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Abstract
Aims: Renal denervation has emerged as a treatment option for patients with drug-resistant hypertension.
This study was designed to assess the safety and effectiveness of the OneShot™ Renal Denervation System.

Methods and results: RAPID is a prospective, multicentre, single-arm study which enrolled 50 patients
at 11 clinical sites in Europe and New Zealand. Eligible patients had an office systolic blood pressure (SBP)
>160 mmHg and were on a stable regimen of >3 antihypertensive medications including a diuretic. The pri-
mary safety endpoints were acute procedural safety at discharge and chronic procedural safety at six months.
The primary effectiveness endpoint was the rate of office SBP reduction >10 mmHg at six months compared
to baseline. While not a predefined endpoint, change in 24-hour ambulatory BP was evaluated. The mean
baseline office SBP and diastolic BP measurements were 181.6+20.8 and 95.5+15.5 mmHg, respectively.
Patients were on a mean of 5.1 antihypertensive medications at baseline. The mean office BP decreased by
—20/~8 mmHg (p<0.0001/p=0.0002), and —22/~8 mmHg (p<0.0001/p=0.0014), from baseline to six and
12 months, respectively. The 24-hour ABPM was also significantly reduced by —11/~6 mmHg at six months
compared to baseline (p=0.0085/p=0.037). There were no serious adverse events (SAE) at discharge related

to groin and vascular access complication or renal artery injury or SAE/adverse device effects at six months.

Conclusions: The results of the RAPID study demonstrate safe delivery of RF energy by the OneShot Renal
Denervation System for renal sympathetic denervation and sustained efficacy, as evidenced by a significant
reduction in office and 24-hour ABPM for six months, which was sustained up to 12 months. ClinicalTrials.
gov Identifier: NCT01520506
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Abbreviations
ABPM  ambulatory blood pressure measurement

ADE adverse device effects
BP blood pressure
CEC clinical events committee

DBP diastolic blood pressure
RAAS  renin-angiotensin-aldosterone system

RDN renal denervation

RF radiofrequency

RFG radiofrequency generator
SAE serious adverse events

SBP systolic blood pressure

Introduction

Hypertension remains an important global concern and a signifi-
cant risk factor for complications including myocardial infarction,
stroke, retinopathy, heart and renal complications'. In 2000, an esti-
mated one billion people worldwide had hypertension, and this
global burden was predicted to increase to 1.56 billion by 20252
An estimated 14%-30% of patients are categorised as having resist-
ant hypertension, meaning that, despite adherence to the prescribed
antihypertensive regimen, their blood pressure (BP) remains well
above goal®*. The challenges to effective hypertension manage-
ment include poor patient compliance and adherence to the pre-
scribed therapeutic regimen, and significant side effects associated
with the agents. Consequently, novel approaches to manage resist-
ant hypertension are of the utmost importance.

Renal sympathetic denervation has emerged as a promising
minimally invasive treatment option for patients with resistant
hypertension®¢. Recent studies have shown that this percutaneous,
catheter-based approach is safe and effective’!?. However, the effi-
cacy of the denervation procedure has been brought into question
by the latest results from the SYMPLICITY HTN-3 trial'3. Results
from HTN-3 showed safety and effectiveness of the renal denerva-
tion procedure in a Caucasian (non-black) cohort of patients with
resistant hypertension. The response of African-Americans enrolled
in the HTN-3 study suggested they may have a different pathophys-
iology regarding their hypertension, already mirrored by different
drug regimens, relying less on RAAS blockade when compared to
their Caucasian counterparts. In addition, there was an unexplained
strong “placebo” effect observed in the African-American sham
control group not observed in previous studies'.

