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Abstract

Background: Ultrasound and radiofrequency renal denervation (RDN) have been shown to safely lower

KEYWORDS

blood pressure (BP) in hypertension.
Aims: The TARGET BP OFF-MED trial investigated the efficacy and safety of alcohol-mediated renal
denervation (RDN) in the absence of antihypertensive medications.

¢ miscellaneous

e resistant
hypertension

e uncontrolled
hypertension

Methods: This randomised, blinded, sham-controlled trial was conducted in 25 centres in Europe and the
USA. Patients with a 24-hour systolic BP of 135-170 mmHg, an office systolic BP 140-180 mmHg and
diastolic BP >90 mmHg on 0-2 antihypertensive medications were enrolled. The primary efficacy endpoint
was the change in mean 24-hour systolic BP at 8 weeks. Safety endpoints included major adverse events
up to 30 days.

Results: A total of 106 patients were randomised; the baseline mean office BP following medication
washout was 159.4/100.4+10.9/7.0 mmHg (RDN) and 160.1/98.3£11.0/6.1 mmHg (sham), respectively. At
8 weeks post-procedure, the mean (+standard deviation) 24-hour systolic BP change was —2.9+7.4 mmHg
(p=0.009) versus —1.4+8.6 mmHg (p=0.25) in the RDN and sham groups, respectively (mean between-
group difference: 1.5 mmHg; p=0.27). There were no differences in safety events between groups. After
12 months of blinded follow-up, with medication escalation, patients achieved similar office systolic BP
(RDN: 147.9+18.5 mmHg; sham: 147.8+15.1 mmHg; p=0.68) with a significantly lower medication burden
in the RDN group (mean daily defined dose: 1.5+1.5 vs 2.3£1.7; p=0.017).

Conclusions: In this trial, alcohol-mediated RDN was delivered safely but was not associated with sig-

nificant BP differences between groups. Medication burden was lower in the RDN group up to 12 months.

*Corresponding author: Department of Cardiovascular Medicine, Princess Grace Hospital, 1 Av. Pasteur, 98000 Principality of
Monaco. E-mail: atul pathak(@chpg.mc
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Abbreviations

BP blood pressure
CTA computed tomography angiography
DBP diastolic blood pressure

DDD defined daily dose

eGFR estimated glomerular filtration rate
HTN hypertension

MRA magnetic resonance angiography
RDN renal denervation

SBP systolic blood pressure

Introduction

Hypertension (HTN) remains a major cardiovascular risk factor,
affecting approximately one-third of adults worldwide'. Lowering
systolic and diastolic blood pressure (BP) to recommended targets
is associated with a substantial reduction in cardiovascular out-
comes including stroke, heart failure, and myocardial infarction.
HTN management is challenging because of non-adherence to pre-
scribed antihypertensive medications and lifestyle interventions,
and more recently by the coronavirus disease 2019 (COVID-19)
pandemic'-,

The renal sympathetic nerves are involved in the development
and maintenance of HTN"®. Catheter-based renal denervation
(RDN) using radiofrequency or ultrasound energy has been dem-
onstrated to safely lower BP in patients not receiving®!* or receiv-
ing''? antihypertensive medications.

The Peregrine System Infusion Catheter (Ablative Solutions,
Inc.,) delivers microdoses (0.6 mL per treatment site) of dehy-
drated alcohol, as a neurolytic agent, locally into the perivascu-
lar space of the renal artery to achieve ablation of the afferent
and efferent sympathetic nerves'*'°. A previous open-label
trial using this catheter demonstrated that alcohol-mediated
RDN was delivered safely and significantly lowered ambula-
tory and office BP in patients with severe uncontrolled HTN
taking medications'>. The TARGET BP program is a series of
randomised, sham-controlled, assessor-blinded trials investi-
gating the safety and efficacy of alcohol-mediated RDN for
the treatment of uncontrolled HTN in the absence (TARGET
BP OFF-MED) or presence (TARGET BP I, pivotal) of anti-
hypertensive medications'’. We report the results of the mul-
ticentre, blinded, sham-controlled, TARGET BP OFF-MED
trial (ClinicalTrials.gov: NCT03503773) at 2 months and up to

12 months of follow-up.

Methods

This randomised, blinded, sham-controlled, trial conducted in
25 trial centres in Europe and the USA was approved by national
regulatory authorities and local independent ethics committees
(IECs)/institutional review boards (IRBs).

INFORMED CONSENT AND ELIGIBILITY
Patients provided written informed consent and underwent eligibil-
ity screening assessments. Patients (18-80 years old) with a mean

office systolic blood pressure (SBP) between 140 and 180 mmHg
and a mean diastolic blood pressure (DBP) >90 mmHg who were
taking 0-2 antihypertensive medications were recruited. Patients
entered a 4-week run-in period during which they took no anti-
hypertensive medications leading up to randomisation. Before
randomisation, patients were required to have a mean 24-hour
ambulatory systolic blood pressure (ASBP) of 135-170 mmHg
with >70% valid readings (determined by ambulatory blood pres-
sure monitoring [ABPM]). Patients with 1 or more accessory renal
arteries that were deemed too small for treatment (<4 mm diame-
ter), but supplying >20% of the renal parenchyma, were excluded.
A complete list of eligibility criteria is presented in Supplementary
Appendix 1.

RANDOMISATION AND PROCEDURE

After confirmation of their anatomical eligibility, patients were
randomised in a 1:1 ratio to either the alcohol-mediated RDN or
sham control. Randomisation was stratified by trial site and was
performed centrally using an interactive web response system.
Patients were blinded to treatment status by sensory deprivation
and sedation during the procedure. The patients, the sponsor, and
the outcome assessors who performed the screening and follow-
up assessments, were blinded up to 12 months post-procedure.
The interventionalist performing the procedure, and associated
personnel, were unblinded but not involved in patient follow-up.
Unblinding to treatment assignment and ABPM results took place
after the last patients had completed the 12-month follow-up visit.
Patient blinding effectiveness was assessed using a treatment per-
ception questionnaire and the James and Bang blinding indices'®"?
(Supplementary Table 1).

If an anatomically suitable renal artery anatomy was confirmed,
patients were randomised to receive RDN using the Peregrine
Catheter (RDN group) or diagnostic renal angiography only (sham
control group). Significant renal accessory arteries (supplying
>20% perfusion of the renal parenchyma) that were 4-7 mm in
diameter were also treated, with a maximum of 1 accessory artery
treated per side. Each treatment involved administration of 0.6 mL
alcohol per treated renal artery with a maximum dose of 2.4 mL
alcohol per patient. Total procedure time was defined as the time
from femoral artery access to sheath removal.

