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IMPORTANCE Ultrasound renal denervation (uRDN) was shown to lower blood pressure (BP)
in patients with uncontrolled hypertension (HTN). Establishing the magnitude and
consistency of the uRDN effect across the HTN spectrum is clinically important.

OBJECTIVE To characterize the effectiveness and safety of uRDN vs a sham procedure from
individual patient-level pooled data across uRDN trials including either patients with mild to
moderate HTN on a background of no medications or with HTN resistant to standardized
triple-combination therapy.

DATA SOURCES A Study of the ReCor Medical Paradise System in Clinical Hypertension
(RADIANCE-HTN SOLO and TRIO) and A Study of the ReCor Medical Paradise System in Stage
II Hypertension (RADIANCE II) trials.

STUDY SELECTION Trials with similar designs, standardized operational implementation
(medication standardization and blinding of both patients and physicians to treatment
assignment), and follow-up.

DATA EXTRACTION AND SYNTHESIS Pooled analysis using individual patient-level data using
linear regression models to compare uRDN with sham across the trials.

MAIN OUTCOMES AND MEASURES The primary outcome was baseline-adjusted change in
2-month daytime ambulatory systolic BP (dASBP) between groups.

RESULTS A total of 506 patients were randomized in the 3 studies (uRDN, 293; sham, 213;
mean [SD] age, 54.1 [9.3]; 354 male [70.0%]). After a 1-month medication stabilization
period, dASBP was similar between the groups (mean [SD], uRDN, 150.3 [9.2] mm Hg; sham,
150.8 [10.5] mm Hg). At 2 months, dASBP decreased by 8.5 mm Hg to mean (SD) 141.8 (13.8)
mm Hg among patients treated with uRDN and by 2.9 mm Hg to 147.9 (14.6) mm Hg among
patients treated with a sham procedure (mean difference, −5.9; 95% CI, −8.1 to −3.8 mm Hg;
P < .001 in favor of uRDN). BP decreases from baseline with uRDN vs sham were consistent
across trials and across BP parameters (office SBP: −10.4 mm Hg vs −3.4 mm Hg; mean
difference, −6.4 mm Hg; 95% CI, −9.1 to –3.6 mm Hg; home SBP: −8.4 mm Hg vs −1.4 mm Hg;
mean difference, −6.8 mm Hg; 95% CI, −8.7 to −4.9 mm Hg, respectively). The BP reductions
with uRDN vs sham were consistent across prespecified subgroups. Independent predictors
of a larger BP response to uRDN were higher baseline BP and heart rate and the presence of
orthostatic hypertension. No differences in early safety end points were observed between
groups.

CONCLUSIONS AND RELEVANCE Results of this patient-level pooled analysis suggest that BP
reductions with uRDN were consistent across HTN severity in sham-controlled trials designed
with a 2-month primary end point to standardize medications across randomized groups.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT02649426 and NCT03614260
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D espite established treatment options, hypertension
(HTN) remains a leading cause of cardiovascular mor-
bidity and mortality. Rates of blood pressure (BP) con-

trol are static or falling, and reasons for this treatment gap are
multifactorial.1,2 In this context, various device-based thera-
pies that aim to lower BP are currently under investigation with
the goal of controlling BP when used in conjunction with guide-
line-recommended approaches, including lifestyle modifica-
tion and antihypertensive medications.

Endovascular renal denervation (RDN) has emerged as one
such approach to lowering BP. Current RDN systems consist
of specifically designed intra-arterial catheters that ablate both
the efferent and afferent sympathetic nerves of the kidney,
thereby decreasing sympathetic nerve activity. Following in-
consistent results from earlier trials,3,4 these devices have been
optimized to achieve more effective and reproducible circum-
ferential nerve ablation of the kidney and, theoretically, a more
consistent BP effect. Ultrasound-based RDN (uRDN) has been
shown to safely reduce BP when compared with a sham
comparator.5,6 Within these trials, the efficacy of uRDN in low-
ering BP over a sham procedure has been demonstrated among
patients with mild-moderate HTN and among those with HTN
resistant to a triple-combination antihypertensive therapy.

Leveraging a consistency of trial designs across differing
populations, we sought to characterize the effectiveness and
safety of uRDN compared with sham by pooling individual pa-
tient-level data from trials each powered to demonstrate
BP-lowering efficacy, with similar end point ascertainment, op-
erational implementation, and follow-up procedures (includ-
ing blinding).

Methods
This patient-level analysis included pooled data from 3 prospec-
tive, individually powered, randomized, sham-controlled, in-
ternational studies of RDN in patients with HTN: A Study of the
ReCor Medical Paradise System in Clinical Hypertension
(RADIANCE-HTN SOLO and TRIO)5,6 and A Study of the ReCor

Medical Paradise System in Stage II Hypertension (RADIANCE
II)7 trials (Figure 1). Specifically, these are studies that adhered
to the US Food and Drug Administration/American Society of
Hypertension and European consensus on trial designs for RDN
trials of HTN, including standardized design (prospective, ran-
domized, sham controlled) with the same primary end point at
2 months (change in daytime ambulatory systolic BP from base-
line), use of the same RDN technology and technique, and con-
sistent study monitoring and data collection.8-10 This study fol-
lowedtheConsolidatedStandardsofReportingTrials(CONSORT)
reporting guidelines for each of the original randomized trials.