The OneShot™ Renal Denervation System (OneShot system;
Covidien, Mansfield, MA, USA) is an irrigated RF balloon cath-
eter delivering energy in a circumferential manner to achieve den-
ervation of renal arteries using a single two-minute ablation to each
renal artery. Previous studies, including HTN-3, were carried out
with first-generation percutaneous catheters which require multiple
point-by-point ablations per artery, thus significantly prolonging
the procedure time. The OneShot irrigation is designed to mitigate
damage to non-target arterial tissue, effectively allowing the energy
to penetrate deeper into the tissue at the target treatment area, pos-
sibly increasing effectiveness'®. Nakagawa et al demonstrated in

a canine model that irrigation of the ablation electrode with saline
cools the tissue, maintaining a low electrode-tissue interface tem-
perature. In their study, the maximal lesion depth in the animals
treated with irrigation was located 4.1 mm from the surface com-
pared to 1.2 mm below the surface in the temperature control group
(p<0.01)'*. Similarly, Sakakura et al, in a study of perfusion-fixed
human renal artery specimens, revealed that the distribution of
perirenal nerves varied by region examined. The mean number of
nerves in the proximal and middle regions was similar, and signifi-
cantly more than those in the distal segment (p=0.01). Additionally,
the mean nerve distance to arterial lumen in the proximal, middle
and distal segments was 3.4, 3.1 and 2.6 mm, respectively'’.

The feasibility and safety of ablation with the OneShot system was
initially shown in nine patients enrolled in the Renal Hypertension
Ablation System (RHAS) trial'®!". RF ablation with the OneShot
catheter resulted in a significant reduction in office BP that was sus-
tained up to 12 months. In this first-in-man study, the complication
rate was low and angiographic assessments at six months after the
procedure did not reveal any vascular abnormalities'®.

Editorial, see page 1135

The aim of this prospective, multicentre study was to evaluate
the safety and efficacy of the OneShot Renal Denervation System
with irrigation for the treatment of patients with chronic resistant
hypertension.

Methods

STUDY DESIGN

The Rapid Renal Sympathetic Denervation for Resistant
Hypertension Using the OneShot™ Ablation System (RAPID)
study is a prospective, multicentre, non-randomised study to evalu-
ate the safety and effectiveness of the OneShot™ Renal Denervation
System (Covidien) for the treatment of chronic resistant hyperten-
sion. This study was approved by the ethics committees at all par-
ticipating centres prior to site activation.

PATIENTS
Eligible patients were 18 to 85 years old, had office SBP >160 mmHg
despite being treated with >3 antihypertensive medications, includ-
ing a diuretic. Patients were required to be stable on their antihyper-
tensive regimen 14 days prior to enrolment, and medication changes
were discouraged up to the six-month follow-up visit. Obligatorily,
the renal arteries had to be between 4 and 7 mm in diameter with
a 20 mm length landing zone for balloon placement.

Patients were excluded if they had end-stage renal disease,
a glomerular filtration rate less than 45 mL/min/1.73 m?, type 1
diabetes mellitus, and bleeding disorders. Patients with myocar-
dial infarction, unstable angina, coronary events or stroke within
six months of the treatment were excluded. Also, patients with
serious renal abnormalities including severe renal artery steno-
sis, or evidence of prior renal stenting performed and presence of
more than one main renal artery (not meeting the protocol-defined
anatomical criteria) were excluded. All patients provided written

informed consent.



RENAL IMAGING

Patients underwent renal artery imaging at baseline to satisfy the
anatomical requirements and in order to evaluate for post-proce-
dural renal artery stenosis. Acceptable imaging modalities included
renal duplex, magnetic resonance imaging, computed tomography
angiography (CTA) and renal angiography. At the six-month follow-
up visit, imaging was performed to assess the treatment area. The
same modality was encouraged for both time points. Additionally,
duplex renal artery ultrasound imaging was collected for the first 20
enrolled subjects at the one and 12-month follow-up visits.

FOLLOW-UP

Follow-up assessments occurred at one, three, six and 12 months
following the renal denervation procedure. Each follow-up visit
included assessments of office BP, heart rate, weight, laboratory
tests, review of antihypertensive medications and adverse events.
Following the denervation procedure, patients were asked to pro-
vide information on pain. Patients reporting pain were asked to rank
their pain on a scale from one to 10, with one being the least pain
and 10 being the most pain experienced.

