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Trial Design
A multinational clinical approach to assessing
the effectiveness of catheter-based ultrasound
renal denervation: The RADIANCE-HTN and
REQUIRE clinical study designs

Laura Mauri, MD, MSc, a Kazuomi Kario, MD, b Jan Basile, MD, c Joost Daemen, MD,d Justin Davies, MBBS, MRCP, PhD, e

Ajay J. Kirtane, MD, f Felix Mahfoud, MD, g,h Roland E. Schmieder, MD, i MichaelWeber, MD, j Shinsuke Nanto, MD,k and
Michel Azizi, MD, PhD l,m,n Boston, MA; Tochigi, Hyogo, Japan; Charleston, SC; NL, the Netherlands; London, UK; New
York, NY; Homburg/Saar, Erlangen, Germany; Cambridge, MA; and Paris, France
Catheter-based renal denervation is a new approach to treat hypertension via modulation of the renal sympathetic nerves.
Although nonrandomized and small, open-label randomized studies resulted in significant reductions in office blood pressure
6 months after renal denervation with monopolar radiofrequency catheters, the first prospective, randomized, sham-controlled
study (Symplicity HTN-3) failed to meet its blood pressure efficacy end point. New clinical trials with new catheters have since
been designed to address the limitations of earlier studies. Accordingly, the RADIANCE-HTN and REQUIRE studies are
multicenter, blinded, randomized, sham-controlled trials designed to assess the blood pressure–lowering efficacy of the
ultrasound-based renal denervation system (Paradise) in patients with established hypertension either on or off antihypertensive
medications, is designed to evaluate patients in 2 cohorts—SOLO and TRIO, in the United States and Europe. The SOLO
cohort includes patients with essential hypertension, at low cardiovascular risk, and either controlled on 1 to 2 antihypertensive
medications or uncontrolled on 0 to 2 antihypertensive medications. Patients undergo a 4-week medication washout period
before randomization to renal denervation (treatment) or renal angiogram (sham). The TRIO cohort includes patients with
hypertension resistant to at least 3 antihypertensive drugs including a diuretic. Patients will be stabilized on a single-pill, triple-
antihypertensive-drug combination for 4 weeks before randomization to treatment or sham. Reduction in daytime ambulatory
systolic blood pressure (primary end point) will be assessed at 2 months in both cohorts. A predefined medication escalation
protocol, as needed for blood pressure control, is implemented between 2 and 6 months in both cohorts by a study staff
member blinded to the randomization process. At 6 months, daytime ambulatory blood pressure and antihypertensive
treatment score will be assessed. REQUIRE is designed to evaluate patients with resistant hypertension on standard of care
medication in Japan and Korea. Reduction in 24-hour ambulatory systolic blood pressurewill be assessed at 3 months (primary end
point). Both studies are enrolling patients, and their results are expected in 2018. (Am Heart J 2018;195:115-29.)
Reduction in blood pressure (BP) with orally active
antihypertensive treatments (AHTs) is associated with
lower cardiovascular morbidity and mortality.1,2 Despite
the well-documented ability of antihypertensive drugs to
reduce BP, particularly in combination,3 hypertension
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remains uncontrolled in more than 50% of patients in the
United States, Europe, and Japan.4,5 Uncontrolled hyper-
tension may be caused by multiple factors, including
clinician reluctance to intensify treatment, inappropriate
combination of treatments, interfering substances or
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illicit drugs of abuse, undiagnosed secondary hyperten-
sion, or poor medication adherence.6,7 In a subset of
patients, hypertension is truly resistant to combination
therapy of 3 medications or more, including a diuretic at
optimal doses (office BP above target goal of 140/90 mm
Hg).8 For patients with resistant hypertension (RHTN),
current guidelines recommend the addition of several
AHTs, including spironolactone, further increasing the
risk of adverse effects and nonadherence to treatment.9

The absence of novel antihypertensive drugs and the
limitations of purely pharmacologic approaches for
patients with RHTN have prompted investigation of
interventional approaches to provide complementary
treatments.10,11

In the past 10 years, catheter-based renal denervation
has emerged as an investigational approach to treat
patients with RHTN. Targeted denervation of the renal
efferent and afferent nerves may lead to a decrease in
renal and central sympathetic activity resulting in a
reduction in arterial BP.12-15 Catheter-based renal dener-
vation is founded on the proof of concept demonstrated
by surgical splanchnicectomy (sympathectomy), per-
formed in the early- to mid-20th century. This interven-
tion had an unacceptable risk profile and limited
long-term benefits16-18 and was abandoned at the end of
the 1960s with the availability of improved orally AHT.
Nonetheless, surgical sympathectomy set the stage for
less invasive catheter-based interventions with its more
targeted approach to sympathetic denervation and its
potentially more favorable risk profile.
The initial clinical experience with catheter-based renal

denervation using radiofrequency (RF) ablation demon-
strated marked reductions in office BP, with an accept-
able safety profile, albeit in either single-arm,
nonrandomized clinical trials or open-label randomized
clinical trials versus standard medical care.19,20 The
Symplicity HTN-3 clinical trial was the first prospective,
randomized, sham-controlled study to evaluate the
effectiveness and safety of single-electrode RF renal
denervation.21 This study failed to meet its primary office
BP-lowering efficacy end point but met its safety end
point. The SYMPLICITY HTN-Japan, a prospective,
open-label, randomized, controlled trial comparing renal
denervation with standard pharmacotherapy for treat-
ment of RHTN, was discontinued before completion
when SYMPLICITY HTN-3 failed.22 Various reasons for
the neutral outcome have been extensively discussed.23

