, precluding assessment of long-term durability.
Finally, the cohort was derived from tertiary centers, which
may limit broader applicability. The subgroup analyses were
exploratory and based on small sample sizes, limiting statisti-
cal power and precluding definitive conclusions. These find-
ings should therefore be considered hypothesis-generating
and require confirmation in larger prospective studies. The
observed BP reduction may have been influenced by unmeas-
ured confounders, including medication adherence, lifestyle
modifications, regression to the mean, and the absence of a
sham-control group.

Future directions should include large, multi-centric rand-
omized sham-controlled trials in Indian populations to validate
efficacy and address population-specific responses. The ongo-
ing GSR DEFINE global registry, a prospective, multinational
real-world study of RDN, has also been initiated in India with
planned follow-up up to 5 years. This is also expected to pro-
vide important long-term data on durability, safety, and effec-
tiveness in Indian patients, addressing a critical gap in region-
specific evidence and enhancing the generalizability of global
RDN outcomes.

Conclusion

In this multicenter, real-world study from India, catheter-
based RDN was associated with significant and sustained re-
ductions in BP and antihypertensive medication burden over
1 year, with a favorable safety profile. These findings provide
important region-specific evidence supporting the effective-
ness of RDN as an adjunctive treatment for RH in routine
clinical practice. However, given the retrospective design,
small sample size, and absence of a sham-control group, larg-
er randomized studies and long-term registry data are needed
to confirm these findings and further define the role of RDN
in Indian patients.

Impact on daily practice

This multicenter real-world Indian study demonstrates that

catheter-based RDN can achieve substantial and sustained
BP reduction while significantly decreasing antihypertensive
medication burden in patients with RH. The findings support
the feasibility of incorporating RDN into routine clinical prac-
tice for carefully selected patients with difficult-to-control hy-
pertension. These data also provide important region-specific
evidence from India, where real-world outcomes and long-
term experience with RDN remain limited.
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