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Abstract

Background: Catheter-based renal denervation (RDN) is a potential non-
pharmacological treatment for resistant hypertension, though its efficacy
and safety require further validation. This meta-analysis compared RDN to
sham procedures on blood pressure (BP) outcomes and safety.

Methods: We pooled data from 6 randomized controlled trials (999
patients) using random-effects models. Primary outcomes were changes
in 24-hour ambulatory systolic/diastolic BP (SBP/DBP) and office SBP.
Safety assessed adverse events and renal function. Heterogeneity was
evaluated via I2.

Results: RDN significantly reduced 24-hour ambulatory DBP (SMD:
-0.23; 95% CI: -0.47, -0.00; p=0.05) and office SBP (SMD: -0.29; 95% CI:
-0.50, -0.08; p=0.007) versus sham. The reduction in 24-hour ambulatory
SBP was not significant (SMD: -0.21; 95% CI: -0.47, 0.05; p=0.11).
Adverse event rates and renal function changes were similar between
groups (p=0.86). Analyses showed moderate-to-high heterogeneity
(I>=62%-69%).

Conclusions: RDN effectively lowers ambulatory DBP and office SBP with
a favorable safety profile. Its effect on ambulatory SBP remains uncertain.
While a promising option for resistant hypertension, standardized protocols

and long-term data are needed to confirm efficacy and durability.

Keywords: Renal  Denervation (RDN);  Treatment-Resistant
Hypertension; Blood Pressure Reduction; Catheter-Based Intervention;
Radiofrequency Ablation; Ultrasound Ablation; Ambulatory Blood
Pressure Monitoring (ABPM); Cardiovascular Risk Reduction

Introduction

As a leading threat element for critical cardiovascular complications
(stroke, coronary artery disorder, heart failure) and massive kidney harm,
uncontrolled arterial hypertension poses a great fitness burden [1]. Treatment-
resistant hypertension, a particularly challenging subset, is rigorously defined
as blood pressure (BP) persistently exceeding the target of 140/90 mmHg.
This definition requires documented failure despite consistent adherence to
recommended lifestyle modifications and the concurrent administration of
three distinct classes of antihypertensive medications, crucially including a
diuretic agent at optimal or maximally tolerated doses [2,3].

Renal denervation (RDN) has emerged as a promising therapeutic strategy
for this condition. It is a minimally invasive, catheter-based interventional
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procedure designed to ablate the sympathetic nerves encircling
the renal arteries. This targeted ablation disrupts pathological
signaling, reducing both efferent nerve traffic from the
central nervous system to the kidneys (which stimulates renin
release, sodium retention, and vasoconstriction) and afferent
signaling from the kidneys back to central sympathetic nuclei
(which contributes to systemic sympathetic overactivity)
[4,5]. The net physiological effect of this neuromodulation
is a sustained reduction in blood pressure [6]. Reflecting its
established position within the therapeutic armamentarium,
RDN has gained significant endorsement: it is formally
recommended for appropriate patients in the influential 2023
European Society of Hypertension (ESH) Guidelines [3] and
has received regulatory approval from the US Food and Drug
Administration (FDA) specifically for clinical use in patients
with uncontrolled hypertension [7].

Current systematic reviews and meta-analyses of
RDN [6,8-13] offering a potential solution for individuals
struggling with medication nonadherence or intolerance —
these analyses possess critical limitations for contemporary
practice. Notably, they do not incorporate the findings from
several pivotal, recently completed landmark trials conducted
according to stringent ESC/EAPCI and HARC consensus
standards. Furthermore, methodological disparities among
the included older trials, particularly concerning variations in
enrolled patient populations (e.g., severity of hypertension,
medication burden), the nature of comparator groups (e.g.,
sham procedure details, medical therapy optimization), and
the protocols for outcome assessment (e.g., ambulatory vs.
office BP, timing), significantly hinder the generalizability
and current applicability of their conclusions [8-13]
methodological disparities regarding trial populations,
comparator groups, and final results tests avert the
generalizability in their conclusions. This underscores the
need for the present analysis.

