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A B S T R A C T

Background: Catheter-based radiofrequency renal denervation (RF RDN) has recently been approved as an adjunctive treatment for hypertensive patients
without adequate blood pressure control. This study assessed the cost-effectiveness of RF RDN in the United States based on contemporary clinical
evidence.

Methods: A decision-analytic Markov model projected costs, quality-adjusted life years (QALY), and clinical events for an active cohort treated with RF RDN
and a control cohort treated with standard-of-care (defined as 1, 2, or 3 antihypertensive medications). Cohort demographics and therapy effect were
derived from the SPYRAL HTN-ON MED study demonstrating an absolute 9.9 mm Hg reduction in office systolic blood pressure and 4.9 mm Hg reduction
compared with sham control. Clinical event risk reduction from blood pressure lowering was based on a meta-regression of 47 hypertension trials. The
incremental cost-effectiveness ratio was evaluated against willingness-to-pay thresholds of $50,000 per QALY (high value) and $150,000 per QALY (inter-
mediate value). Extensive scenario and sensitivity analyses were conducted to assess robustness of the findings.

Results: RF RDN yielded a significant risk reduction in clinical events (0.80 for stroke, 0.88 for myocardial infarction, and 0.85 for cardiovascular death over 10
years). Over lifetime, RF RDN added 0.34 QALY at an additional cost of $11,275, leading to an incremental cost-effectiveness ratio of $32,732 per QALY. The
cost-effectiveness of RF RDN was robust across a broad range of scenarios and sensitivity analyses.

Conclusions: Based on a lifetime projection, catheter-based RF RDN is a cost-effective, high-value intervention for hypertensive patients with uncontrolled
hypertension.
Introduction

Hypertension affects nearly half of the American population and
remains one of the most pressing public health challenges in the United
States (US).1,2 More than 75% of Americans with hypertension do not
achieve societal or guideline-recommended treatment goals.2 In
November 2023, the Food and Drug Administration approved radio-
frequency renal denervation (RF RDN), a minimally-invasive, catheter--
based treatment that targets the sympathetic nervous system to lower
systolic blood pressure (SBP), as an adjunct treatment in hypertensive
patients without adequate blood pressure control.3

The safety and effectiveness of second-generation RF RDN de-
vices were recently demonstrated in 2 randomized sham-controlled
clinical trials—SPYRAL HTN-ON MED and SPYRAL HTN-OFF
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MED—which examined the effect of renal denervation (RDN) in
the presence and absence of antihypertensive medications,
respectively. In the SPYRAL HTN-ON MED study, a reduction in of-
fice SBP (OSBP) of 9.9 mm Hg and 5.0 mm Hg was reported in the
active and sham cohorts respectively, yielding a 4.9 mm Hg reduc-
tion versus sham (P ¼ .001).4 In the SPYRAL HTN-OFF MED study, a
reduction in OSBP of 9.6 mm Hg and 3.5 mm Hg was observed in the
active and sham cohorts respectively, yielding a 6.5 mm Hg differ-
ence favoring RDN (P < .001).5

The cost-effectiveness of RF RDN has previously been assessed
based on evidence from first-generation RF RDN device trials in
2012.6 In response to novel developments within the fields of both
RDN and the management of hypertension over the last decade, this
study sought to build upon previous analyses using newly available,
, end-stage renal disease; HF, heart failure; ICER, incremental cost-effectiveness ratio; MI,
F RDN, radiofrequency renal denervation.
nited States.
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contemporary clinical and epidemiological evidence to assess the
health-economic value of RF RDN in the US health care system.
Methods

Model structure and risk equations

The costs and effects of RDN were projected with a decision-
analytic Markov model adapted from a prior report based on a
health economic analysis from the United Kingdom.7 In brief, this
lifetime model for both interventional/pharmaceutical and
pharmaceutical-only strategies tracked monthly transitions across 33
primary and secondary health states, representing cardiovascular
sequelae from hypertension, including myocardial infarction (MI),
stroke, heart failure, angina pectoris, and end-stage renal disease. The
development of clinical sequelae was based on multivariate risk
equations from large cohort study data, including the Framingham
Heart Study for stroke, coronary heart disease (CHD) and heart failure,
PROCAM for MI, and NHANES for end-stage renal disease.8–12 Given
all of these risk equations rely on OSBP as the blood pressure input,
the current study adopted this parameter as the effectiveness mea-
sure. To facilitate sensitivity analyses and examine the effect of vari-
ation in baseline event risk, the multivariate risk functions could be
further adjusted in the current analysis model. Relative risk reductions
in clinical events resulting from OSBP reductions with RF RDN were
calculated based on meta-regression data from 47 randomized
controlled trials which explicitly examined the effects of blood pres-
sure reduction in hypertensive patients.13 The model schematic is
shown in Figure 1.6 The employed multivariate risk equations have
been previously described.7
Clinical data

Treatment options, demographics, and reductions in OSBP were
based on findings from the HTN-ON MED full cohort study.4 The trial
investigated the safety and efficacy of RF RDN (Symplicity SPYRAL
system [Medtronic Inc]) in patients with uncontrolled hypertension
despite a prescription of 1 to 3 antihypertensive medications.
Figure 1.
Schematic representation of the Markov model (based on Geisler et al6). AP/other CHD,
failure; MI, myocardial infarction.
Participants in that study were on average 55 years old and had a
baseline OSBP of 163 mm Hg. Per study protocol, both the active
treatment and sham control groups were to maintain their blood
pressure–lowering medication regimen without changes prior to
ascertainment of the primary end point at 6 months. For purposes of
the current analysis, this reduction in OSBP observed with RF RDN in
this study was assumed to be maintained over lifetime, consistent with
prior studies of RF RDN demonstrating sustained if not amplified
blood pressure lowering over late-term follow-up and without esca-
lation of medication burden.14–17
Costs and utilities

Health state-specific costs for the current analysis were derived from
the published literature, while RF RDN therapy costs were estimated
using a resource-based costing approach that considered periproce-
dural costs inclusive of 1 night of hospital stay, staff, device and facility
costs, and was guided by expected grouping to an outpatient payment
code.18–27 Utilities were obtained from the published literature and
age-adjusted.28–37 Condition-specific mortality rates for the US popu-
lation were obtained from published literature, and general mortality
rates were obtained from US lifetables (Supplemental
Table S1).6,27,38,39–43 The model projected costs and effects with a
lifetime horizon from a Medicare payer perspective. Costs and effects
were discounted at the recommended rates of 3% per annum.44

Table 14,18-27,29-37,44 displays key model inputs.
Model validation

The model was validated with real-world data using several ap-
proaches. First, projected clinical event rates assuming the same patient
demographics and reduction in OSBP were compared with trial-
observed event rates from a diverse range of landmark hypertension
clinical trials for stroke, MI, cardiovascular, and all-cause death.15,45–53

This led to the derivation of an “adjustment factor”—or relative
risk—between study-reported and modeled event rates; an adjustment
factor of 1 indicated perfect concordance, above 1 indicated under-
projection by the model, and below 1 indicated overprojection by the
model. Second, model-projected lifetime risk was compared with
angina pectoris/other coronary heart disease; ESRD, end-stage renal disease; HF, heart



Table 1. Key input parameters.