Among them, substantial variation in AHT prescription
after randomization, inconsistent adherence to antihy-
pertensive drugs after randomization, and variation in the
procedural technique may have been important factors
contributing to the lack of BP-lowering efficacy of renal
denervation.
In early 2015, the results of DENERHTN study, a

multicenter, open-label, randomized controlled clinical trial
with blinded end point evaluation investigating renal
denervation plus standardized stepped-care AHT (SSAHT)
versus SSAHT alone in 106 subjects with RHTN, demon-
strated an additional decrease of 5.9 mm Hg in daytime
ambulatory systolic BP (ASBP) at 6 months in the renal
denervation group. Furthermore, the rate of controlled HTN
was greater in the renal denervation group.24 These data
suggested that renal denervation can lower ambulatory BP in
patients with RHTN in a well-controlled clinical setting
managed by hypertension specialists. Importantly, adher-
ence to medication among the 2 groups (renal denerva-
tion + SSAHT and SSAHT alone) was similar and therefore
determined not to have influenced the outcome. Interest-
ingly, medication adherence was overall low (50% of
patients took less medication than prescribed or no
medication at all), despite management at hypertensive
centers.25 This suggests that even when patients are
managed closely by hypertension experts, medication
adherence continues to be a contributing factor to
ineffective BP control.
Furthermore, there is evidence that renal denervation

may be effective in lowering BP in hypertensive patients
who are not taking any BP-lowering drugs, suggesting
further exploration in this patient population.26

Subsequently, considerations surrounding optimal
study designs and procedural techniques to improve the
efficacy of renal denervation have been discussed,
including methods to achieve more comprehensive
ablation.27,28 Indeed, human and animal renal neural
anatomy studies have demonstrated that most nerves are
located within 6 mm of the renal arterial lumen,
distributed circumferentially and closer to the lumen in
the distal part of the main renal arteries. Therefore,
improved understanding of anatomy has led to improved
technologies that deliver energy circumferentially at
defined locations along the renal artery to potentially
achieve more effective nerve ablation. Several new
denervation catheters have been designed to achieve
this more comprehensive approach to denervation and
are currently under clinical investigation.
The ongoing clinical evaluation of renal denervation as

a potential treatment of hypertension is supported by US,
European, and Japanese regulatory bodies, among others.
Several Scientific Statements29 and consensus docu-
ments30,31 published in 2015 support continuing the
evaluation of renal denervation, provided strict guidelines
are followed.
The learnings from both Symplicity HTN-3 and

DENERHTN have been incorporated into a multinational
clinical plan to evaluate the Paradise Renal Denervation
System (ReCor Medical, Palo Alto, CA) in the
RADIANCE-HTN Clinical Study (United States and
Europe) and the REQUIRE Clinical Study (Japan and
Korea). The RADIANCE-HTN and REQUIRE Clinical
studies are blinded, randomized, sham-controlled studies
fulfilling the recommendations made by the consensus
guidelines32
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The Paradise Renal Denervation System
The Paradise Renal Denervation System is a

catheter-based system that delivers ultrasound energy
circumferentially to thermally ablate the renal sympathet-
ic nerves. It includes a single-use 6F catheter and an
automated, portable, customized generator. The catheter
consists of a through-lumen shaft with a cylindrical
piezoelectric ceramic transducer located at the distal end
of the catheter. The catheter has a distal balloon, which is
pressurized by the generator to a range of 1.5 to 2.0 atm
using sterile circulating water. The device's ultrasound
transducer converts electrical energy to acoustic energy,
which is then delivered radially through the cooling
balloon into the renal artery. The pressurized balloon
centers the ultrasound transducer within the artery, and
the circulation of fluid serves as coolant to protect the
endothelial and medial layers of the renal arterial wall.
Each catheter has an embedded chip that communicates
directly with the generator and specifies the power
settings to be applied.
Nonclinical evaluation of the Paradise
system
The Paradise System dose settings were selected based

on computer simulations and an ex vivo thermal gel
model, and subsequently confirmed in a normotensive
porcine model to achieve a target circumferential
ablation of the renal sympathetic nerves, which run in a
plexus at varying depths of 1 to 6 mm in the periadventi-
tia region. Circumferential lesions with marked renal
nerve injury of nerve bundles of varying sizes are induced
at each ablation site. These lesions are associated with
marked decreases in kidney norepinephrine content.33

Histopathology has confirmed that the integrity of the
renal artery is protected with rare to minimal focal medial
injury, and no endothelial injury has been observed at
7 days,34 28 days, or 90 days.
Clinical evaluation of the Paradise System
The preliminary safety and BP-lowering efficacy of the

Paradise System have been evaluated in a total of 131
patients with RHTN in single-arm observational studies
(first in human feasibility REDUCE study, n = 15 patients35;
REALISE, n = 20 patients, ClinicalTrials.gov identifier
NCT01529372; ACHIEVE, n = 96 patients, ClinicalTrials.
gov identifier NCT01789918). A clinically significant reduc-
tion in both office and 24-hour ASBPwas observed 6 months
after RDN in all 3 clinical studies (data on file). Thenumber of
serious adverse events was low and decreased over time
(data on file). In the REDUCE study, the first version of the
Paradise catheter induced thermal renal-artery injury due to
insufficient cooling of the flow rate at the tip of the catheter
and led to renal artery stenosis that required renal artery
stenting in 3 cases. A change to the cooling flow rate and
other design changes were therefore implemented for the
subsequent version of the catheter used in the REALISE and
ACHIEVE studies, in which there were no reports of renal
artery injury. Themost common adverse event reportedwas
lumbar or nonspecific abdominal pain, which resolved
spontaneously. Overall, the safety profile of the Paradise
System is consistent with other renal denervation systems.36

RADIANCE-HTN and REQUIRE clinical
study designs
The RADIANCE-HTN (ClinicalTrials.gov identifier