All 3 studies required patients to be between 18 and 75 years
of age with an estimated glomerular filtration rate (eGFR) of
at least 40 mL/min/1.73m2. For RADIANCE-HTN, the follow-
ing categories were available: American Indian or Alaska Native;
Asian; Black, African heritage; Black, Caribbean heritage; Black,
other heritage, specify; Caucasian; Hispanic or Latino; mul-
tiple ethnicities, specify; Native Hawaiian or other Pacific
Islander; or other ethnicity, specify. For RADIANCE II the fol-
lowing categories were available: American Indian or Alaska
Native; Asian; Black or African American; Native Hawaiian or
other Pacific Islander; White; or other/mixed race, with a sepa-
rate question regarding Hispanic, Latino, or Spanish origin. This
information was included in the study per guidance from the
US Food and Drug Administration.11 The RADIANCE-HTN SOLO

Key Points
Question Is the magnitude of blood pressure (BP) reduction
observed with ultrasound renal denervation (uRDN) compared
with a sham procedure consistent across studies of varying
hypertension severity?

Findings In this patient-level pooled analysis of 3 randomized
clinical trials including 506 patients with varying severities of
hypertension, the reduction in daytime ambulatory systolic BP
was significantly greater among patients receiving uRDN
compared with sham at 2 months, with consistency across trials.

Meaning uRDN reduces BP compared with a sham procedure.

Figure 1. Design of the 3 Studies Included in the Pooled Analysis

SOLO

CTA / MRA, renal duplex, renal angiography

Primary efficacy end point at 2 mo; change in daytime ambulatory systolic BP

Office BP ≥140/90 mm Hg
taking 0-2 anti-HTN meds or

controlled with 1-2 anti-HTN meds

uRDN
SOLO (N = 74)
TRIO (N = 69)

RADIANCE II (N = 150)

Sham
SOLO (N = 72)
TRIO (N = 67)

RADIANCE II (N = 74)

Anti-HTN meds
washout (4 wk)

TRIO

Office BP ≥140/90 mm Hg
taking 3+ anti-HTN meds

Fixed-dose, 3-drug combination
pill stabilization (4 wk)

RADIANCE II

Office BP ≥140/90 mm Hg
taking 0-2 anti-HTN meds

Anti-HTN meds
washout (4 wk)

Baseline daytime ABP
≥135/85 and <170/105 mm Hg

Baseline daytime ABP
≥135/85 mm Hg

Baseline daytime ABP
≥135/85 and <170/105 mm Hg

The studies included in the pooled
analysis are A Study of the ReCor
Medical Paradise System in Clinical
Hypertension (RADIANCE-HTN SOLO
and TRIO) and A Study of the ReCor
Medical Paradise System in Stage II
Hypertension (RADIANCE II) trials.
ABP indicates ambulatory blood
pressure; BP, blood pressure; CTA,
computed tomography angiography;
HTN, hypertension; meds,
medications; MRA, magnetic
resonance angiography; uRDN,
ultrasound-based renal denervation.
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trial included patients with mild to moderate HTN whose BP
was controlled with 1 to 2 medications or uncontrolled with 0
to 2 medications. All patients had medications withdrawn for
4 weeks before confirming a daytime ambulatory BP of at least
135/85 mm Hg and less than 170/105 mm Hg before a 1:1 ran-
domization to uRDN vs sham procedure.

The RADIANCE-HTN TRIO trial included patients with re-
sistant HTN whose BP was uncontrolled with 3 or more pre-
scribed antihypertensive medications. All patients were
switched to a 3-drug, fixed-dose, single combination pill in-
cluding a calcium channel blocker, angiotensin receptor
blocker, and a thiazide diuretic. Patients were eligible for ran-
domization (1:1) if, after 4 weeks, their BP remained uncon-
trolled with a daytime ambulatory BP of at least 135/85 mm Hg
while taking the single-pill triple-combination treatment.

The RADIANCE II trial included patients with uncon-
trolled hypertension who either currently or previously were
prescribed up to 2 antihypertensive medications. All patients
had medications withdrawn for 4 weeks before confirming a
daytime ambulatory BP of at least 135/85 mm Hg and less than
170/105 mm Hg and a 2:1 randomization to uRDN vs sham pro-
cedure. A full listing of inclusion/exclusion criteria from each
study as well as the description of the ambulatory, home, and
office BP measurement methods is provided in eTables 1 and
2 in Supplement 1.

