Renal denervation with ultrasound therapy (paradise device) is an
effective therapy for systemic hypertension
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Hypertension is the most important risk factor for
cardiovascular events associated morbidity and mortality,
affecting more than one billion people worldwide (1).
Although anti-hypertensive drug therapy is very effective
in reducing the risk of cardiovascular disease and death,
approximately 10% of patients suffer from resistant
hypertension despite at least three maximally tolerated
doses of anti-hypertensive drugs including a diuretic (2).
Endovascular renal denervation has been investigated as a
new treatment strategy, and prior unblinded, randomized
trials have shown promising results with reduction of
systolic and diastolic blood pressure (BP) (3,4). However,
SYMPLICITY HTN-3 trial, a randomized, blinded, sham-
controlled trial failed to show a significant reduction in
office systolic blood pressures (SBPs) after renal denervation
as compared to sham control (5). Post-hoc analysis revealed
that variable adherence to anti-hypertensive medications,
and incomplete renal denervation were the likely causes of
the unexpected failure to reduce BP (6).

Recently, Townsend et al. reported 3 months results of
the SPYRAL HTN OFF-MED trial, that demonstrated
a significant reduction in 24-hr ambulatory BP in patients
receiving Spyral multielectrode radiofrequency ablation
(Medtronic, Galway, Ireland), compared with sham
control non-medicated patients with mild to moderate
hypertension (office systolic-BP >150 but <180 mmHg,
office diastolic-BP >90 mmHg; a 24-hr ambulatory systolic-
BP of between 140 and 170 mmHg at second screen) (7).
Subsequent to the OFF-MED trial, the efficacy of renal
denervation for patients with moderate, uncontrolled
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hypertension despite anti-hypertensive drugs was evaluated
in the SPYRAL HTN ON-MED trial with similar study
design—with the exception that patients were on 1 to 3
anti-hypertensive medications. Similar to the OFF-MED
trial, office and 24-hr ambulatory BP decreased significantly
in the renal denervation group (difference of -6.8 mmHg,
95% CI: -12.5 to -1.1, P=0.0205) compared to sham
control. The extent of BP reduction with renal denervation
increased over the follow-up period to 6 months (8).

In The Lancet, Azizi et al. reported the results of the
RADIANCE HTN SOLO trial (9) using endovascular
ultrasound renal denervation system (Paradise renal
denervation system, ReCor, CA, USA) with ambulatory
SBP equal to or greater than to 135 but less than
170 mmHg or diastolic blood pressure (DBP) equal or
greater than of 85 but less than 105 mmHg after a 4-week of
discontinuation of up to two anti-hypertensive medications.
A total of 146 patients were randomized to undergo renal
denervation (n=74) or a sham control (n=72) and the primary
effectiveness endpoint was statistically significant BP
reduction based on daytime ambulatory BP from baseline
to 2 months, between test and sham controls. To prevent
unmasking all patients were sedated and wore headphones
and eye covers. Endovascular ultrasound renal denervation
achieved a significantly greater reduction in daytime
ambulatory systolic-BP (-8.5£9.3 mmHg) than sham
procedure (-2.2+10.0 mmHg); baseline-adjusted difference
between groups: -6.3 mmHg, 95% CI: -9.4 to -3.1,
P=0.0001). No major adverse events were observed
in either group. However, the major limitation of the
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Figure 1 Diagram of renal artery and circumferential peri-arterial nerve location. Note the distal regions of renal artery had sympathetic

peri-renal nerves located closer to the renal artery as compared to proximal and middle segments, however, the nerves were far smaller and

fewer in the distal regions compared to proximal and middle regions.

study was the lack of robustness in anti-hypertensive
medications. According to the pre-defined protocol, all
patients were considered to discontinue anti-hypertensive
medications until 2 months after the procedure 4 of
74 (5%) patients in the renal denervation group and 10 of
72 (14%) patients in the sham group took anti-hypertensive
medications during the 2-month follow up, on the basis of
the physician’s decision or patient preference, and therefore
didn’t meet protocol-defined criteria. In addition, drug
surveillance was not performed, therefore the Hawthorne
effect could not be ruled out.

