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European Society of Hypertension position paper on
renal denervation 2018

Roland E. Schmiedera, Felix Mahfoudb, Michel Azizic,d, Atul Pathake, Kyriakos Dimitriadisf,
Abraham A. Kroong, Christian Otta,h, Filippo Scalisei, Giuseppe Manciaj, and Costas Tsioufisk,
on behalf of Members of the ESH Working Group on Interventional Treatment of Hypertension

This ESH update was deemed necessary with the

publication of new results of sham-controlled randomized
blinded prospective trials with renal denervation (RDN).
Proof of concept studies and first randomized trials (some

were sham-controlled) displayed discrepant results about
the efficacy of RDN. Three sham-controlled randomized
trials of the 2.0 generation yielded now similarity in the
average blood pressure decrease following RDN. Reduction

of ambulatory blood pressure was approximately 5 to 7
mmHg and of office blood pressure 10 mmHg. Such a
decrease in blood pressure by pharmacologic therapy has

been found to be associated with lower incidence of
cardiovascular events in particular with respect to heart
failure and stroke by roughly 25%. Nevertheless, some

questions about renal denervation are unanswered. The
heterogeneity of the blood pressure-lowering response
point to the clinical need to identify predictors for efficacy,
and questions on long-term safety could not have been

answered due to the short duration of the sham-controlled
randomized clinical trials.

Keywords: hypertension, renal nerves, renal denervation,
randomized controlled trial

Abbreviations: AF, atrial fibrillation; BP, blood pressure;
CCB, calcium channel blocker; ESC, European Society of

Cardiology; ESH, European Society of Hypertension; RCT,
randomized controlled trials; FDA, Food and Drug
Administration; FU, follow-up; RAS, renin–angiotensin–

system; RDN, renal denervation; US, United States

INTRODUCTION

E
xperts from the European Society of Hypertension
(ESH) including the ESH Working Group on inter-
ventional treatment of hypertension (HTN)wrote this

position paper to update the current status of evidence on
endovascular catheter-based renal denervation (RDN) and
describe the unmet needs on its application [1]. This update
was deemed necessary with the publication of new study
results [2–4] that could not be included in the 2018 ESC/ESH
guidelines nor in the US guidelines for the management of
arterial HTN prepared ahead [5]. Indeed, three sham-con-
trolled randomized trials (RCT) of second generation (sham-
controlled RCT 2.0) have been published within the last
9 months and will be discussed in detail herein [2].

BACKGROUND

Renal nerve activity represents a pivotal neurogenic patho-
physiological mechanism of HTN, cardiac and renal dis-
ease. Targeting these neurogenic mechanisms has been
conducted with surgical, pharmacological and catheter-
based interventions, with the goal to decrease the renal
efferent sympathetic activity to the kidney and the afferent
sensory signals to the central nervous system [3,4,6]. The
efferent sympathetic signaling to the kidneys are responsi-
ble for the elevation of blood pressure (BP) by increasing
renal vascular resistance, release of renin from juxtaglo-
merular cells and increased tubular sodium and water
reabsorption [7,8]. Conversely, increased afferent signaling
from the kidneys triggered by renal ischemia, injury or
inflammatory and fibrotic processes lead to an increased
sympathetic activity of the central nervous system [8].

Various experimental studies provided evidence that
RDN reduces the norepinephrine content in the kidney
and, as a consequence, delays or prevents the development
of HTN. In humans, catheter-based RDN reduces muscle
sympathetic nervous activity (in particular single-unit mus-
cle sympathetic nerve activity reflecting vasoconstrictive
fiber nerves) indicating that the sympathetic activity of
the central nervous system is decreased after RDN [9,10].
Moreover, renal noradrenaline spillover has beenmeasured
in the first 10 patients treated with RDN and a decrease by
47% was noted [11].
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PROOFOFCONCEPT STUDIES IN

