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ABSTRACT

Introduction and objectives: Ultrasound renal denervation (uRDN) has emerged as an innovative therapeutic approach for the
treatment of hypertension. However, its efficacy compared to medication remains uncertain. We aimed to assess the efficacy profile
of uRDN vs sham groups focusing on its impact on daytime ambulatory blood pressure, 24-hour blood pressure, home blood
pressure and office blood pressure.

Methods: We conducted a systematic search across Embase, PubMed, and Cochrane Library databases from their inception up
1 November 2024 to identify randomized controlled trials evaluating the efficacy of uRDN. Statistical analyses were performed
using RevMan 6.3 software, utilizing the mean and standard deviation method to calculate mean differences with a 95% confidence
interval (95%CI).

Results: A total of 4 studies were included in the final analysis with 642 patients. uRDN significantly reduced daytime ambulatory
systolic blood pressure (SBP) (-5.12 mmHg; 95%CI, —-6.07 to —4.16; P < .00001), 24-h SBP (-4.87 mmHg; 95%CI, —6.53 to —3.21];
P <.00001), office SBP (—5.03 mmHg; 95%CI, —6.27 to —3.79; P < .00001) and showed a decrease in patient medication 6 months
after the procedure.

Conclusions: Using uRDN leads to a lower blood pressure in patients within 2 months following the procedure. Additionally, after
6 months a significant decrease in drug use is observed.

This meta-analysis protocol was registered on PROSPERO on 7 July 2024 (CRD42024562852).

Keywords: Resistant hypertension. Ultrasound renal denervation. Systolic blood pressure. Diastolic blood pressure. Antihypertensive
treatments.

Eficacia de la denervacién renal por ultrasonido para reducir la presién
arterial: revision sistematica y metanalisis

RESUMEN

Introduccion y objetivos: La denervacién renal por ultrasonido (DRU) ha surgido como un enfoque terapéutico innovador para la
hipertensién arterial resistente. Sin embargo, su eficacia en comparacién con la medicacién sigue siendo incierta. Nuestro objetivo
fue evaluar la eficacia de la DRU frente a grupos simulados, con especial atencién a su impacto sobre la presion arterial ambulatoria
diurna, la presion arterial de 24 h, la presién arterial domiciliaria y la presién arterial en el consultorio.

Meétodos: Se realiz6 una busqueda sistematica en las bases de datos Embase, PubMed y Cochrane Library hasta el 1 de noviembre
de 2024, para identificar ensayos controlados aleatorizados que evaluaran la efectividad de la DRU. Los anélisis estadisticos se
realizaron con el programa informatico RevMan 6.3, utilizando la media y la desviacién estdndar para calcular las diferencias de
medias con un intervalo de confianza del 95% (IC95%).
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Resultados: En el anélisis final se incluyeron cuatro estudios con 642 pacientes. La DRU redujo de manera significativa la presién
arterial sistolica (PAS) ambulatoria diurna (-5,12 mmHg; IC95%, —6,07 a —4,16; p < 0,00001), la PAS de 24 h (-4,87 mmHg;
1C95%, -6,53 a —3,21; p < 0,00001) y la PAS en la consulta (-5,03 mmHg; IC95%, —6,27 a —3,79; p < 0,00001), y logré una
disminucién de la medicacion de los pacientes a los 6 meses del procedimiento.

Conclusiones: El uso de DRU conlleva una reduccién de la presién arterial a los 2 meses del procedimiento. Adicionalmente,
transcurridos 6 meses se observé una disminucién significativa del uso de medicacién.

El protocolo de este metanalisis fue registrado en PROSPERO el 7 de julio de 2024 (CRD42024562852).

Palabras clave: Hipertension resistente. Denervacion renal por ultrasonido. Presion arterial sist6lica. Presion arterial diastélica. Tratamiento

antihipertensivo.

Abbreviations

BP: blood pressure. DBP: diastolic blood pressure. SBP: systolic blood pressure. RCT: randomized controlled trial. uRDN: ultrasound

renal denervation.