NCT02649426) and REQUIRE (ClinicalTrials.gov identifi-
er NCT02918305) clinical studies are designed to assess
the BP-lowering efficacy of the Paradise Renal Denerva-
tion System in adult patients with hypertension in the
United States, Europe, Japan, and Korea. These studies
are funded by Otsuka Holdings Co, Ltd, and ReCor
Medical, Inc. Leslie Coleman, DVM, MS, DACLAM, an
employee of ReCor Medical, helped with the writing,
editing, and formatting of this article.
RADIANCE-HTN
RADIANCE-HTN is a multicenter, randomized,

double-blind, sham-controlled, 2-cohort (off-medication
SOLO cohort and on-medication TRIO cohort, see below)
superiority trial conducted in the United States (22
centers) and in Europe (17 centers in France, Germany,
the Netherlands, and United Kingdom) (Figure 1).
The primary objective of the study is to evaluate

whether renal denervation with the Paradise System can
significantly and safely reduce daytime ASBP at 2 months
compared with a sham procedure in the 2 separate SOLO
and TRIO cohorts. Secondary end points will include
mean changes in all other BP variables from baseline to 2,
6, and 12 months as assessed by ambulatory, home, and
office BP; proportion of patients with controlled BP at 2,
6, and 12 months (b135/85 mm Hg by daytime, b120/
70 mm Hg by nighttime, and b130/80 mm Hg by 24-hour
ambulatory BP monitoring); adherence to antihyperten-
sive medication assessed by liquid chromatography–
tandem mass spectrometry (TRIO cohort only); antihy-
pertensive medication score at 6 and 12 months; mean
changes in estimated glomerular filtration rate from baseline
to 2, 6, and 12 months; incidence of acute adverse events of
the renal denervation procedure; incidence of all adverse
events from baseline to 2, 6, 12, 24, and 36 months; and
mean changes in plasma biomarkers from baseline to 2 and
6 months (SOLO cohort only).
For each cohort, we calculated that 64 patients should

be randomly assigned to each treatment arm to detect a
6-mm Hg difference in daytime ASBP from baseline to
2 months between renal denervation and the sham
procedure, assuming a common SD of 12 mm Hg (80%

http://Clinicaltrials.gov
http://Clinicaltrials.gov
http://Clinicaltrials.gov
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http://Clinicaltrials.gov


Figure 1

RADIANCE-HTN study design.
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power, 5% type I error). To account for an expected
premature withdrawal of 10% of the patients until
measurement of ASBP at 2 months after procedure, 146
patients will be included in each cohort of the study.

SOLO cohort
The SOLO cohort will include patients with essential

hypertension either controlled on 1 to 2 antihypertensive
medications (average seated office BP b140/90 mmHg) or
uncontrolled on 0 to 2 hypertensive medications (average
seated office BP ≥140/90 mm Hg but b180/110 mm Hg)
with low cardiovascular risk and no history of cardiovas-
cular or cerebrovascular events (see full inclusion/exclu-
sion criteria in Appendix A). After a 4-week washout
period during which antihypertensive drugs will be
discontinued, subjects with daytime ASBP ≥135/85 mm
Hg will continue to be eligible for the study.

TRIO cohort
TheTRIOcohortwill includepatientswith essential RHTN

(average seated office BP ≥140/90 mm Hg despite use of at
least 3 hypertensive medications of different drug classes,
including a diuretic) who will have their current hyperten-
sive regimen replaced with a single-pill, fixed-dose, triple-an-
tihypertensive-drug combination of a calcium channel
blocker, angiotensin II receptor blocker, and hydrochloro-
thiazide diuretic. Secondary causes of hypertension will be
excluded before inclusion (see full inclusion/exclusion
criteria in Appendix A). After a 4-week stabilization period
on the single combination pill, patients with daytime ASBP
≥135/85 mm Hg will continue to be eligible for the study.
All patients in both cohorts who meet ambulatory BP

eligibility criteria after the 4-week washout/stabilization
period will have a computed tomography (CT) or
magnetic resonance (MR) angiogram to assess renal
artery anatomy before randomization. Patients who
meet anatomical eligibility requirements are eligible for
the procedure. Key medical and anatomical exclusion
criteria are provided in Table I. Patients will first undergo
a renal angiogram for confirmation of renal anatomy and
balloon sizing requirements and then will be randomized
in a 1:1 ratio during the procedure to renal denervation
with the Paradise catheter or to a sham procedure (renal
angiogram only). Patients will be blinded during the



Table I. Key exclusion criteria for SOLO (essential hypertension patients) and TRIO/REQUIRE (resistant HTN patients)

Medical history SOLO TRIO/REQUIRE

Secondary hypertension
(not including sleep apnea) n/a Exclusion

Renal function eGFR b40 mL/min per 1.73 m2 eGFR b40 mL/min per 1.73 m2

History of cerebrovascular event Any history Events within 3 mo before procedure
History of myocardial infarction, coronary
artery bypass procedure,
NYHA class III-IV heart failure

Any history Events within 3 mo before procedure

Hospitalization for hypertensive crisis N1 hospitalization within
12 mo before procedure n/a

Type 1 diabetes mellitus or uncontrolled
type 2 diabetes Exclusion Exclusion

Renal artery anatomy
Main renal artery diameter b4 or N8 mm

Accessory renal artery diameter ≥2 and b4 mm or N8 mm
Presence of renal artery stenosis ≥30%

Preexisting renal stent or history of renal
artery angioplasty Exclusion Exclusion

Prior renal denervation procedure Exclusion Exclusion

CABG, Coronary artery bypass graft; eGFR, estimated glomerular filtration rate; MI, myocardial infarction; n/a, not applicable; NYHA, New York Heart Association.

Table II. Antihypertension treatment escalation protocol in the RADIANCE-HTN trial

SOLO cohort TRIO cohort

Step 1 (2 mo after randomization) Add mid-dose long-acting dihidropyridine
calcium-channel blocker (preferentially amlodipine 5 mg)

Add spironolactone (25-50 mg)

Step 2 (3 mo after randomization) Add full dose of long-acting angiotensin receptor
blocker (preferentially valsartan 160-320 mg or
olmesartan 20-40 mg) or ACEi (preferentially
ramipril 10-20 mg or lisinopril 20-40 mg)

Add full dose of long-acting, cardioselective β-1
receptor blocker (preferentially bisoprolol 10 mg)

Step 3 (4 mo after randomization) Add low dose of hydrochlorothiazide (12.5 mg) Add full dose of central α-2 receptor agonist
(preferentially clonidine 0.1-0.2 mg, rilmenidine 1-2 mg,
or moxonidine 0.2-0.4 mg)