Despite several endovascular renal denervation devices
having been shown to be clinically safe and effective prior to
2013 (3,10), the human anatomy of peri-arterial renal nerves
had not been thoroughly investigated, as most of the devices
advocated denervation of the proximal renal arteries close to
the ostium. In 2014, we reported the anatomic distribution
of peri-arterial renal nerves surrounding the renal arteries
from the ostium to the bifurcation (11). We showed that
the distal regions of renal artery prior to bifurcation had
sympathetic peri-renal nerves located closer to the renal
artery as compared to proximal and middle segments,
however the nerves were far smaller and fewer in the
distal regions compared to proximal and middle (Figure I).
The distribution of the distance of nerves from the renal
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artery varied considerably, from <1 to >10 mm, and the 75"
and 90" percentile of nerve were located at a distance from
renal artery was 4.28 and 6.39 mm, respectively. However,
the distal nerves had the shortest distance from the artery
lumen with 75" and 90" percentile of nerves was 3.24 and
5.27 mm, respectively. This data suggests it is possible
that some of the nerves may not have been affected by the
radiofrequency ablation procedure, as the depth of injury
would have to exceed 5mm to have affected 80% of the
nerves.

Paradise catheter consists of a through lumen shaft
that delivers ultrasound energy via piezoelectric ceramic
transducer located at the distal end of the balloon catheter
which uses sterile circulating water to protect the renal
artery approximately 1 mm around the balloon (11).
In a previous swine preclinical study, Paradise catheter
demonstrated nearly 360-degree circumferential ablation,
while preventing renal artery medial damage and the
maximum and minimum depth of ablation was 11.9 and
1.2 mm (Figure 2) (12). In the RADIANCE HTN SOLO
trial, the duration of the ablation was 7 seconds and the
mean number of ablations was 5.4+1.0 and they were
performed at a distance 5 mm apart with an average total
time of treatment 37.9x6.7 seconds, and total procedure
time of 72 minutes. On the other hand, Spyral catheter, used
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Figure 2 Representative images of ablation using paradise
ultrasound renal denervation catheter in swine renal artery. The
ablation area is delineated by a green line. Note 360-degree

circumferential ablation. A, artery; V, vein.

in the SPYRAL HTN OFF-MED and ON-MED trials, has
4 electrodes, which enables to apply radiofrequency energy
circumferentially at a distance from one another in four
quadrants of the renal artery. Distal renal artery, branches,
as well as accessory arteries were treated. In the SPYRAL
HTN ON-MED trial, mean total denervation time was
60.8+25.3 minutes, and the mean number of ablations was
45.9+13.7 times (19.3+8.9 times for main arteries, and
26.6=11.7 times for branch vessels) with a total procedure
time of 92.5+38.4 minutes.

Endovascular renal denervation with the two latest
generation catheter devices has shown safety and both
are associated with significant reductions in BP compared
with a sham procedure. We believe the latest generation of
renal ablation devices are effective in reducing moderately
high systolic and diastolic BP. Although the site of ablation
was different in the two procedures one proximal and
mid and the other distal renal artery and branches using
two different modalities, ultrasound and radiofrequency
ablation techniques. However, several clinical questions
still remain unresolved. Firstly, why were 13/74 (18%)
patients in RADIANCE HTN SOLO and 9/36 (25%)
in SPYRAL HTN ON-MED non-responder? Second, is
renal ablation effective long-term? Lastly does it reduce
the risk of cardiovascular death? Further studies with
larger numbers of patients and longer follow-up duration
will be required prior to acceptance of this therapy as stand
alone or with anti-hypertensive medications, especially in
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patients who are noncompliant.
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