Despite the demonstrated efficacy of RDN in reducing
ambulatory blood pressure and its growing acceptance
in clinical guidelines and regulatory frameworks, several
critical questions remain inadequately addressed by the
existing body of evidence. Key knowledge gaps persist
regarding the consistency of RDN's effect across different
circadian BP patterns (e.g., non-dipping status), the long-
term durability of the BP-lowering effect beyond 3 years, and
the comparative impact of specific denervation technologies
(radiofrequency vs. ultrasound) on both efficacy and safety
outcomes. Furthermore, the durability of the observed sham
procedure effect and its potential influence on long-term
outcomes requires further elucidation. Addressing these
specific uncertainties is paramount, as they have direct
implications for patient selection, procedural choice, and
the anticipation of long-term cardiovascular and renal risk
reduction. The present systematic review and meta-analysis,
incorporating the latest pivotal trial data, is specifically
designed to provide a contemporary, comprehensive, and
methodologically rigorous assessment of RDN, aiming to
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resolve these persistent uncertainties and inform optimal
clinical implementation.

Objectives: The goal of this systematic evaluation and
meta-evaluation is to evaluate the role of renal denervation
(RDN) as a healing technique for treatment-resistant
hypertension. Specifically, it aims to assess the efficacy
of RDN in decreasing blood pressure in comparison to
sham techniques or preferred antihypertensive treatment
options, while analyzing its protective profile and long-term
consequences. The evaluation also seeks to become aware of
factors influencing the range of treatment responses, which
include patient demographics, baseline blood pressure, and
tool kind, to offer comprehensive information on its scientific
utility. Additionally, the observe pursuits to explore the
implications of looking at the layout on results and to evaluate
the capability of RDN as an alternative to pharmacological
intensification in patients with resistant hypertension.

Methodology

Study Design: This review is a systematic assessment
and meta-analysis of scientific trials guided by the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) [14] reporting tips. This systematic evaluation
and meta-analysis (SRMA) have been registered with
PROSPERO [15], the International Prospective Register of
Systematic Reviews, ensuring transparency and adherence to
the PRISMA review protocols.

Eligibility Criteria: The inclusion criteria for this
systematic assessment and meta-evaluation encompass
studies comparing the position of renal denervation (RDN)
in the control of treatment-resistant hypertension. Eligible
studies include medical trials comparing RDN with sham
tactics or preferred antihypertensive treatments. The
interventions ofhobby involve radiofrequency and ultrasound-
based RDN, with effects including workplace blood pressure,
24-hour ambulatory blood pressure, safety profiles, and
long-term consequences. Only original study articles, such
as randomized controlled trials (RCTs), have been included.
Reviews, commentaries, editorials, and research not available
in complete-textual content or posted in languages other than
English had been excluded. Additionally, studies focusing on
situations apart from treatment-resistant high blood pressure
or regarding mixed interventions outdoor the scope of RDN
were excluded to ensure relevance.

Search Strategy: The literature search protected
databases along with PubMed, Google Scholar, and the
Cochrane Library. PRISMA pointers were used during the
quest method. Boolean operators (AND/OR) were applied
to refine the search terms, ensuring specificity. The search
phrases covered combinations like ("renal denervation" OR
"RDN" OR "catheter-primarily based denervation") AND
("hypertension" OR "remedy-resistant high blood pressure")
AND ("randomized controlled trial" OR "clinical trial") AND
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("blood pressure" OR "efficacy" OR "protection"). Filters
were implemented to include the best clinical research,
articles with loose full-textual content get entry to, and
people published in peer-reviewed journals. Reference lists
of decided-on articles had been additionally reviewed for
extra relevant studies. Six studies met the inclusion standards
after screening.

Selection Process: Article screening was performed in
two stages. Titles and abstracts were reviewed to discover
potentially eligible research, accompanied by complete-text
opinions of selected articles. Data from eligible research
had been extracted into uniform tables, detailing creator,
12 months, have a look at layout, location, sample size,
interventions, and key findings. Disagreements throughout
the selection technique were resolved via discussion or a
session with a senior creator. Only research with similar final
results measures and sufficient methodological first-class was
included in the meta-evaluation.

Data Collection: Two unbiased authors, blinded to each
other's opinions, screened the articles based on pre-defined
eligibility criteria. Studies had been categorised as "excluded"
or "disputed," with disputes resolved by means of the main
investigator. Exclusion reasons included, besides the point
population, flawed study design, non-applicable results, or
excessive danger of bias. Data from the six covered research
studies had been compiled into an Excel sheet for synthesis
and evaluation.

