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ABSTRACT
Objective: Previous trials of catheter-based renal-artery denervation (RDN) as treatment modality
in resistant hypertension (rHT) generated unconvincing results. In the Investigator-Steered
Project on Intravascular Denervation for Management of Treatment-Resistant Hypertension
(INSPiRED; NCT01505010), we optimized selection and management of rHT patients.
Methods: With ethical clearance to randomize 18 patients, three Belgian hypertension centers
screened 29 rHT patients on treatment with�3 drugs, of whom 17 after optimization of treat-
ment (age<70 years; systolic/diastolic office blood pressure (BP)� 140/90mm Hg; 24-h BP�130/
80mm Hg; glomerular filtration rate [eGFR]� 45mL/min/1.73 m2; body mass index<40kg/m2)
were randomized and 15 were analyzed 6 months later, while medical treatment was continued
(n¼ 9) or combined with RDN by the EnligHTNTM multi-electrode system (n¼ 6).
Results: The baseline-adjusted between-group differences amounted to 19.5/10.4mm Hg
(change in control vs. intervention group,þ7.6/þ2.2 vs. �11.9/�8.2mmHg; P¼ .088) for office
BP, 22.4/13.1mmHg (þ0.7/þ0.3 vs. �21.7/�12.8; mm Hg; P� .049) for 24-h BP, the primary effi-
cacy endpoint, and 2.5mL/min/1.73 m2 (þ1.5 vs. �1.1mL/min/1.73 m2; P¼ .86) for eGFR, the pri-
mary safety endpoint. At 6 month, ECG voltages and the number of prescribed drugs (P� .036)
were lower in RDN patients, but quality of life and adherence, captured by questionnaire and
urine analysis were similar in both groups. Changes in BP and adherence were unrelated. No
major complications occurred.
Conclusions: The INSPiRED pilot suggests that RDN with the EnligHTN

TM

system is effective and
safe and generated insights useful for the design of future RDN trials.
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Introduction

Resistant hypertension is an office blood pressure of
at least 140mmHg systolic or 90mmHg diastolic on
treatment with three antihypertensive drug classes at

maximal doses, including a diuretic [1]. In 2009,
Krum and colleagues reported a non-randomized
proof-of-concept study (SYMPLICITY HTN-1) [2],
showing that percutaneous radiofrequency catheter-
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based renal sympathetic nervous denervation (RDN)
was feasible, effective and safe in patients with treat-
ment-resistant hypertension. Subsequently, the
SYMPLICITY HTN-2 study [3], an open-label
randomized clinical trial, reported an impressive
reduction in office blood pressure 6 months after
renal denervation, using the SYMPLICITYTM radiofre-
quency catheter in hypertensive patients unresponsive
to multiple drugs. However, in 2014, the properly
powered SYMPLICITY HTN-3 trial [4], which had a
randomized design with a sham arm, as requested by
the Food and Drug Administration, failed to reach its
primary efficacy endpoint, a reduction in office sys-
tolic blood pressure 6 months after RDN. A subse-
quent meta-analysis of 985 patients enrolled in seven
randomized clinical trials confirmed that RDN with
the single electrode SYMPLICITYTM radiofrequency
catheter did not decrease blood pressure [5], although
a minority of patients experienced benefit in terms of
blood pressure control [6].

SYMPLICITY HTN-3 [4] shattered the seemingly
unlimited prospects of a large highly profitable market
and stalled most research on RDN. While remaining
convinced of the potential of RDN as a treatment modal-
ity in properly selected patients with resistant hyperten-
sion [7], we designed the Investigator-Steered Project on
Intravascular Renal Denervation for Management of
Drug-Resistant Hypertension (INSPiRED; NCT01505010)
[8]. In view of the null results of SYMPLICITY HTN-3,
[4] we received ethical clearance for a pilot study with 18
randomized patients to be followed up for 6 months
after randomization. The objective of this article is to
report the results of the INSPiRED pilot trial [8] and to
set the stage for a full trial.

Methods

Study design

INSPiRED complies with the declaration of Helsinki
[9]. The trial received ethical approval from the com-
petent Institutional Review Boards of the three partici-
pating clinical centers in Belgium, including the
University Hospitals Leuven (No. B3222014197090).
The rationale and design of the INSPiRED study have
been published previously [8] and are fully described
in the Expanded Methods available in the online-only
Data Supplement.

In short, INSPiRED is a multicenter randomized
controlled trial, in which treatment-resistant hyperten-
sive patients are randomly allocated to usual medical
treatment (control group) or usual medical treatment
plus RDN (intervention group). The trial consists of
six consecutive stages. First, at a screening visit, each

patient’s eligibility was checked according to prede-
fined inclusion and exclusion criteria [8], and patients
were invited to provide informed written consent.
Second, during a run-in period of flexible duration,
usually lasting 1 to 3 months, hypertension special-
ists optimized medical treatment according to the
AB/CD algorithm [8,10], while recording office and
24-h ambulatory blood pressure. Concurrently, add-
itional examinations, as indicated in each case,
served to exclude secondary hypertension. The entry
characteristics of patients were determined at the last
run-in visit. Next, after stratification by center and
age (20–49 vs. 50–69 years) and after quality control
of the data provided to the Study Coordinating
Center, eligible patients were randomized in equal
proportions to continuation of optimized medical
treatment alone (control group) or combined with
RDN (intervention group). Patients were randomized
at the Studies Coordinating Centre by means of a
computerized random function with block size
restriction to ensure balanced allocation of patients
across centers and the four strata. Subsequently, dur-
ing stage 4, patients were followed up 1, 3 and 6
months with an optional visit at 2 months. To main-
tain the best possible blood pressure control, adjust-
ment of antihypertensive drug treatment after
randomization remained possible in both groups.
Finally, patients randomized to control could cross-
over at 6 months and all patients will remain in fol-
low-up for 3 years. However, data beyond the 6-
month follow-up fall beyond the scope of the current
report on the pilot study.

Selection of patients

Eligible patients have essential hypertension, are
younger than 70 years, and have a glomerular filtra-
tion rate estimated from serum creatinine by the
Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation [11] not less than 60mL/min/m2

at screening and per amendment to the trial protocol
(No. B3222014197090; 23 December 2014) not less
than 45mL/min/m2 at the last run-in visit.
Optimizing treatment involves the prescription of
three or more antihypertensive medications from dif-
ferent drug classes, preferably including a diuretic [8].
An aldosterone receptor antagonist and a b-blocker
should have been tried, unless contra-indicated. On
optimized treatment, office blood pressure should be
at least 140mmHg systolic or 90mmHg diastolic and
the 24-h blood pressure should not drop below
130mmHg systolic and 80mmHg diastolic. The main
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renal arteries should have a diameter of at least 4mm
and a length not less than 20mm [8].