Step 4 (5 mo after randomization) Increase dose of hydrochlorothiazide (25 mg) Add full dose of long-acting α-1 receptor blocker
(preferentially slow release prazosin 5-10 mg or
doxazosin 4-8 mg)

Step 5 (6 mo after randomization) Increase long-acting dihydropyridine calcium-channel
blocker to full dose (eg, amlodipine 10 mg)

–

ACEi, Angiotensin-converting enzyme inhibitor.
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procedure by ensuring that sedation occurs before
randomization. Other measures to ensure adequate
subject blinding include the use of headphones and eye
covers during the procedure, standardization of length of
time spent in catheterization laboratory, and the use of
deep conscious sedation and/or general anesthesia. All
patients and study personnel responsible for follow-up
assessments, including the measurement of BP after
randomization, will be blinded until the 6-month
follow-up visit. A blinding index37 will be used to
evaluate the success of subject blinding after procedure
but before discharge and at 2 and 6 months.

Follow-up and primary efficacy and safety assessments
SOLO cohort subjects will be maintained off all

hypertensive medication through the 2-month primary
efficacy end point (daytime ASBP). TRIO cohort subjects
will be maintained on the single-pill, fixed-dose, triple-an-
tihypertensive-drug combination through the 2-month
primary efficacy end point (daytime ASBP).
Between the 2- and 6-month follow-up visits after

randomization, antihypertensive drugs will be sequen-
tially added if the BP measured monthly at home is
≥135 mm Hg (systolic BP) or ≥85 mm Hg (diastolic BP)
in both cohorts according to different escalation proto-
cols (Table II). Safeguards exist for subjects who
experience a hypotensive episode or a hypertensive
crisis with predefined recommended medication adjust-
ments, as needed. From 6 months onward, the AHT can
be modified at the physician's discretion. In addition,
patients randomized to the sham group may cross over
and receive renal denervation with the Paradise System if



Figure 2

A multicenter, randomized, double-blind, sham-controlled, super-
iority trial designed to demonstrate the safety and BP-lowering
effectiveness of the Paradise Renal Denervation System in patients
with RHTN in Japan and Korea.
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the following conditions are met: (1) the primary efficacy
end point has been met in that particular patient's cohort;
(2) the data safety monitoring board has not stopped the
study due to safety concerns, indicated an increased
safety risk associated with the treatment, or recommend-
ed stopping the trial due to futility; (3) daytime
ambulatory BP remains ≥135 mm Hg (systolic) or
≥85 mm Hg (diastolic), documented at the 6-month
follow-up; and (4) the subject agrees to the procedure.
Medication adherence will be monitored by urine drug

determination using liquid chromatography–tandem
mass spectrometry (TRIO cohort only) and by the
Morisky Medication Adherence Scale (both cohorts).
All randomized subjects will undergo a safety-driven

renal duplex ultrasound at 2 and 6 months. In addition,
subjects randomized to renal denervation will undergo a
safety-driven renal CT angiogram at 12 months to assess
renal artery anatomy, with continued monitoring of renal
artery anatomy by duplex ultrasound at 24 and
36 months. All subjects will be followed up for
3 years; all safety data will be collected for 3 years (see
Appendix C for safety assessments).
BP measurements
Seated office and home BP, with appropriate cuff size

and using the same dedicated and validated semiauto-
matic device (Omron M10-IT; Omron Co, Kyoto, Japan)
across study centers, will be measured according to
international guidelines8 monthly for the first 6 months
after procedure and every 6 months thereafter. All
measurements will be obtained in the seated position
using the same arm throughout the study. Ambulatory BP
monitoring will be performed with an appropriate cuff
size, using a validated device (Microlife WatchBP 03;
Microlife, Taipei, Taiwan) before the procedure and at 2,
6, and 12 months after procedure. Blood pressure will be
measured every 20 minutes during the daytime
(0700-2200 hours) and every 30 minutes overnight
(2200-0700 hours). Only ambulatory BP recordings with
a minimum of 21 measurements during the daytime
period will be considered valid. In the case of a nonvalid
measurement, a new ambulatory BP recording can be
performed the next day. All recordings will be sent to a
central, independent, and blinded core laboratory for
validation and analysis.

REQUIRE
REQUIRE is a multicenter, randomized, double-blind,

sham-controlled, superiority trial designed to demon-
strate the safety and BP-lowering effectiveness of the
Paradise Renal Denervation System in patients with
RHTN in Japan and Korea (Figure 2). The primary end
point of the study will be the reduction in 24-hour ASBP
from baseline to 3 months. Hypothesizing a 6-mm Hg
treatment effect (lowering) of renal denervation with an
SD of 12 mm Hg, the number of patients required to
detect a difference between the study group (renal
denervation) and the control group (sham treatment) at a
5% 2-sided significance level and a power of 80%, is 64 for
each arm (total 128). Anticipating that approximately
10% of patients will discontinue the study before
the measurement of ASBP at 3 months after procedure,
the planned number of patients is 70 for each arm
(total 140).
The REQUIRE study will include patients with RHTN

(average seated office BP ≥150/90 mm Hg) uncontrolled
on a stable regimen of at least 3 hypertensive medica-
tions, at maximal tolerated dosages, of different drug
classes, including a diuretic. Patients with 24-hour ASBP
≥140 mm Hg within 4 weeks of the renal denervation
procedure will continue to be eligible for the study,
pending final confirmation of renal artery anatomy
eligibility based on CT or MR angiogram. Key medical
and anatomical inclusion/exclusion criteria are provided
in Table I (see full inclusion/exclusion criteria in
Appendix B). A total of 140 patients will be randomized
in a 1:1 ratio to renal denervation or sham (renal
angiogram) during the procedure. All patients will be

image of 


Table III. Study design comparison

RADIANCE-HTN SOLO RADIANCE-HTN TRIO REQUIRE

Age (y) ≥18 and ≤75 ≥18 and ≤75 ≥20 and ≤75
Medications at screening Essential HTN—0, 1, 2 meds RHTN on ≥3 meds RHTN on ≥3 meds
Seated office BP (mm Hg) ≥140/90 and b180/110

if on no meds b180/110
if on 1-2 meds

≥140/90 ≥150/90

Medication after consent None Single-pill, fixed-dose,
triple-drug combination

Standard of care

Ambulatory BP (mm Hg) Daytime ≥135/85 after
4-wk wash-out

Daytime ≥135/85 after 4-wk
stabilization on single-pill,
fixed-dose, triple-drug
combination

