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Abstract

Background: While the blood pressure (BP)-lowering effect of renal denervation (RDN) has been established, long-term
durability is a key prerequisite for a broader clinical implementation.

Aims: Our aims were to assess the long-term durability of the office BP (OBP)-lowering efficacy, antihypertensive
medication (AHM) use, and safety of ultrasound RDN (uRDN).

Methods: Four weeks after withdrawal of AHM, patients with untreated daytime ambulatory BP ≥135/85 mmHg and
<170/105 mmHg were randomised to uRDN (n=74) or sham (n=72) in the RADIANCE-HTN SOLO trial. Initiation of AHM
was encouraged for home BP >135/85 mmHg following primary endpoint ascertainment at 2 months. Patients and
physicians were unblinded at 6 months. 

Results: Fifty-one of 74 patients (age: 53.9±11 years; 67% men) originally randomised to uRDN completed the 36-month
follow-up. Initial screening OBP upon study entry was 145/92±14/10 mmHg on a mean of 1.2 AHM (range: 0-2.0). Baseline
OBP after AHM washout was 154/99±13/8 mmHg. At 36 months, patients were on an average of 1.3 AHM (range:0-3.0)
with 8 patients on no AHM. OBP decreased by –18/–11±15/9 mmHg from baseline to 36 months (p<0.001 for both). Overall,
OBP control (<140/90 mmHg) improved from 29.4% at screening to 45.1% at 36 months (p=0.059). For patients
uncontrolled at screening (n=36), systolic OBP decreased by –10.8 mmHg (p<0.001) at 36 months on similar AHM
(p=0.158).

Conclusions: The safety and effectiveness of uRDN was durable to 36 months, with reduced OBP and improved OBP
control despite a similar starting medication burden. No new uRDN-related long-term safety concerns were identified.
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Abbreviations

ABP: ambulatory systolic blood pressure

BP: blood pressure

CI: confidence interval

DBP: diastolic blood pressure

HR: heart rate

HTN: hypertension

OBP: office measured blood pressure

SBP: systolic blood pressure

uRDN: ultrasound renal denervation

Introduction

Hypertension is the most potent modifiable risk factor for cardiovascular death worldwide [1] . However, hypertension control
rates remain dismal [2]  and, specifically in the US, hypertension control rates have recently worsened [3] . Medication
nonadherence and therapeutic inertia continue to be major obstacles to adequate blood pressure (BP) reduction among
treated hypertensives [4] [5] . Therefore, non-pharmacological approaches to BP lowering, in addition to lifestyle changes,
may be of utility as add-on therapy for those with difficult-to-control hypertension. 

Although the first large randomised sham-controlled trial [6]  of renal denervation (RDN) did not show a statistically
significant difference in ambulatory or office BP (OBP) between patients who were randomised to RDN compared to those
randomised to a sham procedure, a contemporary series of subsequent randomised sham-controlled trials have
demonstrated the BP-lowering effects of radiofrequency and ultrasound RDN (uRDN) with between-group differences in
office systolic BP (ranging from –6.5 to –7.7 mmHg) [7] [8] [9] [10] [11] . If these reductions in BP are sustained, they would
likely imply a meaningful reduction of cardiovascular risk as seen with antihypertensive medication (AHM) [12] . At this
stage, establishing durability of RDN’s BP-lowering effect as well as its long-term safety is crucial before broader
implementation can be recommended. Durability of renal denervation up to 36 months has been shown in the Global
SYMPLICITY Registry [13]  and in the SPYRAL HTN-ON MED study [14] . We report for the first time the long-term OBP
response and safety of uRDN in hypertensive patients at 36 months in the sham-controlled RADIANCE-HTN SOLO trial [11]

. 

Methods

STUDY DESIGN 

The RADIANCE-HTN SOLO trial design and results have been described previously [11] . The study compared changes in
ambulatory and OBP with uRDN with the Paradise RDN system (ReCor Medical) to a sham procedure consisting of a renal
angiogram only. The study was approved by local ethics committees or institutional review boards and conducted in
accordance with the Declaration of Helsinki, and all patients provided written informed consent. Between March 28, 2016
and December 28, 2017, patients were recruited into the international, multicentre, randomised, sham-controlled
RADIANCE-HTN SOLO trial from 21 centres in the United States and 18 in Europe (located in France, Germany, the
Netherlands, Belgium, and the United Kingdom). 