Data Items: The total sample size throughout the six-
blanketed research was reviewed and analysed following
a secondary screening protocol. A PRISMA flow diagram,
created in keeping with PRISMA requirements, illustrates the
take a look at choice process (Figure 1). Study interventions
had been tabulated in opposition to the have a look at
population and the stated effects in a synthesis table. Only
applicable results had been covered within the very last
synthesis.

Statistical Analysis: Statistical evaluation was achieved
using the usage of RevMan software program [16]. The
outcomes covered non-stop measures, including blood
pressure reduction and protection endpoints, stated with
95% confidence intervals (CIs). A random-consequences
version is utilized to cope with versions among have a look
at populations, protocols, and designs, accounting for ability
heterogeneity. Heterogeneity is measured the usage of the
chi-square check and quantified with the I? statistic, with
values exceeding 50% indicating widespread heterogeneity.

Quality Assessment: The nice of the blanketed reviews
is assessed by the usage of the Risk of Bias (ROB) 2 tool
for randomized controlled trials [17,18]. The domain names
of choice, comparison, and results were evaluated. Each
examine changed into rated for its methodological best and
labelled as having low, moderate, or high risk of bias. This
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evaluation assessed the credibility and reliability of the
records extracted from each study.

Results

Study Items: A PRISMA Flowchart was made for the
included studies. It is given in Figure 1 [19].

Data Characteristics: Table 1 summarizes the key
characteristics of the six randomized controlled trials (RCTs)
included in this analysis, all investigating renal denervation
(RDN) for hypertension management. These studies enrolled
patients with hypertension, predominantly uncontrolled.
Sample sizes ranged from 15 to 337 participants. All trials

ldentification of new studies via databases and registers

c Records removed before screening:
= T 2 Duplicate records (n = 1,367)
E ‘ HDB:;?S |dent|f|e\; Lné“' }—D Records marked as ineligible by automation
E 9608 (0= 2,416) tools (n = 369)
ﬁ Records removed for other reasons (n = 56)
Y
Records screened Records excluded
(n=624) (n = 396)
2 Reports sought for retrieval Reports not retrieved
5 (n=226) (n=135)
o
0
@
R Reports excluded:
‘ Raports ass;sfz? ere“g'b”"y }—b Irrelevant Outcomes (n = 45)
& Irrelevant Study Design (n = 40)

New studies included in review
(n=8)

Included

Figure 1: PRISMA Flowchart of included studies [19].

employed a sham-controlled design (renal angiography or
simulated procedure) as the comparator to catheter-based
RDN. Two distinct denervation methods were evaluated:
radiofrequency ablation (using Simplicity Spiral™ or
Vessix systems) and ultrasound ablation (using Paradise™
or EnligHTN™ gystems). The primary outcome measures
across all studies were changes in ambulatory systolic and
diastolic blood pressure and assessment of adverse effects.
Follow-up durations varied from 8 weeks to 36 months. The
studies were conducted across numerous centres globally,
ranging from a single centre to 72 sites.

The SPYRAL Pivotal trial found catheter-based renal
denervation (RDN) superior to sham in safely lowering
blood pressure without antihypertensive medications, based
on secondary endpoints, though the primary analysis was
not significant. Ultrasound RDN significantly reduced BP at
2 months in patients resistant to standardized triple therapy.
Sustained long-term efficacy could position RDN as an
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Sr

No. Study

Bohm et al.
2020 [20]

Kandzari
2 etal. 2023

21

Weber et
3 al. 2020

122)

Azizi et al.
2021 [23]

Kario et al.
2022 [24]

Jacobs et
6 al. 2017

125]

Study
Design

RCT

RCT

RCT

RCT

RCT

RCT
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Location

international

international

USA

international

Japan and
south Korea

Belgium

Population

hypertensive
patients

patients with
uncontrolled
hypertension

patients with
uncontrolled
hypertension

patients with
uncontrolled
hypertension

patients with
uncontrolled
hypertension

patients with
essential
hypertension

Sample
Size

331

337

51

136

69

Intervention

catheter-based
renal denervation

radiofrequency

radiofrequency

Ultrasound renal
denervation

Ultrasound renal
denervation

Ultrasound renal
denervation

Comparator

SHAM:
Renal
angiography

sham control
procedure

sham control
procedure

sham control

procedure

sham control

procedure

sham control

procedure

Table 1: Characteristics of included studies.