24-h BP ≥140 systolic within
at most 4 wk of procedure
(no predefined diastolic criteria)

CTA/MRA preprocedure Yes Yes Yes
Randomization 1:1 1:1 1:1
Treatment (Paradise System) Bilateral ultrasound

emissions—minimum
of 2 per artery

Bilateral ultrasound
emissions—minimum
of 2 per artery

Bilateral ultrasound
emissions—minimum
of 2 per artery

Sham (renal angiogram) Yes Yes Yes
Primary end point Reduction in the mean

daytime systolic ABP from
baseline to 2 mo after
procedure

Reduction in the mean
daytime systolic ABP from
baseline to 2 mo after
procedure

Reduction in the mean
24-h systolic ABP from
baseline to 3 mo after
procedure

Sample size 146 146 140
Medications to primary end point None Single-pill, fixed-dose,

triple-drug combination
Standard of care

Medications after primary end point Prescribed recommended
medication escalation
2-6 mo

Prescribed recommended
medication escalation 2-6 mo

Recommend no change
between 3 and 6 mo

Follow-up 3 y 3 y 12 mo
Status Enrolling Enrolling Enrolling

ABP, Ambulatory BP; CTA, CT angiogram; HTN, hypertension; MRA, MR angiogram.
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maintained on their preprocedure medication regimen
through 3 months, with no changes permitted.

BP measurements
Office BP monitoring will be conducted using a validated

automated device (Omron HEM-907), monthly for the first
6 months after procedure and at 12 months. Blood pressure
measurement techniques will be standardized. All measure-
mentswill beobtained in the seatedpositionusing thesamearm
throughout the study. Ambulatory BP monitoring will be
performedusingavalidatedportable automateddevice (TM-243
series; A&D,Corp, Tokyo, Japan)before theprocedure and at 3,
6, and 12 months after procedure. Blood pressure will be
measuredevery30 minutes throughout theday.All subjectswill
remain blinded through 6 months. All subjects will be followed
up for 12 months; all safety datawill be collected for 12 months
(see Appendix D for safety assessments).

Comparisonbetween the RADIANCEandREQUIRE studies
Both studies are sham-designed studies using ambulatory BP

monitoring as the primary end point (Table III).
RADIANCE-HTN SOLO will include patients off-medication,
whereas RADIANCE-HTN TRIO and REQUIRE will both
include patients with RHTN on medication taking different
therapeutic regimens (Table III). TRIO subjects will be
maintained on a single-pill, fixed-dose, triple-antihypertensive-
drug combination from enrollment through the 2-month
primary end point with a recommended predefined stepwise
medication escalation protocol between 2 and 6 months,
whereas REQUIRE subjects will be maintained on a stable
regimen of at least 3 antihypertensive medications of different
classes including a diuretic at maximal tolerated dose through
the 3-month primary end point with no change allowed for
6 months.

Renal denervation procedure
Aconsistent renal denervationprocedurewill be used for all

subjects enrolled in the RADIANCE-HTN and REQUIRE
studies. Two to 4 circumferential ultrasound emissions of
7-second duration will be delivered within the main renal
artery bilaterally. At least one emission will be delivered
proximal to radiographically visible sidebranches. At least one
emission will be delivered within accessory arteries ≥4 mm
diameter (Figure 3).

Discussion
The RADIANCE-HTN and REQUIRE clinical studies are

designed to evaluate the potential effectiveness of
ultrasound-based renal denervationwith the Paradise System
in patients with essential hypertension, either resistant or
not, and either treated or not treated with concomitant
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antihypertensive drugs. The RADIANCE-HTN and
REQUIRE studies were designed to be parallel,
although with differences in subject populations,
ambulatory BP inclusion criteria, primary end point,
and use of a predefined medication escalation protocol
between 2 and 6 months to achieve BP target in
RADIANCE-HTN.
The advantage of the use of a s ingle -pi l l ,

triple-combination antihypertensive therapy in the
RADIANCE TRIO cohort is a likely improvement in
treatment adherence rates and hence may be associated
with an increased probability of controlling BP in
patients who are not truly resistant. Although this may
require a larger screening population to enroll the
required number of subjects, it is expected that the
enrolled cohort will represent patients who continue to
have uncontrolled hypertension despite receiving 3
antihypertensive drugs. There is also some evidence
that patients with increased incidence of endothelial
dysfunction, inflammation and extreme arterial stiff-
ness may not be suitable for renal denervation control
of BP.38-40 With that in mind, the inclusion/exclusion
criteria of these studies have been designed to minimize
inclusion of subjects with substantial arterial stiffness,
excluding elderly patients (N75 years) with isolated
systolic hypertension.
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The RADIANCE SOLO cohort will include patients with
milder forms of essential hypertension who are not taking any
medications for 3 months. Indeed, some younger hypertensive
patients may have greater sympathetic nervous system activity
than patients with more severe RHTN and thus might be more
likely to respondpositively to renal denervation. In addition, the
arterial wall may be more responsive to renal denervation–
induced changes in sympathetic tone because vascular
remodeling may still be in a reversible state in younger, less
severely hypertensive patients. Indeed, the high prevalence of
target organ damage in patients with RHTN, including renal
fibrosis and vascular stiffness, both of which are difficult to
reverse, renders BP control difficult to achieve regardless of the
methods used. Consequently, this study design allows for an
investigation of the true BP-lowering efficacy of renal denerva-
tion compared with a sham procedure as primary treatment of
hypertension, as it is conducted upon a background of no
antihypertensive therapy, similar to the design of
placebo-controlled studies testing the efficacy of pharmaco-
logic antihypertensive agents. It will also provide data on
predictive factors of the BP response to renal denervation
without the confounding influence of drugs, both from a
pharmacologic perspective and a patient-adherence
perspective.
To minimize risk of cardiovascular events including

