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A review of the evidence for a novel treatment for hypertension.
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ypertension is a major public health concern

in the United States and worldwide and is

the leading preventable cause of heart attack,

stroke, and death.! Hypertension is pervasive,
with nearly 50% of adults affected in the United States.
There are significant racial disparities in hyperten-
sion, with Black adults disproportionately impacted
compared with White and Hispanic adults.? Of those
with hypertension, only 26% have blood pressures (BPs)
that are well controlled.? Overall, BP control is decreas-
ing in adults in the United States. Health care costs
associated with hypertension are notably high—esti-
mated to be $131 billion annually.> As such, it is critical
to find novel approaches to managing hypertension.

Catheter-based renal denervation (RDN) is an endo-

vascular, device-based approach for hypertension treat-
ment that shows promise in early clinical trials. RDN
works by interrupting the afferent and efferent sympa-
thetic innervation of the renal arteries. The effects of
this are to reduce vascular resistance, renin release, and
sodium reabsorption.®” This therapy offers a unique
alternative to medications for patients who may strug-
gle with side effects of medications or with adherence
to medications. In addition, RDN is “always on,” such
that vulnerable periods of cardiovascular risk, includ-
ing early in the morning, have consistent hypertension
control. Currently, these devices are not FDA approved,
but multiple trials have demonstrated their efficacy in
BP lowering.

EVIDENCE REVIEW
Symplicity Spyral

Two recent randomized, single-blind, sham-controlled
trials of the Symplicity Spyral multielectrode catheter
(Medtronic) have demonstrated clinically significant
reductions in BP: the SPYRAL HTN-OFF MED pivotal
and SPYRAL HTN-ON MED pilot trials (Figure 1).8° The
Spyral device uses radiofrequency energy to ablate nerves
through thermal damage.

SPYRAL HTN-OFF MED. The SPYRAL HTN-OFF MED
pivotal trial included 21 centers in the United States,
Europe, Japan, and Australia® Patients had office systolic
BP (SBP) in the range of 150 to 179 mm Hg, diastolic
BP > 90 mm Hg, and 24-hour systolic ambulatory BP of
140 to 169 mm Hg and were not on antihypertensive
medication. After renal angiography, patients were ran-
domly assigned to either a RDN or sham control group.
In those who underwent RDN, the trial found significant
reductions in 24-hour ambulatory BPs at 3 months
(treatment difference, —4.0 mm Hg; 95% Cl, —6.2 to —1.8;
P =.0005) (Figure 1)."° Due to patients not taking their
antihypertensive medication, this study also included
escape criteria for those patients whose office SBP
reached > 180 mm Hg. A significantly higher number of
patients from the sham arm reached the escape criteria
compared to the RDN group (15 vs 7; P = .046)."

SPYRAL HTN-ON MED. The SPYRAL HTN-ON MED
pilot trial similarly demonstrated the efficacy of RDN
in lowering BP but in patients on antihypertensive
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Figure 1. Change in 24-hour mean SBPs in RDN compared with sham control in key device trials and registries. RDN reduces BP
in different patient populations, across device platforms, and at 3 years of follow-up. (Adapted from Kandzari DE, Townsend RR,
Bakris G, et al. Renal denervation in hypertension patients: proceedings from an expert consensus roundtable cosponsored by

SCAIl and NKF. Catheter Cardiovasc Interv. 2021;98:416-426).

medications.’ Patients with the same BP parameters in
the SPYRAL HTN-OFF MED trial who were on stable
BP regimens consisting of one to three medications
were enrolled. Patients were maintained on their anti-
hypertensive medications throughout the trial. At
6 months, those who underwent RDN experienced a
significantly greater decrease in 24-hour ambulatory SBP
(9.0 mm Hg; 95% Cl, —=12.7 to =5.3 mm Hg; P < .0001)
relative to those assigned to sham control (-1.6 mm Hg;
95% Cl, 5.2 to 2.0 mm Hg; P = .365; baseline adjusted
difference between groups, -7 mm Hg; 95% Cl, -12.0 to
—2.1; P = .0059). Medication changes were permitted at
6 months. At 12 months, physicians were unblinded, and
crossover was allowed. At 3 years, the success of RDN
treatment was sustained. There was a 10 mm Hg greater
reduction in 24-hour SBP in patients who underwent
RDN relative to sham control at 3 years, which is a statis-
tically significant result. In addition, there were significant
reductions in morning, daytime, and nighttime SBPs in
the RDN group.” The percentage of patients who had
24-hour SBP of < 140 mm Hg was significantly greater in
the RDN arm (83.3% vs 43.8%; P = .0002). Fewer medica-
tions were used by the RDN group relative to the sham
group, but this difference was not statistically significant.
Following the success of the SP'YRAL HTN-ON MED
pilot trial, the trial was expanded to include 257 patients
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(the expansion cohort) from a total of 42 international
sites. The full cohort combined the patients from the pilot
study with the expansion cohort, totalling 337 patients
randomized to RDN or sham control. At 6 months, the
primary safety endpoint was met as there was a low inci-
dence of adverse events. Although results at 6 months
showed significant reductions in office SBP (-4.9 mm Hg;
P =.001) and diastolic BP (-2.0 mm Hg; P = .04), the pri-
mary efficacy endpoint of the trial—change in 24-hour sys-
tolic ambulatory BP monitoring (ABPM)—was not met.

