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Abstract

Renal denervation (RDN) is recommended for the management of arterial hypertension. The aim of this study was to assess
the cost-effectiveness of RDN. A systematic review/meta-analysis was conducted to identify RDN cost-effectiveness studies.
The Incremental Cost-Effectiveness Ratio (ICER) per one Quality-Adjusted Life Year (QALY) gained (the extra cost needed
for one additional year of good quality life) was compared to the respective country-specific Willingness to Pay (WTP)
Thresholds (the maximum ICER/QALY gained that is considered acceptable by a healthcare system or organization for an
intervention to be deemed cost-effective). Nineteen studies (16 countries) were included, all in favor of RDN cost-
effectiveness. Most studies (n=12/19, 63%) were conducted after 2024, half in the context of European economic/
healthcare systems. All studies implemented decision-analytic Markov models and compared RDN (mainly radiofrequency)
plus standard of care (SoC) vs SoC alone. Meta-analysis of 7 studies indicated a pooled ICER/QALY gained 22209 €,
compared to WTP Threshold 50000 €, thereby indicating the cost-effectiveness of RDN. Meta-analysis of 19 studies
indicated a pooled ICER/QALY gained to WTP Threshold ratio of 0.31 (0.20, 0.44). In sensitivity analyses RDN was shown
to be cost-effective in both resistant and uncontrolled hypertensive patients, especially in those with high cardiovascular risk
and considering longer time horizons. Most studies were deemed to have a low risk of bias. In line with guidelines
recommendations, RDN appears to be a cost-effective intervention across a variety of clinical scenarios, both for patients
with resistant or uncontrolled hypertension and especially in young and/or high cardiovascular risk patients.
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Introduction
Hypertension is one of the most prevalent cardiovascular

(CV) risk factors and is responsible for millions of CV-
related deaths worldwide [1]. In many cases, hypertension is
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SoC+RDN vs SoC

This illustration demonstrates the 16 countries across which the cost-effectiveness of renal denervation has been assessed.
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Data from sham-controlled trials and real-world registries
have recently led to official guideline endorsements,
recommending the use of RDN in selected patients through
a shared decision-making process between the patient and
the treating physician and RDN is now included in current
European and US hypertension guidelines [2—4].

The rapid evolution of procedural options to treat hyper-
tension highlights the balance between healthcare costs and
clinical outcomes [9, 10]. Healthcare providers should
appreciate that the value of new therapies is determined not
only in monetary terms, but also by clinical outcomes and
improvements in quality of life [9, 10]. Recent studies have
assessed the cost-effectiveness of RDN for hypertension man-
agement and have reported favorable findings [11, 12]. How-
ever, a deeper understanding of the economic implications of
implementing RDN in clinical practice requires well-designed
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studies that implement various assumptions and simulate data
across different healthcare systems and economic settings.

The aim of this systematic review and meta-analysis is to
identify, summarize, and synthesize relevant evidence on
the cost-effectiveness of RDN for the treatment of hyper-
tension, considering a range of clinical scenarios, parameter
assumptions, and economic and healthcare systems across
multiple geographies.

Methods
Search strategy

A systematic literature search was conducted independently
by two investigators in line with the Preferred Reporting
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Items for Systematic Reviews and Meta-Analyses
(PRISMA) recommendations [13], the Cochrane Hand-
book for Systematic Reviews of Interventions Chapter on
Economic Evidence [14], and the Joanna Briggs Institute
Manual for Evidence Synthesis section on systematic
reviews of economic evidence [15]. Literature search was
performed in PubMed until October 01, 2025, using the
following algorithm: (“renal sympathetic denervation” OR
“renal denervation”) AND (“cost-effectiveness” OR “eco-
nomic evaluation”). Potentially eligible articles were also
identified through screening of the references of relevant
articles following the snowball approach. The eligibility of
studies for inclusion in the systematic review and meta-
analysis was assessed independently by two investigators.
Disagreements were resolved after discussion and con-
sensus with two co-authors.

Selection of studies

Studies were deemed eligible for inclusion if they provided
a cost-effectiveness analysis involving the use of RDN for
the management of arterial hypertension (either resistant or
uncontrolled) in the intervention arm. The definitions of
resistant (RH) or uncontrolled hypertension (UH) followed
the definitions used in the respective trials that were used as
sources of clinical input. The main endpoint of interest was
the Incremental Cost-Effectiveness Ratio (ICER) per one
Quality-Adjusted Life Year (QALY) gained ICER/QALY
gained) that was compared with the respective country-
specific Willingness to Pay (WTP) Threshold. Studies with
overlapping analyses regarding the same economic/health-
care systems and using the same model parameters were
excluded.