For those patients randomised to the RDN group, the catheter
was inserted via the femoral artery and advanced to the renal artery.
Three microneedles were deployed through the media of the vessel,
and the alcohol was delivered into the perivascular space surround-
ing the renal artery. Further details regarding the Peregrine System
Infusion Catheter and its use have been previously described'>.

FOLLOW-UP

Patient follow-up was conducted at 1, 2, 3 and 6 months and
1 and 2 years post-procedure and included ABPM, office BP,
and safety assessments (adjudicated by a clinical events com-
mittee [CEC] and reviewed via an independent Data Safety
Monitoring Board [DSMB]). At 6 months post-procedure, renal
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duplex ultrasound, computed tomography angiography (CTA),
magnetic resonance angiography (MRA), or renal angiography
were performed to assess renal artery patency and the presence
of new stenosis. Adherence to the discontinuation of antihyper-
tensive medications per protocol was assessed by tandem high-
performance liquid chromatography and mass spectroscopy of
urine and plasma by an independent laboratory at baseline and
2 months®. Antihypertensive medication utilisation was assessed
by the mean number of antihypertensive medications prescribed,
the daily defined dose (DDD), medication index, and the propor-
tion of patients on >2 antihypertensive medications. Prescribed
antihypertensive medications were summarised according to the
sum of the DDD to assess and compare the total drug consump-
tion between groups®'. The prescribed dose of each antihyperten-
sive medication was divided by the DDD, which was summed
across all prescribed medications. The medication index was
defined as a composite index based on the doses of medica-
tions and is a proportional measure of prescribed to maximum
daily dose, as recommended by the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High Blood
Pressure?, calculated for each antihypertensive medication.

The primary efficacy endpoint was the change in the mean
24-hour ASBP from baseline to 8 weeks post-procedure as com-
pared between the RDN and the sham control groups. After
8 weeks, antihypertensive medications were titrated to a target
office SBP of <140 mmHg according to a protocol-defined titra-
tion scheme (Supplementary Appendix 2). A full list of study end-
points in provided in Supplementary Appendix 3.

The safety endpoint was the occurrence of major adverse events
(MAE) up to 30 days post-procedure. MAE included all-cause
death, end-stage renal disease, significant embolic event result-
ing in end-organ damage or requiring intervention, major vascu-
lar complications, major bleeding events, postprocedural renal
artery stenosis (>60% diameter stenosis), hypertensive crisis, and
symptomatic hypotension requiring medication. Device success
was defined as the ability to insert the catheter into the lumen of
the renal artery (target vessel), deploy the guide tubes inside the
renal artery, deploy the needles through the arterial wall, deliver
the intended dose of alcohol, retract the needles and the guide tubes
into the catheter, and remove the catheter from the access site with-
out any related complications or events. Procedural success was
defined as device success with freedom from periprocedural MAE.

STATISTICAL ANALYSIS

This study was not formally powered for statistical comparisons
of efficacy or safety events as this was designed as a proof-of-
concept study, the purpose of which was to determine the treat-
ment effect to inform future trial designs. Thus, the sample size
was small. The primary efficacy endpoint analysis was con-
ducted on the intention-to-treat (ITT) population and was com-
pared between treatment groups using an analysis of covariance,
which was adjusted for the baseline value. The per-protocol (PP)
population consisted of patients meeting all eligibility criteria who

TARGET BP OFF-MED study results

were not taking antihypertensive medications prior to the primary
endpoint collection and did not include RDN group patients with
unilateral RDN. The null hypothesis was that there was no differ-
ence in the change in 24-hour ASBP between the RDN and sham
control groups. The type I error rate for rejecting the null hypoth-
esis is set at a 2-sided alpha level of 0.05. The primary analysis
included only available data, and no data imputation was applied.
The effect of the COVID-19 pandemic was assessed by explor-
ing results before and after randomisations were paused (11 March
2020). This cutoff date was selected based on coincidence with
the implementation of public health measures (e.g., lockdowns)
and a pause in study randomisations that followed this date
(Supplementary Figure 1).

Results

PATIENT CHARACTERISTICS

Between March 2019 and December 2020, a total of 350 patients
were consented, and 106 were randomised (50 and 56 patients in
the RDN and sham control groups, respectively) (Figure 1). The
majority of patients (81 [76%]; 37 RDN, 44 sham control) were
randomised during the COVID-19 pandemic era (the post-COVID
group) (Supplementary Figure 1).

Baseline characteristics were similar in both groups (Table 1).
Overall, 74% of patients were male with a mean (+standard devia-
tion [SD]) age of 54.1+11.3 years, a mean body mass index of
28.6+4.3 kg/m?, and normal renal function (estimated glomerular
filtration rate [eGFR] 85.8+13.4 mL/min/1.73 m?). Before medi-
cation washout, the number of patients on 0, 1, or 2 antihyper-
tensive medications was 27 (25.5%), 32 (30.2%), and 47 patients
(44.3%), respectively. The baseline mean office SBP/DBP fol-
lowing medication washout was 159.4/100.4+10.9/7.0 mmHg
for the RDN group and 160.1/98.3+11.0/6.1 mmHg for the sham
control group with a corresponding mean 24-hour SBP/DBP of
147.6/92.2+8.6/7.6 mmHg and 148.8/91.0+9.6/6.8 mmHg for the
RDN and sham control groups, respectively (Table 2).

Treatment perception questionnaires, evaluated by the James
and Bang indices, indicated successful patient blinding at the time

of the procedure and at 8 weeks post-procedure.