INTRODUCTION

Hypertension is highly prevalent worldwide and well recognized as
a major risk factor for cardiovascular, cerebrovascular, and renal
complications.! Despite the availability of numerous antihyperten-
sive drugs that effectively mitigate hypertension-related organ
damage,'” a substantial proportion of patients fail to attain adequate
blood pressure (BP) control,® which may be attributed to factors
such as medication non-adherence or the presence of resistant
hypertension,*® which is defined as the presence of uncontrolled
BP of, at least, 130/80 mmHg despite the simultaneous prescription
of, at least, 3 or 4 antihypertensive drugs of different classes, or
controlled BP despite the prescription of, at least, 4 drugs, at the
maximum tolerated doses, including a diuretic.® The pathophysi-
ology of hypertension is intricate and includes a diverse array of
mechanisms, with sympathetic overdrive emerging as a pertinent
factor in all forms of hypertension.” Consequently, novel thera-
peutic approaches have emerged, including renal denervation
(RDN), which aims to decrease renal sympathetic activity thereby
reducing BP. RDN has drawn considerable attention as a guide-
line-recommended BP lowering treatment along with lifestyle
changes and pharmacotherapy for patients with resistant hyperten-
sion.®? Recently, there has been growing consensus that RDN
should also be considered for individuals whose hypertension is
due to no therapeutic adherence.!'? Early randomized controlled
clinical trials yielded inconsistent findings on the efficacy profile
of the intervention, with a substantial proportion of patients failing
to respond across the trials.'®'* Potential explanations for the
heterogeneous results include insufficient operator experience using
the Symplicity Flex catheter (Medtronic, United States), the study
participants’ baseline characteristics, and changes of antihyperten-
sive medication.'® Subsequently, sham-controlled trials with better
study designs, catheter technologies and procedural techniques
have improved the BP-lowering safety and efficacy profile of
RDN.!*!¥ Currently, various catheter systems are used for RDN,
utilizing different technologies, such as radiofrequency-based
systems like Symplicity Spyral (Medtronic, United States). Ultra-
sound-based catheters have also been developed, such as the Para-
dise (Recor Medical, United States), whose efficacy has been
evaluated in multiple studies. Finally, there is a system based on
alcohol-mediated RDN.'” Recently, the U.S. Food and Drug Admin-
istration (FDA) approved Medtronic Symplicity Spyral and Recor
Paradise system as adjuvant therapies for the treatment of
hypertension.?’

The efficacy of the latter was evaluated in a multicenter, random-
ized, blinded and sham-controlled trial. Subsequently, it was deter-
mined in the REQUIRE RADIANCE-HTN SOLO,'* RADIANCE
HTN TRIO'” and RADIANCE II,'®* and REQUIRE?! trials. Results
were heterogeneous between the RADIANCE and REQUIRE trials,
which had limitations that may account for the varied results.!’
Finally, uRDN was concluded to be safe for the treatment of
hypertension, even in patients with resistant hypertension and poor
medical adherence.!” The aim of this study is to conduct a system-
atic review and a meta-analysis to examine the antihypertensive
efficacy of uRDN in patients with hypertension vs a sham group
treatment.

METHODS

We conducted a systematic review and meta-analysis which strictly
followed the clinical practice guidelines established by the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement.?” Methodological procedures were conducted
in full compliance with the Cochrane Handbook of Systematic
Reviews and Meta-Analysis of Interventions. This meta-analysis
protocol was registered on PROSPERO 7 July 2024, under protocol
ID: CRD42024562852.

Criteria of the included studies

Inclusion criteria were established to identify relevant studies:
patients with resistant hypertension and randomized controlled
trials (RCTs) comparing uRDN with sham groups, which did not
undergo uRDN; RCTs reporting office, daytime ambulatory, home
and 24-h ambulatory BP changes from baseline were included. We
excluded those underreporting, at least, 1 of the following outcomes
of interest: changes in BP between baseline and, at least, a 2-month
follow up. In addition, we excluded non-English publications,
case-control studies, case reports, single arm studies, letters to the
editors, basic science research, meta-analyses, and review articles.

Literature search strategy

We conducted a comprehensive search across PubMed, EMBASE,
and COCHRANE, from their inception until 1 November 2024.
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Keywords and free-text terms were used to explore literature on
hypertension, renal denervation, and ultrasound ablation. Detailed
search information for each database is provided in the Search
strategy section of the supplementary data.

Screening of literature search strategy

Initially, a comprehensive database search was conducted to
compile all relevant records. Duplicate entries were, then, manually
removed using Zotero software. Afterwards, references were
screened by title and abstract. When necessary, a full-text review
was performed to ensure relevance and accuracy. Two authors (C.
J. Palomino-Ojeda and L. H. Garcia-Mena) independently assessed
each the inclusion and quality of each article. Discrepancies were
resolved by a third author (J. M. Guerrero-Hernandez). Addition-
ally, references cited in the included studies were scrutinized and
included if they fulfilled the eligibility criteria.

Data extraction

Data extraction was conducted using Excel spreadsheets to record
the following information: a/ baseline characteristics of the study
population, b) summaries detailing the characteristics of the
included studies, ¢/ outcome measures, and d/ domains evaluated
for quality assessment.