Data extraction

Two investigators extracted and tabulated the data of each
study. Data extracted from the included studies were: basic
characteristics of each study (first author, year, country),
methodological details of the cost-effectiveness analyses
(analytic model, time horizon, sources of clinical input),
main model assumptions (BP decrease and corresponding
CV events decrease assumption), population characteristics
assumptions (population baseline characteristics, hyperten-
sion category such as RH or UH, information regarding the
intervention [radiofrequency (RF) or ultrasound (US) RDN]
and comparator arms), and details regarding the outcomes
of interest (ICER/QALY gained, WTP Threshold).

Risk of bias assessment

The Risk of Bias (RoB) was independently assessed by
three investigators using a modified version of the Joanna

Briggs Institute Critical Appraisal Tools/Checklist for eco-
nomic evaluations [16]. This tool provides eleven queries
on relevant methodological aspects of cost-effectiveness
studies. An additional twelfth query was incorporated
regarding the conduction or not of each study according to
the Consolidated Health Economic Evaluation Reporting
Standards 2022 (CHEERS 2022) statement [17]. For each
study, points were assigned based on whether each of the
twelve methodological queries was fulfilled as follows: (i)
Yes: 1 point; (ii) Unclear: 0.5 points; (iii) No: O points. Each
study was assigned a total grade with a maximum score of
12, with a higher score indicating higher methodological
quality (lower RoB). RoB categories were formed as fol-
lows: (i) 0.0-4.0: high RoB; (ii) 4.5-8.0: unclear RoB; (iii)
8.5-12.0: low RoB. More information and details regarding
the assessment of the RoB for the included studies are
provided in the Supplementary Material.

Data synthesis and statistical analysis

Due to the significant heterogeneity among cost-
effectiveness studies performed in different countries and
economic/healthcare systems, a qualitative presentation of
the results was primarily conducted, focusing on the
methodology and main findings of each study based on their
ICER/QALY gained and WTP Threshold. The geographic
distribution of the countries represented in the included
studies was illustrated on a world map. ICER/QALY gained
during different time frames (e.g., 20 years and lifetime)
were analyzed.

In studies providing 95% confidence intervals (CI), a
meta-analysis was conducted to provide the pooled estimate
of ICER/QALY gained. The meta-analysis was conducted
after conversion of different currencies to Euro (€) using
appropriate exchange rates either reported in the respective
articles or identified from the European Central Bank
sources for the year during which the study was conducted
[18]. To allow further comparability across studies, rescal-
ing of all values to an arbitrarily chosen reference WTP
Threshold of 50,000 € was conducted. Alternative analyses
with different currencies (Pound Sterling and Japanese Yen)
and different WTP Thresholds (30,000 £ and 5,000,000 ¥,
respectively) were conducted.

A meta-analysis of proportions was additionally con-
ducted using an alternative standardized percentage metric;
the ICER/QALY gained to WTP Threshold ratio. In studies
not providing the WTP Threshold, the gross domestic
product (GDP) per capita of the respective country was
identified through web search and considered to be the WTP
Threshold [9, 10, 19]. This approach allowed the inclusion
of studies not providing 95% CI for the ICER/QALY
gained and the comparison across studies with different
currencies, time frames, and local WTP Thresholds. In
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brief, an ICER/QALY gained to WTP Threshold ratio is
interpreted as follows: <1 indicates that the intervention is
cost-effective, whereas >1 indicates that the intervention
exceeds the acceptable cost for the health benefit gained.
This ratio also provides an intuitive reflection of the
intensity of cost-effectiveness since lower values represent a
more economically favorable approach, whereas higher
values indicate a less favorable cost-effectiveness profile.