Endpoints

The primary endpoints for efficacy and safety are the
baseline-adjusted between-group differences in the 24-h
systolic ambulatory blood pressure and in eGFR,
respectively. The 24-h ambulatory blood pressure
recordings stayed unedited except for readings marked
by an error code and were blindly decoded by staff not
involved in the trial. Office and ambulatory blood pres-
sures are measured according to current European
guidelines [12,13], using an appropriate cuff size. For
office blood pressure, the automated and validated [14]
Omron HEM-907 device (Omron Health Care, Kyoto,
Japan) was used. The in-office blood pressure is the
average of three consecutive measurements obtained
after the patients had rested for 5minutes in the sitting
position. Standing blood pressure measured immedi-
ately thereafter is the average of two readings.
Orthostatic blood pressure change is the difference of
sitting minus standing blood pressure. For ambulatory
blood pressure monitoring, portable and properly vali-
dated oscillometric devices (Mobil O Graph, I.E.M
GmbH, Stolberg, Germany [15]; ABPM-04, Meditech
Ltd., Budapest, Hungary [16]) were programmed to
obtain readings at intervals ranging from 15 to
30minutes during daytime and from 30 to 60minutes
during nighttime. Standard 12-lead electrocardiograms
were recorded at a speed of 25mm/sec with the calibra-
tion routinely set at 1mV per cm. The ECG software
allowed exporting the digital ECG measurements into
the SAS statistical software package with an accuracy of
0.1mV for voltages and 1ms for duration indexes,
respectively.

Drug treatment

All patients received advice on lifestyle. To optimize
blood-pressure lowering drug treatment, hypertension
specialists applied current guidelines [10,17]. The treat-
ment strategies were standardized as follows: (i) by
using combinations of antihypertensive drugs with dif-
ferent mode of action in line with the AB/CD algorithm
[8,10]; (ii) by using antihypertensive agents with a long
duration of action, so-called forgiving drugs [18]; (iii)
by enhancing adherence via reduction of the pill load
and by prescription of single-pill combination tablets
[19], including two or three antihypertensive agents in
adjustable doses; (iv) for each antihypertensive drug,
the highest dose that did not produce side-effects was
prescribed; (v) antihypertensive drug combinations

preferably included a diuretic; (vi) and if not contra-
indicated, use of aldosterone receptor antagonists and
b-blockers should at least have been attempted.

Other procedures

With patients in supine, left or right decubitus, expe-
rienced ultrasonographers obtained renal gray scale
images. Renal length was the largest longitudinal dis-
tance in the sagittal plane. The default for imaging of
the renal arteries was multi-detector computerized
tomographic angiography (aCT) [20]. Contrast-
enhanced magnetic resonance imaging (MRI) was
used as an alternative in case of iodine allergy or a
contraindication for aCT. RDN was performed using
the EnligHTNTM multi-electrode denervation system
(St Jude Medical, Saint Paul, MN) [21]. This system
makes it possible to perform four ablations simultan-
eously. A minimum of 8 and a maximum of 12 abla-
tions were delivered from the distal main renal artery
bifurcation to the ostium. The eight-item Morisky
Medication Adherence Scale (MMAS-8) was used to
assess adherence to antihypertensive drugs [22,23].
Scores of 8, 7-6 and less than 6 signify high, medium
and low adherence [22,23]. In addition, we applied a
liquid chromatography–mass spectrometric method
that allows antihypertensive drugs or their metabolites
to be detected in a qualitative manner in a 10-mL
urine sample [24,25]. Quality of life was assessed by
means of the EQ-5D-5L questionnaire, a standardized
instrument to measure health status developed by the
EuroQoL Group (www.euroqol.org) [26]. In addition,
a visual analogue scale assesses the patient’s self-rated
health on a scale ranging from 0 to 100 [26].

Statistical analysis

For database management and statistical analysis, we
used SAS software version 9.4. (SAS Institute, Cary,
NC). The Studies Coordinating Centre in Leuven was
in charge of the management of the trial, the stratifi-
cation and randomization of patients, database man-
agement and statistical analyses. We reported the
central tendency and spread of the data as mean and
standard deviation for normally distributed data and
as median and interquartile range (IQR) for results
with a non-normal distribution. For comparison of
means, medians and proportions, we applied Student
t test, Wilcoxon rank sum test and Fisher exact test,
respectively. Statistical significance was a P-value less
than 0.05 on two-sided tests. We applied the
Wilcoxon rank sum test to test the between-group dif-
ferences in the changes from baseline to 6 months in
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blood pressure and eGFR. We also used mixed models
to compare blood pressure changes between random-
ized groups at 1, 3 and 6 months, while adjusting for
the baseline blood pressure.

Results

Patient recruitment

From 28 March 2014 until 11 May 2016, three
Belgian hypertension expert centers screened 29 treat-
ment-resistant patients, of whom 4 did not meet the
criteria to enter the run-in period, because of renal
artery stenosis, being on the waiting list for elective
surgery, normalization of the 24-h ambulatory blood
pressure, or failure to provide informed consent
(Figure S1 available in the online-only Data
Supplement). Of the 25 patients entering the run-in
period, 8 were not eligible for randomization, because
of fibromuscular dysplasia, normalization of the 24-h
blood pressure, withdrawal of consent, psychiatric ill-
ness, or loss to follow-up. Of the remaining 17
patients, 9 were randomized to control and 8 to RDN.
Of the 8 patients randomized to intervention, two did
not undergo RDN, because one patient was lost to fol-
low-up before RDN and one patients was diagnosed
with fibromuscular dysplasia on intra-arterial angiog-
raphy preparing for RDN. The number of patients
statistically analyzed was therefore 9 and 6 in the con-
trol and intervention group, respectively (Figure S1).

Among the 15 randomized patients, 8 were female
(53.3%), the median history of hypertension was 10
years (IQR, 5–16 years) and the median number of
antihypertensive drugs taken at randomization was 4
(IQR, 3–5). Age ranged from 33.6 to 62.3 years, body
mass index from 22.4 to 37.9 kg/m2, and eGFR from
46.2 to 114.5mL/min/1.73 m2; mean (±SD) values
were 48.1 ± 9.3 years, 30.4 ± 4.6 kg/m2, and
85.4 ± 20.7mL/min/1.73m2, respectively. There were
no significant between-group differences in the base-
line characteristics (Table 1), including office or
ambulatory blood pressures (Table 2), ECG voltages
(Table 3), adherence as assessed by MMAS-8 or urine
analysis and quality of life (Table S1).