Parameter Value Distribution SE Source

Age 55.0 y Normal 0.53 SPYRAL HTN-ON MED full cohort, Kandzari et al,4 2023
Sex (% female) 19.9% Beta 0.022 SPYRAL HTN-ON MED full cohort, Kandzari et al,4 2023
Baseline systolic BP 163 mm Hg Normal 0.40 SPYRAL HTN-ON MED full cohort, Kandzari et al,4 2023
Treatment effect (OSBP reduction) 4.9 mm Hg Normal 0.54 SPYRAL HTN-ON MED full cohort, Kandzari et al,4 2023
Discount rate (costs) 3.00% p.a. Sanders et al,44 2016
Discount rate (effects) 3.00% p.a. Sanders et al,44 2016
Costs (one-time/annual)
Hypertension (Y1þ) $1038 Gamma $104 Davis et al,19 2013
Stroke (acute) $29,376 Gamma $2938 Johnson et al,18 2016; Salata et al,20 2016
Stroke (Y1) $39,046 Gamma $3905 Johnson et al,18 2016
Stroke (Y2þ) $24,697 Gamma $2470 Johnson et al,18 2016; Henk et al,21 2015
Myocardial infarction (acute) $20,225 Gamma $34 Krumholz et al,24 2014
Myocardial infarction (Y1þ) $6915 Gamma $692 Ito et al,25 2015
Stable AP (Y1þ) $7357 Gamma $210 Fearon et al,22 2018
Unstable AP (acute) $10,240 Gamma $1024 Nicholson et al,23 2016
Unstable AP (Y1þ) $7357 Gamma $210 Fearon et al,22 2018
Heart failure (acute) $2244 Gamma $224 Urbich et al,26 2020
Heart failure (Y1þ) $26,924 Gamma $2692 Urbich et al,26 2020
ESRD without diabetes (Y1þ) $90,226 Gamma $9023 USRDS, 202127

ESRD with diabetes (Y1þ) $101,118 Gamma $10,112 USRDS, 202127

RF RDN therapy utilities $20,000 Gamma $2000 Medtronic
Hypertension 0.96
Stroke 0.63 Beta 0.06 Grosso et al,32 2011; Darlington et al,30 2007
Myocardial infarction (months 1-6) 0.76 Beta 0.08 Aasa et al,29 2010; Glasziou et al31 2007
Myocardial infarction (months 6þ) 0.88 Beta 0.09 Grosso et al,32 2011; Pignone et al,33 2007
Stable AP 0.84 Beta 0.004 Sullivan et al,34 2006
Unstable AP 0.74 Beta 0.004 Glasziou et al,31 2007
Heart failure 0.71 Beta 0.07 Chen et al,35 2004; Fryback et al,36 2007
ESRD 0.63 Beta 0.06 Lee et al,37 2009

AP, angina pectoris; BP, blood pressure; ESRD, end-stage renal disease; OSBP, office systolic blood pressure; RF RDN, radiofrequency renal denervation; SE, standard
error; USRDS, United States Renal Data System; Y1, year 1; Y2, year 2.
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published analyses of lifetime risks observed for hypertensive pop-
ulations.54–58 Thirdly, model projections were compared against both
the QRISK3, ACC/AHA pooled cohort equations (PCE), and the Euro-
pean SCORE risk charts.59–63
Analysis outcomes

Model analysis was completed by projecting cardiovascular clinical
events, absolute risk reductions, numbers needed to treat, costs,
quality-adjusted life years (QALY), and the incremental cost-
effectiveness ratio (ICER), calculated by dividing lifetime incremental
costs by incremental QALY gained. Cost-effectiveness was evaluated
using the established cost-effectiveness thresholds of $50,000 per
QALY gained (high value), and $150,000 per QALY (intermediate value),
with all ICER below $150,000 per QALY considered cost-effective.44,64
Sensitivity and scenario analyses

Several analyses were completed to examine model robustness
and uncertainty. First, input parameters were varied to their indi-
vidual 95% confidence intervals for 1-way sensitivity analyses to
examine which parameters the model was most sensitive to. Second,
the effect of lower and higher baseline event incidence on analysis
outcomes was studied by applying adjustment factors of 0.5 and 2.0
to the multivariate risk equations (this range is in part informed by
the findings of validations reported in the Results section). Third, the
ICER was calculated with an equal biological sex split at different
ages, at different baseline OSBP, and for the base case age male and
female. Fourth, the general population mortality rate was adjusted
by 20% to assess the cost-effectiveness of RDN on lower- and higher-
risk populations. Fifth, a multiway sensitivity analysis was completed
using treatment effects representative of existing studies, ranging
from 4 to 10 mm Hg OSBP reductions, and an adjustment factor
range of 0.5 to 2.0, secondary to model validation. Sixth, ICER were
calculated by utilizing data from the broader pool of RF RDN studies,
including HTN-OFF MED trial data and meta-analysis data for 1st
and 2nd generation RF RDN devices.65 Seventh, a threshold analysis
was completed to determine the therapy cost required to meet $50,
000 and $150,000 per QALY. Finally, a probabilistic sensitivity
analysis using 10,000 simulation runs was performed to systemati-
cally assess the effect of parameter uncertainty on the analysis out-
comes, with results presented in cost-effectiveness scatterplots and
cost-effectiveness acceptability curves for the base case and the
explored scenarios of lower and higher baseline clinical event inci-
dence. In line with recommendations for economic evaluation,
clinical heterogeneity was not considered as it is inherently captured
in the treatment effect.66

The model was constructed in Excel (Microsoft Corp),
while statistical analyses and figures were generated with JMP Pro
16 (SAS Institute).
Results

Model validation

Adjustment factors between modeled and real-world trial data
averaged 0.94 for stroke, 0.87 for MI, and 0.82 for all-cause death,
indicating a marginal overprojection of clinical events when main-
taining the original risk functions (Supplemental Table S2). The
model-projected lifetime risks were in keeping with the data
observed in epidemiological studies (Supplemental Appendix 1).
Compared to the QRISK3, ACC/AHA PCE, and SCORE risk charts for
composite measures, the model marginally overprojected for
atherosclerotic cardiovascular disease and cardiovascular death
(Supplemental Appendix 2). Due to model alignment with real-world
data, and the relative underprojection compared to outcomes



Figure 2.
Relative risks (RR) of clinical events at 10 years for radiofrequency renal denervation (RDN) effect size vs sham control (top) and vs baseline (bottom). The base case analysis
relies on the effect observed vs sham. ACD, all-cause death; AP/CHD, angina pectoris/coronary heart disease; CVD, cardiovascular death; ESRD, end-stage renal disease; HF, heart
failure; MI, myocardial infarction; SoC, standard of care.
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observed in RF RDN-treated patients in the GSR, the base case
analysis maintained the original risk functions, while scenarios were
calculated using adjustment factors of 0.5 and 2 (half to double the
clinical event incidence) for CHD, MI, and stroke.