STUDY DEVICE
The OneShot™ Renal Denervation System comprises the
OneShot™ radiofrequency (RF) balloon catheter and a radiofre-
quency generator (RFG). The system has been described previ-
ously'®!7. Tt consists of an irrigated RF balloon catheter and an RFG
with an integrated pump (Figure 1). A monopolar silver electrode
is painted on the non-compliant balloon in a helical configuration
(Figure 1A), ensuring delivery of RF energy in a spiral pattern with-
out the need to manipulate the catheter. The balloon is delivered to
the renal artery over a conventional 0.014” interventional guide-
wire through a guide catheter, 6 Fr or 7 Fr depending on the size
of the balloon. Radiopaque markers identify the balloon ends for
positioning under fluoroscopy. Balloon catheters are available in 5,
6 and 7 mm balloon diameter sizes and the balloon length is 20 mm.
The balloon is inflated to nominal size by a flow of 10 ml/min
saline delivered by the pump integrated into the RFG, corresponding
to a target pressure of 1 atm. The inflated balloon stabilises electrode
contact with the renal arterial wall. During ablation, saline seeps
from irrigation holes which are present along the electrode. These are
designed to mitigate damage to non-target arterial tissue (Figure 1B).
A single, two-minute, 25W RF ablation is delivered to each artery.

ENDPOINTS

The primary safety endpoints of the study were:

1. acute procedural safety, defined as the overall rate of serious adverse
events (SAE) and adverse device effects (ADE) at discharge:
a) SAE related to groin and vascular access complications, and
b) SAE related to renal artery injury;

2. chronic procedural safety, defined as the overall rate of SAE and
ADE at six months.
The primary efficacy endpoint was procedural effectiveness,

defined as the rate of office SBP reduction >10 mmHg at six months

12-month results of the RAPID study

Figure 1. OneShot™ Renal Denervation System. The OneShot™ RF
balloon catheter with a spiral RF electrode and irrigation holes.

A) Low-pressure irrigation runs continuously (depicted by eight grey
lines) during balloon inflation, providing cooling of the non-treated
region of the artery during ablation. B) Schematic representation of
left renal artery cutaway showing inflated balloon with spiral
electrode (orange).

compared to baseline. Measurements were performed in triplicate
with the patient sitting down, and averaged per protocol definition.
An independent clinical events committee reviewed and adjudi-
cated all adverse events in the study.

STATISTICAL ANALYSIS

The study is a multicentre, prospective, single-arm clinical study
with intra-patient comparisons enrolling 50 patients with chronic
resistant hypertension. Descriptive statistics were provided for
baseline demographics, procedural characteristics and study out-
comes. Changes in BP at follow-up visits from baseline were eval-
uated using the paired t-test. A p-value of <0.05 was defined as
statistically significant. All statistical analysis was performed using
Statistical Analysis System (SAS) for Windows version 9.2 (SAS
Institute, Inc., Cary, NC, USA).

Results

BASELINE CHARACTERISTICS

Fifty patients with resistant hypertension were enrolled, treated
with the OneShot system and followed up to 12 months (Figure 2).
Baseline demographic and clinical characteristics and medication use
are presented in Table 1 and Table 2. Patient characteristics were con-
sistent with resistant hypertension, patients were 63.0+9.5 years of
age, 58.0% were male, and mean office SBP and diastolic blood pres-
sure (DBP) values were 181.6+20.8 and 95.5+15.5 mmHg, respec-
tively. On average, patients were taking 5.1£1.7 antihypertensive
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Signed informed consent (N=108)

v
Eligibility
— Office BP =160 mmHg
— At least 3 antihypertensive medications Not eligible for study
including duretic (stable for 2 weeks) ~ ——NO—> screen failure (N=58)
—eGFR >45 ml/min per 1.73 m?

Table 1. Baseline characteristics.

Subject characteristics ‘ Mean=SD or % (n/N)
Age, years (n=50) 63.0+£9.5
Male (n=50) 58.0% (29/50)
Weight, kg (n=50) 89.6+19.2

Risk factors

— Assessment of renal artery anatomy
|
Yes
\ ]

42.0% (21/50)
50.0% (25/50)