stroke, RADIANCE SOLO cohort patients will not take their
antihypertensive medications during a very limited period
of 12 weeks (4 weeks before and 8 weeks after random-
ization), similar to the short-term study designs typically
used to evaluate new antihypertensive therapy against
placebo control.41 Indeed, the Placebo in Hypertension
Adverse Reaction Meta-analysis Project showed that the
risk of serious adverse events including death, stroke, and
myocardial infarction associated with placebo-controlled
studies of short-term duration is low and equally distributed
between the placebo and the active treatment groups. In
addition, the good immediate-, mid-, and long-termvascular
safety thus far documented from more than 3000 renal
denervation procedures performed worldwide with RF
catheters and from more than 200 procedures with the
Paradise Catheter provide confidence in the safety of this
procedure. These trials will allow us to test the hypothesis
that renal denervation can not only reduce BP in
hypertensive patients, but may also reduce the need for
antihypertensive medications.
Enrollment for both the RADANCE-HTN and REQUIRE

studies started in 2016. Initial results are expected in 2018.
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Appendix A. Inclusion/exclusion criteria—RADIANCE-HTN
SOLO cohort TRIO cohort

Inclusion
criteria

• Signed informed consent
• Age ≥18 and ≤75 y at the time of consent
• Documented history of essential HTN
• Either
○ average seated office BP b180/110 mm Hg

at screening visit (V0) while on a stable regimen of
1 or 2 antihypertensive medications for at least
4 wk before consent or
○ average seated office BP ≥140/90 mm Hg

b180/110 mm Hg despite lifestyle measures on
no antihypertensive medications
• Documented daytime ABP ≥135/85 and
b170/105 mm Hg after 4-wk washout/run-in period
• Suitable renal anatomy compatible with the renal
denervation procedure and documented by renal
CTA or MRA of good quality performed within 1 y
before consent (a CTA or an MRA will be obtained
in patients without a recent [≤1 y] renal imaging)

• Signed informed consent
• Age ≥18 and ≤75 y at the time of consent
• Documented history of HTN
• Average seated office BP ≥140/90 mm Hg at screening
visit (V0) while on a stable regimen of at least 3
antihypertensive medications of different classes including
a diuretic for at least 4 wk before consent
• Documented daytime ABP ≥135/85 mm Hg after 4-wk
stabilization period on single-pill, fixed-dose,
triple-drug combination
• Suitable renal anatomy compatible with the renal
denervation procedure and documented by renal CTA or
MRA of good quality performed within 1 y before consent
(a CTA or an MRA will be obtained in patients without a
recent [≤1 y] renal imaging)

Exclusion
criteria

• Renal artery anatomy on either side, ineligible
for treatment including the following:
○ Main renal artery diameter b4 and N8 mm
○ Main renal artery length b25 mm
○ A single functioning kidney
○ Presence of abnormal kidney

(or secreting adrenal) tumors
○ Renal artery with aneurysm
○ Preexisting renal stent or history of renal

artery angioplasty
○ Prior renal denervation procedure
○ Fibromuscular disease of the renal arteries
○ Presence of renal artery stenosis of any origin ≥30%
○ Accessory arteries with diameter ≥2, b4, and N8 mm

• Iliac/femoral artery stenosis precluding
insertion of the Paradise catheter
• Evidence of active infection within 7 d of procedure
• Type 1 diabetes mellitus or uncontrolled type
2 diabetes (defined as a plasma Hb1Ac ≥9.0%)
• Documented history of chronic active inflammatory
bowel disorders such as Crohn disease or ulcerative colitis
• eGFR b40 mL/min per 1.73 m2 (by Modification
of Diet in Renal Disease formula)
• Brachial circumference ≥42 cm
• Any history of cerebrovascular event
(eg, stroke, transient ischemic event, and
cerebrovascular accident)
• Any history of severe cardiovascular event
(MI, CABG, acute heart failure requiring
hospitalization [NYHA III-IV])
• Documented confirmed episode(s) of stable
or unstable angina
• Documented repeat (N1) hospitalization for
hypertensive crisis within the prior 12 months
• Prescribed to any standard antihypertensive
of cardiovascular medication (eg, β-blockers)
for other chronic conditions (eg, ischemic heart disease)
such that discontinuation might pose serious risk to health
• Documented history of persistent or permanent atrial
tachyarrhythmia

Renal artery anatomy on either side, ineligible for treatment
including the following:

○ Main renal artery diameter b4 and N8 mm
○ Main renal artery length b25 mm
○ A single functioning kidney
○ Presence of abnormal kidney (or secreting adrenal) tumors
○ Renal artery with aneurysm
○ Preexisting renal stent or history of renal artery angioplasty
○ Prior renal denervation procedure
○ Fibromuscular disease of the renal arteries
○ Presence of renal artery stenosis of any origin ≥30%
○ Accessory arteries with diameter ≥2, b4, and N8 mm

• Iliac/femoral artery stenosis precluding insertion of the
Paradise catheter
• Evidence of active infection within 7 d of procedure
• Secondary HTN not including sleep apnea (documented
through clinical workup within the 12 mo before consent)
• Type 1 diabetes mellitus or uncontrolled type 2 diabetes
(defined as a plasma Hb1Ac ≥9.0%)
• Documented history of chronic active inflammatory bowel
disorders such as Crohn disease or ulcerative colitis
• eGFR b40 mL/min per 1.73 m2 (by Modification of Diet in
Renal Disease formula)
• Brachial circumference ≥42 cm
• Any history of cerebrovascular event (eg, stroke, transient
ischemic event, and cerebrovascular accident) within
3 mo before consent
• Any history of severe cardiovascular event (MI, CABG,
acute heart failure requiring hospitalization [NYHA III-IV])
within 3 mo before consent
• Documented confirmed episode(s) of unstable angina
within 3 mo before consent
• Documented intolerance or contraindication for any of the
antihypertensive drugs prescribed as a requirement of the
study protocol
• Prescribed to any standard antihypertensive medication
(other than β-blockers) for other chronic conditions
(eg, ischemic heart disease) such that discontinuation
might pose serious risk to health
• Documented history of persistent or permanent atrial