A random-effects model was used (DerSimonian-Laird
approach) when I° statistic value>50%. Subgroup and
stratified sensitivity analyses were performed to assess the
association of pooled estimates with the time of study
conduction (before 2015 vs after 2024), the RDN system
used (RF-RDN vs US-RDN), the origin of studies (Europe
vs non-Europe), and the population assumed to be treated
(UH vs RH). Leave-one-out meta-analyses were also per-
formed to assess the influence of each study on the overall
pooled estimates. Meta-regression analyses were conducted
to assess the association of RDN cost-effectiveness with the
WTP Threshold of each country (an indirect index of each
country’s wealth status), the OBP decrease assumption of
each study, and the RoB Total Score of each study. Small
study effect and potential publication bias were assessed by
inspection of funnel plots, by performing trim-and-fill
analysis and by using the formal Egger’s and Begg’s tests
[20, 21]. Analyses were performed using the R Statistical
Software (v4.5.1; R Core Team 2024). Statistical sig-
nificance was set at the level of P <0.05.

Results
Literature search and study inclusion

Thirty-two articles were identified after an initial literature
search, among which 19 were deemed eligible for inclusion
[22—40]. Two studies included 3 cost-effectiveness reports
each [22, 25], resulting in a total of 23 study reports. The
main characteristics, methodological features, assumptions,
and findings of the included studies are summarized in
Table 1. Most studies (n =12/19, 63%) were conducted
after 2024, with the rest of the studies conducted before
2015. Data from 16 countries were provided, with nearly
half of them conducted in the context of European eco-
nomic/healthcare systems, followed by studies in the USA,
Australia, Japan, China, Thailand, Canada, Taiwan, South
Korea, and Russia (Graphical Abstract). All studies imple-
mented decision-analytic Markov models, including the
following primary health states: hypertension alone, myo-
cardial infarction, stroke, other symptomatic coronary heart
disease, heart failure, end-stage renal disease, and death.
The analysis of RDN cost-effectiveness was performed by
comparing an intervention arm comprising RDN plus

SPRINGER NATURE

standard of care (SoC) pharmacological therapy vs a com-
parator arm comprising SoC pharmacological therapy
alone. Most studies (n=11/19, 58%) assessed the cost-
effectiveness of RDN in the setting of RH, while the
remaining in the setting of UH. RH studies tended to have
been conducted in earlier years, whereas UH studies have
been published more recently. Three studies (5 reports)
assessed the cost-effectiveness of US-RDN, with most
studies evaluating the use of RF-RDN systems. Source of
clinical input regarding the BP-lowering effects of RDN
was the NETROD-HTN [41], the SPYRAL HTN-ON MED
[42], the SYMPLICITY HTN-2 [43], SYMPLICITY HTN-
3 [44], and the RADIANCE-HTN TRIO [45] trials. Source
of clinical input regarding the effect of BP lowering on CV
outcomes was mainly the meta-analysis by Thomopoulos
et al. summarizing data from 47 relevant hypertension
clinical trials [46]. The main conclusion of all studies was in
favor of the cost-effectiveness of RDN by providing ICER/
QALY gained values consistently below the respective
WTP Thresholds.

Most studies assumed a lifetime time horizon to assess
the cost-effectiveness of RDN (Table 1). Five of them (7
reports) provided cost-effectiveness data also for different
time horizons, namely, 20 years. In nearly all studies the
cost-effectiveness metrics were favoring the longer time
horizon (lifetime vs 20 years) (Fig. 1). The study by Sharp
et al. [32] provided data regarding serial time-points (10
years, 15 years, 20 years, and lifetime) showing a gradual
improvement of cost-effectiveness metrics and fulfillment
of cost-effectiveness criteria (ICER/QALY gained below
the WTP Threshold) after at least 15 years of follow-up
(Supplementary Fig. 1).

The PRISMA 2020 Checklist for the present systematic
review and meta-analysis is presented in Supplementary
Table 1. The PRISMA 2020 for Abstracts Checklist is
presented in Supplementary Table 2. The PRISMA 2020
flow diagram for systematic reviews and meta-analyses is
presented in Supplementary Fig. 2.