Base case analysis

Applying the OSBP reductions with RF RDN observed in the
SPYRAL HTN-ON MED trial, the relative risk of MI, stroke, and car-
diovascular death were respectively 0.88, 0.80, and 0.85 over a 10-
year horizon (Figure 2 and Supplemental Table S3). The absolute risk
reduction of MI, stroke, and cardiovascular death were respectively
0.8%, 1.7%, and 1.0% over 10 years and 1.7%, 3.3%, and 3.7% over
20 years (corresponding to a 20-year number needed to treat of 59,
31, and 27). Over lifetime, the incremental costs and QALY were
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Sensitivity and scenario analysis

The model was most sensitive to RF RDN therapy costs, followed
by adjustment factors for stroke and CHD baseline risk (Supplemental
Figure S1). The ICER ranged from $33,040 to $70,846 per QALY for
patients aged 45 to 80 years, and $31,884 to $41,524 per QALY for a
baseline OSBP of 140 to 175 mm Hg (Figure 3A), with a higher ICER
for older patients and lower baseline OSBP. The ICER was $32,013 and
$39,251 for males and females, respectively, at 55 years of age.
Varying the baseline mortality to 20% lower and higher yielded ICER
of $28,779 and $36,725 per QALY gained, respectively. RF RDN was
highly cost-effective for all tested OSBP reductions between 4 and 10
cy Renal Denervation in the U.S.

projection, catheter-based RF RDN
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Figure 3.
Sensitivity analysis results: incremental cost-effectiveness ratio (ICER) dependent on treatment age (A), baseline office systolic blood pressure (OSBP) (B), and effect size (C).
All scenarios shown for base case (unadjusted event risk functions), and down- and up-adjusted baseline event risk (factors 0.5 and 2.0, respectively). QALY, quality-adjusted life-years.
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mm Hg, except for the scenario exploring a combined 4 mm Hg effect
size and low baseline event incidence (adjustment factor 0.5), for
which RF RDN was found cost-effective at intermediate value
(Figure 3B, C). Over a 15-, 20-, and 30-year horizon, the ICER was
respectively $130,656, $68,684, and $37,038 per QALY, reflecting the
build-up of benefit over time.

For the effect size of 9.9 mm Hg observed versus baseline, an ICER
of $15,838 per QALY gained was observed. Compared with sham
control and assuming a reduction in OSBP of 4.81 mm Hg (meta-anal-
ysis of 1st and 2nd generation RDN devices), 5.73 mm Hg (meta-anal-
ysis of 2nd generation RF RDN devices only), and 6.6 mmHg (HTN-OFF
MED clinical trial), ICER of $33,173, $28,971, and $25,521 per QALY
gained were obtained (Table 2).4,5,65 Results from the threshold analysis
suggest a therapy cost of $25,948 and $60,395 corresponded to ICER
of $50,000 and $150,000 per QALY, respectively.

The conducted probabilistic sensitivity analysis yielded a 95%
credibility interval for the ICER of $16,037 to $59,794 per QALY
(Figure 4A), with 91.3% of simulations resulting in “high-value” (ICER
below $50,000 per QALY gained) and 100% of simulations below the
$150,000 per QALY threshold (Figure 4B). Higher baseline event risk
was directionally associated with more favorable cost-effectiveness
findings.
Discussion

Based on contemporary evidence from randomized trials and more
than 10 years of clinical experience outside the US that support the
Table 2. Base case and key scenario results over lifetime.

Base case (HTN-ON MED, OSBP, 4.9 mm Hg vs sham)4

HTN-ON MED (OSBP, 9.9 mm Hg vs BL)4

Meta-analysis of 1st and 2nd generation RF RDN devices (OSBP, 4.81 mm Hg vs sham)65

Meta-analysis of 2nd generation RF RDN devices (OSBP, 5.73 mm Hg vs sham)65

HTN-OFF MED (OSBP effect size, 6.6 mm Hg vs sham)5

ICER, incremental cost-effectiveness ratio; OSBP, office systolic blood pressure; QA
standard of care.
therapy’s maintained treatment effect, the current modeling study
found RF RDN to be associated with meaningful projected reductions in
clinical events over patients’ lifetime that render it a cost-effective, high-
value intervention in the US health care system. These findings provide
an important perspective for clinical and policy decision-makers
weighing the therapy’s adoption following its recent approval by the
US Food and Drug Administration as an adjunctive treatment in patients
with uncontrolled hypertension despite attempts at lifestyle modifica-
tion and the use of antihypertensive medications.3

The findings are directionally in line with those recently reported for
the UK setting.7,67 They also provide an important update to an earlier
2012 analysis conducted for the US which reported RDN to be
cost-effective at an ICER of around $3000 per QALY gained.6 That
study, although instrumental to the new analyses and continuing to
provide important methodological underpinnings, relied on the
then-available evidence from the open-label Symplicity HTN-2 ran-
domized controlled trial of resistant hypertension participants, with a
baseline OSBP of 178 mm Hg and a treatment effect size of 32 mm Hg.
This earlier model also relied on the epidemiological functions to
project outcomes for both the treatment and control groups, which—as
acknowledged in the earlier report—can be expected to underestimate
the benefit of blood pressure reduction. For example, a treatment effect
of 32 mm Hg corresponded to a 0.70 relative risk for stroke at a 10-year
horizon, as opposed to a more pronounced relative risk of 0.47 ac-
cording to the Thomopoulos risk equations.13

Among the important insights from the current study is the robust-
ness of cost-effectiveness findings across patient risk profiles. Even with
lower clinical event incidence, as might be suggested by atherosclerotic
Costs ($) QALY Δ Costs ($) Δ QALY ICER

RF RDN SoC RF RDN SoC ($ per QALY)

96,416 85,141 12.83 12.49 11,275 0.34 32,732
92,762 85,141 12.97 12.49 7621 0.48 15,838
96,484 85,141 12.83 12.49 11,343 0.34 33,173
95,793 85,141 12.86 12.49 10,652 0.37 28,971
96,699 87,022 14.02 13.64 9677 0.38 25,521

LY, quality-adjusted life-years; RF RDN, radiofrequency renal denervation; SoC,
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Figure 4.
Probabilistic sensitivity analysis results: incremental cost-effectiveness ratio scatterplot (A) and cost-effectiveness acceptability curve (B). Each graph shows results for base
case (unadjusted event risk functions), and down- and up-adjusted baseline event risk (factors 0.5 and 2.0, respectively). QALY, quality-adjusted life-years; WTP, willingness-to-pay.
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disease risk projections derived from PCE calculation, RF RDN
remained highly cost-effective at an effect size of 4.9 mm Hg. Similarly,
higher event incidence, as might be supported by 3-year data from
actual RF RDN-treated patients in the GSR, led to somewhat improved
cost-effectiveness, but not materially different ICER. Among the reasons
for this dynamic is that lower event incidence implies longer cohort
survival, with a prolonged lifetime over which blood pressure reductions
achieved with RF RDN can continue to contribute to clinical benefit.
These analyses, directionally, also provide perspective on the cost-
effectiveness results expected in cohorts at lower and higher cardio-
vascular risk. Similarly, differences in the cost-effectiveness in younger
versus older-aged cohorts receiving RF RDN treatment were identified,
where cost-effectiveness decreased marginally as treatment age
increased. Importantly, RF RDN remained highly cost-effective up to a
mean cohort age of 70 years and remained cost-effective at attractive
ICER even above that age (Figure 3A). Of note, short-term savings
resulting from avoided events can be expected to be larger in older
cohorts because of their elevated event risks, as opposed to younger
cohorts where event risks are initially comparably low, though the
longer time horizon in the young would subsequently compensate.