Assessing the risk of bias

Randomized controlled trials were assessed using Version 2 of the
Cochrane risk-of-bias tool for randomized trials (RoB 2)?*?% from
the Cochrane Handbook of Systematic Reviews of Interventions.
Our analysis included a funnel plot for the primary endpoint
daytime ambulatory systolic blood pressure (SBP) shown in figure 1
of the supplementary data.

Outcome measures

BP changes were assessed by comparing baseline values and
follow-up measurements taken, at least, 2 months later. The mean
difference was analyzed using the mean and standard deviation.

Data analysis

The efficacy profile of uRDN vs the sham control was analyzed
using continuous data to calculate the mean difference with its
corresponding 95% confidence interval (95%CI).>* This analysis
assessed BP changes across groups with an, at least, 2-month
follow-up while evaluating their mean difference.

Furthermore, an examination was conducted to discern any varia-
tion among office BP, ambulatory daytime BP, 24-h ambulatory BP,
nighttime ambulatory BP, and home BP outcomes in trials that
reported these results. This was achieved by computing the mean
and its associated standard deviation for the difference between the
2 outcomes. The validated Campbell calculator was used to convert
the measures of dispersion from the outcomes in the REQUIRE trial
for data analysis.?* The level of heterogeneity was assessed using
the 1? statistic.

Sensitivity analyses were conducted using a random effects model
to account for variability among studies.?® Subgroup analyses were
predefined for first and second-generation RDN trials, with tests
for interaction for the primary endpoint.
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Assessment of heterogeneity

Heterogeneity among the included studies was assessed using
Cochran's Q statistic. Additionally, the I? statistic was used to
quantify the proportion of total variation attributed to heteroge-
neity, with values > 50% indicating high heterogeneity. All statis-
tical analyses (including the calculation of standardized mean
difference, relative risk, and mean difference) were performed
using RevMan 6.3. software.?”

RESULTS
Study selection

A total of 448 studies were identified across database searches.
A total of 392 studies were screened after removing duplicate studies,
388 of which were excluded due to single-arm study (n = 6); publi-
cation in a language different than English (n = 1); case-control or
case report studies and literature review (n = 140); basic scientific
research (n = 24); editorial letter (n = 8); different type of RDN
studies (n = 83); studies with < 10 participants (n = 6); and does not
compare intervention of interest (n = 120). Finally, 4 studies meet
all inclusion criteria and were eligible for analysis. An analysis of
642 patients from the 4 selected articles was conducted as they met
the inclusion criteria. The PRISMA flow diagram of the study
selection process is shown in figure 1.

Study characteristics

The studies included in our analysis included a total of 4 RCTs
published from 2018 through 2023.11%21 All studies used uRDN
and a sham control group. Two studies were performed in the
United States/Europe,®!” 1 study only in the United States'® and
the rest in Japan and South Korea.?! The baseline characteristics
of the included studies were analyzed and summarized in table 1.
Characteristics of the entire patient population are shown in
table 2.

In the analysis of 642 patients, the mean age was 54.15 years * 9.95,
70.8% were men, and the mean body mass index was estimated at
30 kg/m? £ 5.3. Regarding comorbidities, 15.1% had type 2 diabetes
mellitus, and 5.6%, cardiovascular disease. The mean glomerular
filtration rate (GFR) was estimated at 82.25 mL/min/1.73 m? £ 16.2.
In addition, 9.6% of patients had GFR levels < 60 mL/min/1.73 m?.
Of note, eligibility criteria in all trials include an estimated GFR >
40 mL/min/1.73 m?. Two studies— the RADIANCE-HTN SOLO and
the RADIANCE II—included patients on 1 to 3 antihypertensive
drugs and were designed as "Off Med" studies, meaning patients
underwent a washout period with no antihypertensive treatment for
4 weeks in the RADIANCE-HTN SOLO and 8 weeks in the RADI-
ANCE II. Additionally, patients who experienced complications such
as high BP were given antihypertensive escape therapy.?® On the
other hand, the RADIANCE-HTN TRIO and REQUIRE trials
included patients on 3 to 5 antihypertensive drugs and evaluated
the uRDN in patients on concomitant antihypertensive therapy.
However, only the RADIANCE-HTN TRIO trial standardized anti-
hypertensive treatment over a 4-week regimen with a fixed-dose of
3 drugs in a single pill including amlodipine 10 mg; valsartan 160
mg (or olmesartan 40 mg); and hydrochlorothiazide 25 mg. Addi-
tionally, treatment adherence was assessed by mass spectrom-
etry.?!?72¢ Enrollment criteria were comparable across the analyzed
studies. Similarly, exclusion criteria were consistent in all studies;
however, the RADIANCE trials additionally excluded patients with
anatomical variations or alterations in renal artery anatomy, as
detected on renal computed tomography or magnetic resonance
angiography.?” In all studies, patients were blinded prior to the
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Figure 1. PRISMA flow diagram. RDN, renal denervation.