Within these studies, participants meeting all clinical and
BP criteria after a 1-month medication stabilization phase (not
taking medications for RADIANCE-HTN SOLO and RADIANCE
II; taking a triple-combination treatment in a single pill for
RADIANCE-HTN TRIO) who had qualifying anatomy as deter-
mined by computed tomography or magnetic resonance an-
giography then underwent invasive arterial angiography of the
kidney. If angiography reconfirmed eligibility for uRDN,
participants were randomly assigned (1:1 for the SOLO and TRIO
trials; 2:1 for the RADIANCE II trial) to either uRDN with the
Paradise Renal Denervation System (ReCor Medical) or a sham
procedure (ie, arterial angiography of the kidney with subse-
quent time period in the laboratory to mimic an RDN proce-
dure). The independent randomization process was also simi-
lar between studies. Eye covers, headphones, and sedation
were used in all trials to maintain blinding of the patients. The
patients underwent monthly follow-up, with ascertainment of
both seated office and 7-day home BP and ascertainment of
ambulatory BP at the 2-month follow-up visit. Of note, strict
blinding of clinical assessors and patients was maintained
throughout the follow-up phase, and participants and treat-
ing physicians were instructed to not change their HTN regi-
men during this period unless meeting prespecified BP es-
cape criteria (eTable 2 in Supplement 1).

For this pooled analysis, the primary end point was the
change from baseline in daytime ambulatory systolic BP at 2
months after the procedure for uRDN vs sham. Secondary end
points included changes in additional BP parameters includ-
ing 24-hour, home, office, and nighttime systolic BP as well
as diastolic BP parameters. Randomization was established by
each individual study, and intention-to-treat analyses were per-
formed based on the original randomization assignment. For
patients who met the protocol-defined criteria for medica-

tion changes, the last BP measurement before the medication
change was used for the reduction in BP in the analysis, as was
indicated in the original study designs. Any subsequent miss-
ing BP data were handled via multiple imputation, as previ-
ously described.7 Major adverse events were defined in the
same manner as in RADIANCE II7 and included the following:
all-cause mortality, renal failure, an embolic event, renal ar-
tery or vascular complications requiring intervention, hospi-
talization for hypertensive or hypotensive crisis or for major
cardiovascular/cerebrovascular events within 30 days, and re-
nal artery stenosis greater than 70% detected by noninvasive
imaging at 6 months. All adverse events potentially meeting
these definitions were sent to an independent clinical events
committee for adjudication. We also assessed change in eGFR
from baseline to 2 months.

Statistical Analysis
The primary analysis was based on a maximum likelihood
linear model for the change in daytime ambulatory systolic
BP at 2 months after the procedure with fixed-effects terms
including randomized study group (uRDN vs sham), base-
line daytime ambulatory systolic BP, and study. A fixed-
effects approach was used due to the limited number of
studies; study poolability was tested using a treatment by
arm interaction term as well as by calculation of I2 statistic
in a 2-stage meta-analysis. Subgroup analyses for baseline
characteristics were based on mean-centered values to pre-
vent ecological bias.12 Sensitivity analyses were performed
for missing data and for a per-protocol analysis cohort as
defined in Supplement 2. Multivariable analyses using lin-
ear regression were performed to assess the independent
effect of the randomization group on BP and to assess pre-
dictors of BP response to uRDN (eAppendix in Supplement 1
and Supplement 2). Continuous variables are expressed as
mean (SD), unless otherwise specified, and between-group
differences are expressed with their 2-sided 95% CIs. We
used SAS software, version 9.4 (SAS Institute) and R (R Core
Team). The R packages data.table, version 1.14.2 (Dowle &
Srinivasan), metaphor,13 and meta14 were used to conduct
the 2-stage meta-analyses.

Results
A total of 506 patients among 2830 patients screened for eli-
gibility were randomized in the 3 included studies: (uRDN, 293;
sham, 213; mean [SD] age, 54.1 [9.3]; 354 male [70.0%]; 152 fe-
male [30.0%]). Patients self-identified with the following race
and ethnicity categories: 88 Black (17.4%), 378 White (74.7%),
and 40 other or unknown (7.9%) (Table 1). Owing to the strin-
gent exclusion criteria of these trials, only 34% of patients (173
of 506) had hyperlipidemia, and 12% (59 of 506) had diabetes
across the 3 studies. Prior hospitalization for hypertensive cri-
sis and prior cardiovascular or cerebrovascular events were rare
(except in RADIANCE-HTN TRIO, which included patients with
resistant HTN). The mean (SD) body mass index was 30.7 (5.5)
(calculated as weight in kilograms divided by height in me-
ters squared), and the mean (SD) office BP on initial screen-
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ing for enrollment was 153.9/99.3 (15.6/10.1) mm Hg while re-
ceiving 1.8 (1.6) antihypertensive medications.

After the 1-month medication stabilization period, the
mean (SD) daytime ambulatory systolic values were similar
between the groups (systolic: uRDN, 150.3 [9.2] mm Hg vs
sham, 150.8 [10.5] mm Hg). Mean (SD) home systolic BP val-
ues in the uRDN and sham groups were 151.6 (11.5) mm Hg
and 150.3 (13.6) mm Hg, respectively. The mean (SD) office
systolic BP values at baseline were similar between the
groups (uRDN, 155.9 [13.9] mm Hg vs sham, 155.0 [15.1] mm
Hg). Baseline BP measurements compared across treatment
groups are shown in Table 1.