STUDY POPULATION

Key inclusion criteria as previously described [15]  were uncontrolled hypertension with OBP ≥140/90 mmHg and <180/110
mmHg on 0-2 AHM or controlled hypertension with OBP <140/90 mmHg on 1 or 2 AHM, an estimated glomerular filtration
rate (eGFR) of ≥40 mL/min/1.73 m² (based on the Modification of Diet in Renal Disease formula), suitable renal artery
anatomy confirmed by imaging, and no history of cardiovascular or cerebrovascular events. Patients who met these initial
inclusion criteria were taken off all AHM and qualified for randomisation if mean daytime ambulatory BP was ≥135 mmHg
systolic and ≥85 mmHg diastolic and renal anatomy was considered appropriate for the procedure. 146 patients were
randomised, 74 to the uRDN arm and 72 to the sham arm. Thirty-six of the patients in the sham arm crossed over to the
uRDN arm [16] . The current analysis focuses on the 51 patients that were randomised to uRDN and completed 36-month
follow-up. 

PROCEDURES

Throughout the first 2 months of follow-up, patients were to remain off AHM, unless specified safety BP criteria were
exceeded (180/110 mmHg for office or 170/105 mmHg for home). Between 2 and 6 months, if monthly measured home BP
was ≥135/85 mmHg, a standardised stepped-care AHM protocol was recommended as previously described [15] . Patients
and clinical staff were unblinded to group assignment (uRDN or sham) after the 6-month efficacy and safety endpoints were
ascertained. At that point, the protocol recommended intensification of AHM if assessed home BP was ≥135/85 mmHg;
however, it was not a requirement and therefore, after 6 months, AHM were prescribed at the treating physician’s and
patients’ discretion per community standard of care. 

At 24 and 36 months, seated OBP, heart rate (HR), adverse events, and concomitant medications were obtained. OBP was
measured with the Omron M10-IT as previously described [11] . Ambulatory and home BP were not collected at the longer-



term follow-up.

OUTCOMES

The main efficacy endpoint was the change in OBP from baseline (off antihypertensive medications) to 36 months.
Additionally, change in OBP from screening (on 0 to 2 AHM) to 36 months was assessed. Medication burden was assessed
by total number of AHM (regardless of the dose) [11] . To further confirm long-term durability, changes in OBP and AHM use
between the 12- and 36-month follow-up visits were assessed. Additional subgroup analyses were performed on those
patients who were uncontrolled based on OBP at screening (≥140 systolic or ≥90 mmHg diastolic). 

Safety assessments were performed as previously reported. All prespecified potential device- or procedure-related and/or
serious adverse events reported by study sites were sent for independent adjudication. An independent data safety
monitoring board reviewed safety study data quarterly for all enrolled patients.

STATISTICAL ANALYSIS

Analysis was performed on the 51 uRDN patients with OBP data available at 36 months. Data in an additional nine enrolled
patients reaching 36 months were not available due to logistical restrictions caused by the COVID-19 pandemic. There was
no imputation for missing OBP values. 

Results from and comparison to the sham group are not provided given that 33 (46%) of patients in the sham group crossed
over prior to 36 months and there were only 20 patients (28%) remaining at 36 months with office BP data available
(Supplementary Figure 1).  

Continuous variables are expressed as mean (range) and mean±standard deviation, and categorical variables as number (n)
and percentage (%). Paired t-tests and Wilcoxon signed rank tests were used to compare BP values and the number of
medications between timepoints. All analyses were performed using Statistical Analysis System (SAS) software version
9.4 (SAS Institute). A p-value lower than 0.05 (two-sided) was considered significant.