Cost-effectiveness in the current study, as outlined, was based on
contemporary clinical evidence. Of note, the SPYRAL HTN-ON MED
study underpinning the base case, with an effect size of 4.9mmHg versus
sham control, provides the most conservative effect size among other
evidence, including the SPYRAL HTN-OFF MED data. Assuming some-
what larger effect sizes, as supported by these studies—or alternatively
considering the sustained absolute reductions from baseline following RF
RDN in SPYRAL HTN-ONMED (~ 10mmHg)—would have led to further
improved cost-effectiveness findings, largely due to the higher propor-
tion of avoided clinical events. The robustness of cost-effectiveness
findings in the current analysis was also underscored by the findings of
the extensive deterministic and probabilistic sensitivity analyses.

This analysis has important limitations. First, the analysis assumes
that the magnitude of treatment effect observed in trials at 6 months is
sustained through late-term follow-up. This assumption is supported
by a growing body of clinical evidence demonstrating durability of the
RF RDN treatment effect up to and beyond 9 years.14,16,68–70 Indeed,
some studies have demonstrated sustained if not amplified blood
pressure reductions following RF RDN that cannot be attributed to
escalation in medication dose or number.15,17 The assumed effect size
versus sham control, as opposed to baseline, might also underesti-
mate the real-world treatment effect size. However, use of the sham
control-derived effect estimate is methodologically most appropriate
for a base case. Larger effect sizes would have only further improved
the already favorable “high value” cost-effectiveness finding docu-
mented in this study through sensitivity analyses. Second, although
the analysis model tracks primary and secondary health states, it does
not capture all potential clinical sequelae from hypertension, such as
arrhythmias, vascular dementia, retinopathy, or peripheral vascular
disease. Consideration of these clinical states may improve the pro-
jected therapeutic benefit of RDN. Third, condition-specific mortality
data used in the model are at least 5 years old. However, even if there
was some improvement in contemporary postevent survival, the effect
on the analysis findings could be expected to be limited. Fourth, as RF
RDN has only recently received regulatory approval in the US, little if
any data exist that report on resource utilization and cost of RF RDN
treatment. The cost assumption of $20,000 is higher than the $12,500
cost assumed in the 2012 analysis, and more than twice as high as the
microcosting-derived UK analysis estimate of approximately £6800.
The current estimate conservatively assumes an overnight stay
following the RF RDN procedure. However, if facilities adopt a
same-day discharge procedure that is common among many centers,
the health economic value of RF RDN could be anticipated to further
improve.71 As real-world cost data for the US emerge, the current
analysis framework and results can readily be used to evaluate impli-
cations for cost-effectiveness. Fifth, the analysis did not examine the
cost-effectiveness of RDN from a private insurer perspective. Given
the rising burden of uncontrolled hypertension in younger Americans,
private insurance may be expected to represent a significant pro-
portion of RF RDN procedures.72 The upfront cost and downstream
savings for private insurers might differ from the cost assumptions
informing the current analysis. Nevertheless, guidelines for
cost-effectiveness analysis are clear that true cost should inform ana-
lyses, with Medicare payments commonly considered a reasonable
proxy for cost. Private payer audiences might particularly benefit from
the reporting of short-term events avoided and NNT reported in the
current study, an approach also adopted in an earlier analysis derived
from 3-year outcomes from the GSR.67 Sixth, the study did not
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examine the cost-effectiveness of RF RDN for different ethnicities or
socioeconomic status in which RF RDN has shown comparable safety
and efficacy.73–75 Such populations are disproportionately impacted
by hypertension and possible variability in blood pressure with RF
RDN among such subgroups may influence cost-effectiveness.76–78

Finally, the analysis was based on RF RDN studies and may not be
generalizable to other RDN methods.
Conclusion

Based on contemporary evidence and assumed maintained treat-
ment benefit, catheter-based RDN is projected to achieve meaningful
clinical event reductions in patients suffering from uncontrolled hyper-
tension at incremental lifetime costs that render it a cost-effective, high-
value intervention.

Declaration of competing interest

David E. Kandzari has received grants and consulting fees from Med-
tronic, Ablative Solutions, Boston Scientific, Abbott Vascular,OrbusNeich,
and Cardiovascular Systems Inc, as well as travel and/or meeting support
fromMedtronic. KhoaN.CaoandAnneM. Ryschon report consulting fees
fromMedtronic (throughWing Tech Inc). Andrew S. P. Sharp has received
honoraria and consulting fees and/or travel and research support from
Medtronic, Boston Scientific, Philips, Recor Medical, and Penumbra. Jan
B. Pietzsch reports consulting fees from Medtronic, Aktiia, Silk Road
Medical, LimFlow, Philips, Endologix, Cardiovascular Systems Inc, and
Abbott Vascular (all through Wing Tech Inc).

Funding sources

This work was supported by Medtronic, Inc.

Ethics statement and patient consent

This manuscript does not report on patients or patient data. The
clinical trials, where underlying data were sourced from for the current
analysis, were conducted in accordance with ethical standards.
Supplementary material

To access the supplementary material accompanying this article,
visit the online version of the Journal of the Society for Cardiovascular
Angiography & Interventions at 10.1016/j.jscai.2024.102234.

References

1. Dzau VJ, Balatbat CA. Future of hypertension. Hypertension. 2019;74(3):450–457.
https://doi.org/10.1161/HYPERTENSIONAHA.119.13437

2. Centers for Disease Control and Prevention (CDC). Hypertension Cascade:
Hypertension Prevalence, Treatment and Control Estimates Among US Adults
Aged 18 Years and Older Applying the Criteria From the American College of
Cardiology and American Heart Association’s 2017 Hypertension
Guideline—NHANES 2017-2020. Accessed February 10, 2024. https://millionhea
rts.hhs.gov/data-reports/hypertension-prevalence.html

3. United States Food and Drug Administration. Premarket approval application (PMA)
for Medtronic, Inc.’s Symplicity Spyral radio frequency renal denervation system;
2023. Accessed February 10, 2024. https://www.fda.gov/media/171411/download

4. Kandzari DE, Townsend RR, Kario K, et al. Safety and efficacy of renal denervation in
patients taking antihypertensive medications. J Am Coll Cardiol. 2023;82(19):
1809–1823. https://doi.org/10.1016/j.jacc.2023.08.045

5. B€ohm M, Kario K, Kandzari DE, et al. Efficacy of catheter-based renal denervation in
the absence of antihypertensive medications (SPYRAL HTN-OFF MED Pivotal): a
multicentre, randomised, sham-controlled trial. Lancet. 2020;395(10234):
1444–1451. https://doi.org/10.1016/S0140-6736(20)30554-7