Mean (SD) total procedural duration including the
preprocedural renal angiogram and the randomization pro-
cess was 78.1 (25.8) minutes for uRDN vs 41.8 (15.7) minutes
for sham (P < .001), and conscious sedation or monitored
anesthesia was used for most patients (eTable 3 in Supple-
ment 1). Among patients randomly assigned to uRDN, the
mean (SD) device procedural time was 35.3 (20.1) minutes,
and 5.6 (1.1) sonications of main and accessory arteries
(diameter of at least 3 mm) were performed with a mean
(SD) total emission time of 38.9 (7.8) seconds. Successful

bilateral ablation was performed in all but 7 patients (286 of
293 [97.6%]) (eTable 3 in Supplement 1).

Efficacy Outcomes
At 2-month follow-up, mean (SD) daytime ambulatory sys-
tolic BP decreased from the prerandomization baseline by 8.5
mm Hg to 141.8 (13.8) mm Hg after uRDN vs a decrease of 2.9
mm Hg to 147.9 (14.6) mm Hg after sham (mean difference,
−5.9; 95% CI, −8.1 to −3.8 mm Hg; P < .001 in favor of uRDN)
(Figure 2; eTable 4 in Supplement 1). Reductions were consis-
tent across the 3 included trials, and there was no heteroge-
neity when tested using a study by treatment arm interaction

Table 1. Demographics and Clinical Characteristics
at Enrollment and Baseline BP (continued)

Measure

No./total No. (%)

uRDN (n = 293) Sham (n = 213)

BP after 4-wk medication
washout/standardization,
mean (SD), mm Hg

Daytime ambulatory

Systolic 150.3 (9.2) 150.8 (10.5)

Diastolic 93.6 (5.8) 93.8 (6.9)

24-h Ambulatoryh

Systolic 143.3 (9.9) 144.4 (11.2)

Diastolic 88.3 (6.2) 88.7 (7.1)

Nighttime ambulatoryh

Systolic 132.3 (13.9) 134.3 (15.3)

Diastolic 79.8 (8.8) 80.6 (9.6)

Homei

Systolic 151.6 (11.5) 150.3 (13.6)

Diastolic 97.1 (7.9) 95.8 (8.8)

Officej

Systolic 155.9 (13.9) 155.0 (15.1)

Diastolic 101.4 (8.8) 99.9 (9.3)

Abbreviations: BMI, body mass index; BP, blood pressure; bpm, beats per
minute; eGFR, estimated glomerular filtration rate; uRDN, ultrasound-based
renal denervation.
a Other/unknown race in the uRDN group included 2 Asian, 6 Hispanic or Latino,

18 other or mixed race, and 1 not reported. Other or unknown race in the sham
group included 2 Asian, 4 Hispanic or Latino, 1 Native American or Alaska
Native, 5 other or mixed race, and 1 not reported.

b BMI is calculated as weight in kilograms divided by height in meters squared
and is available for 291 patients in the uRDN group and 213 patients in the
sham group.

c Abdominal obesity was defined as a waist circumference greater than 102 cm
for men and greater than 88 cm for women.

d eGFR data were available for 292 patients in the uRDN group and 211 patients
in the sham group.

e A study of the ReCor Medical Paradise System in Clinical Hypertension
(RADIANCE-HTN TRIO) was the only study that permitted patients with prior
cardiovascular and cerebrovascular events.

f One patient in the uRDN group was missing heart rate.
g The RADIANCE-HTN TRIO trial was only study that permitted patients taking 3

or more antihypertensive medications.
h Twenty-four–hour and nighttime ambulatory systolic and diastolic BPs are

available for 293 patients in the uRDN group and 212 patients in the
sham group.

i Home systolic and diastolic BPs are available for 289 patients in the uRDN
group and 212 patients in the sham group.

j Average of last 2 office BP among 3 measures in the seated position.

Table 1. Demographics and Clinical Characteristics
at Enrollment and Baseline BP

Measure

No./total No. (%)

uRDN (n = 293) Sham (n = 213)

Age, mean (SD), y 54.2 (9.5) 53.9 (9.0)

Sex

Female 88/293 (30.0) 64/213 (30.0)

Male 205/293 (70.0) 149/213 (70.0)

Race

Black 47/293 (16.0) 41/213 (19.2)

White 219/293 (74.7) 159/213 (74.6)

Other/unknowna 27/293 (9.2) 13/213 (6.1)

BMI, mean (SD)b 30.7 (5.6) 30.7 (5.4)

Abdominal obesityc 185/289 (64.0) 145/213 (68.1)

eGFR, mL/min/1.73 m2d 83.3 (17.9) 82.5 (16.6)