uRDN procedure. Furthermore, in all RADIANCE trials, blinding
was implemented after the washout period or after the patients
completed the fixed-dose treatment.'®2027

Daytime ambulatory blood pressure

Patients treated with uRDN for up to 2 months experience a
significant reduction of —5.12 mmHg (95%CI, —-6.07 to -4.17;
P < .00001); I? = 2%) in daytime ambulatory SBP vs the sham
group. Similarly, ambulatory diastolic blood pressure (DBP) dropped
down to —2.82 mmHg (95%CI, -3.43 to -2.21; P < .00001;
12 = 0%) in patients with uRDN vs the sham group (figure 2A).

24-hour ambulatory blood pressure

24-h BP was evaluated up to 2 months after uRDN. Analysis of SBP
showed a significant reduction of —4.87 mmHg (95%CI, -6.53 to
—-3.21; P < .00001; I2 = 42%). Meanwhile, 24-h DBP dropped down
to —2.55 mmHg (95%CI, -3.83 to —1.26; P < .00001; 1?2 = 62%)
in patients on uRDN (figure 2B).

Office blood pressure

SBP dropped down to —5.03 mmHg after 2 months (95%CI, —-6.27
to —3.79; P < .00001; I2 = 0%) in uRDN patients. DBP showed a
significant decrease of —3.68 mmHg (95%CI, —4.57 to -2.78;
P < .00001; I? = 31%) with the uRDN intervention (figure 2C).

Home blood pressure

Analysis of home BP after 2 months showed a decrease in SBP of
—5.47 mmHg (95%CI, —8.08 to —2.85; P < .0001; I2 = 75%), while

N
g

Duplicated studies removed (n = 53)

388 studies excluded:

* Single-arm study (n = 6)

* Publication written in other language than English (n = 1)

* Case-control studies, case reports, literary reviews (n = 140)
* Basic science research (n = 24)

« Editorial Letter (n = 8)

« Different type of RDN studies (n = 83)

« Studies that had fewer than 10 participants (n = 6)

* Does not compare intervention of interest (n = 120)

DBP dropped down to -3.19 mmHg (95%CI, -4.63 to -1.75;
P < .0001; I? = 69%) in patients on uRDN (figure 2D).

Nighttime blood pressure

Nighttime BP was evaluated at the 2-month follow-up. We found
that SBP dropped down to —3.99 mmHg (95%CI, —7.00 to —0.99;
P = 0.009; I = 70%), while DBP dropped down to -2.30 mmHg
(95%CI -4.03 to —0.56; P = .01; I = 64%) in patients on uRDN
(figure 2 of the supplementary data).

Drugs 6 months after uRDN

Patient drugs 6 months after uRDN were only reported in the
RADIANCE-HTN SOLO and RADIANCE-HTN TRIO clinical trials.
Data analysis revealed that uRDN leads to using fewer antihyper-
tensive drugs by -0.52 (95%CI, -0.91 to -0.13; P = 0.009;
I? = 69%) vs the sham control group (figure 3).

Risk of bias assessment

Among the 4 studies included, the risk of bias remained consistent
at a moderate level, which was attributed to the inability to blind
the interventional cardiologist conducting the uRDN, although
outcome assessors were blinded to the interventions performed.
Studies were categorized as having moderate risk!®!82! (table 3).
Data on risk of bias can be found in table 1 of the supplementary
data. In addition, the funnel plot of daytime ambulatory SBP
(figure 1 of the supplementary data) showed a slight asymmetry,
as points tend to concentrate towards the left side of the combined
effect, which could suggest a possible publication bias. In addition,
the points closer to the vertex represent studies with lower standard
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Table 1. Baseline characteristics and following intervention of the included studies population