6. Geisler BP, Egan BM, Cohen JT, et al. Cost-effectiveness and clinical effectiveness
of catheter-based renal denervation for resistant hypertension. J Am Coll Cardiol.
2012;60(14):1271–1277. https://doi.org/10.1016/j.jacc.2012.07.029
7. Sharp ASP, Cao KN, Esler MD, et al. Cost-effectiveness of catheter-based
radiofrequency renal denervation for the treatment of uncontrolled hypertension:
an analysis for the UK based on recent clinical evidence. Eur Heart J Qual Care
Clin Outcomes. 2024, qcae001. https://doi.org/10.1093/ehjqcco/qcae001

8. D’Agostino RB, Russell MW, Huse DM, et al. Primary and subsequent coronary risk
appraisal: new results from the Framingham study. Am Heart J. 2000;139(2 Pt 1):
272–281. https://doi.org/10.1067/mhj.2000.96469

9. D’Agostino RB, Wolf PA, Belanger AJ, Kannel WB. Stroke risk profile: adjustment for
antihypertensive medication. The Framingham study. Stroke. 1994;25(1):40–43.
https://doi.org/10.1161/01.str.25.1.40

10. Velagaleti RS, Pencina MJ, Murabito JM, et al. Long-term trends in the incidence of
heart failure after myocardial infarction. Circulation. 2008;118(20):2057–2062.
https://doi.org/10.1161/CIRCULATIONAHA.108.784215

11. Voss R, Cullen P, Schulte H, Assmann G. Prediction of risk of coronary events in
middle-aged men in the Prospective Cardiovascular Münster Study (PROCAM)
using neural networks. Int J Epidemiol. 2002;31(6):1253–1262. https://doi.org/
10.1093/ije/31.6.1253

12. Hsu CY, Vittinghoff E, Lin F, Shlipak MG. The incidence of end-stage renal disease is
increasing faster than the prevalence of chronic renal insufficiency. Ann Intern Med.
2004;141(2):95–101. https://doi.org/10.7326/0003-4819-141-2-200407200-00007

13. Thomopoulos C, Parati G, Zanchetti A. Effects of blood pressure lowering on
outcome incidence in hypertension. 1. Overview, meta-analyses, and meta-
regression analyses of randomized trials. J Hypertens. 2014;32(12):2285–2295.
https://doi.org/10.1097/HJH.0000000000000378

14. Sesa-Ashton G, Nolde JM, Muente I, et al. Catheter-based renal denervation: 9-year
follow-up data on safety and blood pressure reduction in patients with resistant
hypertension. Hypertension. 2023;80(4):811–819. https://doi.org/10.1161/HYPER
TENSIONAHA.122.20853

15. Mahfoud F, Mancia G, Schmieder R, et al. Renal denervation in high-risk patients
with hypertension. J Am Coll Cardiol. 2020;75(23):2879–2888. https://doi.org/
10.1016/j.jacc.2020.04.036

16. Al Ghorani H, Kulenthiran S, Recktenwald MJM, et al. 10-year outcomes of catheter-
based renal denervation in patients with resistant hypertension. J Am Coll Cardiol.
2023;81(5):517–519. https://doi.org/10.1016/j.jacc.2022.11.038

17. Mahfoud F, Kandzari DE, Kario K, et al. Long-term efficacy and safety of renal
denervation in the presence of antihypertensive drugs (SPYRAL HTN-ON MED): a
randomised, sham-controlled trial. Lancet. 2022;399(10333):1401–1410. https://
doi.org/10.1016/S0140-6736(22)00455-X

18. Johnson BH, Bonafede MM, Watson C. Short- and longer-term health-care resource
utilization and costs associated with acute ischemic stroke. Clinicoecon Outcomes
Res. 2016;8:53–61. https://doi.org/10.2147/CEOR.S95662

19. Davis K. Expenditures for hypertension among adults age 18 and older, 2010:
estimates for the US civilian noninstitutionalized population. 2013. In: Statistical
Brief (Medical Expenditure Panel Survey (US)). Statistical Brief #404. Agency for
Healthcare Research and Quality (US). Accessed 28 December 2023. http://
www.meps.ahrq.gov/mepsweb/data_files/publications/st404/stat404.shtml

20. Salata BM, Hutton DW, Levine DA, Froehlich JB, Barnes GD. Cost-Effectiveness of
dabigatran (150 Mg twice daily) and warfarin in patients� 65 years with nonvalvular
atrial fibrillation. Am J Cardiol. 2016;117(1):54–60. https://doi.org/10.1016/
j.amjcard.2015.09.048

21. Henk HJ, Paoli CJ, Gandra SR. A retrospective study to examine healthcare costs
related to cardiovascular events in individuals with hyperlipidemia. Adv Ther.
2015;32(11):1104–1116. https://doi.org/10.1007/s12325-015-0264-7

22. Fearon WF, Nishi T, De Bruyne B, et al. Clinical outcomes and cost-effectiveness of
fractional flow reserve–guided percutaneous coronary intervention in patients with
stable coronary artery disease: three-year follow-up of the FAME 2 trial (fractional
flow reserve versus angiography for multivessel evaluation). Circulation. 2018;
137(5):480–487. https://doi.org/10.1161/CIRCULATIONAHA.117.031907

23. Nicholson G, Gandra SR, Halbert RJ, Richhariya A, Nordyke RJ. Patient-level costs of
major cardiovascular conditions: a review of the international literature. Clinicoecon
Outcomes Res. 2016;8:495–506. https://doi.org/10.2147/CEOR.S89331

24. Krumholz HM, Normand S-LT, Wang Y. Trends in hospitalizations and outcomes for
acute cardiovascular disease and stroke, 1999-2011. Circulation. 2014;130(12):
966–975. https://doi.org/10.1161/CIRCULATIONAHA.113.007787

25. Ito K, Avorn J, Shrank WH, et al. Long-term cost-effectiveness of providing full
coverage for preventive medications after myocardial infarction. Circ
Cardiovasc Qual Outcomes. 2015;8(3):252–259. https://doi.org/10.1161/CIRC
OUTCOMES.114.001330

26. Urbich M, Globe G, Pantiri K, et al. A systematic review of medical costs associated
with heart failure in the USA (2014-2020). Pharmacoeconomics. 2020;38(11):
1219–1236. https://doi.org/10.1007/s40273-020-00952-0

27. United States Renal Data System. 2021 USRDS Annual Data Report. Epidemiology
of kidney disease in the United States. National Institutes of Health, National
Institute of Diabetes and Digestive and Kidney Diseases; 2021. Accessed
February 10, 2024. https://adr.usrds.org/2021

28. Kind P, Hardman G, Macran S. UK population norms for EQ-5D. Centre for health
Economics; 1999. Accessed December 2, 2022. https://www.york.ac.uk/che/pdf/
DP172.pdf

29. Aasa M, Henriksson M, Dellborg M, et al. Cost and health outcome of primary
percutaneous coronary intervention versus thrombolysis in acute ST-segment
elevation myocardial infarction—results of the Swedish Early Decision reperfusion
Study (SWEDES) trial. Am Heart J. 2010;160(2):322–328. https://doi.org/10.1016/
j.ahj.2010.05.008