Denervation
Method

Radiofrequency
technique
(Multielectrode
Symplicity
SpiralTM®)

Radiofrequency
technique
(Multielectrode
Symplicity
SpiralTM®)

Radiofrequency
technique
(Vessix Renal
Denervation®
system
transmits
radiofrequency
energy via
bipolar
electrodes).

Paradise System
(ReCor Medical,
Palo Alto, CA,
USA)

catheter-based
Paradises Renal
Denervation
System

Enlighten
multi-electrode

denervation system
(St Jude Medical,

Saint Paul, MN)
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Main Outcome
measures

ambulatory
systolic and
diastolic blood
pressure,
adverse effects

ambulatory
systolic and
diastolic blood
pressure,
adverse effects

ambulatory
systolic and
diastolic blood
pressure,
adverse effects

ambulatory
systolic and
diastolic blood
pressure,

adverse effects

ambulatory
systolic and
diastolic blood
pressure,

adverse effects

ambulatory
systolic and
diastolic blood
pressure

290

Follow up Participating
Duration Centers

44 centers
in Australia,
Austria,
Canada,
Germany,
Greece,
Ireland,
UK,
and USA

3 months

56 clinical
centers
worldwide
(USA,
Germany,
Japan, UK,
Australia,
Austria, and
Greece)

6 months

8 weeks
6 months:
12 months

12 centers
in USA

28 tertiary
centers in
the USA and
25in
Europe
(France,
the UK,
Germany,
Poland,
Belgium,
the
Netherlands)

36 months

72 sites in
Japan and
South Korea

3 months

3 months Belgium
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alternative to adding more drugs for resistant hypertension.

While RDN's BP reductions aligned with other sham-
controlled studies, an unexpectedly large BP drop in the
sham group suggested possible study design influences. After
baseline adjustment, RDN showed a significant reduction
in the primary efficacy endpoint (24-hour BP: -22.4/-13.1
mmHg, P=0.049) and a non-significant trend in office BP
(-19.5/-10.4 mmHg, P=0.088). Safety, assessed by eGFR
change, was comparable (+1.5 vs. -1.1 mL/min/1.73 m?;
P=0.86). By 6 months, RDN patients had reduced ECG
voltages and used fewer prescribed medications (P=0.036).
Questionnaires and urine analysis indicated similar quality
of life and adherence between groups, with no link between
adherence and BP change, and no major complications.

Meta-Analysis: For the meta-analysis, data synthesis was
conducted using Review Manager (RevMan) software [26].

(I) Change in 24-hour Ambulatory Systolic Blood
Pressure (SBP): The wooded area plot illustrates the
changes in 24-hour ambulatory systolic blood pressure
(SBP) throughout six studies comparing renal denervation
(experimental group) with a sham process (manage group).
The standardized suggest difference (SMD) for every
examine, along with the corresponding 95% confidence
intervals (Cls), is displayed.

The pooled evaluation using a random-consequences
version yielded a standardized effect size distinction of -0.21
(95% CI: -0.47 to 0.05; p=0.11), favouring the experimental
institution; however, the end result isn't statistically
significant. Heterogeneity in many of the studies becomes
full-size, with an I? value of 69% (p = 0.006), suggesting full-
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size variability within the effects across studies.

Individually, maximum studies showed a fashion toward
a reduction in SBP in the renal denervation institution in
comparison to the manipulate, with effect sizes ranging from
-0.01 (95% CI: -0.34 to 0.33) in the have a look at by using
Kario et al. (2022) to -1.88 (95% CI: -3.17 to -0.58) in the
take a look at by using Jacobs et al. (2017). Only Jacobs
et al. Validated a statistically widespread reduction in SBP
favouring the intervention.

Overall, whilst the fashion indicates that renal denervation
can also reduce 24-hour ambulatory SBP, the lack of statistical
importance and sizable heterogeneity highlight the need for
similarly research with larger, greater homogenous examine
populations.