EFFICACY RESULTS

At 8 weeks, there was a change from baseline in the 24-hour
SBP in the RDN group of —2.9+7.4 mmHg (p=0.009) versus
—1.448.6 mmHg in the sham group (p=0.25) with a mean dif-
ference between groups of —1.5 mmHg (95% confidence inter-
val [CI]: —4.8 to 1.7; p=0.27) (Table 2, Supplementary Figure 2,
Central illustration). The change in office SBP from baseline to
8 weeks was —4.0£12.6 mmHg (p=0.03) in the RDN group versus
0.6+ 3.2 mmHg (p=0.73) in the sham group with a mean between-
group difference of —4.6 mmHg (95% CI: -9.7 to 0.4; p=0.06)
(Figure 2, Table 2). A primary endpoint analysis using the per-
protocol population was consistent with observations in the ITT
population (Supplementary Table 2). The individual 24-hour BP
responses are presented in Supplementary Figure 3.
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197  Figure 1. Trial flowchart. The flow of patients through the trial. ABPM: ambulatory blood pressure measurement; BP: blood pressure;
193 COVID: coronavirus disease; ITT: intention-to-treat; PP: per protocol; RDN: renal denervation
194
195 . . .
19 Table 1. Baseline patient characteristics.
197 Sham
198 control
199 (n=56)
200 |Age 53.8£11.0 | 54.4+11.5 24-hour diastolic blood pressure, mmHg | 92.2+7.6 91.0+6.8
201 | male 40 (80.0) | 38(67.9) Office systolic blood pressure, mmHg | 159.4+10.9 | 160.1+11.0
202
203 Body mass index, kg/m? 28.1+4.2 28.9+4.4 Office diastolic blood pressure, mmHg | 100.4+7.0 98.3+6.1
204 | €GFR, mL/min per 1.73 m? 85.8+14.0 | 85.9+13.0 Office heart rate, bpm 76x11 7714
205 | eGFR <60 mL/min per 1.73 m?2 3(6.0) 2 (3.6) Number of antihypertensive medications at screening
206 | piabetes (all type 2) 2 (4.0) 5(8.9) 0 12 (24.0) | 15(26.8)
207
208 Smoking (current) 8 (16.0) 3(5.4) 1 17 (34.0) 15 (26.8)
209 | Peripheral artery disease 1 (2.0) 1(1.8) 2+ 21 (42.0) 26 (46.4)
210 Chronic coronary syndrome 2 (4.0) 1(1.8) Numbers are reported as meanzstandard deviation or frequency
211 (percentage). eGFR: estimated glomerular filtration rate; RDN: renal
212 24-hour systolic blood pressure, mmHg | 147.6+8.6 | 148.8+9.6 denervation
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Table 2. 24-hour ambulatory and office SBP summary (ITT population).

Baseline

8 weeks

TARGET BP OFF-MED study results

6 months

12 months

Ambulatory SBP

Office SBP

Mean=£SD, mmHg (n) 147.6+8.6 148.8+9.6 144.6x10.1 | 147.0£115 | 134.1«11.6 | 135.1«11.7 | 137.6x11.4 | 133.7«11.3
(50) (55) (48) (52) (45) (48) (41) (44)
Change from baseline mean+SD, mmHg (n) -29+74 -1.4+8.6 —13.9+11.6 | -13.4+129 | -10.6+115 | —159+13.1
(48) (51) (45) (47) (41) (43)
P-value from baseline to 8 weeks? 0.0089 0.25 <0.0001 <0.0001 <0.0001 <0.0001
Difference between groups (95% Cl) -15(-4.81t01.7) —0.55 (-5.7 to 4.6) 5.3(=0.1t010.7)
P-value for between-group difference® 0.2682 0.6964 0.0775

Ambulatory DBP

Mean=SD, mmHg (n) 159.4+10.9 | 160.1+11.0 | 155.4+14.3 | 160.6+16.3 | 146.1+16.4 | 145.7«14.3 | 147.9+185 | 147.8+15.1
(50) (56) (50) (54) (45) (51) (41) (50)
Change from baseline mean+SD, mmHg (n) —4.0+12.6 0.63+13.24 | -12.9+156 | —14.7«15.7 | —11.0+153 | —13.2+16.6
(50) (54) (45) (51) (41) (50)
P-value from baseline to 8 weeks? 0.029 0.73 <0.0001 <0.0001 <0.0001 <0.0001
Difference between groups (95% Cl) —4.6(-9.71t00.4) 1.8(-4.5108.2) 2.2 (-4.5t08.9)
P-value for between-group difference® 0.0605 0.724 0.6823

Office DBP

Mean=SD, mmHg (n) 92.2+7.6 91.0+6.8 90.0+7.3 90.1+9.7 83.0+8.4 83.4+9.0 85.6+8.7 81.0+7.9
(50) (55) (48) (62) (45) (48) (41) (44)
Change from baseline mean+SD, mmHg (n) -2.0+5.1 -1.1+6.6 -9.3+6.9 -8.0+8.5 —1.3+7.5 -9.8+8.3
(48) (51) (45) (47) (41) (43)
P-value from baseline to 8 weeks? 0.0086 0.2443 <0.0001 <0.0001 <0.0001 <0.0001
Difference between groups (95% Cl) —0.9(-3.3t0 1.4) -1.3(-4.5t01.9) 2.5(-0.9t06.0)
P-value for between-group difference” 0.4734 0.5386 0.0341

Mean=SD, mmHg (n) 100.4+7.0 98.3+6.1 97.0£9.4 97.3+10.9 90.4+9.4 89.7+10.5 91.0+11.0 88.5+11.5
(50) (56) (50) (54) (45) (51) (41) (50)
Change from baseline mean+SD, mmHg (n) -3.5+7.6 -1.1+8.8 -10.0+9.0 -8.4+9.5 —9.4+9.4 -9.6x11.0
(50) (54) (45) (51) (41) (50)
P-value from baseline to 8 weeks? 0.0022 0.3578 <0.0001 <0.0001 <0.0001 <0.0001
Difference between groups (95% Cl) —2.3(-5.6100.9) —2.5(-6.1t01.2) -1.6 (-5.4102.1)
P-value for between-group difference® 0.1843 0.3575 0.6375

treat; RDN: renal denervation; SBP: systolic blood pressure; SD: standard deviation

P-value from t-test of the hypothesis that the change from baseline is different than 0, by visit and trial group. ®P-value for comparing RDN and sham control for the difference in the
change from baseline from the ANCOVA model adjusted for baseline blood pressure. ANCOVA: analysis of covariance; Cl: confidence interval; DBP: diastolic blood pressure; ITT: intention-to-

For daytime and night-time ambulatory SBP, the changes from
baseline to 8 weeks in the RDN group were —3.2+9.5 mmHg com-
pared with —1.7+9.9 mmHg in the sham group with a mean between
group difference of —1.5 mmHg (95% CI: —5.4 to 2.4; p=0.2660)
and —3.3£9.4 mmHg in the RDN group versus —0.6+12.2 mmHg
in the sham group with a mean between-group difference of
-2.8 mmHg (95% CI: 7.1 to 1.6; p=0.1908), respectively.