Efficacy endpoints

For all patients, three sitting and two standing office
blood pressure readings had to be obtained at baseline
and at 6 months. For the sitting blood pressure, there
were no missing values and none of the three con-
secutive sitting systolic or diastolic blood pressure
readings were identical. For standing blood pressure,

one patient had missing values and two consecutive
standing systolic blood pressure readings were identi-
cal in a single patient. The median number of valid
blood pressure readings obtained by ambulatory mon-
itoring at baseline was 56 (IQR, 34–71; 5th–95th per-
centile interval [PI], 22–74) over 24 hours and 25
(IQR, 18–36; PI, 11–43) and 12 (IQR, 6–13; PI, 4–13)
during day- and nighttime, respectively. At the 6
month follow-up visit, these numbers were 53 (IQR,
38–66; PI, 28–80), 23 (IQR, 17–32; PI, 13–42) and 12
(IQR, 7–13; PI, 5–13), respectively.

In the control group (Table 2), the baseline-
adjusted within-group changes (follow-up at 6 months
minus baseline) in office, 24-h, daytime and nighttime
systolic/diastolic blood pressures averaged þ7.6/
þ2.2mmHg,þ0.7/þ0.3mmHg,þ0.8/-0.6mmHg and
þ1.4/þ0.9mm Hg; in the RDN group, these changes
averaged �11.9/�8.2mmHg, �21.7/�12.8mmHg,
�13.8/�7.1mmHg and �31.5/�21.1mmHg, respect-
ively. Figure 1 illustrates that the decrease in systolic
blood pressure was consistent in 5 of 6 RDN patients
for office blood pressure and in all RDN patients
for the 24-h blood pressure. Similar data for day- and
nighttime blood pressure appear in Figure S2. Most of
the blood pressure response to RDN was already
achieved at 1 month and maintained up to 6 months

Table 1. Characteristics of participants.
Characteristic Control Renal denervation

Number in treatment group 9 6
Number with characteristic (%)

Women 5 (55.6) 3 (50.0)
Smoking 1 (11.1) 4 (66.7)
Drinking alcohol 5 (55.6) 5 (83.3)
Serum cholesterol �200mg/dL 4 (44.4) 4 (66.7)
Diabetes mellitus 3 (33.3) 0
Antihypertensive medication
Angiotensin receptor blocker 9 (100) 6 (100)
b-blocker 7 (77.8) 4 (66.7)
Calcium-channel blocker 8 (88.9) 6 (100)
Any diuretic 7 (77.8) 6 (100)

Thiazide/thiazide-like diuretic 5 (55.6) 4 (66.7)
Loop diuretic 1 (11.1) 1 (16.7)
Aldosterone antagonist 5 (55.6) 5 (83.3)

Mean characteristic ± SD
Age, years 47.9 ± 8.8 48.4 ± 10.8
Body mass index, kg/m2 31.0 ± 4.9 29.3 ± 4.5
Blood glucose, mg/dL 105.3 ± 27.7 105.3 ± 25.7
Serum cholesterol, mg/dL 191.6 ± 38.0 212.3 ± 46.3
Serum sodium, mmol/L 138.8 ± 5.1 140.3 ± 1.4
Serum potassium, mmol/L 4.29 ± 0.50 4.07 ± 0.30
Serum creatinine, mg/dL 1.00 ± 0.32 0.87 ± 0.22
eGFR, mL/min/1.73 m2 80.1 ± 23.9 93.5 ± 12.4
Kidney length, cm 11.2 ± 1.5 11.6 ± 1.2

Median (interquartile range)
History of hypertension, years 9.5 (4.0–15.5) 10.5 (10.0–16.0)
N� antihypertensive drugs 4.0 (3.0–5.0) 4.0 (3.0–5.0)
Morisky adherence score 7.0 (6.8–7.0) 7.5 (7.0–8.0)

eGFR is the glomerular filtration rate estimate from serum creatinine by
the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equa-
tions. No patient was taking angiotensin-converting enzyme inhibitors.
Kidney length is the average of both kidneys measured by ultrasound.
None of the between-group differences were significant.
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(Figure 2). At 6 months, the between-group baseline-
adjusted differences in systolic blood pressure (control
minus RDN) amounted 19.5mm Hg (95% confidence
interval [CI], �4.7 to 43.6mmHg; P¼ .088),
22.4mmHg (CI, 5.6 to 39.1mmHg; P¼ .018),
14.5mmHg (CI, �10.0 to 39.1mm Hg; P¼ .22) and
32.9mm Hg (CI, 12.2 to 53.5mm Hg; P¼ .008) on
office, 24-h, daytime and nighttime measurement
(Table 2). The corresponding differences in diastolic
blood pressure amounted to 10.4mm Hg (CI, �5.1
to 26.0mm Hg; P¼ .088), 13.1mm Hg (CI, 0.4 to
25.7mm Hg; P¼ .049), 6.5mm Hg (CI, �8.4 to
21.4mm Hg; P¼ .33) and 22.0mm Hg (CI, 8.4
to 35.5mm Hg; P¼ .008), respectively (Table 2). At
the 6-month visit, no patient randomized to control
reached office (<140/<90mm Hg) or 24-h (<130/
<80mm Hg) normotension; in the intervention group

2 (40.0%) reached 24-h normotension and 1 (20.0%)
both office and 24-h normotension.

At baseline standing office systolic/diastolic blood
pressure averaged 166.8 ± 26.2/100.4 ± 16.8mm Hg in
the control group and 173.8 ± 34.7/111.3 ± 17.3mm
Hg in the RDN group. At 6 months, these levels were
167.6 ± 16.6/101.6 ± 16.8mmHg and 164.2 ± 31.9/
102.9 ± 18.6mmHg, respectively. The baseline-
adjusted between-group differences were 10.4mmHg
systolic (CI, �16.0 to 36.8mmHg; P¼ .30) and
7.0mmHg diastolic (CI, �6.3 to 20.3mmHg;
P¼ .35). At 6 months the baseline-adjusted between-
group difference in the orthostatic blood pressure
change averaged �8.7mmHg systolic (CI, �18.4 to
1.1mm Hg; P¼ .059) and �2.3mm Hg diastolic (CI,
�11.5 to 7.0mm Hg; P¼ .47). One patient reported
an in-hospital presyncope shortly after RDN, but

Table 2. Baseline-adjusted changes in blood pressure 6 months after randomization.
Systolic blood pressure Diastolic blood pressure

Blood pressure, mm Hg Control (n¼ 9) Renal denervation (n¼ 6) P Control (n¼ 9) Renal denervation (n¼ 6) P

Office
Baseline 158.6 ± 25.5 173.4 ± 30.0 95.4 ± 14.5 107.4 ± 19.6
6 Months 166.1 ± 16.1 161.5 ± 34.5 97.6 ± 17.9 99.2 ± 23.4
Change 7.6 (–10.2 to 25.3) –11.9 (–30.4 to 6.6) 0.088 2.2 (–10.0 to 14.4) –8.2 (–17.6 to 1.1) .088