Meta-analysis of the ICER/QALY gained

All studies provided data regarding the ICER/QALY gained,
with 7 studies providing respective 95% CI. Meta-analysis of
these studies indicated a pooled ICER/QALY gained (Euro-
converted and standardized to a WTP Threshold of 50000 €)
of 22209 € (95% CI 12116, 32303) (Fig. 2), corresponding
to a value of less than 50% of the standardized WTP
Threshold (50000 €). Alternative analyses with different
currencies (Pound Sterling and Japanese Yen) and different
WTP Thresholds (30000 £ and 5000000 ¥, respectively)
showed similar findings (Supplementary Fig. 3).
Respective funnel plots raised concerns regarding the
existence of small study effect and potential publication bias
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Fig. 1 Cost-effectiveness A
metrics (A), (B) when
comparing different time

ICER/QALY gained (€)

Euro-converted and standardized to a WTP of 50000 €

horizon analyses (lifetime vs 50000 456247130
20 years)
40000
29015
30000
20000 15000 15813
12900 11399 11809 13482
10000 o224
4426 6261 5217
. 1654
o | -
Taylor 2025 (A) Taylor 2025 (B) Taylor 2025 (C) Taylor 2025 (D) McFarlane 2025 Sharp 2024  Chowdhury 2024
B ICER/QALY gained to WTP Threshold Ratio

1.00
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0.40

0.26 0.23
0.11

0.20 I
0.00 .

Taylor 2025 (A) Taylor 2025 (B) Taylor 2025 (C) Taylor 2025 (D) McFarlane 2025

20-year time horizon

(Supplementary Fig. 4); however, in the opposite direction
than would be expected (against the cost-effectiveness of
RDN), strengthening the robustness of RDN cost-
effectiveness as confirmed by the trim-and-fill analysis
(Supplementary Fig. 5). The formal statistical tests did not
reveal small study effect (P of both Egger’s and Begg’s tests
non-significant). All studies were deemed as of low RoB
(Supplementary Table 3).

In subgroup analyses, the pooled ICER/QALY gained
(Euro-converted and standardized to a WTP Threshold of
50000 €) was not found to differ when stratified by RDN
system used (RF-RDN vs US-RDN), population assumed to
be treated (UH vs RH), and origin of studies (Europe vs
non-Europe) (Supplementary Fig. 6). A subgroup analysis
with time of study conduction was not performed since all
studies were conducted in years 2024 and 2025. The leave-
one-out analysis did not reveal significant influence of each
study on the overall pooled estimate (Supplementary
Fig. 7). In meta-regression analysis, no statistically sig-
nificant associations were observed between the pooled
ICER/QALY gained (Euro-converted and standardized to a
WTP Threshold of 50000 €) with the WTP Threshold of
each country, the OBP reduction assumed in each study,

0.91 0.94
0.79
0.67
0.30
0.23 0.26 0.24
0.13
. 0.08

Sharp 2024  Chowdhury 2024

. Lifetime time horizon

and the RoB Total Score of each study (Supplementary
Fig. 8).

Meta-analysis of the ICER/QALY gained to WTP
Threshold ratio

Nearly all studies provided the ICER/QALY gained along
with their respective WTP Threshold. Meta-analysis of 19
studies (23 reports) indicated a pooled ICER/QALY gained
to WTP Threshold ratio of 0.31 (0.20, 0.44) (Fig. 3).
Stratification by the population assumed to be treated
indicated a non-significantly lower ratio (favoring the cost-
effectiveness of RDN) in populations with RH compared to
populations with UH (0.25 vs 0.40, P = 0.20). Most studies
were deemed as of low RoB with three exceptions that were
not full papers (only abstracts), although identified through
PubMed literature search (Supplementary Table 3).

In subgroup analyses, the pooled ICER/QALY gained to
WTP Threshold ratio was not found to differ when stratified
by the time of study conduction (before 2015 vs after 2024)
and the origin of studies (Europe vs non-Europe); however,
was lower in studies assessing US-RDN comparing RF-
RDN (0.16 vs 0.36, P =0.01) (Supplementary Fig. 9). The
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Fig. 2 Meta-analysis of the

ICER/QALY gained (€)

. Study Country Population RDN system WTP Threshold 50000 € 95% Cls Weight

ICER/QALY gained (Euro-
converted and standardized to a Huang 2025 Taiwan UH RF-RDN — 14182 [7919; 20446] 16.6%
Kahan 2025 Sweden UH RF-RDN —— 13928 [5759; 22097] 15.9%
WTP of 50000 €) McFarlane 2025 Canada UH RF-RDN —a— 11809 [2760; 20858] 15.5%
Kandzari 2024 USA UH RF-RDN 32732 [10854; 54610] 9.7%
Taylor 2024 UK RH U-RDN 14000 [13655; 14345] 17.7%
Sharp 2024 UK UH RF-RDN 33705 [14889; 52521] 11.0%
Chowdhury 2024 Australia RH RF-RDN —F=—— 47130 [34310; 59950] 13.8%
Random effects model | 22209 [12116; 32303] 100.0%