Diabetes mellitus type 2

Hypercholesterolaemia

50 subjects enrolled Estimated BMI 32.6+16.2
(All treated) Obesity 52.0% (26/50)
1 Missed visit Smoker 44.0% (22/50)
> 2 Excluded from effectiveness analysis Medical hi
v for inclusion criteria violation Sane [iery
’ 47 subjects with follow-up at 1 month ‘ Arrhythmia 20.0% (10/50)
4 Missed visits Coronary artery disease 26.0% (13/50)
> 7 Exc!uded from gffe_ctiyenes_s analysis Heart failure 4.0% (2/50)
Y forinclusion criteia violation Left ventricular hypertrophy 12.0% (6/50)
’ 44 subjects with follow-up at 3 months ‘ B
 Missed Previous M| 8.0% (4/50)
issed visit ; o
> 2 Excluded from effectiveness analysis Renal disease La P Lo
A4 for inclusion criteria violation eGFR (mL/min/1.73 m?), (n=48) 75.8+16.8
’ 47 subjects with follow-up at 6 months ‘ Office SBP at baseline, mmHg (n=48) 181.6+20.8
1 Withdrew consent Office DBP at baseline, mmHg (n=48) 95.5+15.5
4 Missed visits
> 1 Lost to follow-up
2 Excluded from effectiveness analysis .
v for inclusion criteria violation the study procedure or device. For acute procedural safety, there were

42 subjects with follow-up at 12 months

Figure 2. Study flow chart. Represents the number of patients who
completed each follow-up visit.

medications, with 96% of patients on a diuretic. Two patients were
enrolled despite not taking a diuretic as mandated in the protocol.
Additionally, two patients were enrolled and treated who did not
meet the inclusion criteria for office SBP >160 mmHg. Prior to the
three-month follow-up visits it was identified and determined, con-
sistent with the protocol, that these patients would be followed for
safety but excluded from the efficacy analysis.

PROCEDURE CHARACTERISTICS

The median procedure time, defined as time from initial arterial
access to closure, was 48 minutes (range 32-71 minutes), and
the median OneShot system ablation time was 4.0 minutes for
the treatment of both arteries. The median fluoroscopic time was
8.0 minutes, and mean contrast volume used was 105.0 mL (range
79.0-150.0 mL). Centres used their locally established protocol for
sedation and analgesia, predominantly consisting of fentanyl, mida-
zolam and propofol.

SAFETY ENDPOINTS
All reported adverse events were reviewed by an independent clinical
events committee and adjudicated for seriousness and relatedness to

no SAE or ADE at discharge related to groin and vascular access
complication or renal artery injury. Two events, flank pain and brady-
cardia, occurred in two patients during the procedure. Both patients
were treated successfully and recovered without further complica-
tions. For chronic procedural safety, there were three device- and/or
procedure-related SAE reported up to 12 months (Table 3). The three
events were infection at access site due to use of a closure device,

paraesthesia of the right groin and renal artery stenosis.

Table 2. Baseline medication.
Number of antihypertensive drugs (n=50) 5.1+1.7

ACE inhibitors only 54.0% ( 27/50)
Angiotensin |l receptor antagonist 80.0% (40/50)

ACE/ARB (combined)

92.0% ( 46/50)

Alpha-blockers

20.0% (10/50)

Beta-blockers

68.0% (34/50)

Calcium channel antagonist

72.0% (36/50)

Direct renin inhibitors

18.0% (9/50)

Diuretic

96.0% (48/50)

Loop diuretic

32% (16/50)

Thiazide diuretics

66% (33/50)

Thiazide-like diuretics

8% (4/50)

Potassium-sparing diuretics

22% (11/50)

Other

60% (30/50)

ACE: angiotensin-converting enzyme; ARB: angiotensin Il receptor blocker




Table 3. Serious adverse events (CEC adjudicated).

12-month results of the RAPID study

Serious events Number of events (subjects) Visit Relatedness
Acute procedural safety (discharge)
Flank pain 1(1) Procedure i
- — - Device- and procedure-related
Cardiac complication (bradyarrhythmia) 1(1) Procedure

Chronic procedural safety* up to 12 months

Infection 1(1) 1 month

; - - Procedure-related
Paraesthesia of right groin 1(1) 6 month
Renal artery injury (renal artery stenosis) 1(1) 6 month Device- and procedure-related

* Device- and/or procedure-related events up to 12 months.