Results

STUDY POPULATION

Of the 74 patients initially randomised to the uRDN group, 7 were lost to follow-up, 6 withdrew consent to participate, 9
missed their 36-month office visit, and 1 did not receive any emissions at the time of randomisation and received a uRDN
procedure at 23 months. The remaining 51 patients had 36-month OBP measurements and were included in this analysis.
(Supplementary Figure 1). The mean age of the analysis population was 53.9 years, 66.7% were male, 82.4% Caucasian,
52.9% had abdominal obesity and 7.8% reported sleep apnoea (Table 1). The population with data at 36 months was similar
to the overall randomised population (Supplementary Table 1) [11] . Screening OBP before AHM washout was
145/92±14/10 mmHg and baseline OBP after washout was 154/99±13/8 mmHg. The average number of AHM at screening
was 1.2±0.7 (range: 0-2.0). At screening, 15.7% of patients were not receiving any AHM, 51.0% were receiving one, and
33.3% were receiving two. 



OUTCOMES

After the AHM washout following the study screening, BP increased by 9.3±12 mmHg (screening: 144.5±13.6 mmHg;
baseline: 153.9±12.7 mmHg). However, after randomisation to uRDN, BP fell by 10.0±14.7 mmHg at 2 months and then,
after reinstitution of medications, it fell 17.7±15 mmHg from baseline to 6 months (additive effect of uRDN plus
medications). The average decrease in office systolic/diastolic BP (SBP/DBP) from baseline (after AHM washout) to 36
months was 18/11±15/9 mmHg, respectively (p<0.001 for both) (Central illustration). Change from screening (before
washout) in office SBP/DBP to 36 months was –8/–4±17/11 mmHg (p<0.001 and p=0.004, respectively) (Figure 1). AHM at
screening was 1.2±0.7, compared to 1.3±0.8 at 36 months (p=0.461) (Table 1, Supplementary Table 2). Furthermore,
hypertension (HTN) control (<140/90 mmHg) improved from 29.4% (15/51) at screening to 45.1% (23/51) at 36 months
(p=0.059), on a similar number of AHM (p=0.213). Of the 23 patients who were controlled at 36 months, 2 were on no AHM.
On average, patients in the RDN group had an office SBP ≤140 mmHg at 54% of their available follow-up visits from
baseline to 36 months.



Central illustration.  Office blood pressure and medication usage up to 36 months. A) Change in office blood pressure
from baseline to 36 months. Values are presented as mean±SD. B) Office blood pressures and medication usage from
screening to 36 months. Values are presented as mean. *Antihypertensive medications. AHM: antihypertensive
medications; BL: baseline; BP: blood pressure; M: months; RDN: renal denervation; SCR: screening 

Figure 1: Office blood pressure change. Change in office blood pressure from screening (pre-washout). Values are
presented as mean±SD. *Wilcoxon signed rank tests. Error bars represent 95% confidence interval. BP: blood pressure; M:
months 

The post-procedural trend in OBP between 12 and 36 months remained flat without a statistically significant increase in
either office SBP (ΔSBP –0.9±18.2 mmHg; p=0.713) or DBP (ΔDBP –1.6±11.7 mmHg; p=0.341). This effect of uRDN was
achieved with a stable number of AHM compared to screening (p=0.461) but a very modest increase of AHM between the
12-month and 36-month follow-up visit (Δmedication number 0.3±0.8; p=0.023) (Figure 2).



Figure 2: Office blood pressure change from baseline to 36 months in the analysis population. Values are presented as
mean±SD. Error bars represent 95% confidence interval. DBP: diastolic blood pressure; M: months; SBP: systolic blood
pressure

The OBP decrease in the 36-month analysis population was consistent with the OBP decrease observed in the available
patient cohorts analysed at 2, 6, 12 and 24 months. (Figure 3, Supplementary Figure 2). Patients with uncontrolled OBP
at screening (SBP ≥140 or DBP ≥90 mmHg; n=36) on 0.9±0.6 AHM had a strong decrease in office SBP/DBP at 36 months
from screening (–11/-7±17/11 mmHg; p<0.001 for both) and from baseline (off medications, –17/–11±16/9 mmHg; p<0.001
for both) (Figure 4). 