24-h
Baseline 157.6 ± 20.7 161.3 ± 15.2 95.4 ± 9.6 100.9 ± 9.4
6 Months 158.2 ± 17.0 139.7 ± 23.0� 95.6 ± 12.7 88.1 ± 12.6�
Change 0.7 (–12.0 to 13.4) –21.7 (–33.4 to –9.9) 0.018 0.3 (–8.8 to 9.4) –12.8 (–23.1 to –2.4) .049

Daytime
Baseline 162.0 ± 17.2 167.2 ± 14.5 100.1 ± 8.7 105.6 ± 11.9
6 Months 162.7 ± 17.4 153.4 ± 30.2 99.5 ± 13.5 98.5 ± 14.6
Change 0.8 (–14.8 to 16.4) –13.8 (–38.3 to 10.7) 0.22 –0.6 (–10.2 to 9.0) –7.1 (–21.6 to 7.5) .33

Nighttime
Baseline 147.1 ± 27.0 149.6 ± 20.7 86.2 ± 14.2 91.7 ± 12.2
6 Months 148.5 ± 19.3 118.1 ± 17.5� 87.1 ± 11.5 70.5 ± 8.6�
Change 1.4 (–10.5 to 13.2) –31.5 (–54.4 to –8.7) 0.008 0.9 (–7.7 to 9.4) –21.1 (–34.9 to –7.3) .008

An asterisks indicates a within group P-value of <0.05.
Values are mean ± SD. P-values derived by Wilcoxon rank-sum test refer to the between-group difference in the baseline adjusted blood pressure change.

Table 3. Baseline-adjusted differences in ECG measurements.
Characteristic Control Renal denervation P

Number in treatment group 9 6
Cornell mV
Baseline 1.71 ± 0.66 2.49 ± 0.54
6 Months 2.04 ± 0.59 1.89 ± 0.67
Change 0.33 (0.11 to 0.55) –0.60(–1.25 to 0.06) .002

Siegel voltage, mV
Baseline 13.3 ± 3.0 16.7 ± 1.2
6 Months 13.5 ± 3.6 14.0 ± 1.0
Change þ0.20 (–0.90 to 1.3) –2.7 (–4.5 to -0.87) .005

Cornell index, mV�ms
Baseline 215 ± 67 283 ± 82
6 Months 244 ± 41 229 ± 88
Change 29 (–9 to 67) –55 (–126 to 17) .036

Siegel voltage index, mV±ms
Baseline 1276 ± 396 1619 ± 173
6 Months 1332 ± 400 1400 ± 215
Change 55 (–84 to 194) –219 (–501 to 62) .036

Values are mean ± SD. P-values derived by Wilcoxon rank-sum test refer to the between-group difference in the
baseline-adjusted ECG changes.
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otherwise no syncope occurred in either group.
During follow-up, three patients in the control group
and one in the RDN group reported accidental falls.

At 6 months, the baseline-adjusted between-group
difference in the ECG indexes were 0.92mV (CI, 0.42
to 1.43mV; P¼ .002) for the Cornell voltage; 2.90mV
(CI, 1.12 to 4.66mV; P¼ .005) for the Siegel total
voltage, 84mV�ms (CI, 18 to 149mV�ms;
P¼ .036) for the Cornell index and 274mV�ms (CI,
26 to 523mV�ms; P¼ .036) for the Siegel product.
All patients were in sinus rhythm at baseline and dur-
ing follow-up.

Imaging and RDN procedure

The renal arteries were imaged by aCT in 8 control
and 6 RDN patients and by MRI in a single control
patient. In the control group, the main renal arteries
had a diameter of 5.2 ± 1.1mm right and 5.5 ± 1.2mm
left. In the RDN group, the corresponding dimensions
were 6.1 ± 2.2mm right and 6.4 ± 1.7mm left (P� .44
for between-group differences). RDN was performed
under local or general anesthesia in one and five
patients, respectively. Via right femoral access, a sheet
of 8 F in five patients and 6 F in one patient was
pushed forward to the renal arteries. The median dur-
ation of the RDN procedure was 82.5min (IQR, 56.3
to 97.5min). In all patients at least two ablations sec-
tors per artery (left and right), one distal and one
proximal, were delineated. The number of complete
ablations per zone ranged from 2 to 4. One RDN
patient had bilateral accessory renal arteries, which
were accessible for RDN and were denervated. Renal
spasms occurred in four patients, but did not lead to
persistent lesions.

Safety

Baseline values of serum creatinine and eGFR appear
in Table 1. At 6 months, these renal indexes averaged
0.99 ± 0.35mg/dL and 81.6 ± 24.1mL/min/1.73 m2 in
control patients and 0.86 ± 0.24mg/dL and
92.4 ± 15.9mL/min/1.73m2 in the RDN group.
The baseline-adjusted between-group differences at
6 months were �0.02mg/dL (CI, �0.13 to 0.09mg/dL;
P¼ .89) for serum creatinine and 2.5mL/min/1.73 m2

(CI, �7.0 to 12.1mL/min/1.73 m2; P¼ .86) for eGFR.
No acute procedural adverse events occurred. In one
patient undergoing RDN, mild irregularities of the left
renal artery were observed 6 months after RDN.

Adherence

Compared with baseline (Table 1), at 6 months, the
median number of drugs prescribed per day remained
unchanged in the control group (4.0 [IQR, 4.0 to 6.0];
P¼ .26), but decreased to 3.0 [IQR, 2.0 to 4.0];
P¼ .037) in the RDN group, resulting in a baseline-
adjusted between-group difference of 1.7 (CI, 0.1 to
3.3; P¼ .032). Details on drug treatment by treatment
group at the 6-month visit appear in Table S2.
Compared with baseline (Table 1), the median
MMAS-8 score at 6 months was similar in control
(8.0; IQR, 8.0–8.0; P¼ .73) and RDN patients (7.9;
IQR, 8.0-8.0; P¼ .93). Consequently, at 6 months,
there was no baseline-adjusted between-group differ-
ence in the MMAS-8 score (�0.2; CI, �1.4 to 1.1;
P¼ .74).