<60 16/292 (5.5) 13/211 (6.2)

Type 2 diabetes 32/293 (10.9) 27/213 (12.7)

Sleep apnea syndrome 47/293 (16.0) 32/213 (15.0)

Prior hospitalization
for hypertensive crisis

26/293 (8.9) 16/213 (7.5)

Prior myocardial infarction or
cerebrovascular evente

8/293 (2.7) 8/213 (3.8)

History of heart failure 2/293 (0.7) 3/213 (1.4)

Office BP and heart rate
at screening, mean (SD), mm Hg

Systolic 153.9 (14.9) 153.9 (16.4)

Diastolic 99.9 (10.1) 98.6 (10.0)

Heart rate, bpmf 74.0 (11.8) 74.7 (12.5)

No. of BP medications
at screening, mean (SD)

1.7 (1.5) 2.0 (1.6)

BP medications at screening, No.

0 67/293 (22.9) 41/213 (19.2)

1 87/293 (29.7) 52/213 (24.4)

2 70/293 (23.9) 51/213 (23.9)

≥3g 69/293 (23.5) 69/213 (32.4)

(continued)
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term or by I2 statistic (eFigure 1 in Supplement 1). Similarly,
greater reductions in BP were observed with uRDN compared
with sham for 24-hour ambulatory systolic BP (mean [SD], −7.9
[11.1] mm Hg vs −3.1 [12.2] mm Hg; mean difference, −5.3; 95%
CI, −7.4 to −3.3 mm Hg; P < .001), home systolic BP (mean [SD],
−8.4 [11.0] mm Hg vs −1.4 [9.4] mm Hg; mean difference, −6.8;
95% CI, −8.7 to −4.9 mm Hg; P < .001), and office systolic BP
(mean [SD], −10.4 [15.0] mm Hg vs −3.4 [16.7] mm Hg; mean
difference, −6.4; 95% CI, −9.1 to −3.6 mm Hg; P < .001) (eTable 4
in Supplement 1). Decreases in daytime and nighttime sys-
tolic BP were greater with uRDN compared with sham, with a

similar magnitude of BP decrease over the 24-hour circadian
cycle (Figure 2; eTable 4 in Supplement 1). In addition,
decreases in diastolic BP were greater with uRDN compared
with sham irrespective of whether measured with ambula-
tory BP monitoring, at home, or in the office (eTable 4 in
Supplement 1). Per-protocol analyses as well as analyses con-
ducted only using available data (without imputation) paral-
leled the primary intent-to-treat analyses (eTables 5 and 6 in
Supplement 1).

Not only was the overall magnitude of BP reduction greater
among uRDN compared with patients in the sham group, but

Figure 2. Pooled Results for Systolic Blood Pressure (SBP) Readings and SBP Curves Over a 24-Hour Period
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available data (uRDN, 280; sham, 209) and impute for patients meeting
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a greater proportion of patients achieved large reductions, of
10 mm Hg or greater, with uRDN compared with sham (46.3%
[130 of 281] vs 19.9% [42 of 211]; P < .001) (eTable 7 in Supple-
ment 1). Despite a greater proportion of patients randomly as-
signed to sham receiving additional BP medications before the
ascertainment of the 2-month BP assessment (14.6% [31 of 213]
vs 6.8% [20 of 293]; P = .004), rates of BP control were still
greater among patients randomized to uRDN compared with
sham (eTable 8 in Supplement 1). At a target threshold of day-
time ambulatory BP less than 135/85 mm Hg, 24.2% of pa-
tients (68 of 281) after uRDN were controlled, compared with
12.3% (26 of 211) after sham (P < .001). A similarly greater rate
of control in favor of uRDN was achieved using a home BP
threshold less than 135/85 mm Hg.

Subgroup and Multivariable Analyses
Consistently greater reductions in BP with uRDN compared
with sham were observed across prespecified subgroups
(Figure 3). The only significant (quantitative) treatment inter-
action observed was among patients with orthostatic hyper-
tension at baseline (defined as an increase in office BP when
standing as compared with sitting of ≥20 mm Hg systolic and/or
≥10 mm Hg diastolic). Patients with orthostatic hypertension
had a greater treatment effect (mean difference in daytime am-
bulatory systolic BP between uRDN and sham, −12.4 mm Hg;
95% CI, −17.1 to −7.7 mm Hg) compared with those without or-
thostatic hypertension (mean difference between uRDN and
sham, −4.5 mm Hg; 95% CI, −6.9 to −2.1 mm Hg; interaction
P = .002).