Figure 3. Office blood pressure changes from baseline for HTN-SOLO RDN population. Values are presented as mean±SD.
Error bars represent 95% confidence interval. Baseline office systolic BP: 2M: 154.5; 6M: 154.7; 12M: 154.3; 24M: 154.4;
36M 153.9. M: months



Figure 4. Office blood pressure change for those uncontrolled at screening. Values are presented as mean±SD. Error bars
represent 95% confidence interval for the lesion which measured 57% prior to stent placement at 6 months. BL: baseline;
BP: blood pressure; M: months; SCR: screening

SAFETY OUTCOMES

There were no new safety signals during the 36-month follow-up (Table 2). As previously reported, one subject had renal
artery stenosis with stent placement 6 months post-procedure. One additional subject was classified as having at least
50% narrowing of the right renal artery ostium by calcific atherosclerosis at 779 days post-procedure. However, an
independent radiologist review classified the stenosis as 25% and present at the time of pre-procedure imaging. There was
one episode of transient ischaemic attack at 458 days and one hypertensive event at 1,076 days after renal denervation.
None of the events were deemed as being related to the device or procedure.



Discussion

In this long-term follow-up of patients with mild-to-moderate hypertension who were randomised to uRDN in the RADIANCE-
HTN SOLO trial [11] , we present 3 major findings: 1) sustained decreases in OBP from screening (before washout of AHM)
and from baseline (after washout) were observed and maintained through to 36 months; 2) these reductions of OBP were
seen despite a similar amount of prescribed AHM at 36 months compared to screening; 3) among patients who had
uncontrolled BP at screening, changes of OBP from screening were better than those of the entire 36-month cohort. 

After disappointing negative results of a large sham-controlled, randomised trial of radiofrequency RDN compromised by
several confounding factors [6] , a number of well-designed randomised clinical trials have now demonstrated the BP-
reducing effects of radiofrequency RDN [7] [8] [9]  and uRDN [10] [11]  over sham procedures. While the between-group
difference in office systolic BP in these randomised trials (ranging from –6.5 to –7.7 mmHg) [7] [8] [9] [10] [11]  has been
lower than those seen in uncontrolled early studies [17] , this difference is in line with results reported in a recent meta-
analysis of drug-placebo trials in hypertension [18]  and would still be expected to provide meaningful reductions in
hypertension-related cardiovascular risk as seen with AHM [12] .

A meta-analysis of drug-placebo trials in patients with hypertension showed a 5.1 mmHg difference in office BP favouring
active treatment versus placebo from 12 months to the end of follow-up (average 4 years) [18] . A drop of 5 mmHg in office
BP has been shown to result in a 10% decreased risk of major cardiovascular events [19] . Given the known risk reductions
from BP drops of this magnitude in pharmaceutical studies, similar risk reductions may also be expected with uRDN.
Moreover, a therapy which is “always on” and not affected by medication adherence should have a better “time-in-target BP
range” [20]  compared to antihypertensive therapy with medications that could be weakened by uncertain adherence [5] . An
improved “time-in-target BP range” has been associated with lower cardiovascular events [20] . 

In this study, we have shown a durable change in office BP of –17.7 mmHg from baseline to 36 months with the addition of
1.3 AHM, and –8.4 mmHg from screening to 36 months on similar AHM. These results are consistent with the 36-month
results of the RDN group in the SPYRAL HTN-ON MED study, which used a different form of energy to obtain RDN [14] . In
this study, OBP in the RDN group was reduced by 20.9 mmHg at 36 months compared to baseline with the addition of
approximately 1 AHM. This consistency between the studies reinforces the available evidence for the durability of RDN. 

In the SPYRAL HTN-ON MED 36-month results [14] , they also reported OBP and 24-hour ABP data compared to the sham
group using the last observation carried forward (LOCF) method for the crossover patients. In our study, given that there



were only 20 control patients (28%) with office BP data available at 36 months and 33 patients who had crossed over before
36 months, we would need to impute 62% (33/53) of the data, which we did not feel was methodologically sound.

USA HTN control rates peaked in 2010 at 53% and have decreased to 43.7% in 2018 [3]  despite the availability of an array
of AHM classes. In addition, HTN control rates may have further decreased due to the COVID-19 pandemic and the impact
it is having on people’s blood pressure [21] .