Heterogeneity: /% = 81.8%, t° = 149859515.8482, p < 0.0001 T T 71

leave-one-out analysis did not reveal significant influence of
each study on the overall pooled estimate (Supplementary
Fig. 10). In meta-regression analysis, a trend was observed
between higher WTP Threshold of each country and lower
pooled ICER/QALY gained to WTP Threshold ratio
(P=0.06), while no statistically significant associations
were observed with the OBP reduction assumed in each
study, and the RoB Total Score of each study (Supple-
mentary Fig. 11).

Discussion

This meta-analysis synthesized the evidence regarding the
cost-effectiveness of RDN for the treatment of arterial
hypertension. The main findings are: (i) 19 studies (23
reports) were included, (ii) nearly half of them assessed
European economic/healthcare systems, (iii) the main con-
clusion of all studies was in favor of the cost-effectiveness
of RDN as ICER/QALY gained values were well below the
respective WTP Thresholds, (iv) meta-analysis of 7 studies
indicated a pooled ICER/QALY gained of 22209 €, corre-
sponding to a value of less than 50% of the standardized
WTP Threshold of 50000 €, (v) meta-analysis of 19 studies
(23 reports) indicated a pooled ICER/QALY gained to WTP
Threshold ratio of 0.31, (vi) in subgroup and stratified
sensitivity analyses RDN was shown to be cost-effective in
both RH and UH patients, especially when considering a
longer time horizon and/or high CV risk, (vii) most studies
were deemed to have low RoB, (viii) small study effect/
publication bias was not identified.

All studies included in the present systematic review and
meta-analysis indicated a favorable cost-effectiveness pro-
file of RDN for the management of hypertension. All stu-
dies also used decision-analytic Markov models largely
based, and reproducing the approach primarily used in the
study by Geisler et al., which was the first published RDN
cost-effectiveness study in 2012 [40]. Most studies per-
formed a variety of sensitivity and scenario analyses to
assess the robustness of their findings by varying individual
input parameters, time horizons, discount rates, RDN-
mediated BP-lowering effect intensity, CV events risks and
procedural costs. In this respect, most studies were deemed
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to have low RoB, except for three that were not full-text
papers (only abstracts), although identified through a
PubMed literature search. Interestingly, these three studies
provided consistent results when compared with the low
RoB studies. In certain studies, some interesting but prob-
ably unrealistic sensitivity analyses have been performed
considering that a redo RDN procedure will be needed
every 10 years, and resulted in a consistent increase of the
ICER/QALY gained [32, 33, 37, 40]. Such an approach was
not followed in major RDN trials, was reported in less than
1.5% of the Global SYMPLICITY Registry DEFINE par-
ticipants [47], is not currently recommended and long-term
RDN data suggest that it is not expected to be officially
implemented in clinical practice [47-49].

Chowdhury et al. followed an alternative approach and
attempted to define the optimal CV risk threshold for RDN
to be considered a cost-effective intervention [33]. Inter-
estingly, the authors concluded that RDN is cost-effective in
a lifetime horizon if the initial 10-year predicted CV risk of
patients exceeded the cut-off of 13.2% [33], which is con-
sidered by most risk estimation tools as high or very high
[50]. In agreement with this observation, Rodriguez-Leor
et al. showed a better cost-effectiveness profile in a scenario
analysis including subjects from the Global Simplicity
Registry high-risk cohort [28]. Finally, a better cost-
effectiveness profile in high-risk patients was indirectly
confirmed in many of the included studies since uncertainty
analyses for varying event rate estimates were performed,
showing better cost-effectiveness in the case of a higher
event rate, essentially reflecting higher CV risk. These
findings are totally in line with current official guidelines
recommending the implementation of RDN, especially in
the setting of high CV risk [2, 3].