ANTIHYPERTENSIVE MEDICATIONS

Three patients in the RDN group and 5 patients in the sham group
were prescribed antihypertensive medications for safety reasons,
per the discretion of the treating investigator, before the 8-week
24-hour BP measurement. After 8 weeks, the most widely used
antihypertensive medications in the RDN group were calcium
channel blockers in 16 (32.0%), 23 (46.0%), and 23 (46.0%) of

participants at 3, 6, and 12 months, respectively. This drug class
was also the most frequently used of the antihypertensive med-
ications in the sham group at 3 and 6 months, respectively (19
[33.9%] and 24 [42.9%)] participants). At 12 months, sham patients
used angiotensin II receptor blockers most frequently (26 [46.4%]
participants) (Supplementary Table 3).

In addition, antihypertensive drug metabolites were detected
in the urine or plasma of 1 RDN and 3 sham group patients.
Sensitivity analyses exploring multiple imputation techniques for
these data points did not materially alter the conclusions regarding
the BP changes (Supplementary Table 4).

Following primary endpoint collection at 8 weeks, antihyper-
tensive medication was uptitrated to achieve a target office SBP
<140 mmHg while the patient and treating physician were blinded
to treatment group assignment up to 12 months post-procedure.
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Eurolntervention

Study design

106 subjects
Uncontrolled hypertension
0, 1, or 2 antihypertensive medications

4-week antihypertensive
medication discontinuation

Randomised 1:1
Alcohol-mediated renal
denervation (RDN

Continue antihypertensive medication
discontinuation for additional 8 weeks

Key safety endpoint: any MAE within 30 days post-procedure
Key BP endpoint: change at 8 weeks post-procedure

Blinded, protocol defined, antihypertensive
medication uptitration from 8 weeks-12 months

Blood pressure, medication utilisation, and adverse event monitoring

Primary safety findings

Any major adverse events post-procedure n (%)

30 days

Sham procedure

12 months
RDN
1 (2.0%)

Sham
1(1.8%)

1(2.0%)

2 (3.8%)

Relative risk 1.12
(95% Cl: 0.07-17.44) p=1.000

Relative risk 0.54
(95% Cl: 0.05-5.78) p=1.000

CENTRAL ILLUSTRATION Alcohol-mediated renal denervation effects in the ahsence of antihypertensive medications.

Primary blood pressure findings

Blood pressure change from baseline to 8 weeks

ASBP
(mmHg)

A —1.5 mmHg
(95% Cl: —4.8 to 1.7) p=0.2682

OSBP
(mmHg)
0.6.

A —4.6 mmHg
(95% Cl: —9.7 to 0.4) p=0.0605

Key secondary findings

Antihypertensive medication utilisation

p=0.0081 o
160 = p=0.012
1.50)
30

il

* 8weeks 3months 6months 12
months

=0.0168
P 2.30
2.00

Mean anti-HTN
medication DDD

Mean number of anti-

3months 6 months 12 months

p=0.088, o

p=0.020
0.83

3 months 6 months 12 months

3months 6 months 12 months

() ron (@) sham

Fifty subjects were randomised to the alcohol-mediated renal denervation arm and 56 subjects were randomised to the sham control. Up to
12 months, there were no differences in safety events between groups. At 8 weeks post-procedure, there were no significant BP differences
between groups despite a non-significant trend for a greater office BP reduction in the RDN group. After 12 months of blinded follow-up, the
medication burden was lower in the RDN group. ASBP: ambulatory systolic blood pressure; BP: blood pressure; CI: confidence interval;
DDD: defined daily dose; HTN: hypertension; MAE: major adverse event; OSBP: office systolic blood pressure; RDN: renal denervation

Antihypertensive medication utilisation, measured by the mean
number of antihypertensive medications prescribed, the DDD,
medication index, and the proportion of patients on >2 antihyper-
tensive medications, increased from 8 weeks to 12 months in both
groups. However, antihypertensive medication use was lower in
the RDN group at 3, 6, and 12 months post-procedure (Figure 3).
The corresponding BP outcomes are reported in Table 2.

Patients randomised to RDN or sham before the start of
the COVID-19 pandemic (pre-COVID group n=13; 11 March
2020) had larger 24-hour SBP decreases at 8 weeks post-proce-
dure than patients randomised during the COVID-19 pandemic
(post-COVID group) (RDN: —7.0+7.0 mmHg pre-COVID vs
—1.5+7.2 mmHg post-COVID; p=0.02; sham: —5.1£5.8 mmHg
pre-COVID vs —0.5+9.0 mmHg post-COVID) (Supplementary
Table 5). However, notable BP differences between the groups
were not observed during the pre- and post-COVID-19 pan-
demic periods. Further, baseline SBP appeared to be more

variable in the post-COVID group for both the RDN and sham
groups (RDN: 24-hour SBP SD: 9.2 mmHg and office SBP SD:
11.5 mmHg; sham: 24-hour SBP SD: 9.9 mmHg and office
SBP SD: 11.1 mmHg) than in the pre-COVID group (RDN:
24-hour SBP SD: 6.6 mmHg and office SBP SD: 9.1 mmHg;
sham: 24-hour SBP: 8.8 mmHg and office SBP SD: 7.6 mmHg)
(Supplementary Table 6).

Further post hoc analysis showed treatment of all renal acces-
sory arteries (n=5) was associated with a larger decrease in
24-hour SBP compared with subjects with untreated renal acces-
sory arteries (n=8) (change from baseline: —6.6 mmHg versus
—0.7 mmHg; p=0.0127) (Supplementary Table 7, Supplementary
Table 8).