Change in 24-hour Ambulatory Diastolic Blood
Pressure (DBP): The forest plot depicts changes in 24-
hour ambulatory diastolic blood pressure (DBP) throughout
six studies evaluating renal denervation (experimental
organization) with a sham technique (control organization).
The standardized imply difference (SMD) for every
observation, alongside the 95% confidence intervals (Cls), is
supplied.

The pooled analysis, using a random-effects model,
showed a standardized imply difference of -0.23 (95% CI:
-0.47 to -0.00; p = 0.05), favouring the renal denervation
organization. This result is on the threshold of statistical
importance, suggesting a capability advantage of renal
denervation in reducing 24-hour ambulatory DBP.
Heterogeneity among the studies turned into moderate, with
an I? value of 62% (p = 0.02), indicating some variability in
effect sizes across studies.

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Azizi et al. 2021 [23] -95 143 63  -48 1645 67 18.8% -0.30 [-0.65, 0.04] "
Bohm etal. 2020 [20] -47 104 166 -06 86 165 235% -0.43 [-0.65,-0.21] &
Jacohs et al. 2017 [25] -7 113 5 07 112 q 36% -1.88[317,-088] ————————————
Kandzari et al. 2023 [21] -5.4 107 206 -4 11 131 234% -0.13 [0.35, 0.09] =T
Kario etal. 2022 [24] -66 158 68 -65 146 67 18.2% -0.01 [-0.34,0.33] i
Weber et al. 2020 [22] -53 10 4 -85 03 17 11.6% 0.38 [-0.20, 0.97] T
Total (95% CI) 544 456 100.0% -0.21[-0.47, 0.05] <
Heterogeneity; Tau®= 0.06; Chi®= 16.26, df= & (P = 0.006); F= 3% 52 51 ) 15 é

Testfor overall effect Z=1.58 (P = 0.11) Favours [experimental] Favours [control]

Figure 2: Forest Plot of Change in 24-Hour Ambulatory Systolic Blood Pressure (SBP) [20,25].

Experimental Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI

Azizi etal 2021 [23] -3 145 69 -48 159 67 18.8% -0.27 [-0.61, 0.06] —

Eohm et al. 2020 [20] -37 BA5 166  -08 52 165 24.4% -0.49 F0.71,-0.27] -

Jacohs et al. 2017 [25] -8.2 9 3} 22 B3 9 3.5% -1.31 [2.48,-0.14] —_—

Kandzari etal. 2023 [21] -4 B9 22086 -2F TB 131 243% -0.18 [-0.40, 0.04] i

Kario et al. 2022 [24] -84 156 61 -7.2 154 GG 18.4% -0.01 [0.36, 0.34] b

‘Weher et al. 2020 [22] -24 124 34 -59 127 17 10.5% 0.28[-0.31, 0.86] b

Total (95% CI) 542 455 100.0% -0.23[-0.47, -0.00] ’

Heterogeneity Tau®= 0.05 ChiF= 1311, df= 6 (P= 0.02); F= 62% 14 12 p i j‘

Testfor overall effect. 2= 1.97 (F = 0.03) Favours [experimental] Favours [control]

Figure 3: Forest Plot of Change in 24-Hour Ambulatory Diastolic Blood Pressure (DBP) [20,25]
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Individually, research which includes those through Bchm
et al. (2020) and Jacobs et al. (2017) demonstrated sizable
reductions in DBP favouring the intervention, with SMDs of
-0.49 (95% CI: -0.71 to -0.27) and -1.31 (95% CI: -2.48 to
-0.14), respectively. Other research confirmed both minimum
reductions and self-assurance intervals crossing the line of no
effect, indicating inconsistent findings throughout trials.

Overall, the pooled findings indicate a small but
statistically widespread discount in 24-hour ambulatory
DBP with renal denervation, although mild heterogeneity
underscores the need for similarly research to affirm these
consequences and discover contributing elements.

Change in Office Systolic Blood Pressure (SBP):
The forest summarizes the modifications in office systolic
blood pressure (SBP) across six studies comparing renal
denervation (experimental institution) with a sham system
(manage institution). The standardized mean difference
(SMD) for every take a look at, at the side of 95% confidence
intervals (Cls), is displayed.