In the present analysis, RDN was found to be a cost-
effective intervention in both patients with RH (uncon-
trolled hypertensive patients prescribed three or more anti-
hypertensive drugs) and UH (hypertensive untreated
patients or uncontrolled hypertensive treated patients pre-
scribed less than three antihypertensive drugs). In
sensitivity-stratified meta-analyses, a slightly better (but
non-significant) cost-effectiveness profile was evident in
RH patients, probably reflecting their higher CV risk, higher
baseline BP levels, or more efficient BP-lowering effects of
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ICER/QALY gained to

Study Country RDN system WTP Threshold Ratio 95% Cls Weight
Population = UH

Lian 2025 (A) China RF-RDN 0.51 [0.50;0.51] 4.3%
Lian 2025 (B) Japan RF-RDN 0.03 [0.03;0.04] 4.3%
Lian 2025 (C) Thailand RF-RDN 0.64 [0.63;0.64] 4.3%
Huang 2025 Taiwan RF-RDN | 0.28 [0.28;0.28] 4.3%
Kahan 2025 Sweden RF-RDN 0.28 [0.28;0.28] 4.3%
McFarlane 2025 Canada RF-RDN 0.24 [0.23;0.24] 4.3%
Rodriguez-Leor 2024 Spain RF-RDN 0.60 [0.60;0.61] 4.3%
Kandzari 2024 USA RF-RDN 0.65 [0.65;0.66] 4.3%
Kario 2024 Japan RF-RDN 0.51 [0.51;0.51] 4.3%
Sharp 2024 UK RF-RDN 0.67 [0.67;0.68] 4.3%
Random effects model ey 0.40 [0.24; 0.58] 43.5%
Heterogeneity: /2 = 100%, 12 = 1.4201, p = 0 i

Population = RH

Taylor 2025 (A) USA U-RDN 0.26 [0.25;0.26] 4.3%
Taylor 2025 (B) Belgium U-RDN 0.11 [0.11;0.11] 4.3%
Taylor 2025 (C) France U-RDN 0.13 [0.12;0.13] 4.3%
Taylor 2025 (D) The Netherlands U-RDN 0.08 [0.08;0.09] 4.3%
Taylor 2024 UK U-RDN I 0.28 [0.27;0.29] 4.3%
Chowdhury 2024 Australia RF-RDN 0.94 [0.94;0.94] 4.3%
Henry 2015 The Netherlands RF-RDN 0.15 [0.14;0.15] 4.3%
Tilden 2014 Australia RF-RDN 0.22 [0.22;0.22] 4.3%
Kang 2014 South Korea RF-RDN 0.76 [0.76;0.76] 4.3%
Gladwell 2014 UK RF-RDN 0.24 [0.23;0.25] 4.3%
Kontsevaia 2014 Russia RF-RDN 0.38 [0.37;0.38] 4.3%
Dorenkamp 2013 Germany RF-RDN 0.07 [0.07;0.07] 4.3%
Geisler 2012 Symplicity HTN-2 simulated cohort RF-RDN 0.06 [0.06;0.06] 4.3%
Random effects model = 0.25 [0.13; 0.43] 56.5%
Heterogeneity: /2 = 100%, 12 = 2.2489, p = 0 i

Random effects model e 0.31 [0.20; 0.44] 100.0%

Heterogeneity: /2= 100.0%, t% = 2.0140, p = 0
Test for subgroup differences: Xf =1.62,df =1 (p = 0.2030)

[ T T T T 1
0 02 04 06 08 1

Fig. 3 Meta-analysis of the ICER/QALY gained to WTP Threshold ratio stratified by the population assumed to be treated (RH, resistant

hypertension; UH, uncontrolled hypertension)

RDN in this population, especially when the clinical input
was derived from the earlier non-sham-controlled analyses
(e.g., SYMPLICITY HTN-2). This observation was con-
firmed in a recent analysis evaluating the cost-effectiveness
of RF-RDN in European Society of Cardiology hyperten-
sion guideline-recommended indications (group 1: RH and
group 2: UH with high CV risk) in six European countries
(UK, Spain, the Netherlands, Belgium, Sweden, and Czech
Republic) based on the Global SYMPLICITY Registry
DEFINE data (Schmieder RE. ESC 2025; Presented
Abstract) [51]. This analysis showed that RF-RDN was
cost-effective in both guideline-recommended groups, pre-
senting a slightly better profile in RH patients. These find-
ings are totally in line with the most recent guidelines
supporting the use of RDN mainly in the setting of RH but
also in UH, especially in the case of high CV risk [2, 3].
Another interesting finding of the sensitivity analyses was
the better cost-effectiveness profile when longer time-
horizons (from 10 years to lifetime) were considered. This
could be an indirect indication that RDN may be more cost-