30. Darlington AS, Dippel DW, Ribbers GM, van Balen R, Passchier J, Busschbach JJ.
Coping strategies as determinants of quality of life in stroke patients: a

https://doi.org/10.1016/j.jscai.2024.102234
https://doi.org/10.1161/HYPERTENSIONAHA.119.13437
https://millionhearts.hhs.gov/data-reports/hypertension-prevalence.html
https://millionhearts.hhs.gov/data-reports/hypertension-prevalence.html
https://www.fda.gov/media/171411/download
https://doi.org/10.1016/j.jacc.2023.08.045
https://doi.org/10.1016/S0140-6736(20)30554-7
https://doi.org/10.1016/j.jacc.2012.07.029
https://doi.org/10.1093/ehjqcco/qcae001
https://doi.org/10.1067/mhj.2000.96469
https://doi.org/10.1161/01.str.25.1.40
https://doi.org/10.1161/CIRCULATIONAHA.108.784215
https://doi.org/10.1093/ije/31.6.1253
https://doi.org/10.1093/ije/31.6.1253
https://doi.org/10.7326/0003-4819-141-2-200407200-00007
https://doi.org/10.1097/HJH.0000000000000378
https://doi.org/10.1161/HYPERTENSIONAHA.122.20853
https://doi.org/10.1161/HYPERTENSIONAHA.122.20853
https://doi.org/10.1016/j.jacc.2020.04.036
https://doi.org/10.1016/j.jacc.2020.04.036
https://doi.org/10.1016/j.jacc.2022.11.038
https://doi.org/10.1016/S0140-6736(22)00455-X
https://doi.org/10.1016/S0140-6736(22)00455-X
https://doi.org/10.2147/CEOR.S95662
http://www.meps.ahrq.gov/mepsweb/data_files/publications/st404/stat404.shtml
http://www.meps.ahrq.gov/mepsweb/data_files/publications/st404/stat404.shtml
https://doi.org/10.1016/j.amjcard.2015.09.048
https://doi.org/10.1016/j.amjcard.2015.09.048
https://doi.org/10.1007/s12325-015-0264-7
https://doi.org/10.1161/CIRCULATIONAHA.117.031907
https://doi.org/10.2147/CEOR.S89331
https://doi.org/10.1161/CIRCULATIONAHA.113.007787
https://doi.org/10.1161/CIRCOUTCOMES.114.001330
https://doi.org/10.1161/CIRCOUTCOMES.114.001330
https://doi.org/10.1007/s40273-020-00952-0
https://adr.usrds.org/2021
https://www.york.ac.uk/che/pdf/DP172.pdf
https://www.york.ac.uk/che/pdf/DP172.pdf
https://doi.org/10.1016/j.ahj.2010.05.008
https://doi.org/10.1016/j.ahj.2010.05.008


8 D.E. Kandzari et al. / Journal of the Society for Cardiovascular Angiography & Interventions 3 (2024) 102234
longitudinal study. Cerebrovasc Dis. 2007;23(5-6):401–407. https://doi.org/
10.1159/000101463

31. Glasziou P, Alexander J, Beller E, Clarke P, Group AC. Which health-related quality
of life score? A comparison of alternative utility measures in patients with type 2
diabetes in the ADVANCE trial. Health Qual Life Outcomes. 2007;5:21. https://
doi.org/10.1186/1477-7525-5-21

32. Grosso AM, Bodalia PN, MacAllister RJ, Hingorani AD, Moon JC, Scott MA.
Comparative clinical- and cost-effectiveness of candesartan and losartan in the
management of hypertension and heart failure: a systematic review, meta- and
cost-utility analysis. Int J Clin Pract. 2011;65(3):253–263. https://doi.org/10.1111/
j.1742-1241.2011.02633.x

33. Pignone M, Earnshaw S, Pletcher MJ, Tice JA. Aspirin for the primary prevention of
cardiovascular disease in women: a cost-utility analysis. Arch Intern Med. 2007;
167(3):290–295. https://doi.org/10.1001/archinte.167.3.290

34. Sullivan PW, Ghushchyan V. Preference-based EQ-5D index scores for chronic
conditions in the United States. Med Decis Making. 2006;26(4):410–420. https://
doi.org/10.1177/0272989X06290495

35. Chen L, Hay JW. Cost-effectiveness of primary implanted cardioverter defibrillator
for sudden death prevention in congestive heart failure. Cardiovasc Drugs Ther.
2004;18(2):161–170. https://doi.org/10.1023/B:CARD.0000029034.65769.f7

36. Fryback DG, Dunham NC, Palta M, et al. US norms for six generic health-related
quality-of-life indexes from the National Health Measurement study. Med Care.
2007;45(12):1162–1170. https://doi.org/10.1097/MLR.0b013e31814848f1

37. Lee CP, Chertow GM, Zenios SA. An empiric estimate of the value of life: updating
the renal dialysis cost-effectiveness standard. Value Health. 2009;12(1):80–87.
https://doi.org/10.1111/j.1524-4733.2008.00401.x

38. Arias E, Xu J. United States Life Tables, 2019. National vital statistics reports; 2022.
Accessed February 10, 2024. https://stacks.cdc.gov/view/cdc/113096

39. Koton S, Schneider ALC, Rosamond WD, et al. Stroke incidence and mortality
trends in US communities, 1987 to 2011. JAMA. 2014;312(3):259–268. https://
doi.org/10.1001/jama.2014.7692

40. Krumholz HM, Normand ST, Wang Y. Twenty-year trends in outcomes for older
adults with acute myocardial infarction in the United States. JAMA Netw Open.
2019;2(3), e191938. https://doi.org/10.1001/jamanetworkopen.2019.1938

41. Wang Y, Leifheit EC, Krumholz HM. Trends in 10-year outcomes among Medicare
beneficiaries who survived an acute myocardial infarction. JAMA Cardiol. 2022;
7(6):613–622. https://doi.org/10.1001/jamacardio.2022.0662

42. Buckley BS, Simpson CR, McLernon DJ, Murphy AW, Hannaford PC. Five year
prognosis in patients with angina identified in primary care: incident cohort study.
BMJ. 2009;339, b3058. https://doi.org/10.1136/bmj.b3058

43. Shah KS, Xu H, Matsouaka RA, et al. Heart failure with preserved, borderline, and
reduced ejection fraction: 5-year outcomes. J Am Coll Cardiol. 2017;70(20):
2476–2486. https://doi.org/10.1016/j.jacc.2017.08.074

44. Sanders GD, Neumann PJ, Basu A, et al. Recommendations for conduct,
methodological practices, and reporting of cost-effectiveness analyses: second
panel on cost-effectiveness in health and medicine. JAMA. 2016;316(10):
1093–1103. https://doi.org/10.1001/jama.2016.12195

45. Julius S, Kjeldsen SE, Weber M, et al. Outcomes in hypertensive patients at high
cardiovascular risk treated with regimens based on valsartan or amlodipine: the
VALUE randomised trial. Lancet. 2004;363(9426):2022–2031. https://doi.org/
10.1016/S0140-6736(04)16451-9