Analyses of urine samples detected intake of 45
antihypertensive drugs, which covered 94.9% of the
prescribed drugs. In continuous analyses, we

(A) (B)

Figure 1. Change (D) in office systolic blood pressure (A) and 24-h ambulatory systolic blood pressure (B) from baseline to the
6-months follow-up in individual patients randomized to control (n¼ 9) or renal denervation (RDN; n¼ 6). SBP indicates systolic
blood pressure.
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expressed adherence as the percentage of prescribed
drugs that were detected in urine. At baseline, this
proportion averaged 56.8 ± 38.6% in control patients
and 62.3 ± 45.2% in the RDN group. At 6 months,
these proportions remained unchanged in both groups
(P� .71), averaging 51.2 ± 42.4% and 56.7 ± 49.7%,
respectively (Figure 2). The baseline-adjusted
between-group difference was 0.11% (CI, �59.7 to
59.9%; P¼ .89). The rank correlations between the
changes in the 24-h systolic/diastolic blood pressure
and adherence (continuous) from baseline to 6
months were 0.05/�0.07 (P� .86) and 0.03/�0.09
(P� .87) in the control and RDN group, respectively
(Figure S3). In categorical analyses, adherence was
defined as all or all but one of prescribed drugs
detected in urine whereas nonadherence was two or
more of drugs undetected. At baseline, nonadherence
was observed in 4 (44%) patients randomized to con-
trol and 3 (50%) allocated to RDN. During follow-up,
in the control group, nonadherence occurred in 2
patients (22%) at one visit, in 1 (11%) at two visits
and in 3 (33%) at all visits. These numbers in the
intervention group were 0 (0%), 2 (33%) and 2 (33%),
respectively. Nonadherence at any time from baseline
to the 6-month visit occurred in 8 (88.9%) patients vs.
4 (66.7%) randomized to control or RDN, respectively
(P¼ .53). Figure S4 describes the change in adherence
from baseline to the 6-month visit.

Quality of life

At baseline (Table S1), 44% of patients in the control
group reported problems (from slight to extreme)
related to mobility vs. 67% in the RDN group.
Corresponding numbers for self-care, usual activity,
pain or discomfort and anxiety or depression were
22%, 67%, 78% and 67% in the control group vs.
17%, 83%, 83%, 50% in the intervention group. At
6 months of follow-up 44%, 22%, 44%, 89% and 54%
of patients in the control group reported to have
problems related to mobility, self-care, usual activities,
pain or discomfort and anxiety or depression, while
in the RDN group these proportions were 50%, 17%,
67%, 84% and 50%, respectively. There were no
between-group differences (P� .14). At baseline, the
self-reported health status according to the visual ana-
logue scale was 53.9 ± 28.5 in the control group and
64.2 ± 21.5 in the intervention group and 53.8 ± 22.3
and 75.0 ± 14.1, respectively, at 6 months. The base-
line-adjusted between-group difference in self-
reported health status at 6 months was not significant:
13.6 (CI, �7.4 to 34.6; P¼ .28).

(A)

(B)

(C)

Figure 2. Time course of the change (D) in office systolic
blood pressure (A), 24-h ambulatory systolic blood pressure (B)
and adherence (C) from baseline until the 6-month follow-up.
Adherence was expressed as the change in percentage of pre-
scribed drugs detectable in urine. P-values were obtained from
a mixed model assessing the within-group changes in blood
pressure and adherence over follow-up time.
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Discussion

The INSPiRED pilot study included a group of
highly-selected patients with truly resistant hyperten-
sion. Six months after randomization, the 24-h and
nighttime ambulatory blood pressure decreased sig-
nificantly more in response to RDN on top of opti-
mized antihypertensive drug treatment compared with
sole optimization of drug treatment. The strong
decrease in nighttime blood pressure can probably be
explained by the more standardized conditions in
terms of body position and absence of physical activ-
ity, when blood pressure was recorded during sleep
[27]. Office and daytime ambulatory blood pressure
showed similar trends but did not reach significance
(Figure S2). Decreases in the ECG voltage and
voltage�QRS duration products and tapering of anti-
hypertensive drugs in the RDN group provided add-
itional evidence supporting a true blood pressure
decrease in the intervention group. Drug adherence
and quality of life were similar in both groups.
Changes in serum creatinine and eGFR and quality of
life were small and also similar in the two treatment
groups. Finally, changes in blood pressure and adher-
ence were unrelated. We therefore aim to engage in a
definite trial, using the same protocol [8].

In a review [28] published 2 years before
SYMPLICITY HTN-3 [4], we highlighted several issues
hampering the interpretation of studies of RDN avail-
able at that time. Our concerns included the uncon-
trolled design of several single-arm studies without
randomization, the loose definition of resistant hyper-
tension, the assurance that patients with secondary
hypertension were excluded from enrollment, the use
of office rather than ambulatory blood pressure as pri-
mary efficacy endpoint, the assessment of adherence to
antihypertensive drug treatment as confounder and the
completeness of RDN with the single-electrode
SYMPLICITYTM RDN system [28]. In a subject-level
meta-analysis of 109 patients undergoing RDN, higher
baseline serum creatinine predicted lower probability of
improvement of the 24-h blood pressure (odds ratio
for 20-mmol/L [0.18mg/dL] increase, 0.60; P¼ .05)
and higher probability of experiencing no blood pres-
sure decrease (odds ratio, 1.66; P¼ .01) [6].

Moreover, we highlighted that essential hypertension
is a multifaceted disease, isolated systolic hypertension
being characterized by arterial stiffening rather than
heightened sympathetic tone and diastolic hypertension
by an increased peripheral resistance in the long-term
maintained by remodeling of small arteries [28]. We
concluded that end-stage hypertension in the presence
of substantial target organ damage was unlikely to be

responsive to RDN and that against the prevailing view
at that time one size could not fit all [28].

The aforementioned concerns [5,28] informed the
design of INSPiRED, which sets this trial apart from
most other studies of RDN in treatment-resistant
hypertension. Specific design features include: (i)
stringent patient selection, excluding patients with
eGFR less than 45ml/min/1.73m2 or a body mass
index of 40 kg/m2 or more, ineligibility of patients
with isolated systolic or isolated diastolic hypertension
or masked hypertension; (ii) age limited from 20 to
69 years inclusive; (iii) optimization of drug treatment
according to a standardized strategy [8,10] with
assessment of adherence throughout the study by
means of the Morisky questionnaire [22,23] and urine
analysis to ascertain the presence of antihypertensive
drugs [24,25]; (iv) use of variable single-pill combina-
tions that enhance adherence [19] and long-acting
forgiving [18] drugs; (v) the explicit use of 24-h
ambulatory blood pressure monitoring for selection of
truly resistant patients and for assessment of the pri-
mary efficacy endpoint; (vi) thorough assessment of
safety not only based on eGFR, but on renal imaging
and detailed logging of the RDN procedure as well;
(vi) and the use of a multi-electrode basket shaped
RDN catheter, which compared with the
SYMPLICITYTM single-electrode system allows deliv-
ering in a more precise manner radiofrequency energy
simultaneously to four sites of an artery with a caliber
suitable to be engaged. In addition, the leading inter-
ventional cardiologist (J.R.), who shared his experi-
ence across the three centers, was highly skilled based
on his experience in SYMPLICITY HTN-2 [3] and
other RDN trials using different ablation systems.