SAFETY RESULTS
Forty-eight patients (96.0%) were successfully treated with bilat-
eral, alcohol-mediated RDN using the Peregrine System Infusion
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Figure 2. Blood pressure change from baseline at 8 weeks. A) Office and (B) ambulatory BP changes from baseline at 8 weeks post-procedure

for the RDN group (blue) and sham control group (light blue). “P-value from t-test of the hypothesis that the change from baseline is different

than 0, by trial group. *P-value for comparing RDN and sham control for the difference in the change from baseline from the ANCOVA model
adjusted for baseline blood pressure. ABPM: ambulatory blood pressure measurement;, ANCOVA: analysis of covariance; CI: confidence
interval; DBP: diastolic blood pressure; OBP: office blood pressure; ODBP: office diastolic blood pressure; OSBP: office systolic blood
pressure; RDN: renal denervation; SBP: systolic blood pressure
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Figure 3. Antihypertensive medication utilisation. Up to 12 months, the RDN group (blue) were on fewer antihypertensive medications than
the sham control group (light blue) as measured by (A) the mean number of antihypertensive medications, (B) defined daily dose (DDD),

(C) the proportion on >2 antihypertensive medications, and (D) antihypertensive medication index. P-value for comparing the RDN group to
the sham control group from the t-test for continuous variables and from the chi-square or Fishers exact test, as appropriate, for categorical
variables. AH: antihypertensive; RDN: renal denervation
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Catheter. The mean+SD (range) procedure time was 62.3+24.0
(18-115) minutes with the mean+SD (range) total volume of con-
trast used 100.0+£55.5 (28-300) mL. In 2 patients, challenging
anatomies, due to vessel angulation/tortuosity, permitted only uni-
lateral RDN. The incidence of MAE, up to 30 days post-proce-
dure, was similar between groups (RDN: 2.0%, sham: 1.8%). Up
to 30 days post-procedure, 1 RDN patient experienced a hyperten-
sive crisis, and 1 sham control patient experienced a vascular com-
plication (the patient developed a small subcutaneous haematoma;
aneurysma spurium was subsequently diagnosed). No evidence of
renal artery stenosis was identified at 6 months post-procedure via
any of the imaging modalities.

¢GFR remained stable in the RDN group but decreased in the sham
group up to 12 months post-procedure (Supplementary Table 9).

Discussion

The TARGET BP OFF-MED trial investigated the safety and
efficacy of alcohol-mediated RDN in hypertensive patients with-
out antihypertensive medications. Alcohol-mediated RDN safety
observations were consistent with prior experience with the
Peregrine catheter'*? and other RDN modalities®**. At 8 weeks
post-procedure, the 24-hour ambulatory BP was not statistically
significantly different between groups. During blinded follow-up
at 3, 6 and 12 months, the use of antihypertensive medication was
found to be lower in the RDN group when compared to the sham
control group despite similar office BP measurements.

The BP reductions observed in the RDN group were less than those
observed in the prior open-label, alcohol-mediated RDN studies
with the Peregrine System in patients taking antihypertensive med-
ications'*?, After 12 months of blinded follow-up, with medication
escalation, office systolic BP values were similar between groups
despite a significantly lower medication burden in the RDN group.
The mean office systolic BP did not reach guideline-recommended
target levels <140 mmHg in either group. However, the present
study was a proof-of-concept trial, not formally powered to assess
alcohol-mediated RDN in a different, off-medication, study design
including a washout period for antihypertensive medications. Based
upon prior studies, we anticipated a clinically meaningful change
of 5 mmHg between groups®?. Although unlikely (based upon
other clinical trial data), one cannot exclude that alcohol-mediated
RDN had no effect on BP in patients not taking concomitant anti-
hypertensive medication in this trial cohort. It is important to note
that, unlike prior alcohol-mediated RDN studies, the majority of
patients in the present trial were recruited during the COVID-19
pandemic. Population-based studies in hypertensive patients dur-
ing the COVID-19 pandemic have reported increases in SBP as
high as 5.6 mmHg*¢. Other randomised controlled cardiovascular
clinical trials have reported similar dichotomous outcomes when
subgrouping primary endpoint results by pre- or post-COVID-19
pandemic?”?®. Similarly, in this trial, larger and clinically meaning-
ful BP changes were observed in patients that were enrolled prior
to the start of the COVID-19 pandemic. Results also suggest that
24-hour ABPM may be sensitive to COVID-19 stressors and public

health measures which may have affected lifestyle (e.g., sleep dep-
rivation, activity, diet, etc.) and social living. The individual impact
is difficult to measure or control in a clinical trial setting. It is poss-
ible that this confounding effect was not evenly distributed between
patients and treatment groups.

The completeness of renal artery treatment may have also played
a role in the smaller than anticipated BP decrease in the RDN
group. The treatment of accessory arteries has previously been
shown to be related to the magnitude of BP reduction®, and this
is consistent with the present trial’s results. This reiterates the
importance of complete renal artery treatment on BP reduction,
in particular treating accessory arteries, which has been shown to
contribute to the sympathetic innervation of the renal parenchyma.
For future studies, a Peregrine System Infusion Catheter that facil-
itates treatment of smaller renal arteries (3-4 mm) is now avail-
able and may improve the ability to achieve more complete RDN.
Although the mean office SBP was similar between treatment
groups at 3, 6, and 12 months, there were fewer antihyperten-
sive medications used in the RDN group than in the sham control
group. Importantly, the reduced antihypertensive medication utili-
sation in the RDN group occurred while the patients and the treat-
ing physicians remained blinded to treatment status. The reduced
medication burden observed in the RDN group, relative to the
sham control group, may be due to better BP control associated
with RDN and a reduced need for medications. This observation
suggests an RDN treatment effect and potential benefit for the
patient up to 12 months post-procedure*-3,

The pivotal, randomised, powered, sham-controlled TARGET BP
I trial (ClinicalTrials: NCT02910414) for patients taking antihy-
pertensive medications is currently ongoing and will further assess
the efficacy of alcohol-mediated RDN in the management of HTN.

Limitations

This trial was designed as a hypothesis-generating safety and effi-
cacy trial and, hence, not formally powered for the primary efficacy
endpoint. The sample size, in particular for subgroup analyses, was
small. Larger, appropriately powered, trials are necessary to con-
clusively determine the BP-lowering effect of alcohol-mediated
RDN in hypertensive patients. Alcohol-mediated RDN with the
Peregrine System Infusion Catheter has no intraprocedural operator
feedback confirming complete ablation of renal sympathetic nerves.
This is currently a limitation for all modalities of RDN. Finally, the
COVID-19 pandemic may have introduced additional confounding
factors, which, at present, cannot be objectively quantified.

Conclusions

The results from this randomised, sham-controlled, assessor-
blinded trial investigating the safety and efficacy of alcohol-medi-
ated RDN for the treatment of uncontrolled HTN in the absence
of antihypertensive medications demonstrated that alcohol-medi-
ated RDN was safely delivered; however, there was not sufficient
evidence to show a BP difference between groups. The antihy-
pertensive medication burden was lower in the RDN group up to
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12 months post-procedure. Studies of larger powered trials, not
confounded by the COVID-19 pandemic, are underway to further
assess the efficacy of alcohol-mediated RDN in the management
of HTN.