RENAL IMAGING

Renal artery imaging studies were conducted pre-procedure to
determine enrolment eligibility and at six months after renal den-
ervation to identify any renal abnormalities. In addition to the
standard imaging modality conducted per centre, the first twenty
subjects also underwent renal imaging by duplex ultrasonography
imaging at one and 12 months post procedure. By this method, no
renal abnormalities were observed at baseline which precluded the
patients from receiving treatment by denervation.

Imaging studies were available for 43 patients at the six-month
follow-up visit including: CTA scans in 17 patients, magnetic res-
onance imaging in 20 patients and duplex scans in six patients.
In one patient, CTA imaging identified a non-haemodynamically
significant (<50%) stenosis of the left renal artery which had not
been observed at initial treatment. Repeat angiographic imaging
with fractional flow reserve and OCT showed that the lesion was
within the treatment area, was non-flow-limiting and renal func-
tion was not impaired. The patient was asymptomatic at the time of
six-month evaluation, and there were no changes in clinical status
at the 12-month visit. Twenty patients at one month and 14 patients
at 12 months had duplex imaging studies performed, and no addi-

tional renal abnormalities were identified.

MEDICATION ADHERENCE

Per study protocol, patients were required to maintain baseline
doses of their antihypertensive medications up to the six-month
visit. Study sites documented any changes in medication, whether
an addition, removal, or dose change to a patient’s antihyperten-
sive regimen. Twenty-two study subjects (44%) had no reported
changes in their hypertensive medications during the six-month fol-
low-up period. Of these patients, the responder rate was 64% and
the mean change in office BP was similar (—19/-5 mmHg) to that
reported for the entire cohort. The patients with a response to the
ablation at the six-month follow-up were on an average of 5.1 med-
ications compared to 4.4 in the group that did not respond to abla-
tion. Conversely, over the six-month follow-up period, 28 (56%)
patients reported a change in one or more antihypertensive medica-
tions at either interim office follow-up visit one, two or three. Of
the 28 patients, 11 (39.3%) had a decrease in their antihypertensive
medications and 14 (50%) had an increase in their antihypertensive
medications at six months.

EFFICACY ENDPOINT - CHANGE IN BLOOD PRESSURE
Office BP reduction was assessed at one, three, six and 12 months
(Figure 3). Renal denervation with the OneShot system resulted in
a significant reduction in both SBP and DBP. The mean reductions
in BP were —17/~7, —17/-7, -20/-8, and —22/~8 mmHg (p<0.0001/
p=0.0009, p=0.0002/p=0.0014, p<0.0001/p=0.0002, and p<0.0001/
p=0.0014) at one, three six, and 12 months, respectively. At all time
points after denervation, SBP and DBP measurements were signifi-
cantly lower when stratified by age group (<65 vs. >65 years) and
gender, and for patients with or without type 2 diabetes (Figure 4).
However, the BP reductions did not differ significantly between
groups.

The responder rate, defined as the rate of office SBP reduc-
tion >10 mmHg at six months compared to baseline was 61.7%
(29/47). Over the six-month follow-up period, additional post hoc
analysis revealed that 70.2%, 53.2% and 46.8% of patients had
BP reductions of at least 5, 15 and 20 mmHg, respectively. Of the
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Figure 3. Change in mean office blood pressure at one, three, six and
12 months. Error bars are standard error. The numbers in
parenthesis indicate the number of patients with data at each visit
(p-values for change in systolic/diastolic BP from baseline to one,
three, six and 12 months p<0.0001/p=0.0009, p=0.0002/p=0.0014,
p<0.0001/p=0.0002 and p<0.0001/p=0.0014, respectively).
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Figure 4. Change in mean office blood pressure by age, gender, and
diabetic status. Error bars are standard error. The numbers in
parenthesis indicate the number of patients with data at each visit.
(Between-group p-values for change in BP at six and 12 months were
not significant).

non-responders, 11 (61%) patients reported changes of one or more
antihypertensive medications.

CHANGEINAMBULATORY BLOODPRESSUREMEASUREMENT
Ambulatory blood pressure measurement was not a predefined end-
point in this study but the data were collected at baseline and at all fol-
low-up visits up to 12 months. Thirty-seven patients at six months and
26 patients at 12 months had evaluable matched ABPM post renal den-
ervation. There was a statistically significant mean change in ABPM of
—11/-6 mmHg (p=0.0085/p=0.037) at six months (Figure 5, Table 4).
Moreover, there was a significant change in mean systolic and dias-
tolic daytime ABPM, which was absent at night time (Table 4). The
change in ABPM was sustained to 12 months (—9/~5 mmHg, p=0.054/
p=0.073), but this difference did not attain significance.