Reference
RADIANCE HTN SOLO 2018 RADIANCE-HTN TRIO 2021" REQUIRE 2022”' RADIANCE 11 2023'®
Demographics
Group uRDN SHAM control ~ uRDN SHAM control uRDN SHAM control ~ uRDN SHAM control
N 74 72 69 67 69 67 150 74
Gender, female 28 33 13 14 21 14 47 17
Gender, male 46 39 56 53 48 53 103 57
Age, years, mean (SD) 54.4 (102) 53.8 (10:0) 52.3 (1.5) 52,8 (9.1) 50.7 (11.4) 55.6 (12.1) 55.1(9.9) 54.9 (7.9)
Baseline characteristics
Body mass index, mean (SD) 29.9 (5.9) 29.9 (5.0) 328 (5.7) 326 (5.4) 29.5 (5.5) 28.4 (4.5) 30.1(5.2) 30.6 (5.2)
Abdominal obesity M 44 54 55 - - 90 46
GFR mL/min/1.73 m? 84.7 (16.2) 83.2 (16.1) 86 (25.2) 82.2 (19.2) 74.2 (16.2) 69.6 (17.1) 81.4 (14.4) 82.3 (14.9)
GFR < 60 mL/min/1.73 m? 1 3 8 7 15 18 7 3
Type 2 diabetes mellitus 2 5 21 17 18 20 9 5
Cardiovascular disease - - 8 9 9 9 1 -
Systolic BP at office screening, mm Hg 142.6 (14.7) 144.6 (15.9) 161.9 (15.5) 163.6 (16.8) 157.6 (19.5) 160.4 (14.9) 155.8 (11.1) 154.3 (10.6)
Diastolic BP at office screening, mm Hg 923 (10.1) Mean 93.6 (8.3)  105.1(11.6)  103.3 (12.7) 97.7 (16.6) 95.3 (14.2) 101.3 (6.7) 99.1 (5.6)
HR at office screening, beats/min 72 (12.1) 726 (12.3) 745 (11) 776 (12.9) 75.3(10.8) 715 (12.8) 74.1 (12.0) 73.6(11.9)
Number of antihypertensive drugs 1:33 1:28 3:27 3:28 3:32 3:29 1:52 1:25
at screening 2:28 2:27 4:22 4:24 4:20 4:23 2: 44 2:25
1 21 5:20 5:15 5:17 5:15 >2:0 >21
Procedural time 72.3(23.3) 38.2 (12.6) 83.66 (22.71)  41.33 (12.87) 86.7 (54.0) 40.2 (11.6) 76.7 (25.2) 43.9 (16.6)
Following intervention
Office systolic blood pressure 143.7 (16.7)  149.7 (17.4) 147.1 (20.3)  152.1 (22) - - 145.8 (15.9)  151.2(16.4)
at 2 months
Office diastolic blood pressure 94.2 (10.1) 98 (10) 96.6 (13.9) 98.7 (13.8) - - 96.0 (10.2) 98.1(11.2)
at 2 months
Daytime ambulatory systolic BP 1419 (11.9) 147.9 (13.3) 141.0 (16.1) 146.3 (18.8) - - 135.6 (13) 142.9 (10.5)
at 2 months
Daytime ambulatory diastolic BP 87.9(1.1) 90.9 (7.9) 88.5 (11.6) 90.7 (12.2) - - 83.1(7.6) 87.0 (6.3)
at 2 months
24-hour systolic BP at 2 months 135.6 (11.4)  140.7 (11.8) 135.2 (16.0) 1405 (18.7) - - 135.6 (13.0)  142.9 (10.5)
24-hour diastolic BP at 2 months 83 (6.8) 85.7 (7.1) 83.6 (10.9) 85.8 (12) - - 83.1(7.6) 87.0 (6.3)
Home systolic BP at 2 months 139.4 (11.7)  146.6 (15.4) 144.6 (18.2)  149.9 (18.9) - - 1434 (12.3)  148.8 (12.3)
Home diastolic BP at 2 months 89.9 (7.8) 93.3(8.5) 93.2 (14.7) 96 (12.8) - - 92.7 (1.4) 95.5 (8.1)
Nighttime ambulatory systolic BP 125.6 (12.8)  129.4 (13.1) 126.3 (18.4)  76.2(12.2) - - 1255 (15.0)  132.4 (12.2)
at 2 months
Nighttime ambulatory diastolic BP 74.8 (8.5) 713 (8.5) 131.9(20.9) 784 (13.2) - - 75.1(9.7) 796 (7.5)
at 2 months

BP, blood pressure; GFR, glomerular filtration rate; SD, standard deviation; uRDN, ultrasound renal denervation.

error due to a larger sample size. The heterogeneity of the funnel DISCUSSION

plot reflects variations in effects across studies. Plot points are

within the funnel lines, but one of them towards the lower right This meta-analysis includes data from 4 randomized controlled
seems further away from the rest, which could indicate a possible trials that evaluated the efficacy profile of uRDN in patients with
outlier or methodological or population differences.? true resistant hypertension and off-medication hypertensive patients
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Table 2. Summary of included studies