(continued)

SOLO cohort TRIO cohort

• Active implantable medical device (eg, ICD or CRT-D,
neuromodulator/spinal stimulator, baroreflex stimulator)
• Chronic oxygen support or mechanical ventilation
other than nocturnal respiratory support for sleep apnea
• Primary pulmonary HTN
• Documented contraindication or allergy to contrast
medium not amenable to treatment
• Limited life expectancy of b1 y at the discretion
of the investigator
• Any known, unresolved history of drug use or
alcohol dependency, lacks the ability to comprehend
or follow instructions, or for any reason in the opinion
of the investigator, would be unlikely or unable to comply
with study protocol requirements or whose participation
may result in data analysis confounders (eg, night shift workers)
• Pregnant, nursing, or planning to become pregnant
(documented negative pregnancy test result required
documented within a maximum of 7 d before procedure for
all women of child bearing potential. Documentation of
effective contraception is also required for women of child
bearing potential)
• Concurrent enrollment in any other investigational drug
or device trial (participation in noninterventional
registries is acceptable)

tachyarrhythmia
• Active implantable medical device (ICD or CRT-D,
neuromodulator/spinal stimulator, baroreflex stimulator)
• Chronic oxygen support or mechanical ventilation other
than nocturnal respiratory support for sleep apnea.
• Primary pulmonary HTN
• Documented contraindication or allergy to contrast
medium not amenable to treatment
• Limited life expectancy of b1 y at the discretion
of the investigator
• Any known, unresolved history of drug use or alcohol
dependency, lacks the ability to comprehend or follow
instructions, or for any reason in the opinion of the
investigator, would be unlikely or unable to comply
with study protocol requirements or whose participation
may result in data analysis confounders
(eg, night shift workers)
• Pregnant, nursing, or planning to become pregnant
(documented negative pregnancy test result required
documented within a maximum of 7 d before
procedure for all women of childbearing potential.
Documentation of effective contraception is also
required for women of childbearing potential)
• Concurrent enrollment in any other investigational
drug or device trial (participation in noninterventional
registries is acceptable)

ass graft; CRT-D, cardiac resynchronization therapy device; CTA, computed tomography
plantable cardioverter-defibrillator; MI, myocardial infarction; MRA, magnetic resonance
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ABP, Ambulatory blood pressure; BP, blood pressure; CABG, coronary artery byp
angiogram; eGFR, estimated glomerular filtration rate; HTN, hypertension; ICD, im
angiogram; NYHA, New York Heart Association.
Appendix B. Inclusion/exclusion criteria—REQUIRE
Inclusion criteria

• Written informed consent
• Age ≥20 and ≤75 y
• Documented history of hypertension
• Antihypertensive treatment with a stable regimen, using doses including the
maximal tolerated dose, of at least 3 antihypertensive medications of different classes
including a diuretic for at least 4 wk before consent
○ A combination drug is counted for each effective active ingredient. When a dosing

regimen of the respective drug is not changed, changes from single to combination drug or
from combination to single drug are permitted.
• Patients meeting the following criteria
○ Before informed consent
○ Seated office BP ≥150/90 mm Hg measured within 4 wk before informed consent
○ After informed consent
○ Both 2 measurements of seated office BP in at least a 4-wk interval are ≥150/90 mm Hg.

For BP, an average of intraday triplicate measurements will be used.
○ Within at most 4 wk before the study procedure
○ In addition to the above (1) and (2), the mean 24-h systolic ambulatory BP monitoring of

≥140 mm Hg within at most 4 wk before the study procedure
• Suitable renal anatomy compatible with the renal denervation procedure documented by renal
CTA or MRA within 1 y before obtaining consent. For patients without a renal imaging within 1 y
before obtaining consent, a CTA or an MRA will be obtained, and compatibility with the renal
denervation procedure will be confirmed within a period between informed consent and
before the study procedure.

Exclusion criteria • Subjects with any of the following findings that disqualify patients from participation in the study.
○ Diameter of the main renal artery in the region to be treated with the procedure is b4 or N8 mm

(continued on next page)



○ Main renal artery length of b25 mm
• The region to be treated with the procedure meets any of the following:

○ Presence of renal artery stenosis of any origin ≥30%
○ Renal artery with aneurysm/fibromuscular lesion or severe calcification
○ Preexisting renal stent or history of renal artery angioplasty or renal denervation

• Presence of kidney or adrenal tumors
• A single functioning kidney
• Accessory renal arteries with diameter ≥2 and b4 mm or N8 mm
• Iliac/femoral artery stenosis precluding insertion of PRDS-001 (catheter)
• Secondary hypertension (patients with sleep apnea syndrome are eligible)
• Type 1 diabetes mellitus or type 2 diabetes inadequate control (defined as HbA1c ≥8.4%)
• Documented history or complication of chronic active inflammatory bowel disorders
(eg, Crohn disease and ulcerative colitis)
• eGFR of b40 mL/min per 1.73 m2 (based on the predictive equation by the Japanese Society of Nephrology)
• Unavailable or having difficulty with determination of BP using an automatic manometer specified for the study
• Any history of severe cardiovascular event (eg, myocardial infarction, CABG, and acute
heart failure requiring hospitalization) or severe cerebrovascular event (eg, stroke, transient
ischemic event, and cerebrovascular accident) within 3 mo before informed consent
• Documented confirmed episode(s) of unstable angina within 3 mo before informed consent
• Evidence of active infection within 1 wk before the study procedure
• Planned PCI or surgery for ischemic heart disease within 8 mo after informed consent
• Complication with persistent atrial fibrillation
• Active implantable medical device (eg, ICD or CRT-D, neumodulator/spinal stimulator,
and baroreflex stimulator)
• Any notable aorta irregularity or aneurysm for which the investigator or subinvestigator deems
inappropriate to participate in the trial
• Chronic oxygen support or mechanical ventilation other than nocturnal respiratory support for sleep apnea
• Primary pulmonary hypertension
• Documented contraindication, unacceptable anaphylactic reaction, or uncontrolled allergy to contrast
medium not amenable to treatment
• Limited life expectancy of b1 y at the discretion of the investigator
• Any notable psychiatric disorder, unresolved history of drug use, or alcohol dependency
• Pregnant, nursing, or planning to become pregnant. (A documented negative pregnancy test result is
required between informed consent and before study procedure for all women of childbearing potential.)
• Any factor that may affect the result of study assessment (eg, nighttime workers)
• Concurrent enrollment in any other studies and clinical research (Participation in studies of approved
products, including medical device, drugs, and regenerative medicine, is acceptable.)
• Other factor for which the investigator or subinvestigator deemed inappropriate for the study subject