In our current study, we ensured blinded endpoint
assessment by having office blood and the 24-h blood
pressure measured by automated devices, by using
ECG measurements digitally exported from the record-
ings and by keeping investigators blinded to the results
of the urinary assessment of drug adherence until com-
pletion of the pilot run. SAS programming guaranteed
uniform extraction of the analyzed blood pressure and
ECG outcomes. To our knowledge, our current report
is the first to include a quality assessment of office and
24-h ambulatory blood pressure measurement.
Furthermore, we recently completed a meta-analysis
comparing the blood pressure responses to RDN vs.
control in sham and non-sham controlled trials [29].
In three sham controlled studies [4,30,31] (number of
patients randomized to intervention vs. control, 396 vs.
229) the decrease in the 24-h systolic blood pressure
averaged 2.18mm Hg (CI, �4.70 to 0.33mm Hg;
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P¼ .09). For the six trials [3,32–36] with open design
or other types of masking (162 vs. 174), this estimate
was similar (P¼ .47) amounting to þ0.42mm Hg (CI,
�6.20 to 7.46mm Hg; P¼ .90). Abstraction made of
these observations [29], a sham-controlled trial is less
likely to pass ethical review in Europe.

As already reported close to 30 years ago [37] and
confirmed since then in numerous studies [19,25],
drug adherence is a major problem in patients with
resistant hypertension. In line with previous publica-
tions [19,24,38], adherence as assessed by urine ana-
lysis revealed that about 80% of the INSPiRED
patients were nonadherent at some time during the
randomized part of the pilot trial. The Morisky ques-
tionnaire has a much lower sensitivity to detect non-
adherence [39]. As far as we know, only three earlier
RDN trials [40–42] applied a stringent approach to
assess adherence. In the Oslo trial (NCT01673516)
[40], 19 of 65 screened patients (29.2%) were excluded
from randomization, because ambulatory blood pres-
sure normalized after witnessed drug intake just
before the qualifying visit. The Renal Denervation for
Hypertension Trial (DENERHTN; NCT01570777)
[41] implemented a highly standardized treatment
schedule. Drug adherence was assessed at the 6-month
visit in 85 of 106 randomized patients (80.2%) by
determining the urinary N-acetyl-seryl-aspartyl-lysyl-
proline/creatinine ratio [43] and by ultra-high per-
formance liquid chromatography tandem mass spec-
trometry to detect the drugs in urine or plasma [24].
The prevalence of nonadherence in DENERHTN was
comparable in both treatment groups, amounting to
approximately 50%, and as in the current study did
not influence the systolic blood pressure gradient in
favor of RDN relative to control [41]. The Renal
Sympathetic Denervation as a New Treatment for
Therapy Resistant Hypertension Trial (SYMPATHY;
NCT01850901) [42] is the only RDN trial, in which as
in our current study adherence was assessed by meas-
uring drug concentrations both at baseline and
follow-up. In 78 patients blood samples were drawn
synchronously with blood pressure measurements.
Neither patients nor physicians knew that adherence
was being monitored. In 80% of patients, fewer medi-
cations were detected than prescribed and adherence
changed during follow-up in 31% [42].

Sailing against the tide after publication of
SYMPLICITY HTN-3 [4], and the overall null results
of the trials with the SYMPLICITYTM mono-electrode
RDN system [5,29] explains why we needed 26
months to randomize only 15 patients. First, referrals
of patients for RDN by primary care physicians and

cardiologists sharply declined after publication of
SYMPLICITY HTN-3 [4]. Second, most manufac-
turers of RDN systems lost interest, once it became
obvious that a highly profitable and potentially huge
market was in fact limited to a group of highly
selected patients, in whom antihypertensive drug
treatment was optimized in a standardized manner.
St. Jude Medical (now Abbott [http://www.abbott.com/
newsroom/news/abbotts-next-big-step.html]) stopped
production of the EnligHTN

TM

multi-electrode system in
July 2016, so that INSPiRED investigators were faced
with the ethical dilemma that randomized patients could
not undergo the procedure as part of the pilot trial or
that control patients could not cross over at 6 months.
Until today, production of the EnligHTN

TM

cathethers
has not yet been resumed. Third, while submitting
INSPiRED to the ethical review boards of the three par-
ticipating tertiary referral centers, we were only granted
to start a pilot trial with the obligation to report back
after up to 18 patients had been randomized.

Set aside from its design features, the current study
must be interpreted within the context of its limita-
tions. Obviously, the number of patients randomized
and analyzed, in keeping with ethical recommenda-
tions, was small and two patients randomized to RDN
did not undergo the procedure. Although the blood
pressure results were supported by lower ECG vol-
tages and fewer prescribed drugs in the RDN group, a
pilot trial cannot answer research objectives beyond
doubt. Second, our trial does not allow comparing
RDN systems (see online-only Supplementary Data
page 8). Finally, our trial did not yet implement an
immediate procedural endpoint. As we reported
before, renal nerve stimulation cannot only identify
areas in the renal arteries that should be preferentially
denervated [44], but also predict the blood pressure
response to RDN [45].

In view of the positive outcome of the INSPIRED
pilot trial, the ENCOReD consortium will seek ethical
approval for implementation of the study protocol
across multiple hypertension centers not only in
Belgium, but across Europe as well, without change of
the protocol [8]. A substudy will address the role of
renal nerve stimulation in identifying the anatomical
sites in the renal arteries to be denervated and as a
means to obtain an immediate procedural endpoint
[44,45]. Patients in this substudy will be randomized
to guided vs. unguided RDN. Sample size, originally
estimated to amount to 120 per group to address the
primary (2-sided a, 0.01; b, 0.90) and secondary
(2-sided a, 0.05; b, 0.95) endpoints [8], will not be
reduced in spite of the positive outcome of the pilot
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study, but an interim analysis will be performed for
the primary and secondary endpoints after 60 patients
in each group have completed the 6-month visit.
If different RDN systems will be used, device type will
constitute an additional level of stratification before
randomization, allowing – power permitting – a pre-
defined subgroup analysis comparing devices.

Acknowledgements

The authors gratefully acknowledge the expert clerical
assistance of Mrs. Vera De Leebeeck and Mrs. Renilde
Wolfs (Studies Coordinating Centre, Leuven, Belgium).
INSPiRED is conducted under the auspices of the Belgian
Hypertension Committee (http://www.belhyp.be). The
authors are grateful to Jean-François De Wispelaere,
Charles Cuvelier and Jean-Michel Pochet (CHU UCL
Dinant Godinne) and Michel Henry, Albertino Maimone,
Abdelhamid Lalaoui, and Philippe Leroy (CHR Mons
Hainaut, Mons) for their contribution to patient screening
and referral and to Mrs Francesca Severino and Amandine
Jourdan, research nurses, for coordinating the study at the
Cliniques Universitaires Saint-Luc (UCL) and the Grand
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Expanded methods  

Study design  

INSPiRED complies with the declaration of Helsinki.[1]  The trial received ethical ap-

proval from the competent Institutional Review Boards of the three participating clini-

cal centers in Belgium, including the University Hospitals Leuven (N° 

B3222014197090).   