effective in younger patients who are expected to have a
longer life expectancy and thus benefit more and for a
longer time from RDN. This hypothesis has been confirmed
in the study by Dorenkamp et al., which provided metrics
based on different assumptions of baseline age [39]. Similar
results were also found in an alternative analysis simulating
cohorts with varying baseline age and CV risk, where
higher clinical increments were gained in young high CV
risk cohorts [52]. Another significant finding derived from
the sensitivity analyses was the lower pooled ICER/QALY
gained to WTP Threshold ratio in studies evaluating the US
compared to RF-RDN. However, this finding should be
interpreted cautiously due to potential confounding (e.g.,
single-arm larger BP reductions mainly used in US-RDN
studies). Lastly, in meta-regression analysis, a marginal
inverse association of ICER/QALY gained to WTP
Threshold ratio with WTP Threshold (an indirect measure
of a country’s wealth status) was observed, possibly
implying a better RDN cost-effectiveness profile in weal-
thier countries and healthcare systems. No further
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significant findings were documented by the remaining
sensitivity analyses, but only trends of association. RDN
cost-effectiveness tended to be more profound in cases of
larger OBP reduction assumptions and in studies with
higher methodological quality, as expressed by the RoB
Total Score of each study. No significant differences were
identified in studies performed before 2015 vs after 2024 or
in studies conducted in Europe vs non-Europe regions.

It is important to note that cost-effectiveness analyses in
medicine are not primarily designed to prove the cost-
saving effect of a new method. Indeed, just two of the
included studies have conducted such budget-impact ana-
lyses, with one study concluding against and one study in
favor of RDN but only under certain criteria [39, 40].
Another cost-saving analysis not included in the present
meta-analysis performed a simulation of data derived from
the Italian National Healthcare Service and provided con-
clusions in favor of the use of RDN [53]. Importantly,
another recent analysis regarding lifetime total costs in the
UK also revealed potentially cost-saving properties of
RDN, mainly driven by heart failure and stroke events
reduction (Sharp A. EuroPCR 2025; Presented Abstract;
Abstract ID: A65847JP). Instead, cost-effectiveness studies
in the medical context are designed to prove that the health
benefits gained (e.g., QALY) by using a new method (e.g.,
RDN) have a reasonable and justified incremental cost (e.g.,
ICER/QALY gained) below a certain pre-specified and
widely accepted threshold (e.g., WTP Threshold). In the
present systematic review and meta-analysis, studies pro-
viding the ICER/QALY gained metric were included, with a
few exceptions not providing this metric and not deemed
eligible for inclusion [54]. The WTP Threshold represents
this “pre-specified and widely accepted threshold”, prob-
ably depending on the economic status of each country.
National and international organizations such the World
Health Organization (WHO), the American Heart Associa-
tion (AHA), the American College of Cardiology (ACC)
and the National Institute for Health and Care Excellence
(NICE) have long discussed the issue of the optimal WTP
Threshold and suggested various approaches [9, 10, 55, 56].
The WHO has proposed a country-specific approach taking
into consideration the GDP per capita of each country, with
1 GDP per capita representing the optimal cut-off and 3
times the GDP per capita the upper boundary to consider an
intervention as cost-effective. The NICE has suggested a
threshold of about 20000-30000 £ (corresponding to
approximately 23000-35000 € or 27000-41000 $) and the
AHA/ACC a threshold of about 50000 $ (corresponding to
approximately 43000 €). In line with these considerations,
in the meta-analysis of the ICER/QALY gained that was
performed in the present study, standardization to a WTP
Threshold of 50000 € was performed to provide comparable
results.
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Performing a meta-analysis of cost-effectiveness studies
is a methodological challenge, primarily due to significant
heterogeneity among included studies that attempt to pro-
vide economic analyses of different economic/healthcare
systems, countries, currencies, and time periods [57, 58].
Additionally, there may be significant variability in the
outcome measures, metrics and clinical inputs used, in the
model assumptions, discount rates, cost structures, BP-
lowering assumptions, and in the perspectives used (societal
vs payer perspective). Interestingly, even different analyses
regarding the same countries provided different cost-
effectiveness results; however, all favoring the use of
RDN. Considering the above, sensitivity-stratified, sub-
group and meta-regression analyses were performed in the
present study to provide general trend estimates that would
allow an intuitive, comprehensive inference. Importantly,
nearly all studies used the methodology applied by Geisler
et al., and this at least partly reduced the inter-study meth-
odological heterogeneity [40].