Impact on daily practice

Catheter-based RDN using radiofrequency or ultrasound energy
has been demonstrated to safely lower BP. Previous open-
label trials have demonstrated that alcohol-mediated RDN is
safe and has significantly lowered ambulatory and office BP
in patients with severe uncontrolled HTN. Despite the results
of this current trial not providing sufficient evidence to show
a BP difference between groups, the results did demonstrate
that alcohol-mediated RDN was safely delivered, and the med-
ication burden was lower in the RDN group up to 12 months
post-procedure.

Acknowledgements

Michael Cuchiara and Debbie Brix Reynolds provided editorial
support, including copyediting and the creation of figures and
tables under the direction of the authors. A list of all participating
sites and investigators can be found in Supplementary Appendix 4.

Funding

Ablative Solutions, Inc. was responsible for the funding of this trial.

Conflict of interest statement

A. Pathak received scientific support, support for attending meet-
ings, and speaker honoraria from Ablative Solutions and Medtronic.
U.M. Rudolph received speaker honoraria from Novartis, Berlin
Chemie, and Bayer; and support from Ablative Solutions to attend
educational events. M. Saxena has received institutional grants
from Ablative Solutions, ReCor Medical, and Vascular Dynamics;
and consulting fees from Esperion and Vifor Pharma. T. Zeller has
received study fees to the institution for enrolled patients. R.E.
Schmieder has received grants, consulting fees, and honoraria from
Ablative Solutions, Medtronic, and ReCor Medical. H. Sievert
has received study honoraria to the institution, travel expenses,
consulting fees (limited to reimbursement for clinical trials)
from 4tech Cardio, Abbott, Ablative Solutions, Adona Medical,
Akura Medical, Ancora Heart, Append Medical, Axon, Bavaria
Medizin Technologie GmbH, Bioventrix, Boston Scientific,
Cardiac Dimensions, Cardiac Success, Cardimed, Cardionovum,
CeloNova, Contego, Coramaze, Croivalve, CSL Behring LLC,
CVRx, Dinova, Edwards Lifesciences, Endobar, Endologix,
Endomatic, Esperion Therapeutics, Inc., Hangzhou Nuomao
Medtech, Holistick Medical, Intershunt, Intervene, K2, Laminar,
Lifetech, Magenta, Maquet Getinge Group, Metavention, Mitralix,
Mokita, Neurotronic, NXT Biomedical, Occlutech, ReCor, Renal
Guard, Shifamed, Terumo, Trisol, Vascular Dynamics, Vectorious
Medtech, Venus, Venock, and Vivasure. M. Halbech has received
consulting fees from Bayer; payment or honoraria from Abbott,

TARGET BP OFF-MED study results

AstraZeneca, Bayer, BMS/Pfizer, CTI, CVRx, Daiichi Sankyo,
Gilead, Medtronic, MSD, Sanofi-Aventis, Vifor, and ViiV; and sup-
port for attending meetings and travel from Amgen, BMS/Pfizer,
Boehringer Ingelheim Fonds, CVRx, Orion Pharma, and Servier.
H. Parise received consulting fees and institutional support from
Ablative Solutions. T.A. Fischell possesses a license of patents
and potential royalties with stock options in Ablative Solutions.
M.A. Weber has provided consulting and research services to
Ablative Solutions, Medtronic, ReCor, Johnson & Johnson, The
George Institute, Bayer/Regeneron, and Omron. D.E. Kandzari
has received consulting honoraria and travel support for research
activities from Ablative Solutions and Medtronic. F. Mahfoud
is supported by Deutsche Gesellschaft fiir Kardiologie (DGK),
Deutsche Forschungsgemeinschaft (SFB TRR219), and Deutsche
Herzstiftung. He has received scientific support from Ablative
Solutions, Medtronic and ReCor Medical; and speaker honoraria/
consulting fees from Ablative Solutions, Amgen, AstraZeneca,
Bayer, Bochringer Ingelheim, Inari, Medtronic, Merck, ReCor
Medical, Servier, and Terumo. The other authors have no conflicts

of interest to declare.

References

1. NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in hypertension
prevalence and progress in treatment and control from 1990 to 2019: a pooled analysis
of 1201 population-representative studies with 104 million participants. Lancet.
2021;398:957-80.

2. Williams B, Mancia G, Spiering W, Rosei EA, Azizi M, Burnier M, Clement DL,
Coca A, de Simone G, Dominiczak A, Kahan T, Mahfoud F, Redon J, Ruilope L,
Zanchetti A, Kerins M, Kjeldsen SE, Kreutz R, Laurent S, Lip GYH, McManus R,
Narkiewicz K, Ruschitzka F, Schmieder RE, Shlyakhto E, Tsioufis C, Aboyans V,
Desormais I; ESC Scientific Document Group. 2018 ESC/ESH Guidelines for the
management of arterial hypertension. Eur Heart J. 2018;39:3021-104.

3. Burnier M, Egan BM. Adherence in Hypertension. Circ Res. 2019;124:1124-40.

4. Shah NP, Clare RM, Chiswell K, Navar AM, Shah BR, Peterson ED. Trends of
blood pressure control in the U.S. during the COVID-19 pandemic. Am Heart J.
2022;247:15-23.

S. Laffin LJ, Kaufman HW, Chen Z, Niles JK, Arellano AR, Bare LA, Hazen SL. Rise
in Blood Pressure Observed Among US Adults During the COVID-19 Pandemic.
Circulation. 2022;145:235-7.

6. Akpek A. Does COVID-19 Cause Hypertension? Angiology. 2022;73:682-7.

7. Lauder L, Azizi M, Kirtane A, Bohm M, Mahfoud F. Device-based therapies for
arterial hypertension. Nat Rev Cardiol. 2020;17:614-28.

8. Mahfoud F, Schlaich MP, Lobo MD. Device Therapy of Hypertension. Circ Res.
2021;128:1080-99.

9. B6hm M, Kario K, Kandzari DE, Mahfoud F, Weber MA, Schmieder RE, Tsioufis K,
Pocock S, Konstantinidis D, Choi JW, East C, Lee DP, Ma A, Ewen S, Cohen DL,
Wilensky R, Devireddy CM, Lea J, Schmid A, Weil J, Agdirlioglu T, Reedus D,
Jefferson BK, Reyes D, D’Souza R, Sharp ASP, Sharif F, Fahy M, DeBruin V,
Cohen SA, Brar S, Townsend RR; SPYRAL HTN-OFF MED Pivotal Investigators.
Efficacy of catheter-based renal denervation in the absence of antihypertensive medi-
cations (SPYRAL HTN-OFF MED Pivotal): a multicentre, randomised, sham-con-
trolled trial. Lancet. 2020;395:1444-51.