Although the effect of uRDN vs sham was consistent
across tertiles of baseline BP, the overall magnitude of the
reduction in daytime ambulatory systolic BP was associated
with baseline BP. Among patients who did not start addi-
tional medications, greater reductions in daytime ambula-
tory systolic BP were observed among patients with higher
starting BP (eFigure 2 in Supplement 1) with smaller reduc-
tions observed among those with lower baseline BP. How-
ever, among patients in the lowest tertile of starting BP,
42.6% of patients (40 of 94) in the uRDN group vs 16.7% of
patients (11 of 66) in the sham group (P < .001) had BP con-
trolled at 2 months, with lower rates of control achieved
with higher baseline BP (P < .001 for trend) (eFigure 2 in
Supplement 1). The effect of uRDN vs sham was robust in
multivariable analysis. In an exploratory analysis among
patients treated with uRDN, independent correlates of
2-month daytime ambulatory systolic BP were higher base-
line BP, greater heart rate, and the presence of orthostatic
hypertension (eTable 9 in Supplement 1).

Safety Outcomes
The uRDN procedure was well-tolerated with follow-up to 2
months, with 287 of 291 patients (98.6%) being discharged the
same day or the following day. eGFR level remained stable
through 2 months (eTable 10 in Supplement 1), and the rate of
adverse safety end points was low, with 1 periprocedural va-
sovagal event and a vascular access complication with se-
quelae observed in the uRDN arm and deemed to be related
to the procedure (Table 2). There was additionally 1 case of a

sudden death at 21 days after the procedure in a uRDN-
treated patient with resistant HTN that was adjudicated as un-
related to device or procedure.

Discussion
This pooled analysis of individual patient data from the
RADIANCE RDN clinical trial program sought to combine
the results of 3 independently powered, randomized, sham-
controlled, clinical trials of uRDN to increase the precision
of the estimate of BP lowering while examining the consis-
tency of this effect across differing populations of patients
with HTN. Notably, the primary end points of these 3 trials
were ascertained at 2 months to ensure medication stan-
dardization across randomized groups. There were several
key findings. First, there was a reduction in daytime ambu-
latory systolic BP of 5.9 mm Hg with uRDN in comparison
with sham with an overall reduction in daytime ambulatory
systolic BP of 8.5 mm Hg from baseline after uRDN (vs a
reduction of 2.9 mm Hg with sham), although both the mag-
nitude of BP reduction from baseline as well as rates of BP
control varied based on baseline BP. Second, reductions in
BP were consistent across the 3 included trials and for all BP
parameters irrespective of measurement method. Third,
greater reductions in BP observed with uRDN compared
with sham were consistent across prespecified subgroups,
with greater response to uRDN observed in patients with
orthostatic hypertension. Fourth, no appreciable differ-
ences in early periprocedural safety end points were
observed between randomized treatment groups.

After the neutral primary efficacy results of the Renal
Denervation in Patients with Uncontrolled Hypertension
(SYMPLICITY-HTN 3) trial, a critical reappraisal of RDN devices
and trial designs was conducted.8,15,16 Devices were iterated and
refined to achieve more complete ablation patterns and thereby
moreconsistentreductionsinsympatheticnerveactivity.17-19 The
circumferential ablations at a depth of 1 to 6 mm achieved with
uRDN represent 1 way of achieving a more consistent RDN ef-
fect. In addition, trial designs with serial BP measurements be-
fore randomization and establishment of a stable baseline were
developed to avoid regression to the mean after treatment as-
signment. These newer trials further used medication washout
or stabilization phases to allow for better control of the con-
founding effect of medications (and/or behavioral changes) that
could further influence BP. In addition, ambulatory and home
BP monitoring were used to reduce within-patient variability in
BP measurements, along with the strict blinding of patients and
assessors in conjunction with urine ascertainment of medica-
tion adherence for trials where participants were taking
medication.

The 3 included trials within this prespecified pooled analy-
sis all represent this newer generation of RDN trial design while
enrolling differing populations of patients with HTN. For
RADIANCE II, a greater range of catheter sizes (balloon diam-
eters) was used than originally available in SOLO and TRIO, but
the core catheter technology itself (ultrasound transducer) was
unchanged. All 3 trials established a stable baseline either with-
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out medications (SOLO and RADIANCE II) or with receipt of a
single combination pill (TRIO), with serial elevated BP
measurements required prior to randomization. Ambulatory
BP monitoring was used for both the confirmation of the
hypertensive phenotype after 4 weeks of medication wash-

out (SOLO and RADIANCE II) or medication stabilization (TRIO)
as well as for assessment of the primary end point at 2 months.
Despite the logistical challenges entailed, both patients and
treating clinicians/assessors were blinded to the initial ran-
domization assignment. As such, combining these 3 clinical

Figure 3. Between-Group Differences in 2-Month Daytime Ambulatory Systolic Blood Pressure (ASBP)
Change for Prespecified Subgroups

–30 –20 10–10–25 –15 –5 0 5
Mean difference in mm Hg (95% CI)

P value

Favors

uRDN

Favors

shamNVariable

Mean difference

in mm Hg (95% CI)

Sex .92
344Male –5.7 (–8.1 to –3.3)
148Female –7.3 (–11.7 to –2.8)

Black race . 92
85Yes –6.1 (–11.8 to –0.5)
405No –6.0 (–8.3 to –3.7)

Age, y .38
244<55 –7.0 (–9.9 to –4.1)
248≥55 –5.2 (–8.3 to –2.0)