HYPERTENSION

The first series of proof of concept studies were carried out
with various technologies (applying radiofrequency or
ultrasound energy or by perivascular injection of neuro-
toxic substances, such as alcohol) in patients with treatment
resistant HTN [12]. The single-arm feasibility and safety
study, Symplicity HTN-1, documented an office BP
decrease by 15–25mmHg 6 months after unipolar radio-
frequency-based RDN with the Symplicity FLEX catheter
[13]. Subsequently, data from two randomized but open
studies evaluating the same unipolar radiofrequency-based
RDN became available. In Symplicity HTN-2, bilateral RDN
induced a decrease in office BP by 32/12mmHg and in 24-h
ambulatory BP by 11/7mmHg at 6 months [14]. In the Renal
Denervation in HTN (DENER-HTN) study, a significant
reduction in daytime ambulatory SBP by 5.9mmHg in
comparison with standard stepped care antihypertensive
treatment alone was observed at 6 months [15]. In the
DENER-HTN study, the severity of hypertensive disease
was less pronounced and baseline BP lower than in the
Symplicity HTN-2 study population, thereby explaining the
differences in BP reduction to some extent. Of note, long-
term durability of the BP-lowering effect up to 36 months
has been found in Symplicity HTN-1 and Symplicity HTN-2
trial [16].

First-generation sham-controlled randomized
trials
The Symplicity HTN-3 study included a larger population
(N¼ 535), with ambulatory BP as secondary endpoint, and
was sham-controlled, thereby addressing many of the
shortcomings of earlier observational or open trials [17].
The study failed to prove any significant reduction in office
BP (primary endpoint) aswell as in ambulatory BP 6months
after RDN with the Symplicity catheter compared with the
sham procedure in the population of treatment-resistant
HTN included in the trial. In the aftermath, several con-
founders were identified that precluded to find any BP-
lowering effect of RDN even though the study was sham-
controlled. The most important confounders were uncon-
trolled changes in the ongoing antihypertensive treatment
and nonadherence in the run-in and treatment phase,
heterogeneity of included patients, large number of (par-
tially inexperienced) interventionalists (and 34% of oper-
ators carried out only one single procedure), and, most
important, the majority of patients (N¼ 253) did not receive
a circumferential, four-quadrant renal nerve ablation as
required by the protocol [18]. Actually, only 19 out of
340 patients randomized to the RDN intervention had a
full four-quadrant ablation at both sides. In face of these
confounders, the results of Symplicity HTN-3 with respect
to BP efficacy cannot be interpreted reliably. The only clear
message that can be taken from this trial is that no safety
signal related to the procedure emerged.

Subsequent sham-controlled RCTs included smaller
patient cohorts and showed that RDN is at least equally
effective to intensive pharmacotherapy in lowering BP in
patients with true resistant HTN with less side effects in the

RDN than spironolactone group [19,20]. Two other RCTs,
also sham-controlled (single-center studies), revealed a BP-
lowering effect with RDN, but they also underlined the
necessity to carefully monitor technical success during the
intervention and uncontrolled drug intake [21,22]. In the
second European Clinical Consensus Conference for
device-based therapies for HTN, recommendations were
made for the next generation of sham-controlled RCTs. The
use of new devices and dedicated treatment recommenda-
tions are mandated, that is four quadrant ablation at each
renal side circumferential. Furthermore, only experienced
interventionalists from experienced centers should carry
out the procedure, in the absence of any medication, to
assess the ‘true’ BP reduction of RDN. Witnessed intake of
medication (if applicable) and/or analysis of medication
adherence in each patient should be introduced in the
study, and it is recommended that the efficacy is assured
by 24-h ambulatory BP monitoring [23].

Second-generation sham-controlled
randomized trials
In the last 9 months, the results of three new RCTs using
new radiofrequency or ultrasound based RDN catheters
and including different populations of patients have been
reported and will be discussed in detail [2].