Beyond COVID-19, the reason for the decline in hypertension control rates is unclear. While medication nonadherence is a
widely accepted cause of poor HTN control [5] [22] , it has to be assumed that nonadherence rates should remain relatively
stable or improve with ongoing campaigns to raise awareness of the importance of HTN control [23] . As well, clinical inertia
–the reluctance of clinicians to intensify AHM when facing poorly controlled BP – could be one reason for worsening control
rates [14] [24] . More lenient BP goals in higher-risk older adults may have contributed to worsening HTN control rates after
2014 [3] , a trend that hopefully will change direction as the 2017 AHA/ACC and 2018 ESC hypertension guidelines and their
more stringent BP goals for most hypertensives start to gain traction [25] [26] .

The durability of BP reductions after uRDN seen in our study is reassuring in several ways. First, it confirms longer-term BP
reductions without the late upward trend seen in previous uncontrolled trials [27]  and confirms published registry and
randomised study data [13] [14] . Second, adherence to antihypertensive medications decreases over time [28] . Because
most patients in RADIANCE-HTN SOLO were restarted on medications during the follow-up period, we could have
anticipated a slight uptrend in BP over the 30-month period that followed this medication titration from worsening medication
adherence. However, this effect was not observed in this study. Furthermore, the natural expected trajectory of BP is such
that SBP increases with patients ageing [29] . Again, one would expect an upward trend in BP over time, due to this
trajectory, during long-term follow-up after uRDN; but again, we did not observe such a trend. Finally, OBP is affected by the
white-coat reaction, a common neurogenically mediated alerting reaction which leads to higher office than out-of-office BP.
This white-coat tendency has been shown to increase over time [30] . This would also explain a slight upward trend in OBP
during the years after uRDN. The fact that we did not see any increase in BP despite these 3 well-established causes for
positive BP trajectories over time is reassuring and suggests that concerns of renal nerve regeneration are not warranted. 

Although hypertension control rates slightly increased after uRDN, they remained disappointing, especially in light of the
fact that most patients were enrolled at facilities with experience in treating hypertension. These data further emphasise the
need for efforts to achieve greater degrees of BP control for patients with hypertension. It is possible that the less frequent
yearly follow-ups beyond the 12-month visit led to therapeutic inertia, with the long intervals between visits making
adequate titration of AHM difficult.

Limitations

Our study was limited by several factors, including that only OBP measurements and not ambulatory BP were recorded
after the 12-month follow-up visit and the study was not powered for OBP at the long-term timepoints. In addition, chemical
analysis for determination of medication adherence and measurement of eGFR as a measure of kidney function were no
longer performed as a protocol requirement. However, instances of worsening renal function or renal failure were required to
be reported as adverse events and did not occur in this cohort during long-term follow-up.

Given that patients and physicians were unblinded after the 6-month visit and patients in the sham group could cross over
after the primary endpoint was met (after 12 months), no between-group differences can be evaluated from our data [16] .
Even though the baseline characteristics and decrease in OBP of this cohort are similar to the overall cohort of 74, we
cannot be sure that these results represent the full cohort. Finally, OBP is affected by many factors, including the white-
coat or alerting reaction [30]  and poor BP measurement techniques. To minimise these problems, we estimated OBP from
averaging repeat BP measurements at each office encounter (which reduces the white-coat effect) and used the same BP
cuff size and monitors during follow-up visits to further reduce measurement errors. Importantly, OBP assessment remains
the mainstay of hypertension management in clinical practice [25] .  

Conclusions

In this analysis of patients with mild-to-moderate hypertension who underwent uRDN in the RADIANCE-HTN SOLO trial, we
found that OBP reductions were sustained throughout the 36 months of follow-up (–17.7/11.3 mmHg) on a stable number of
antihypertensives from screening (1.3 medications). Our results suggest that long-term BP reductions and improvement of
HTN control rates can be achieved with a combination of uRDN and antihypertensive medications. Importantly, long-term
follow-up did not show any unexpected safety signals of uRDN. 

Impact on daily practice

Both durability and long-term safety are prerequisites for broader implementation of uRDN for the treatment of hypertension.
Here we establish 36-month follow-up data on OBP reduction, as well as safety data among patients with mild-to-moderate
hypertension who underwent uRDN. The main findings of this study are that the BP lowering effect of uRDN was durable
through to 36 months, with reduced OBP and improved OBP control on a relatively stable number of antihypertensive
medications as compared to screening. During long-term follow-up, there were no new safety signals.
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