Daytime ASBP .24
243<149 –4.5 (–7.3 to –1.8)
249≥149 –7.4 (–10.6 to –4.1)

Nighttime ASBP .25
247<132 –7.0 (–10.0 to –4.0)
244≥132 –5.0 (–8.1 to –1.8)

Home SBP .53
245<150 –5.6 (–8.3 to -2.9)
242≥150 –6.9 (–10.2 to -3.5)

Office SBP .14
235<155 –7.7 (–10.5 to –4.9)
257≥155 –4.8 (–8.0 to –1.6)

24-h APP .82
247<55 –6.0 (–8.9 to –3.2)
244≥55 –5.8 (–9.0 to –2.5)

24-h AHR .12
247<74 –4.2 (–6.9 to –1.4)
244≥74 –7.3 (–10.6 to –4.0)

eGFR .11
27<60 –12.7 (–26.5 to 1.1)
462≥60 –5.7 (–7.8 to –3.5)

Location .71
261US –6.5 (–9.4 to –3.6)
231Europe –5.3 (–8.5 to –2.1)

Abdominal obesity .68
319Obese –6.7 (–9.3 to –4.1)
169Normal –5.3 (–9.2 to –1.4)

BMIa .70
247<30 –5.6 (–8.7 to –2.6)
243≥30 –6.4 (–9.5 to –3.3)

Diabetes .35
56Type 2 –3.1 (–10.4 to 4.2)
436No diabetes –6.3 (–8.6 to –4.1)

Orthostatic hypertension .002
91Yes –12.4 (–17.1 to –7.7)
400No –4.5 (–6.9 to –2.1)

Sleep apnea .32
78Yes –8.0 (–14.0 to –1.9)
414No –5.4 (–7.7 to –3.1)

SBP/DBP pattern on ABP .45
276Dipper pattern –6.5 (–9.4 to –3.5)
215Nondipper pattern –5.3 (–8.5 to –2.1)

AHR, indicates ambulatory heart rate;
APP, ambulatory pulse pressure; BMI,
body mass index; DBP, diastolic blood
pressure; eGFR, estimated
glomerular filtration rate; uRDN,
ultrasound-based renal denervation.
a Calculated as weight in kilograms

divided by height in meters
squared.
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trials allowed for a more precise estimate of overall effect of
uRDN compared with sham, even while assessing different gra-
dations of hypertension severity. We notably did not include
the Renal Denervation on Quality of 24-hour BP Control by
Ultrasound in Resistant Hypertension (REQUIRE) trial con-
ducted in Japan and South Korea using the same uRDN cath-
eter within this analysis, in part due to the lack of medication
standardization (or assessment for medication adherence)
within the trial as well as the lack of blinding of treating phy-
sicians and study coordinators, which could have influenced
the unexpectedly large BP-lowering effect within the sham
group of the trial.20

The observed reductions in BP within the SOLO, TRIO, and
RADIANCE II trials were consistent across these 3 trials, each of
which met its powered primary study end point assumption at
2 months, the time point of this pooled analysis. The observed
BP reductions were present irrespective of how BP was measured
(ambulatory, home, and office). As compared with sham, BP was
lowered throughout the 24-hour circadian cycle, which may rep-
resent differentiation of mechanism from conventional medical
therapies for hypertension. The consistency of effect across vari-
ous prespecified subgroups is also notable, and the amplified ef-
fect among patients with orthostatic hypertension should be
viewedashypothesisgenerating.However,orthostatichyperten-
sion is thought to be a sympathetically mediated phenomenon,21

and as such, further study of whether it can be used as a poten-
tial marker of more pronounced (or consistent) response to uRDN
seems indicated. The finding of a greater lowering of BP among
uRDN-treated patients with greater heart rate is also potentially
indicative of a marker of sympathetic activity and consistent with
a prior report of the same finding.22 Notably, only a minority of
patients were able to achieve control with uRDN alone, reempha-
sizing that in clinical practice, the optimal role of uRDN is as an
adjunct to lifestyle modification and medications, rather than a
replacement for them.

Finally, the pooled safety data from these 3 included trials is
additionally reassuring regarding the acute/subacute safety of
uRDN. As an invasive procedure, the up-front risk of RDN is of
course greater than that of initiation of medications or lifestyle
modification. As such, all efforts to ensure the safety of the pro-
cedureareparamount.Basedonthesepooledresults,theprimary
early safety concerns surrounding the procedure are largely as-
sociated with the site of vascular access. It is likely that with mod-
est procedural refinements, uRDN could be performed via trans-
radial access in ambulatory settings, further limiting the overall
risks and resource use involved with the procedure. Of course,
longer-term safety and durability of effect need to be established,
but based on initial data from SOLO, TRIO, and the ACHIEVE
registry23,24 as well as data from radiofrequency-based RDN,25,26

safety and efficacy findings have been reassuring.