10. Azizi M, Schmieder RE, Mahfoud F, Weber MA, Daemen J, Davies J, Basile J,
Kirtane AJ, Wang Y, Lobo MD, Saxena M, Feyz L, Rader F, Lurz P, Jeremy Sayer J,
Sapoval M, Levy T, Sanghvi K, Abraham J, Sharp ASP, Fisher NDL, Bloch MJ, Reeve-
Stoffer H, Coleman L, Mullin C, Mauri L; RADIANCE-HTN Investigators.
Endovascular ultrasound renal denervation to treat hypertension (RADIANCE-HTN
SOLO): a multicentre, international, single-blind, randomised, sham-controlled trial.
Lancet. 2018;391:2335-45.

11. Azizi M, Sanghvi K, Saxena M, Gosse P, Reilly JP, Levy T, Rump LC, Persu A,
Basile J, Bloch MJ, Daemen J, Lobo MD, Mahfoud F, Schmieder RE, Sharp ASP,
Weber MA, Sapoval M, Fong P, Pathak A, Lantelme P, Hsi D, Bangalore S,
Witkowski A, Weil J, Kably B, Barman NC, Reeve-Stoffer H, Coleman L, McClure CK,
Kirtane AJ; RADIANCE-HTN investigators. Ultrasound renal denervation for

=
c
S
o
=
=
]
2
<
@
=
=
o
=]
N
o
)
c
=
©
i
o
3
=
@
©
o
=
=
=
;
Q
=0
@
Q
Q.
:
o
T
©
=
>
=l
—
c
>
)
N
o
N)
w




o
c
=
2
S
=
®
=
<
)
=
=
=)
=
N
o
N
@
il
©0
|
)
3
=
@
o
=
=
=
=
q
Q
=
@
Q
=
T
o
g
o
=5
3
=
—
c
3
@
N
o
N
w

478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530

hypertension resistant to a triple medication pill (RADIANCE-HTN TRIO): a ran-
domised, multicentre, single-blind, sham-controlled trial. Lancet. 2021;397:2476-86.

12. Mahfoud F, Kandzari D, Kario K, Townsend RR, Weber MA, Schmieder RE,
Tsioufis K, Pocock S, Dimitriadis K, Choi JW, East C, D’Souza R, Sharp ASP, Ewen S,
Walton A, Hopper I, Brar S, McKenna P, Fahy M, Bohm M. Long-term efficacy and
safety of renal denervation in the presence of antihypertensive drugs (SPYRAL
HTN-ON MED): a randomised, sham-controlled trial. Lancet. 2022;399:1401-10.

13. Mahfoud F, Renkin J, Sievert H, Bertog S, Ewen S, Béhm M, Lengelé J-P,
Wojakowski W, Schmieder R, van der Giet M, Parise H, Haratani N, Pathak A, Persu A.
Alcohol-Mediated Renal Denervation Using the Peregrine System Infusion Catheter
for Treatment of Hypertension. JACC Cardiovasc Interv. 2020;24;13:471-84.

14. Fischell TA, Ebner A, Gallo S, Ikeno F, Minarsch L, Vega F, Haratani N,
Ghazarossian VE. Transcatheter Alcohol-Mediated Perivascular Renal Denervation
With the Peregrine System: First-in-Human Experience. JACC Cardiovasc Interv.
2016;9:589-98.

15. Fischell TA, Fischell DR, Ghazarossian VE, Vega F, Ebner A. Next generation
renal denervation: chemical “perivascular” renal denervation with alcohol using
anovel drug infusion catheter. Cardiovasc Revasc Med. 2015;16:221-7.

16. Fischell TA, Vega F, Raju N, Johnson ET, Kent DJ, Ragland RR, Fischell DR,
Almany SL, Ghazarossian VE. Ethanol-mediated perivascular renal sympathetic
denervation: preclinical validation of safety and efficacy in a porcine model.
Eurolntervention. 2013;9:140-7.

17. Mahfoud F, Weber M, Schmieder RE, Lobo MD, Blankestijn PJ, Persu A,
Fischell TA, Parise H, Pathak A, Kandzari DE. Catheter-based alcohol-mediated renal
denervation for the treatment of uncontrolled hypertension: design of two sham con-
trolled, randomized, blinded trials in the absence (TARGET BP OFF-MED) and pres-
ence (TARGET BP I) of antihypertensive medications. 4m Heart J. 2021;239:90-9.

18. Bang H, Flaherty SP, Kolahi J, Park J. Blinding assessment in clinical trials:
A review of statistical methods and a proposal of blinding assessment protocol.
Clinical Research and Regulatory Affairs. 2010;27:42-51.

19. James KE, Bloch DA, Lee KK, Kraemer HC, Fuller RK. An index for assessing
blindness in a multicentre clinical trial: disulfiram for alcohol cessation — a VA coop-
erative study. Stat Med. 1996;15:1421-34.

20. Helfer AG, Michely JA, Weber AA, Meyer MR, Maurer HH. Orbitrap technology
for comprehensive metabolite-based liquid chromatographic-high resolution-tandem
mass spectrometric urine drug screening — exemplified for cardiovascular drugs. Anal
Chim Acta. 2015;891:221-33.

21. World Health Organization Collaborating Centre for Drug Statistics Methodology.
ATC Classification Index with DDDs. https://www.whocc.no/use_of atc_ddd/. (Date
last accessed: 5 June 2023).

22. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL Jr,
Jones DW, Materson BJ, Oparil S, Wright JT Jr, Roccella EJ; Joint National Committee
on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure. National
Heart, Lung, and Blood Institute; National High Blood Pressure Education Program
Coordinating Committee. Seventh report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High Blood Pressure.
Hypertension. 2003;42:1206-52.

23. Mahfoud F, Sievert H, Bertog S, Lauder L, Ewen S, Lengelé J-P, Wojakowski W,
Schmieder R, van der Giet M, Weber MA, Kandzari DE, Parise H, Fischell TA,
Pathak A, Persu A. Long-Term Results up to 12 Months After Catheter-Based Alcohol-
Mediated Renal Denervation for Treatment of Resistant Hypertension. Circ Cardiovasc
Interv. 2021;14:¢010075.