The rationale and design of the INSPiRED study have been published previously 

[2].  In short, INSPiRED is a multicenter randomized controlled trial, in which treat-

ment-resistant hypertensive patients are randomly allocated to usual medical treat-

ment (control group) or usual medical treatment plus RDN (intervention group).  The 

trial consists of six consecutive stages.  First, at a screening visit, each patient’ s eli-

gibility is checked according to predefined inclusion and exclusion criteria [2], and 

patients are invited to provide informed written consent.  Second, during a run-in peri-

od of flexible duration, usually lasting 1 to 3 months, hypertension specialists optimize 

medical treatment, while recording office and the 24-h ambulatory blood pressure.  

Concurrently, additional examinations, as indicated in each individual patient, serve to 

exclude secondary hypertension.  The entry characteristics of each patient are deter-

mined at the last run-in visit.  Next, after stratification by center and age (20–49 vs. 

50–69 years), eligible patients are randomized in equal proportions to the continuation 

of optimized medical treatment alone (control group) or combined with RDN (interven-

tion group).  After randomization, patients are followed up at 1, 3 and 6 months with 

an optional visit at 2 months.  To maintain the best possible blood pressure control, 

adjustment of antihypertensive drug treatment after randomization remains possible in 

both groups.  Finally, patients randomized to control can cross-over at 6 months and 
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all patients remain in follow-up for 3 years.  However, data beyond the 6-month follow-

up fall beyond the scope of the current report on the pilot study.   

Selection of patients  

Eligible patients have essential hypertension, are younger than 70 years, and have at 

screening a glomerular filtration rate estimated from serum creatinine by the Chronic 

Kidney Disease Epidemiology Collaboration (CKD-EPI) equation [3] not less than 60 

mL/min/m2 at screening and not less than 45 mL/min/m2 at the last run-in visit.  Opti-

mizing treatment involves the prescription of three or more antihypertensive medica-

tions from different drug classes, preferably including a diuretic [2].  An aldosterone 

receptor antagonist and a β-blocker should have been tried, unless contra-indicated.  

On optimized treatment, office blood pressure should be at least 140 mm Hg systolic 

or 90 mm Hg diastolic and the 24-h blood pressure should not drop below 130 mm Hg 

systolic and 80 mm Hg diastolic.  The main renal arteries should have a diameter of at 

least 4 mm and a length not less than 20 mm [2].   

The main exclusion criteria are secondary hypertension; masked hypertension af-

ter optimization of antihypertensive drug treatment, i.e. normalization of office blood 

pressure in the presence of an elevated 24-h blood pressure;  isolated systolic or iso-

lated diastolic hypertension; a body mass index of 40 kg/m2 or more; unstable diabe-

tes mellitus; major cardiovascular events within 6 months prior to enrolment; being on 

the waiting list for elective surgery; unsuitable anatomy of the renal arteries, including 

stenosis of over 50%, previous stenting, or a single functional kidney; intended or cur-

rent pregnancy, substance abuse and psychiatric illnesses [2].   
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Endpoints  

The primary endpoints for efficacy and safety are the baseline-adjusted between-

group differences in the 24-h systolic ambulatory blood pressure and in eGFR, re-

spectively.  The 24-h ambulatory blood pressure recordings stayed unedited except 

for readings marked by an error code and were blindly decoded by staff not involved 

in the trial.  Office and ambulatory blood pressures are measured according to current 

European guidelines [4,5], using an appropriate cuff size and the automated and vali-

dated [6] Omron HEM-907 device (Omron Health Care, Kyoto, Japan) for office blood 

pressure.  The in-office blood pressure is the average of three consecutive measure-

ments obtained after the patients had rested for 5 minutes in the sitting position.  

Standing blood pressure measured immediately thereafter is the average of two read-

ings.  Orthostatic blood pressure change is the difference between the seated minus 

the standing blood pressure.  For ambulatory blood pressure, portable and properly 

validated oscillometric devices (Mobil O Graph, I.E.M GmbH, Stolberg, Germany[7]; 

ABPM-04, Meditech Ltd., Budapest, Hungary [8]) were programmed to obtain read-

ings at intervals ranging from 15 to 30 minutes during daytime and from 30 to 60 

minutes during nighttime.  The 24-h ambulatory BP recordings should include at least 

20 readings for the daytime or awake blood pressure and seven for the nighttime or 

asleep blood pressure [5].  The whole recording should cover at least 20 h with no 

interval between two successive reading longer than 3 h.  On the day of the recording, 

patients completed a diary card, providing information on the intake of medications.  

For analysis, daytime ranged from 10 AM until 8 PM and nighttime from midnight to 06 

AM.  These fixed time intervals eliminate the transition periods in the morning and 

evening when blood pressure changes rapidly, resulting in daytime and nighttime 

blood pressure levels that are within 1-2 mm Hg of the awake and asleep levels [9].   
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Intra-individual means of the ambulatory measurements are weighted by the time in-

terval between successive readings [10].   

Standard 12-lead electrocardiograms were recorded at a speed of 25 mm/sec with 

the calibration routinely set at 1 mV per cm.  The ECG software allowed exporting the 

digital ECG measurements into the SAS statistical software package with an accuracy 

of 0.1 mV for voltages and 1 ms for duration indexes, respectively.  Measurements 

included the Cornell voltage [11] and Siegel total voltage [12] and the product of these 

measurement with QRS duration [11,12].   

Drug treatment  

All patients received advice on lifestyle.  To optimize blood-pressure lowering drug 

treatment, hypertension specialists applied current guidelines [13,14].  The treatment 

strategies were standardized as follows: (i) by using combinations of antihypertensive 

drugs with different mode of action in line with the AB/CD algorithm [2,13]; (ii) by using 

antihypertensive agents with a long duration of action, so-called forgiving drugs[15]; 

(iii) by enhancing adherence via reduction of the pill load and by prescription of single-

pill combination tablets [16], including two or three antihypertensive agents in adjusta-

ble doses; (iv) for each antihypertensive drug, the highest dose that did not produce 

side-effects was prescribed; (v) antihypertensive drug combinations preferably includ-

ed a diuretic; (vi) and if not contra-indicated, aldosterone receptor antagonists and 

β-blockers had at least to have attempted.   

Renal imaging  

With patients in supine, left or right decubitus, experienced ultrasonographers ob-

tained renal gray scale images.  Renal length was the largest longitudinal distance in 

the sagittal plane.   The default for imaging of the renal arteries was multi-detector 
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computerized tomographic angiography (aCT) [17].  This approach allows determining 

the position and orientation of renal arteries, precisely measuring the length and di-

ameter of the renal arteries, and visualizing lesions and stenosis of the renal arteries.  