Limitations
The primary limitation of this analysis is that its findings are re-
stricted to 2-month follow-up, corresponding to ascertainment
of the primary study end points. Notably, this was the time frame
in which there were to be no changes to the patient’s medications
(other than for escape purposes) allowing for a pure evaluation
of the BP-lowering effect relative to sham while minimizing the

confoundingeffectofachangingbackgroundofantihypertensive
medications. Additional follow-up from the included trials will
be required to examine durability of effect, especially in conjunc-
tion with additional antihypertensive medications.27,28 Similarly,
although adverse events were rare, longer follow-up will provide
additional safety data. In addition, minor adverse events (events
other than the specified major adverse events) were not adjudi-
cated.The3includedtrialsusedstrict inclusionandexclusioncri-
teria, especially with respect to clinical comorbid conditions. As
such, broader application of uRDN will require additional stud-
ies, some of which are currently enrolling. At present and to our
knowledge, there is still no reliable procedural marker of success-
ful uRDN, and variability in treatment effect may influence the
results of a uRDN procedure in an individual patient.

Conclusions
This was a patient-level pooled analysis of data from
the RADIANCE-HTN SOLO, RADIANCE-HTN TRIO, and
RADIANCE II trials. The reductions in BP observed with
uRDN compared with sham were consistent across trials
enrolling patients with varying severities of HTN.

Table 2. Safety Outcomes: Major Adverse Event Rates
(Patient-Level, Nonhierarchical)a

Events

No. (%)

uRDN
(n = 293)

Sham
(n = 213)

30-d Events

All-cause mortalityb 1 (0.3) 0 (0)

New-onset ESKD (eGFR<15 mL/min/m2

or need for kidney replacement therapy)
0 (0) 0 (0)

Significant embolic event resulting in
end-organ damage

0 (0) 0 (0)

Kidney artery perforation or dissection
requiring an invasive intervention

0 (0) 0 (0)

Major vascular complications requiring
surgical repair, interventional procedure,
thrombin injection, or blood transfusionc

1 (0.3) 0 (0)

Hospitalization for hypertensive or
hypotensive crisisc

1 (0.3) 0 (0)

Hospitalization for major cardiovascular
or hemodynamic-related eventsd

1 (0.3) 0 (0)

New-onset stroke 0 (0) 0 (0)

New-onset myocardial infarction 0 (0) 0 (0)

6-mo Events

New-onset kidney artery stenosis >70% 0 (0) 0 (0)

Abbreviations: eGFR, estimated glomerular filtration rate; ESKD, end-stage
kidney disease; IV, intravenous; uRDN, ultrasound-based renal denervation.
a Five major adverse events occurred in 3 of 293 patients (1.0%) in the uRDN

arm. Multiple events occurred in a single patient (2 vascular complications and
a hospitalization for hypotension).

b The patient was well at 1 week outpatient follow-up; on postprocedure day 13,
the patient was diagnosed with prostate carcinoma. On day 21, patient was
found deceased at home.

c The patient was diagnosed with a pseudoaneurysm treated with IV thrombin
injection; the patient also received IV fluids for symptomatic hypotension. On
postprocedure day 15, the patient was readmitted and was diagnosed with a
deep venous thrombosis that was treated.

d The patient had a vasovagal response postprocedure reversed after
administration of fluids and atropine, and the patient was admitted for
monitoring.
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Editor's Note

Is There a Role for Renal Denervation in the Treatment of Hypertension?
Clyde W. Yancy, MD, MSc; Gregg C. Fonarow, MD; Patrick T. O’Gara, MD

Hypertension is the most prevalent cardiovascular disease con-
dition and can precipitate stroke, chronic kidney disease, heart
failure, myocardial infarction, and death. Effective treat-
ment, especially in those with elevated atherosclerotic car-

diovascular disease risk, is as-
sociated with a reduced risk
of cardiovascular morbidity
and mortality. Evidence sup-
ports blood pressure reduc-
tion target goals, a portfolio of

lifestyle modifications, and tailored pharmacotherapy over the
life span of the patient. Yet optimal blood pressure control con-
tinues to lag, and the burden of hypertension-related condi-
tions, particularly heart failure, remains substantial. The quest
for adjunctive or alternative antihypertensive therapies in-

cludes new biological targets, such as selective inhibition of
aldosterone synthase1 and iterative attempts at sympathetic
nervous system modulation. Although enthusiasm for renal
denervation waned after publication of the sham-controlled
Renal Denervation in Patients With Uncontrolled Hypertension
(SIMPLICITY- HTN3) trial results,2 subsequent trials using either
radiofrequency or ultrasonography energy sources with more
comprehensive attempts to injure the sympathetic neurons
traveling within the renal artery adventitia have reported more
favorable results.

JAMA3 and JAMA Cardiology4 now simultaneously re-
port the results of A Study of the ReCor Medical Paradise System
in Stage II Hypertension (RADIANCE II) and a pooled patient-
level analysis across 3 ultrasonography renal denervation
(uRDN) trials in patients with varying hypertension severity
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