The present systematic review and meta-analysis have
significant strengths. Firstly, it is the first study to synthe-
size cost-effectiveness data regarding a device-based ther-
apeutic approach that currently represents the third pillar for
the management of hypertension. Secondly, data are
derived from economic/healthcare systems of 16 different
countries from Europe, Asia, North America and Australia.
Thirdly, most of the included studies have used similar
design and analysis methodology, have incorporated clin-
ical input based on landmark clinical trials, have performed
several sensitivity analyses to address the robustness of
findings, and have eventually been deemed as of low RoB.
Lastly, all studies have provided similar conclusions in
favor of the cost-effectiveness of RDN, although certain
assumptions may have negatively influenced their findings.
To set an example, some studies used single-arm while
others sham-controlled (most of the SPYRAL RF studies)
BP reductions, resulting in higher ICER/QALY gained
estimates. Both strategies are acceptable; however, the use
of the single-arm BP reduction is not unjustified since the
placebo effect is also apparent in the real-life setting.
Additionally, if published hazard ratios from the Global
Symplicity Registry were used [59], the ICER/QALY
gained would be even lower. Another interesting point is
that the included studies considered a stable and con-
servative anti-hypertensive effect of RDN during long-term
follow-up, whereas data emerge showing a gradual increase
in the anti-hypertensive effect of RDN in the long-term
[48, 49, 60], which could be translated to an even more
favorable cost-effectiveness profile.

The findings of the present study should be interpreted in
light of certain limitations. Firstly, all studies claimed to
compare RDN plus SoC (intervention) vs SoC (compara-
tor); however, in most studies, it was reported that no BP
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change was considered for the comparator group, meaning
that patients in the control group were hypothesized to
receive the same treatment without pharmacological upti-
tration. This condition could simulate the case of non-
adherence to treatment (where RDN should be considered);
however, it represents a limitation that was recognized by
some authors [31, 33, 39]. Secondly, most studies were
conducted using a payer perspective, while analyses fol-
lowing also a societal perspective are strongly recom-
mended by relevant guidance documents [9, 10]. Thirdly,
the included studies considered only the effects of RDN on
office BP while additional benefits may be apparent when
considering also the effects of RDN on out-of-office BP
(e.g., nighttime BP [30]). Fourthly, the different definitions
of RH and UH among the studies used as sources of clinical
input may have influenced the observed findings. Lastly,
statistical issues emerge, e.g., although ICER/QALY gained
is a non-binomially distributed ratio, a meta-analysis of
proportions was applied to provide a pooled “descriptive”
estimate. Nevertheless, the main objective of the present
study was to provide a qualitative summary and presenta-
tion of cost-effectiveness studies and the most important
finding irrespective of any analysis performed is that all
included studies concluded in favor of RDN cost-
effectiveness in the context of diverse economic and
healthcare settings.

Future cost-effectiveness analyses should primarily
address the above-discussed limitations. Analyses with drug
uptitration as comparators, considering the continuous and
gradual antihypertensive effect of RDN in both office and
out-of-office BP measurements and conducted according to
both payer and societal perspectives, are needed. Addition-
ally, future analyses should take into consideration factors
associated with the ongoing improvement in practical aspects
of the RDN implementation procedure. As RDN becomes
more widely adopted, the procedural costs are expected to
decrease over time. Additionally, alternative access sites
(e.g., radial instead of femoral) or more potent methods (e.g.,
multivessel RDN) are awaited to be available in the future,
potentially limiting the necessity for hospitalization. Incor-
porating these factors will ensure realistic comparisons and
will provide pragmatic and real-life conclusions that can be
translated into everyday clinical practice.

Conclusions

RDN is considered the third pillar in the management of
arterial hypertension and is recommended by current
hypertension guidelines in specific clinical scenarios, fol-
lowing a shared decision-making process between the
patient and the treating physician. This systematic review
and meta-analysis of the available evidence on the cost-

effectiveness of RDN under various parameter assumptions
suggests that RDN is a cost-effective intervention across a
range of clinical settings, particularly for patients with
uncontrolled or resistant hypertension and especially among
younger individuals and/or those at high CV risk. Future
analyses that address current limitations and incorporate
ongoing developments in the field will further inform the
scientific community and help define the cost-effectiveness
and role of RDN in hypertension management.
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