Contrast-enhanced magnetic resonance imaging (MRI) was used as an alternative in 

case of iodine allergy or a contraindication to computed tomographic angiography.    

Adherence  

A simple questionnaire with eight questions, the eight-item Morisky Medication Ad-

herence Scale (MMAS-8) was used to assess adherence to antihypertensive drugs 

[18,19].  Briefly, patients had to answer eight questions related to their medication 

intake behavior.  Seven questions had a yes/no answer and for the last question, the 

patient had to choose between five categories.  As described by Morisky et al, scores 

of 8, 7-6 and less than 6 signify high, medium and low adherence [18,19].  In addition, 

we applied a liquid chromatography–mass spectrometric method that allows antihy-

pertensive drugs or their metabolites to be detected in a qualitative manner in a 

10-mL urine sample [20].  Since recently, this approach also allows detecting more 

antihypertensive drugs, including altizide, atenolol, azilsartan, bendroflumethiazide, 

bumetanide, molsidomine, terazosine and xipamide [21].   

Quality of life  

Quality of life was assessed by means of the EQ-5D-5L questionnaire, a standardized 

instrument to measure health status developed by the EuroQoL Group 

(www.euroqol.org) [22].  The descriptive part of the questionnaire comprises five di-

mensions: mobility, self-care, usual activities, pain/discomfort and anxiety/depression, 

and each dimension has five levels: no, slight, moderate, severe and extreme 

trouble.[22]  In addition, a visual analogue scale assesses the patient’s self-rated 

health on a scale ranging from 0 to 100 [22].   

http://www.euroqol.org/
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Renal denervation  

RDN was performed using the EnligHTN™ multi-electrode denervation system (St 

Jude Medical, Saint Paul, MN) [23].  This system makes it possible to perform four 

ablations simultaneously.  A minimum of 8 and a maximum of 12 ablations were de-

livered from the distal main renal artery bifurcation to the ostium.  In case of a long 

renal artery, a more proximal positioning of the basket allowed an ablation of 60 sec-

onds with activation of all or part of the electrodes.  The same RDN procedure was 

performed at the main renal arteries and accessible accessory renal arteries of either 

side.  Angiography was performed to control the renal arterial anatomy after the pro-

cedure and to identify potential spasm between and after ablations.   

Statistical analysis  

For database management and statistical analysis, we used SAS software version 

9.4. (SAS Institute, Cary, NC).  The Studies Coordinating Centre in Leuven was in 

charge of the management of the trial, the stratification and randomization of patients, 

database management and statistical analyses.  We reported the central tendency 

and spread of the data as mean and standard deviation for normally distributed data 

and as median and interquartile range [IQR) for results with a non-normal distribution.  

For comparison of means, medians and proportions, we applied Student t test, Wil-

coxon rank sum test and Fisher exact test, respectively.  Statistical significance was a 

P-value less than 0.05 on two-sided tests.  We applied the Wilcoxon rank sum test to 

test the between-group differences in the changes from baseline to 6 months in blood 

pressure and eGFR.  We also used mixed models to compare blood pressure chang-

es between randomized groups at 1, 3 and 6 months, while adjusting for the baseline 

blood pressure.  The interaction term between randomized group and follow-up dura-

tion provides a test for the between-group differences in blood pressure trends.   
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Supplementary data  

RDN systems  

Medtronic (Santa Rosa, CA) are moving away from resistant hypertension to mild 

hypertension in patients off (NCT02439749) and on (NCT02439775) blood pressure 

lowering drug treatment, testing the multi-electrode SPYRAL™ RDN system {7626}.  

WAVE IV (NCT02029885) is an ongoing sham-controlled RDN trial testing the effica-

cy of the Kona (Bellevue, WA) Medical Surround Sound® system.  ReCor Medical 

Inc. (Palo Alto, CA) sponsors RADIANCE (NCT02649426), a sham-controlled trial of 

the Paradise® catheter, which is an ultrasound-based intravascular RDN system.  

Boston Scientific Corporation (Marlborough, MA) are conducting REINFORCE 

(NCT02392351), a masked-patient trial of the radiofrequency Vessix™ RDN system 

and Ablative Solutions (Palo Alto CA) is running a trial of RDN (NCT02155790) by 

local injection of alcohol in the wall of the renal arteries [25].  Most of the aforemen-

tioned trials are not expected to report soon.   
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Table S1.   Quality of Life According to the EQ5-5D-5L Assessment   

Dimension  
 Control (n=9)   Renal Denervation (n=6)  

 Baseline  6 Months   Baseline  6 Months  

Mobility Problems        
None   56  56   33  33  
Slight   11  33   17  0  
Moderate   22  0   33  33  
Severe   11  11   0  17  
Disabling   0  0   17  0  

Problems in Self-Care        
None   78  78   83  67  
Slight   11  11   0  0  
Moderate   11  11   0  17  
Severe   0  0   17  0  
Disabling   0  0   0  0  

Problems in Usual Activity        
None   33  56   17  17  
Slight   22  22   33  0  
Moderate   22  11   33  50  
Severe   22  11   0  17  
Disabling   0  0   17  0  

Pain or Discomfort        
None   22  11   17  0  
Slight   22  22    0  17  
Moderate   33  33   50  67  
Severe   11  11   33  0  
Extreme   11  22   0  0  

Anxious or Depressed        
Not   33  44   50  50  
Slightly   22 0   17  0  
Moderately   0  33   33  17  
Severely    22  0   0  33  
Extremely   22  22   0  0  

Values are percentages.   At 6 months, one patient in the RDN group only completed the questions relat-
ed to anxiety/depression.   
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Table S2.   Drug treatment at 6 months  

Characteristic   Control  Renal denervation  

Number in treatment group   9  6  
Angiotensin receptor blocker   9 (100)  5 (83.3)  
β-blocker   9 (100)  2 (33.3)  
Calcium-channel blocker   8 (88.9)  5 (83.3)  
Any diuretic   8 (88.9)  5 (83.3)  
Thiazide/thiazide-like diuretic   6 (66.7)  5 (83.3)  
Loop diuretic   1 (11.1)  1 (16.7)  
Aldosterone antagonist   7 (77.8)  5 (83.3)  

No patient was taking angiotensin-converting enzyme inhibitors.  None of the between-group differences 
were significant.  
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Figure S1.  

Flow of patients.  RDN indicates renal sympathetic nervous denervation.    
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Figure S2.  

Change (∆) in daytime (A) and nighttime systolic blood pressure (B) from baseline to the 6-months follow-up in individual patients 

randomized to control (n=9) or renal denervation (RDN; n=6).  SBP indicates systolic blood pressure.   
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Figure S3.  

Rank correlations between changes (∆) in 24-h systolic blood pressure (SBP) and 

adherence in 9 control and 6 RDN patients.   
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Figure S4.  
Change in adherence from baseline to follow-up in 15 randomized patients.     
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