159

Study ID Country Study design Total population Compare Key findings
interventions
RADIANCE HTN United States/ RCT 146 uRDN vs SHAM  Renal denervation resulted in a greater reduction in daytime ambulatory
SoLO™ Europe control systolic blood pressure compared with a sham procedure
RADIANCE HTN United States/ RCT 136 uRDN vs SHAM  Renal denervation reduced daytime ambulatory systolic blood pressure
TRIO" Europe control more than the sham procedure
REQUIRE”' Japan and RCT 136 uRDN vs SHAM s the first trial of ultrasound renal denervation in Asian patients with
South Korea control hypertension on antihypertensive therapy

The study did not show a significant difference in ambulatory blood

pressure reductions in treated patients with resistant hypertension
RADIANCE 11" United States RCT 224 uRDN vs SHAM  The primary efficacy outcome was the mean change in daytime

control

ambulatory SBP at 2 months

No major adverse events were reported in either group

RCT: randomized controlled trial, SBP, systolic blood pressure; uRDN: ultrasound renal denervation.
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Figure 2. Meta-analysis of the effect of uRDN on blood pressure va a sham control. A: difference in daytime ambulatory BP up to 2 months; B: difference in
24-hour BP up to 2 months; C: difference in office BP up to 2 months; and D: difference in home BP up to 2 months. Forest plots showing the mean difference
and SD from random assignments between the uRDN and sham control groups. 95%Cl, 95% confidence interval; BP, blood pressure; SD, standard deviation;
uRDN, ultrasound renal denervation. The bibliographical references mentioned in this figure correspond to Azizi et al,'®'® and Kario et al”'
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Figure 3. Patients on uRDN used less antihypertensive medication prescribed 6 months after the procedure vs the sham group. 95%Cl, 95% confidence interval;
BP, blood pressure; SD, standard deviation; uRDN, ultrasound renal denervation. The bibliographical references mentioned in this figure correspond to Azizi

et al.'® and Azizi et al.”
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Table 3. Risk of bias summary for randomized studies (RoB 2)
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Risk of bias domains

Trials

D1 D2 D3 D4 D5 Overall
RADIANCE HTN SOLO'™ Low Low Low Low Low Low
RADIANCE HTN TRIQ" Low Low Low Low Low Low
REQUIRE?! Low Low Low Low Low Low
RADIANCE 118 Some concerns Low Low Low Low Some concerns

D1: bias arising from the randomization process. D2: bias due to deviation from intended intervention. D3: bias due to missing outcome data. D4: bias in outcome measurement.

D5: bias in selection of the reported result.

vs a sham group. Antihypertensive efficacy was evaluated across
different clinical settings such as 24-h ambulatory BP, home BP,
office BP, and daytime BP. Our results demonstrated significant
BP-lowering efficacy at the 2-month follow-up vs the sham proce-
dure. Furthermore, at the 6-month follow-up, fewer antihyperten-
sive drugs were prescribed to patients on uRDN vs those from the
sham group. These results support the use of uRDN as an adjuvant
therapy for hypertension and as a valuable option for reducing BP
as well as the number of antihypertensive drugs.

Previous studies have demonstrated the safety profile of RDN for
the treatment of resistant hypertension, such as the first-generation
SIMPLICITY HTN trials.* However, the SIMPLICITY HTN-3 study
showed no differences in the 24-h BP reduction vs the sham group,
casting doubts on the benefits of RDN.!* Subsequently, new cath-
eters were developed for performing RDN, and standardized criteria
were established for conducting RDN trials with a sham group.'#!?
Currently, uRDN has emerged as a novel option as an adjuvant
therapy treatment of hypertension. It is based on catheter systems,
such as the TIVUS and Paradise systems, which utilize ultrasound
energy for the thermal ablation of afferent and efferent renal
nerves. 9!

Our results demonstrated a reduction in both SBP and DBP at the
2-month follow-up, with a more pronounced effect on SBP in patients
on uRDN vs the sham control group. We observed a reduction of
—-5.12 mmHg in ambulatory SBP, —4.87 mmHg in 24-h SBP, -5.03
mmHg in office SBP, and —5.47 mmHg in home SBP. These findings
are particularly relevant since SBP has turned out to be a strong
predictor of future cardiovascular events and mortality, regardless
of age in adults.®” The CI values for home BPS had the widest range.
Furthermore, the RADIANCE HTN-SOLO trial demonstrated a wide
CI in both office and home SBP. This observation is an opportunity
for future trials to focus on patient training to standardize home BP
measurement since day-to-day home BP has been proposed as a
potential predictor of cardiovascular disease.*