46. Julius S, Weber MA, Kjeldsen SE, et al. The valsartan antihypertensive long-term use
evaluation (VALUE) trial: outcomes in patients receiving monotherapy. Hypertension.
2006;48(3):385–391. https://doi.org/10.1161/01.HYP.0000236119.96301.f2

47. Jamerson K, Weber MA, Bakris GL, et al. Benazepril plus amlodipine or
hydrochlorothiazide for hypertension in high-risk patients. N Engl J Med. 2008;
359(23):2417–2428. https://doi.org/10.1056/NEJMoa0806182

48. ONTARGET Investigators, Yusuf S, Teo KK, et al. Telmisartan, ramipril, or both in
patients at high risk for vascular events. N Engl J Med. 2008;358(15):1547–1559.
https://doi.org/10.1056/NEJMoa0801317

49. Telmisartan Randomised AssessmeNt Study in ACE iNtolerant subjects with
cardiovascular Disease (TRANSCEND) Investigators, Yusuf S, Teo K, et al. Effects
of the angiotensin-receptor blocker telmisartan on cardiovascular events in high-
risk patients intolerant to angiotensin-converting enzyme inhibitors: a randomised
controlled trial. Lancet. 2008;372(9644):1174–1183. https://doi.org/10.1016/
S0140-6736(08)61242-8

50. Heart Outcomes Prevention Evaluation (HOPE) Study Investigators. Effects of
ramipril on cardiovascular and microvascular outcomes in people with diabetes
mellitus: results of the HOPE study and MICRO-HOPE substudy. Lancet. 2000;
355(9200):253–259. https://doi.org/10.1016/S0140-6736(99)12323-7

51. ACCORD Study Group, Cushman WC, Evans GW, et al. Effects of intensive blood-
pressure control in type 2 diabetes mellitus. N Engl J Med. 2010;362(17):
1575–1585. https://doi.org/10.1056/NEJMoa1001286

52. SPRINT Research Group, Wright JT, Williamson JD, et al. A randomized trial of
intensive versus standard blood-pressure control. N Engl J Med. 2015;373(22):
2103–2116. https://doi.org/10.1056/NEJMoa1511939

53. Zhang W, Zhang S, Deng Y, et al. Trial of intensive blood-pressure control in older
patients with hypertension. N Engl J Med. 2021;385(14):1268–1279. https://
doi.org/10.1056/NEJMoa2111437

54. Benziger CP, Roth GA, Moran AE. The global burden of disease study and the
preventable burden of NCD. Glob Heart. 2016;11(4):393–397. https://doi.org/
10.1016/j.gheart.2016.10.024

55. Seshadri S, Beiser A, Kelly-Hayes M, et al. The lifetime risk of stroke: estimates from
the Framingham study. Stroke. 2006;37(2):345–350. https://doi.org/10.1161/
01.STR.0000199613.38911.b2
56. Albrektsen G, Heuch I, Løchen M-L, et al. Lifelong gender gap in risk of incident
myocardial infarction: the Tromsø study. JAMA Intern Med. 2016;176(11):
1673–1679. https://doi.org/10.1001/jamainternmed.2016.5451

57. Huffman MD, Berry JD, Ning H, et al. Lifetime risk for heart failure among white and
black Americans: cardiovascular lifetime risk pooling project. J Am Coll Cardiol.
2013;61(14):1510–1517. https://doi.org/10.1016/j.jacc.2013.01.022

58. Turin TC, Tonelli M, Manns BJ, et al. Lifetime risk of ESRD. J Am Soc Nephrol. 2012;
23(9):1569–1578. https://doi.org/10.1681/ASN.2012020164

59. Hippisley-Cox J, Coupland C, Brindle P. Development and validation of
QRISK3 risk prediction algorithms to estimate future risk of cardiovascular
disease: prospective cohort study. BMJ. 2017;357, j2099. https://doi.org/
10.1136/bmj.j2099

60. Piepoli MF, Hoes AW, Agewall S, et al. 2016 European Guidelines on
cardiovascular disease prevention in clinical practice: the Sixth Joint Task Force
of the European Society of Cardiology and Other Societies on cardiovascular
Disease Prevention in Clinical Practice (constituted by representatives of 10
societies and by invited experts): developed with the special contribution of
the European Association for Cardiovascular Prevention & Rehabilitation
(EACPR). Eur J Prev Cardiol. 2016;23(11):NP1–NP96. https://doi.org/10.1177/
2047487316653709

61. Muntner P, Colantonio LD, Cushman M, et al. Validation of the atherosclerotic
cardiovascular disease Pooled Cohort risk equations. JAMA. 2014;311(14):
1406–1415. https://doi.org/10.1001/jama.2014.2630

62. Medina-Inojosa JR, Somers VK, Garcia M, et al. Performance of the ACC/AHA
pooled cohort cardiovascular risk equations in clinical practice. J Am Coll Cardiol.
2023;82(15):1499–1508. https://doi.org/10.1016/j.jacc.2023.07.018

63. Adamkiewicz K, Płatek AE, Szyma�nski FM. Risk assessment according to the
SCORE risk chart—from history, through present, to the future. Kardiol Pol
(Polish Heart Journal). 2018;76(1):63–68. https://doi.org/10.5603/KP.a2017.
0202

64. Anderson JL, Heidenreich PA, Barnett PG, et al. ACC/AHA statement on cost/value
methodology in clinical practice guidelines and performance measures: a report of
the American College of Cardiology/American Heart Association Task Force on
Performance Measures and Task Force on Practice Guidelines. J Am Coll Cardiol.
2014;63(21):2304–2322. https://doi.org/10.1016/j.jacc.2014.03.016

65. Marshall C, Sanderson A, Miller P, et al. Systematic review of renal denervation for
uncontrolled hypertension. PROSPERO; 2022. Accessed February 10, 2024. http
s://www.crd.york.ac.uk/prospero/display_record.php?ID¼CRD42022374189

66. Briggs AH, Weinstein MC, Fenwick EA, et al. Model parameter estimation and
uncertainty analysis: a report of the ISPOR-SMDM Modeling Good Research
Practices Task Force Working Group–6. Med Decis Making. 2012;32(5):722–732.
https://doi.org/10.1177/0272989X12458348

67. Schmieder RE, Mahfoud F, Mancia G, et al. Clinical event reductions in high-risk
patients after renal denervation projected from the global Symplicity registry. Eur
Heart J Qual Care Clin Outcomes. 2023;9(6):575–582. https://doi.org/10.1093/
ehjqcco/qcac056

68. Sharp ASP, Tunev S, Schlaich M, et al. Histological evidence supporting the
durability of successful radiofrequency renal denervation in a normotensive
porcine model. J Hypertens. 2022;40(10):2068–2075. https://doi.org/10.1097/
HJH.0000000000003236

69. Schlaich M, Tunev S, Sharp A, et al. PS-BPB07-4: long-term pathological changes in
ablated renal nerves following catheter-based radiofrequency renal denervation in a
normotensive swine model. J Hypertens. 2023;41(Suppl 1):e282–e283. https://
doi.org/10.1097/01.hjh.0000915620.01603.20