PAIN MANAGEMENT

Pain management was at the discretion of the operator. In general,
the procedure was performed with conscious sedation and intra-
venous narcotics. Twenty-seven (54%) patients reported no pain
during the ablation process compared to 23 (46%) patients who
reported experiencing pain. In four cases of no pain, the patients
were fully sedated. Patients who reported feeling pain were asked
to rank their pain on a score from 1 to 10, where one was the least
pain and 10 the most pain. The mean pain score reported was 7.9.

Discussion

The RAPID study evaluated the safety and effectiveness of the
OneShot system for treating patients with resistant hypertension.
Effectiveness was studied by comparing baseline BP values to
follow-up values in an intra-individual comparison. This irrigated
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Figure 5. Change in ambulatory blood pressure measurement up to
12 months. Error bars are standard error. The numbers in
parenthesis indicate the number of patients with data at each visit.
(p-values for change in systolic/diastolic BP from baseline to six
[p=0.0085/p=0.037] and 12 [p=0.054/p=0.073] months).
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Table 4. Mean (+SD) change in 24-hour ambulatory blood pressure measurement up to 12 months.

24-hour ABPM

Systolic BP (mmHg)

Diastolic BP (mmHg)

Reduction in SBP

Reduction in DBP
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Overall Baseline 154.3+22.8 (37) 87.7£12.9 (37) - -
6 months 143.7+£18.8 (37) 81.3+18.8 (37) -10.6 (p=0.0085) -6.4 (p=0.037)
12 months 142.1+18.6 (26) 82.6+14.3 (26) -9.1 (p=0.054) -4.5 (p=0.073)
Daytime Baseline 156.1+£18.2 90.1+13.3 - -
6 months 146.4+20.4 86.0+15.7 -9.9 (p=0.0067) -5.0 (p=0.02)
12 months 146.0+21.5 85.4+14.8 -9.5 (p=0.0451) -5.0 (p=0.0397)
Night-time Baseline 142.7+18.3 78.9+11.8 - -
6 months 139.4+20.3 78.4+12.2 -5.9 (p=0.06) -1.6 (p=0.4)
12 months 134.4+26.5 77.0£16.8 7.1 (p=0.2024) -2.2 (p=0.4622)

ablation system was successfully used in the 50 patients treated and
resulted in a significant reduction in systolic and diastolic BP at all
pre-specified time points up to 12 months. Similarly, ABPM was
significantly reduced at six months post denervation. No periproce-
dural serious access-site complications were reported.

The results show a satisfactory safety profile for the OneShot
system. Few adverse events were related to the study device at six
months. Eighty-six percent of patients underwent non-invasive
renal artery imaging after six months which revealed one incidence
of new stenosis. Rigorous review of the event both at six and at
12 months showed that it required no further treatment and renal
function was not impaired in the patient.

The OneShot balloon catheter system allows for a single two-
minute delivery of RF energy by the spiral electrode, providing
a reliable, circumferential, and consistent treatment approach. This
differs from the point-by-point ablations utilised by other RF sys-
tems such as Symplicity™ (Medtronic, Palo Alto, CA, USA) and
EnligHTN (St. Jude Medical, St. Paul, MN, USA). It is difficult to
make direct procedure time comparisons between systems. Unlike
the RAPID study where total procedure time (defined as time from
arterial access to closure) is reported, other studies only report time
for RF application. The median OneShot total procedure time was
48 minutes. Likewise, the median OneShot system RF application
time was four minutes for bilateral renal artery treatment. In con-
trast, the Symplicity system requires four or more point ablations,
with RF energy applied at each point for two minutes. The median
procedure time, defined as time from initiation to completion of RF
energy, reported in the SYMPLICITY HTN-1 study was 38 min-
utes®. Worthley et al reported a similarly defined median proce-
dure time of 34 minutes with the EnligHTN system. Arguably, the
shorter procedural time leads to abbreviated painful stimuli without
compromising the effects of the therapy.