There were two primary issues that may have impacted
these results. First, there were significant differences in
baseline ABPM values in patients who underwent ABPM
prior to the COVID-19 pandemic compared with those
who underwent ABPM during the pandemic. Because 80%
of the expansion cohort of patients followed-up during
the COVID-19 pandemic, this may have accounted for
the finding of no change in ABPM values. There were no
differences in office BPs before and during the pandemic.
Second, there were significant differences in medication
prescription and burden that disproportionately favored
BP lowering in the sham group.™

Global SYMPLICITY Registry. This RDN system was
further evaluated in the Global SYMPLICITY registry
(NCT01534299), which is a prospective, open-label,
single-arm, multicenter observational study with data




from 196 sites worldwide. This data set was created to
evaluate longer-term durability and safety, high-risk
subgroup populations, and patients from a real-world
setting. It included 2,652 patients with uncontrolled
hypertension who were treated with the Symplicity Flex
or Spyral devices. The evaluated subgroups included
resistant hypertension, isolated systolic hypertension,
chronic kidney disease, patients aged > 65 years, atrial
fibrillation, and patients with high cardiovascular risk
scores. The registry has demonstrated significant BP
reductions in all subgroups at 6 months, which were
sustained at 3 years of follow-up. RDN was associated
with a 26% relative risk reduction in major adverse car-
diac events.™

Paradise

RADIANCE-HTN SOLO. Endovascular RDN devices
that function by using ultrasound to disrupt renal
innervation have also been shown to be effective in
reducing BPs. The Paradise catheter system (ReCor
Medical) was tested in RADIANCE-HTN SOLO, a mul-
ticenter, sham-controlled trial.” This trial was powered
to show superiority of RDN over the sham procedure
in lowering daytime ambulatory SBPs. Patients with
systolic-diastolic hypertension with daytime ambula-
tory SBPs in the 135 to 169 mm Hg range and diastolic
BPs in the 85 to 104 mm Hg range after discontinuing
up to two antihypertensive medications were randomly
assigned to RDN or a sham procedure. At 2 months,
there was a significant reduction in daytime ambulatory
BP in the RDN group (-8.5 + 9.3 mm Hg) compared
with the sham control group (2.2 £ 10.0 mm Hg; base-
line-adjusted difference between groups, -6.3 mm Hg;
95% Cl, =9.4 to —=3.1 mm Hg; P =.0001). At 6 months,
the BP-lowering efficacy of RDN persisted.'® Fewer anti-
hypertensive medications were required to achieve the
same BP-lowering effect in the RDN group compared
with the sham control group, and significantly more
patients in the RDN group did not require any antihy-
pertensive medications at 6 months compared with the
sham control group.'® At 36 months of follow-up, the
effectiveness of RDN was sustained.”

RADIANCE-HTN TRIO. The RADIANCE-HTN TRIO
trial evaluated ultrasound RDN in patients with resis-
tant hypertension.'® This was a randomized, multi-
center, single-blind, sham-controlled trial that included
53 centers in the United States and Europe. Patients
were enrolled who had BP of 140/90 mm Hg despite
three or more antihypertensive medications, including
a diuretic. All patients were treated with a standardized
medication regimen of a fixed-dose combination pill
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combining a calcium channel blocker, an angiotensin
receptor blocker, and a thiazide diuretic. Patients with
daytime ambulatory BPs of > 135/85 mm Hg were then
randomized to ultrasound RDN or sham procedure.
There was a significant reduction in daytime ambula-
tory SBP in patients who underwent RDN compared
with sham (-8.0 mm Hg [IQR, —16.4 to 0.0 mm Hg] vs
-3.0 mm Hg [IQR, -10.3 to 1.8 mm Hg]; median
between-group difference, —4.5 mm Hg [95% Cl, -8.5 to
-0.3 mm Hg]J; adjusted P = .022).

RADIANCE II. The RADIANCE Il trial further evalu-
ated the safety and efficacy of ultrasound-based RDN
(ReCor Medical Paradise system) in patients with
uncontrolled hypertension on zero to two antihyper-
tensive medications. Two hundred twenty-four patients
were randomized to either RDN or a sham procedure.
All antihypertensive medications were discontinued
prior to randomization. At 2 months, RDN resulted in
a greater reduction in ambulatory SBP (-7.9 mm Hg)
compared with sham procedure (-1.8 mm Hg;
between-group difference, —6.3 mm Hg; 95% Cl, -9.3 to
-3.2 mm Hg; P < .0001)."

RESULTS

The data available thus far regarding RDN are reas-
suring in terms of safety. No long-term safety con-
cerns have been identified. More specifically, in the
RADIANCE-HTN SOLO trial, there was one transient
ischemic attack at 458 days after RDN, one hyperten-
sive event at 1,076 days after RDN, and one patient with
renal artery stenosis with stent placement 6 months
postprocedure.” No events were identified as related to
the device or procedure. No patients developed acute
renal injury, end-stage renal disease, or renal artery
complications requiring reintervention (eg, dissection,
perforation) at 3-year follow-up. In the SPYRAL HTN-
ON MED trial, there was one death in the sham arm. In
the RDN arm, there was one hospitalization for hyper-
tensive crisis/emergency and one stroke. Importantly,
after 3 years, there were no new renal artery stenoses,
renal artery reinterventions, elevations of creatinine
above 50%, or new-onset end-stage renal disease.’

CONCLUSION

Overall, RDN presents a potentially exciting therapy
with which to combat the worldwide epidemic of
hypertension. An emerging body of evidence demon-
strates the ability of RDN to effectively reduce BP over
time in multiple patient subgroups and via different
device platforms (Figure 1).2° RDN may combat several
major barriers to successful treatment of patients with
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hypertension, such as adherence and medication side
effects. There are several critical questions remaining,
such as optimal patient selection, length of BP-lowering
effects with RDN, long-term safety, and delineating spe-
cific mechanisms of BP reduction.” m
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