Although the observed BP reduction may seem minimal and lack
significant clinical relevance, it is important to note that these
findings reflect the first 2 months of follow-up after uRDN initiation
and literature reports that uRDN has a sustained long-term effect
on lowering BP values. For example, the HTN RADIANCE-SOLO
trial demonstrated that at the 36-month follow-up, office BP
decreased 18/11 + 15/9 mmHg.?* Related to this, previous studies
have demonstrated that a 10 mmHg reduction in SBP is associated
with a decrease in the relative risk (RR) of major cardiovascular
events (RR, 0.80; 95%CI, 0.77-0.83), coronary heart disease (RR,
0.83; 95%CI, 0.78-0.88), stroke (RR, 0.73; 95%CI, 0.68-0.77), heart
failure (RR, 0.72; 95%CI, 0.67-0.78), and a 13% reduction in all-cause
mortality rate (RR, 0.87; 95%CI 0.84-0.91).? However, it has recently
been reported that even a 5 mmHg decrease is beneficial to reduce
the risk of major cardiovascular events, estimating a hazard ratio

(HR) of 0.91 (95%CI, 0.89-0.94) for individuals without previous
cardiovascular disease and a HR of 0.89 (95%CI, 0.86-0.92) for those
with previous cardiovascular disease.! In addition, reduction of
preventable major cardiovascular events by treating hypertension
has a positive economic impact in reducing hospitalization expenses
due to complications such as heart attack or stroke.* Hypertension
is a prevalent global health concern, and effective BP control is
achieved in only 21% of patients.*® In the United States, individuals
with hypertension are estimated to incur an additional $2500 to
$3000 in annual expenses vs those without hypertension. Main-
taining normal BP not only benefits patients but also supports the
economic well-being of the entire health care system.®” In fact,
studies evaluating the cost-effectiveness of long-term use of radiof-
requency RDN have been conducted in the United States and the
United Kingdom concluding that this procedure represents a cost-ef-
fective option for the treatment of uncontrolled and resistant hyper-
tension, as its sustained BP-lowering effect favors the reduction of
cardiovascular morbidity and mortality.*® Similarly, in Spain, an
estimate was made of the impact of radiofrequency RDN on quali-
ty-adjusted life years, cardiac events, and patient-related lifetime
costs. Radiofrequency RDN was found to reduce the risk of stroke
(RR, 0.80), myocardial infarction (RR, 0.88), and heart failure (RR,
0.72) throughout a 10-year period, resulting in improved health
outcomes and long-term cost savings. Results presented indicate that
radiofrequency RDN 1is a cost-effective therapeutic option that
should be taken into consideration in patients with uncontrolled
hypertension, including resistant hypertension.*’

In addition to the reduction in BP and the positive cost-effectiveness
of uRDN, radiofrequency RDN has been demonstrated to be a safe
procedure for the patients. The clinical trials that analyzed this
meta-analysis found no safety differences between the treated and
sham groups. Furthermore, few postoperative adverse events were
reported. Most complications were associated with back pain,
which was effectively and uneventfully managed.'®'®?! The long-
term safety profile of the procedure has been consistently reported,
with no adverse effects being reported from uRDN observed at the
1, 3-, and even 8-year follow-up.3*#0#1

Our findings also demonstrated that, at the 6-month follow-up, patients
on uRDN used fewer prescribed antihypertensive drugs, which
suggests that treatment may potentially improve patient outcomes.
However, this outcome was only evaluated in the RADIANCE
HTN-TRIO and RADIANCE HTN-SOLO trials. In addition, at the
3-year follow-up the RADIANCE HTN-TRIO reported no differ-
ences in the number of drugs used by patients initially identified
with uncontrolled hypertension, although they decreased office
SBP by 10.8 mmHg.** This is particularly noteworthy as non-ad-
herence to therapy is a significant contributing factor to uncon-
trolled BP.*> However, the results suggest that the greatest benefit
is observed in the maintenance of low BP levels rather than in the
decrease in the number of antihypertensive drugs prescribed.
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Of note, the I? value of the outcomes evaluated showed that
daytime SBP and DBP had low heterogeneity, while the 24-h SBP
and DBP values had moderate-to-high heterogeneity. On the other
hand, office SBP and DBP had low-to-moderate heterogeneity.
Finally, home SBP and DBP, as well as nighttime SBP and DBP and
drug intake had high heterogeneity. Variations in heterogeneity do
not necessarily indicate that the results are not useful;*® possibly,
the differences in the heterogeneity of the outcomes assessed is due
to differences in the methodology of the studies contemplated in
this meta-analysis, which will be discussed below.