BP, blood pressure; CABG, coronary artery bypass graft; CRT-D, cardiac resynchronization therapy device; CTA, computed tomography angiogram; eGFR, estimated glomerular
filtration rate; ICD, implantable cardioverter-defibrillator; MRA, magnetic resonance angiogram; PCI, percutaneous coronary intervention.
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Appendix C. Safety assessments—RADIANCE-HTN
Safety events reported
throughout study

• All-cause mortality
• Hypertensive emergency resulting in hospitalization
• Hypotensive emergency resulting in hospitalization
• Hospitalization for heart failure
• Stroke, transient ischemic attack, cerebrovascular accident
• Acute myocardial infarction (STEMI/non-STEMI)
• Any coronary revascularization
• End-stage renal disease, the need for permanent renal replacement
therapy (ie, the need for dialysis); doubling of plasma creatinine
• Any renal artery complication requiring intervention (eg, dissection and perforation)
• Major access site complications requiring intervention
• Significant embolic events resulting in end-organ damage
• Procedure-related pain lasting for N2 d
• Acute renal injury, defined as follows:
○ Increase in plasma/serum creatinine by ≥0.3 mg/dL (≥26.5 μmol/L)

within 48 h of the procedure or
○ Increase in serum/plasma creatinine to ≥1.5 times baseline known to

have occurred during 7 d after procedure or
○ Urine volume b0.5 mL kg−1 h−1 for 6 h



• Significant (N50%) and severe (N75%) new-onset renal stenosis as diagnosed
by duplex ultrasound and confirmed by renal CTA/MRA or as diagnosed/
confirmed by renal CTA/MRA
• Need for renal artery angioplasty or stenting

30-d safety events rates

• Any renal artery complication requiring intervention (eg, dissection and perforation)
• Major access site complications requiring intervention
• Significant embolic events resulting in end organ damage
• Procedure-related pain lasting for N2 d
• Acute renal failure, defined as follows:

○ Increase in plasma/serum creatinine ≥0.3 mg/dL (≥26.5 μmol/L) within
48 h of the procedure or

○ Increase in serum/plasma creatinine to ≥1.5 times baseline known to have
occurred during 7 d after procedure or

○ Urine volume b0.5 mL kg−1 h−1 for 6 h

6-, 12-, 24, and 36-mo
safety event rates

• Significant (N50%) and severe (N75%) new-onset renal stenosis as diagnosed by
duplex ultrasound and confirmed by renal CTA/MRA or as diagnosed/confirmed
by renal CTA/MRA
• Need for renal artery angioplasty or stenting

Additional safety reporting

• Level of postprocedural pain as determined by the use of a visual analog scale
○ Incidence of severe procedural pain defined as a score of ≥8 on the visual analog scale

• Incidence of new-onset orthostatic hypotension after procedure
• Change (reductions) from baseline in mean eGFR at 2, 6, and 12mo after procedure
• Change (increases) from baseline in mean plasma creatinine at 2, 6, and
12 mo after procedure

CTA, Computed tomography angiogram; eGFR, estimated glomerular filtration rate; MRA, magnetic resonance angiogram; STEMI, ST-elevation myocardial infarction.
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Appendix D. Safety assessments—REQUIRE
Safety events reported throughout study • All-cause mortality
• Hypertensive episode resulting in hospitalization
• Hypotensive episode resulting in hospitalization
• Hospitalization for heart failure
• Cerebrovascular disorder, transient ischemic attack, cerebrovascular accident
• Acute myocardial infarction (STEMI/non-STEMI)
• End-stage renal disease, permanent renal replacement therapy
(ie, dialysis, renal transplant), doubling of plasma creatinine
• Any renal artery complication requiring intervention (eg, dissection and perforation)
• Complications in inguinal or femoral region, iliac artery, or ventral aorta requiring intervention
• Significant embolic events resulting in end-organ damage
• Procedure-related pain lasting for N2 d
• Acute renal failure
• Bleeding requiring blood transfusion or surgery
• False aneurysm
• Significant (N50%) and severe (N75%) new-onset renal artery stenosis
• Any coronary revascularization
• Need for renal artery stenting or angioplasty

30-d safety events rates • Any renal artery complication requiring intervention (eg, dissection and perforation)
• Complications in inguinal or femoral region, iliac artery, or ventral aorta requiring intervention
• Significant embolic events resulting in end-organ damage
• Procedure-related pain lasting for N2 d
• Acute renal failure
• Bleeding requiring blood transfusion or surgery
• False aneurysm

6- and 12-mo event rates • Significant (N50%) and severe (N75%) new-onset renal artery stenosis
• Need for renal artery stenting or angioplasty

Additional safety reporting • Incidence of severe procedure-related pain (defined as a score of ≥8 by the pain perception evaluation)
• Incidence of newly occurred orthostatic hypotension after the procedure
• Changes (reductions) in mean eGFR from baseline to 3, 6, and 12 mo after procedure
• Changes (increases) in mean creatinine from baseline to 3, 6, and 12 mo after procedure

eGFR, estimated glomerular filtration rate; STEMI, ST-elevation myocardial infarction.
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