The pooled evaluation of the use of a random-effects
version discovered a standardized imply difference of -0.29
(95% CI: -0.50 to -0.08; p = 0.007), indicating a statistically
significant reduction in office SBP in want of the renal
denervation intervention. Heterogeneity turned into mild,
with an I? cost of 63% (p = 0.06), suggesting some variability
across the protected research.
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Notably, research consisting of Béhm et al. (2020)
and Jacobs et al. (2017) confirmed marked discounts in
SBP favouring the intervention, with SMDs of -0.49 (95%
CI: -0.70 to -0.27) and -1.61 (95% CI: -2.84 to -0.38),
respectively. Other studies demonstrated both smaller
reductions or consequences with overlapping confidence
intervals, reflecting variability in the value of the effect.

In summary, the pooled results aid in the efficacy of renal
denervation in considerably reducing office SBP as compared
to a sham technique. However, mild heterogeneity highlights
the need for similarly investigation into look-specific
elements contributing to these variations.

Risk of Bias in studies: As mentioned earlier, ROBv2
was used to assess the risk for all the primary studies selected
for meta-analysis. We used the Cochrane Risk-of-Bias tool
to create a “traffic lights” plot for the final assessment. The
traffic plot for the 06 studies is given below (Figure 5).

Discussion

This meta-analysis, which synthesized statistics from six
randomized controlled trials (RCTs) concerning catheter-
primarily based renal denervation (RDN) for resistant
hypertension, affords treasured insights into its efficacy and
protection. Our findings discovered that RDN appreciably
reduced 24-hour ambulatory diastolic blood pressure (DBP)
and office systolic blood pressure (SBP) as compared to sham

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Azizi et al. 2021 [23] -3.5 1494 G4 -28 207 GG 18.1% -0.28 [F0.63, 0.08] —
Bakim et al. 2020 [20] -92 146 1BE -25 129 1B5 2A7% -0.49 [-0.70, -0.27] -
Jacobs etal. 2017 [29] -11.8 142 g TE 42 ] 2E% BT [F284,-038) ———————
Kandzari etal. 2023 [21] -97 134 8 -BF 123 13 18T% -0.23 045, -0.01] —
Kario et al. 2022 [24] -1 174 i) -9 171 GE  18.5% -0.12 [F0.45,0.27] —
Waber et al. 2020 [22] -a2 163 34 -F1 182 17 9.4% 0.11 F0.47, 0B8] — T
Total (95% CI) 545 454 100.0% -0.29 [-0.50, -0.08] &
Heterogeneity; Tau? = 0.03; Chi*= 10.55, df= & (P = 0.06); F=53% 52 51 3 ,i é

Testfor overall effect Z=2.72 (P = 0.007)

Favours [experimental] Favours [control]

Figure 4: Forest Plot of Change in Office Systolic Blood Pressure (SBP) [20,25]
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strategies. However, no statistically significant distinction
was found for 24-hour ambulatory SBP. Adverse effects
were similar among organizations, underscoring the safety
profile of RDN. While heterogeneity ranged from moderate
to excessive throughout the analyses, these consequences
align with growing evidence assisting RDN as a promising
non-pharmacological alternative for resistant hypertension.

The widespread reduction in DBP, contemplated by a
standardized mean difference (SMD) of -0.23 (95% CI [-0.47,
-0.00]; p = 0.05) for 24-hour DBP, helps RDNs' scientific
utility, mainly for decreasing diastolic pressures which are
intently linked to lengthy-time period cardiovascular effects.
This result corroborates findings from two other studies that
verified sustained blood pressure reductions post-RDN in
multi-centre trials [21,24]. Additionally, the huge discount
in workplace SBP (SMD: -0.29; 95% CI [-0.50, -0.08]; p =
0.007) aligns with prior reviews with the aid of Béhm, et al.
(2020) and Azizi, et al. (2021), reinforcing the robustness of
our findings across settings.

Conversely, the lack of considerable reduction in 24-hour
SBP (SMD: -0.21; 95% CI [-0.47, 0.05]; p = 0.11) increases
questions about the capacity variability in RDN's efficacy
for systolic pressure control under ambulatory situations.
Notably, extra reductions within the sham organization for
twenty-four-hour SBP found in Jacobs, et al. (2017) highlight
the complexity of sham effects, which can be amplified with
the aid of player behavioural adjustments, inclusive of stepped
forward medication adherence or lifestyle modifications all
throughout trial participation.