Our analysis included the REQUIRE trial, which has certain limita-
tions, such as the absence of a blinded design, a non-standardized
uRDN intervention, and dose titration. These factors may have
introduced bias, potentially explaining the lack of differences
observed between the uRDN and sham groups. In addition, the
inclusion criteria of the study did not consider the presence of
anatomical variations in the renal arteries vs the RADIANCE trials
in which an exclusion criterion is the presence of anatomical vari-
ations in renal arteries. This factor, along with therapeutic adher-
ence, could impact the BP reduction results.??®* Based on this
perspective, the European Society of Cardiology (ESC) Council on
Hypertension and the European Association of Percutaneous
Cardiovascular Interventions (EAPCI) have established the charac-
teristics that must be met by studies evaluating RDN with a sham
control group to be considered as high quality: a) multicenter
design; b) blinding of patients; ¢) ambulatory BP change as the
primary enpoint; d) use of second-generation RDN systems.!’ In
this context, RADIANCE clinical trials are characterized by a
rigorous methodological protocol, which required a 4- or 8-week
stabilization of pharmacological therapy prior to randomization to
either uRDN or a sham procedure.*“® Furthermore, RADIANCE
trials monitored therapeutic adherence and were designed to assess
the effect of uRDN with and without antihypertensive treatment,
minimizing the confounding effects.?®*"

A key long-term challenge of the RADIANCE trials is to demon-
strate sustained BP-lowering effects vs sham groups. Follow-up
studies show that patients from the sham group required higher
doses of antihypertensive drugs, while those on uRDN used fewer
drugs. Although BP differences across groups decreased throughout
time, uRDN patients consistently needed fewer prescriptions.?®%

Results from the RADIANCE trials demonstrate the efficacy profile
of uRDN for the treatment of resistant hypertension and patients
with poor therapeutic adherence, as observed in the off-study
population. Additionally, the REQUIRE trial highlights the potential
role of anatomical variations in determining patient suitability for
uRDN, underscoring the importance of selecting appropriate criteria
for patient selection. In addition, RDN has proven to be a safe
procedure with a positive long-term cost-benefit ratio. The key
question on uRDN may be: Which patient group would benefit
most from uRDN, considering anatomical factors and therapeutic
adherence?

Study limitations

To make the most out of the study results, it is important to
consider its limitations: a) we only analyzed data from trials that
used uRDN, which reduces the size of the population; b) data
availability from the studies considered covered a short follow-up
period, which limits the ability to determine the long-term antihy-
pertensive efficacy of uRDN; ¢/ differences in supervised drug
adherence across the methodological designs limit their applica-
bility to real-world settings; d/ Since RCTs included patients with
true resistant hypertension and off-med hypertension, the hetero-
geneous population limits the generalizability of the results to a

of #9

Hypertensive patients
treated with uRDN

Decrease in blood

pressure in the
following contexts

Hypertensive patients
with sham procedure

v

Systolic blood
pressure

Comparison of blood pressure reduction
between the uRDN-treated group and the
sham control group at the 2-month follow-up

Diastolic blood
pressure

Daytime —5.12 mmHg (95%Cl, —2.82 mmHg (95%Cl,
ambulatory —6.07 to —4.17; —3.43 to —2.21;
P < .00001) P < .00001)
24-hour —4.87 mmHg (95%Cl, —2.55 mmHg (95%Cl,
ambulatory —6.53 to —3.21; -3.83 to —1.26;
P < .00001) P < .00001)
Office —5.03 mmHg (95%Cl, —3.68 mmHg (95%Cl,
—6.27 to —3.79; —4.57 to -2.78;
P < .00001) P < .00001)
Home —5.47 mmHg (95%Cl, —3.19 mmHg (95%Cl,
—8.08 to —2.85; —4.63 to —1.75;
P < .0001) P < .0001)
Nighttime —3.99 mmHg (95%Cl, —2.30 mmHg (95%Cl,
—7.00 to —0.99; —4.03 to —0.56;
P < .009) P < .01)
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Figure 4. Central illustration. Summary of the effect on the decrease in
systolic and diastolic blood pressure in patients on uRDN compared with
patients who received the sham procedure at the 2 months postoperative
follow-up. uRDN, ultrasound renal denervation.

specific hypertension subtype; and e/ The funnel plot showed
asymmetry, suggesting a possible publication bias, although results
should be interpreted with caution because the funnel plot also
indicates that there is a limited amount of data.

CONCLUSIONS

This meta-analysis demonstrates that uRDN treatment effectively
reduces both SBP and DBP across various contexts, including 24-h,
ambulatory, home and office BP at the initial 2-month follow-up
in hypertensive patients (figure 4). Additionally, uRDN was asso-
ciated with reduced antihypertensive drug use 6 months after the
procedure. However, further research is needed to assess its long-
term effects and identify the patient groups who may benefit the
most.
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