24. Azizi M, Daemen J, Lobo MD, Mahfoud F, Sharp ASP, Schmieder RE, Wang Y,
Saxena M, Lurz P, Sayer J, Bloch MJ, Basile J, Weber MA, Rump LC, Levy T,
Sapoval M, Sanghvi K, Rader F, Fisher NDL, Gosse P, Abraham J, Claude L,
Barman NC, McClure CK, Liu Y, Kirtane AJ; RADIANCE-HTN Investigators.
12-Month Results From the Unblinded Phase of the RADIANCE-HTN SOLO Trial of
Ultrasound Renal Denervation. JACC Cardiovasc Interv. 2020;13:2922-33.

25. Townsend RR, Mahfoud F, Kandzari DE, Kario K, Pocock S, Weber MA, Ewen S,
Tsioufis K, Tousoulis D, Sharp ASP, Watkinson AF, Schmieder RE, Schmid A,
Choi JW, East C, Walton A, Hopper I, Cohen DL, Robert Wilensky R, Lee DP, Ma A,
Devireddy CM, Lea JP, Lurz PC, Fengler K, Davies J, Chapman N, Sidney A Cohen S,
DeBruin V, Fahy M, Jones DE, Rothman M, Bshm M; SPYRAL HTN-OFF MED trial
investigators*. Catheter-based renal denervation in patients with uncontrolled hyper-
tension in the absence of antihypertensive medications (SPYRAL HTN-OFF MED):
a randomised, sham-controlled, proof-of-concept trial. Lancet. 2017;390:216070.

26. Mahfoud F, Bohm M, Azizi M, Pathak P, Durand Zaleski I, Ewen S, Tsioufis K,
Andersson, Blankestijn PJ, Burnier M, Chatellier G, Gafoor S, Grassi G, Joner M,
Kjeldsen SE, Liischer TF, Lobo MD, Lotan C, Parati G, Redon J, Ruilope L, Sudano I,
Ukena C, van Leeuwen E, Volpe M, Windecker S, Witkowski A, Wijns W, Zeller T,
Schmieder RE. Proceedings from the European clinical consensus conference for renal
denervation: considerations on future clinical trial design. Eur Heart J. 2015;36:2219-27.

27. Lindenfeld J, Zile MR, Desai AS, Bhatt K, Ducharme A, Horstmanshof D,
Krim SR, Maisel A, Mehra MR, Paul S, Sears SF, Sauer AJ, Smart F, Zughaib M,
Castaneda P, Kelly J, Johnson N, Sood P, Ginn G, Henderson J, Adamson PB,
Costanzo MR. Haemodynamic-guided management of heart failure (GUIDE-HF):
a randomised controlled trial. Lancet. 2021;398:991-1001.

28. Ponikowski P, Kirwan BA, Anker SD, Theresa McDonagh T, Dorobantu M,
Drozdz J, Fabien V, Filippatos G, G6hring UM, Keren A, Khintibidze I, Kragten H,
Martinez FA, Metra M, Milicic D, Nicolau JC, Ohlsson M, Parkhomenko A, Pascual-
Figal DA, Ruschitzka F, Sim D, Skouri H, van der Meer P, Lewis BS, Comin-Colet J,
von Haehling S, Cohen-Solal A, Danchin N, Doehner W, Dargie HJ, Motro M, Butler J,
Friede T, Jensen KH, Pocock S, Jankowska EA; AFFIRM-AHF investigators. Ferric
carboxymaltose for iron deficiency at discharge after acute heart failure: a multicentre,
double-blind, randomised, controlled trial. Lancet. 2020;396:1895-904.

29. Saxena M, Schmieder RE, Ajay J Kirtane AJ, Mahfoud F, Daemen J, Basile J,
Lurz P, Gosse P, Sanghvi K, Fisher NDL, Rump LC, Pathak A, Blankestijn PJ,
Mathur A, Wang Y, Weber MA, Sharp ASP, Bloch MJ, Barman NC, Claude L, Yang
Song Y, Azizi M, Lobo MD. Predictors of blood pressure response to ultrasound renal
denervation in the RADIANCE-HTN SOLO study. J Hum Hypertens. 2022;36:
629-39.

30. Poulter NR. Borghi C, Parati G, Pathak A, Toli D, Williams B, Schmieder RE.
Medication adherence in hypertension. J Hypertens. 2020;38:579-87.

31. Jung O, Gechter JL, Wunder C, Paulke A, Bartel C, Geiger H, Toennes SW.
Resistant hypertension? Assessment of adherence by toxicological urine analysis.
J Hypertens. 2013;31:766-74.

32. Tomaszewski M, White C, Patel P, Masca N, Damani R, Hepworth J, Samani NJ,
Gupta P, Madira W, Stanley A, Williams B. High rates of non-adherence to antihyper-
tensive treatment revealed by high-performance liquid chromatography-tandem mass
spectrometry (HP LC-MS/MS) urine analysis. Heart. 2014;100:855-61.

33. Marshall 1J, Wolfe CDA, McKevitt C. Lay perspectives on hypertension and drug
adherence: systematic review of qualitative research. BMJ. 2012;345:¢3953.

Supplementary data

Supplementary Appendix 1. Inclusion and exclusion criteria.
Supplementary Appendix 2. Proposed dose titration steps.
Supplementary Appendix 3. Study endpoints.

Supplementary Appendix 4. List of trial sites and investigators.
Supplementary Table 1. Treatment perception: Bang and James
blinding indices (ITT analysis set).

Supplementary Table 2. 24-hour ambulatory BP (per-protocol
population).

Supplementary Table 3. 24-hour ambulatory BP at 8 weeks
post-procedure.

Supplementary Table 4. 24-hour ambulatory BP at 8 weeks post-
procedure (sensitivity analyses).

Supplementary Table 5. COVID-19 era subgroup analyses on
24-hour SBP at 8 weeks (post hoc).

Supplementary Table 6. COVID-19 era subgroup analyses on
baseline BP standard deviation (post hoc).

Supplementary Table 7. Renal artery treatment status effect on
24-hr SBP at 8 weeks (post hoc).

Supplementary Table 8. Accessory renal artery treatment status
RDN group subgroup analyses effect on BP at 8 weeks (post hoc).
Supplementary Table 9. eGFR up to 12 months.

Supplementary Figure 1. Distribution of patient baseline and pri-
mary endpoint (8-week) visits relative to the onset of COVID-19.
Supplementary Figure 2. Systolic blood pressure by visit.
Supplementary Figure 3. Individual patient blood pressure changes.

The supplementary data are published online at:
https://eurointervention.pcronline.com/
doi/10.4244/E1J-D-23-00088