Another unique feature of the OneShot system is the presence
of irrigation. The balloon has eight evenly spaced holes along the
electrode. During the ablation procedure, saline seeps out, cool-
ing the surrounding tissue. Irrigation has been shown to minimise
fluctuations in temperature at the tissue-electrode interface, to
reduce thrombus and char formation, and to prevent damage of the
endothelial lining'*. Furthermore, irrigation has been suggested to

create deeper lesions'. The depth of lesions created by an irrigated
ablation system corresponds nicely with the general distribution of
nerves reported by Sakakura et al'®.

Despite these differences in device, the reductions in BP at six
and 12 months observed in the RAPID study confirm earlier results
from the RHAS (the first-in-human trial) and are consistent with
recently published studies using RF energy®!>!°. A significant
reduction in office BP was evident at one month (-17/~6 mmHg)
and preserved up to 12 months (-22/—8 mmHg). Though the study
was not powered to detect intergroup differences in BP reduction,
post hoc analysis revealed no significant changes in BP by age
group, gender, or diabetic status. Of interest, there was an observed
trend towards an increased magnitude in BP change for younger
patients (<65 years), women and non-diabetic patients, which per-
sisted up to 12 months. Due to the small sample sizes for these
subgroups, further studies are needed to understand whether these
differences could impact on BP and whether octogenarians, men,
and diabetics are poor candidates for renal denervation.

Although we show an overall significant drop in office BP for
the entire cohort, 38% (n=18/47) of patients were non-responders
at six months. This is similar to recent registry reports describing
a non-responders rate of around 30% with the Symplicity system'®.
Of the non-responders, 61% reported changes of one or more anti-
hypertensive medications at six months. A small subset of non-
responders (five patients) had directionally positive results, with
a mean drop in BP of —=5.4 mmHg. This was below the predefined
responder threshold of 10 mmHg. The rest showed increases in
office BP at six months. It is unclear why the procedure did not
show efficacy at six months in these patients. There has been evi-
dence of late response in patients at later time points'*'.

Lack of medication adherence during the six-month follow-up
period could have confounded the results of the study. Over half of
the patients followed at six months reported changes in their base-
line antihypertensive medication regimen. Per protocol, no official
testing, i.e., urinalysis, was performed to assess medication levels
specifically at follow-up visits. However, patients were instructed
to stay on their baseline regimen during the six-month follow-
up period. No additional data were captured on adherence up to
12 months.
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Renal denervation also led to a substantially significant decrease
in 24-hour ABPM (-11/-6 mmHg) at six months. As expected, this
effect was less marked than the corresponding change in office BP
(-20/-8 mmHg) at six months. Nevertheless, this represents a marked
reduction when compared to former drug studies showing ABPM
reductions of around 5 mmHg (i.e., valsartan studies)®. An attenu-
ated 24-hour ABPM effect has been observed in other studies®!*!2.
The difference in APBM was sustained up to 12 months but did not
attain statistical significance.

There remains a need for clarity and definition about which
patients are best suited for treatment with renal denervation.

Limitations

Limitations of the study include the lack of a control arm. This
single-arm study was designed specifically to assess the safety
and effectiveness of the OneShot system as assessed by intra-indi-
vidual comparisons. Additional studies with a larger sample size
and a randomised control arm would be essential to elucidate bet-
ter the benefits of this therapeutic modality. Finally, adherence to
the baseline drug regimen was a requirement of the study that was
not closely followed by 56% of the enrolled patients and general
practitioners. This could have confounded the results.

Conclusions

In conclusion, results of the RAPID study confirmed that renal den-
ervation with the OneShot system is safe and effective for the treat-
ment of patients with resistant hypertension.

Impact on daily practice

Catheter-based renal denervation has been investigated as
a novel approach for the treatment of refractory hypertension.
Specifically for those patients who maintain systolic blood
pressures greater than 160 mmHg despite multiple drug thera-
pies, this treatment may provide unique benefit. Although the
OneShot™ renal denervation catheter used in this study is no
longer commercially available, the favourable outcomes dem-
onstrated in this study support renal denervation as a reasonable
treatment option for these patients.
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