Previous meta-analysis shows that randomized, placebo-
controlled trials consistently reveal that renal denervation
results in a full-size discount in both ambulatory and
workplace blood pressure. While the significance of this
reduction—approximately four/2 mmHg is discreet, it seems
similar between patients receiving heritage antihypertensive
medicines and people not on such remedies. As an end
result, renal denervation may want to serve as a valuable
approach for sufferers who're unwilling to increase their
antihypertensive therapy. However, whether the effectiveness
of the procedure adjustments through the years remains
uncertain [27]. Renal denervation (RDN) demonstrates
promising short-term outcomes, suggesting its potential role
in improving the management of uncontrolled hypertension
in appropriately selected patient populations [28]. Another
study shows that evidence from this systematic assessment
and meta-evaluation helps the affiliation of renal denervation
(RDN) with clinically meaningful reductions in blood
pressure amongst patients with uncontrolled high blood
pressure. These discounts are statistically regular irrespective
of the presence or absence of antihypertensive medications
and are determined even in populations proof to treatment
with a triple medication regimen [29].
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Another important consideration is the heterogeneity
(I* = 62%-69%) observed in our analyses. Methodological
variability throughout trials, such as differences in procedural
knowledge, RDN protocols, and baseline BP ranges,
probably contributed to this heterogeneity. The excessive
sham response, observed in positive studies, underscores the
importance of standardized sham protocols and highlights
the psychological and physiological impacts of placebo
consequences in high blood pressure trials.

One of the strengths of this meta-analysis is its inclusion
of great RCTs, ensuring strong and dependable evidence.
The use of a random-results model accounted for variability
throughout research, enhancing the generalizability of our
findings. Additionally, the complete evaluation of each
efficacy and safety outcome provides a holistic view of
RDN's clinical position.

However, this look at is not without obstacles. First, the
moderate-to-high heterogeneity observed in our analyses
limits the interpretability of pooled impact sizes. Second, the
surprisingly short follow-up intervals in included trials may
additionally underestimate the long-term benefits or capacity
behind schedule effects of RDN, as highlighted with the aid
of Kario, et al. (2022). Third, the reliance on posted facts
introduces potential e-book bias, which, notwithstanding
non-significant Egger’s test results, remains a subject in high
blood pressure studies. Finally, the small sample length (n=6
studies) limits subgroup and sensitivity analyses, precluding
a more nuanced exploration of patient-specific factors
influencing RDN efficacy.

RDN represents a viable alternative for sufferers with
resistant high blood pressure who are not able or unwilling
to adhere to polypharmacy. The findings of discounts in the
workplace and 24-hour DBP highlight its capacity to reduce
cardiovascular morbidity, given the robust association among
accelerated DBP and unfavourable cardiovascular outcomes.
Furthermore, the comparable protection profile located in our
meta-evaluation helps its integration into scientific research,
mainly for sufferers at high risk of drug-associated damaging
effects.

However, the modest discounts in SBP determined
in ambulatory settings recommend that RDNs should not
be viewed as a standalone answer but instead as part of a
multimodal hypertension control approach. Future efforts
need to raise awareness on optimizing affected person
selection to pick out people maximum likely to benefit from
RDN.

Future studies must deal with the key gaps identified in this
meta-evaluation. First, longer follow-up intervals are essential
to assess the sturdiness of BP reductions and the capability not
on on-time results of RDN. Second, standardized procedural
protocols are needed to decrease variability and improve
reproducibility across trials. Third, larger sample sizes are
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essential to allow sturdy subgroup analyses, mainly focusing
in elements such as age, sex, baseline BP, and comorbid
conditions. Finally, exploring the cost-effectiveness of RDN
relative to escalating pharmacotherapy will offer vital insights
for policymakers and clinicians.

Conclusions

RDN is effective in reducing 24-hour DBP and office
SBP while maintaining a favourable safety profile. However,
its impact on 24-hour ambulatory SBP requires further
investigation. RDN offers a potential alternative for managing
resistant hypertension, but standardization of protocols and
long-term studies are needed to confirm its efficacy and
durability.
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