70. Vogt A, Dutzmann J, Nußbaum M, et al. Safety and efficacy of renal sympathetic
denervation: a 9-year long-term follow-up of 24-hour ambulatory blood pressure
measurements. Front Cardiovasc Med. 2023;10, 1210801. https://doi.org/
10.3389/fcvm.2023.1210801

71. Fezzi S, Gibson W, Wagener M, et al. Feasibility and safety of same-day discharge
following radiofrequency renal artery sympathetic denervation. J Am Heart Assoc.
2023;12(15), e030742. https://doi.org/10.1161/JAHA.123.030742

72. Muntner P, Hardy ST, Fine LJ, et al. Trends in blood pressure control among US
adults with hypertension, 1999-2000 to 2017-2018. JAMA. 2020;324(12):
1190–1200. https://doi.org/10.1001/jama.2020.14545

73. Flack JM, Bhatt DL, Kandzari DE, Brown D, Brar S, Choi JW, et al. An analysis of the
blood pressure and safety outcomes to renal denervation in African Americans and
Non-African Americans in the Symplicity HTN-3 trial. J Am Soc Hypertens. 2015;
9(10):769–779. https://doi.org/10.1016/j.jash.2015.08.001

74. Kandzari DE, Bhatt DL, Brar S, Devireddy CM, Esler M, Fahy M, et al. Predictors of
blood pressure response in the Symplicity HTN-3 trial. Eur Heart J. 2015;36(4):
219–227. https://doi.org/10.1093/eurheartj/ehu441

75. Townsend RR, Ferdinand KC, Kandzari DE, et al. Impact of antihypertensive
medication changes after renal denervation among different patient groups:
SPYRAL HTN-ON MED. Hypertension. 2024;81(5):1095–1105. https://doi.org/
10.1161/HYPERTENSIONAHA.123.22251

76. Randolph TC, Greiner MA, Egwim C, Hernandez AF, Thomas KL, Curtis LH, et al.
Associations between blood pressure and outcomes among blacks in the Jackson
Heart Study. J Am Heart Assoc. 2016;5(12), e003928. https://doi.org/10.1161/
JAHA.116.003928

77. Lackland DT. Racial differences in hypertension: implications for high blood
pressure management. Am J Med Sci. 2014;348(2):135–138. https://doi.org/
10.1097/MAJ.0000000000000308

78. Sells ML, Blum E, Perry GS, Eke P, Presley-Cantrell L. Excess burden of poverty and
hypertension, by race and ethnicity, on the prevalence of cardiovascular disease.
Prev Chronic Dis. 2023;20, E109. https://doi.org/10.5888/pcd20.230065

https://doi.org/10.1159/000101463
https://doi.org/10.1159/000101463
https://doi.org/10.1186/1477-7525-5-21
https://doi.org/10.1186/1477-7525-5-21
https://doi.org/10.1111/j.1742-1241.2011.02633.x
https://doi.org/10.1111/j.1742-1241.2011.02633.x
https://doi.org/10.1001/archinte.167.3.290
https://doi.org/10.1177/0272989X06290495
https://doi.org/10.1177/0272989X06290495
https://doi.org/10.1023/B:CARD.0000029034.65769.f7
https://doi.org/10.1097/MLR.0b013e31814848f1
https://doi.org/10.1111/j.1524-4733.2008.00401.x
https://stacks.cdc.gov/view/cdc/113096
https://doi.org/10.1001/jama.2014.7692
https://doi.org/10.1001/jama.2014.7692
https://doi.org/10.1001/jamanetworkopen.2019.1938
https://doi.org/10.1001/jamacardio.2022.0662
https://doi.org/10.1136/bmj.b3058
https://doi.org/10.1016/j.jacc.2017.08.074
https://doi.org/10.1001/jama.2016.12195
https://doi.org/10.1016/S0140-6736(04)16451-9
https://doi.org/10.1016/S0140-6736(04)16451-9
https://doi.org/10.1161/01.HYP.0000236119.96301.f2
https://doi.org/10.1056/NEJMoa0806182
https://doi.org/10.1056/NEJMoa0801317
https://doi.org/10.1016/S0140-6736(08)61242-8
https://doi.org/10.1016/S0140-6736(08)61242-8
https://doi.org/10.1016/S0140-6736(99)12323-7
https://doi.org/10.1056/NEJMoa1001286
https://doi.org/10.1056/NEJMoa1511939
https://doi.org/10.1056/NEJMoa2111437
https://doi.org/10.1056/NEJMoa2111437
https://doi.org/10.1016/j.gheart.2016.10.024
https://doi.org/10.1016/j.gheart.2016.10.024
https://doi.org/10.1161/01.STR.0000199613.38911.b2
https://doi.org/10.1161/01.STR.0000199613.38911.b2
https://doi.org/10.1001/jamainternmed.2016.5451
https://doi.org/10.1016/j.jacc.2013.01.022
https://doi.org/10.1681/ASN.2012020164
https://doi.org/10.1136/bmj.j2099
https://doi.org/10.1136/bmj.j2099
https://doi.org/10.1177/2047487316653709
https://doi.org/10.1177/2047487316653709
https://doi.org/10.1001/jama.2014.2630
https://doi.org/10.1016/j.jacc.2023.07.018
https://doi.org/10.5603/KP.a2017.0202
https://doi.org/10.5603/KP.a2017.0202
https://doi.org/10.1016/j.jacc.2014.03.016
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022374189
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022374189
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022374189
https://doi.org/10.1177/0272989X12458348
https://doi.org/10.1093/ehjqcco/qcac056
https://doi.org/10.1093/ehjqcco/qcac056
https://doi.org/10.1097/HJH.0000000000003236
https://doi.org/10.1097/HJH.0000000000003236
https://doi.org/10.1097/01.hjh.0000915620.01603.20
https://doi.org/10.1097/01.hjh.0000915620.01603.20
https://doi.org/10.3389/fcvm.2023.1210801
https://doi.org/10.3389/fcvm.2023.1210801
https://doi.org/10.1161/JAHA.123.030742
https://doi.org/10.1001/jama.2020.14545
https://doi.org/10.1016/j.jash.2015.08.001
https://doi.org/10.1093/eurheartj/ehu441
https://doi.org/10.1161/HYPERTENSIONAHA.123.22251
https://doi.org/10.1161/HYPERTENSIONAHA.123.22251
https://doi.org/10.1161/JAHA.116.003928
https://doi.org/10.1161/JAHA.116.003928
https://doi.org/10.1097/MAJ.0000000000000308
https://doi.org/10.1097/MAJ.0000000000000308
https://doi.org/10.5888/pcd20.230065

	Catheter-Based Radiofrequency Renal Denervation in the United States: A Cost-Effectiveness Analysis Based on Contemporary E ...
	Introduction
	Methods
	Model structure and risk equations
	Clinical data
	Costs and utilities
	Model validation
	Analysis outcomes
	Sensitivity and scenario analyses

	Results
	Model validation
	Base case analysis
	Sensitivity and scenario analysis

	Discussion
	Conclusion
	Declaration of competing interest
	Funding sources
	Ethics statement and patient consent
	Supplementary material
	References