Study designs
The Radiance HTN-Solo (ultrasound-based RDN) and the
Spyral HTN-OFF MED, and the Spyral HTN-ON MED
(radiofrequency-based RDN) trials followed a sham-con-
trolled design. The effectiveness endpoints were the
change in daytime ambulatory SBP at 2 months in the
RADIANCE HTN-Solo study and the change in 24-h ambu-
latory BP at 3 months (OFF-MED) and 6 months (ON-
MED) in the Spyral studies. Patients were to remain off
antihypertensive medications throughout follow-up
unless prespecified BP criteria were exceeded in the
Radiance HTN-SOLO- and SPYRAL-OFF MED trials,
whereas in the SPYRAL-HTN ON MED trial, patients were
to remain on their baseline medications throughout fol-
low-up unless specified BP criteria were exceeded. The
two proof-of-concept Spyral HTN studies reported their
results at a third interim analysis when 80 patients were
included, and the Radiance HTN-Solo trial randomized a
total of 146 patients. Formally, only the Radiance HTN-
Solo trial was powered to detect a difference of 6mmHg
(SD 12mmHg) in daytime ambulatory SBP between the
RDN and the sham group. The SPYRAL trials were proof-
of-concept trials that minimized exposure of patients to an
interventional procedure but with the potential to estab-
lish sufficient evidence to justify moving to a larger,
powered trial thus there were no powered endpoints.
All these sham-designed RCT 2.0 followed rigorous
recruitment and selection criteria, run-in phase as well
as follow-up phase of 2 months (Radiance HTN-Solo), 3
months (SPYRAL HTN-OFF MED) and 3 and 6 months
(SPYRAL HTN-ON MED), respectively. In the three trials,
both patients and outcome assessors remain blinded to
randomization for 6months at least. In all trials, the follow-
up is extended to 3 years.

Renal denervation
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Study population
In the Radiance HTN-Solo and Spyral HTN-OFF MED trials,
all patients were off any antihypertensive medication for 4
weeks before randomization. Inclusion criteria was office
BP at least 140/90mmHg and more than 150/90mmHg,
respectively, and ambulatory BP at least 135/85mmHg
(daytime) and more than 140mmHg systolic (24-h aver-
age), respectively, after 4-week discontinuation of antihy-
pertensive medications. In addition, patients should have a
suitable renal artery anatomy and a low cardiovascular risk
profile, and an estimated glomerular filtration rate (eGFR)
of more than 40ml/min per 1.73m2 (SOLO) or more than
45ml/min per 1.73m2 (OFF-MED). In contrast, Spyral HTN-
ON MED included patients with the same BP criteria as in
Spyral HTN-OFF MED, but concomitant treatment with 1-3
antihypertensive medications was allowed (on average 2.2
medications). Isolated systolic HTN was an exclusion crite-
rion in all three trials. Prior to randomization, baseline BP
was lower in Radiance HTN-Solo (office BP� 154/
99mmHg and 24-h BP� 144/88mmHg) compared with
the Spyral HTN-OFF MED (office BP� 162/100mmHg
and 24-h BP� 152/99mmHg) and Spyral HTN-ON MED
(office BP� 164/101mmHg and 24-h BP� 151/97mmHg),
respectively. Thus, driven by request of the FDA and
investigator consortiums to analyze the true BP-lowering
capacity of RDN in drug-naive patients, we have now two
studies available fulfilling these criteria and a third study
that analyzed the BP effects on top of 1–3 antihypertensive
medications (the Radiance HTN-TRIO study with three
antihypertensive medications is still ongoing).

Procedural details
The catheter used for renal nerve ablation differed between
the trials. The Radiance-HTN trial used a low pressure
water-filled cooling balloon catheter that delivers ultra-
sound energy to thermally ablate the renal sympathetic
nerves (Paradise Renal Denervation System; ReCor Medical,
Palo Alto, California, USA). It is placed percutaneously
within the main renal arteries before the first bifurcation
and achieves a circumferential ring of ablation at a depth of
1–6mm from the vessel lumen in animal models. The mean
total number of ablations was 5.4 in Radiance-HTN Solo.
The Spyral multielectrode catheter (Medtronic, Galway,
Ireland) is an over-the-wire system that uses radiofre-
quency-energy and is designed to target the main distal
and branch renal arteries. The mean total number of abla-
tions was more than 45 in both Spyral studies.

Findings
Ambulatory BP: In the Spyral HTN-OFF MED trial, 24-h
ambulatory BP was reduced by 5.5/4.8mmHg in the RDN
group and 0.5/0.4mmHg in the sham group after 3-month
follow-up. The corresponding numbers in the Radiance-
HTN SOLO trial for daytime ambulatory BP after 2-month
follow-up were 8.5/5.1mmHg in the RDN and 2.2/
2.6mmHg in the sham group and for 24-h ambulatory
BP were 7.0/4.4mmHg in the RDN and 3.1/3.0mmHg in
the sham group. The mean baseline-adjusted difference
(primary objective) in ambulatory BP (intention to treat
population) between the RDN and the sham groups was
�4.6/�4.3mmHg for 24-h ambulatory BP (P¼ 0.0528/

P¼ 0.0028) in the Spyral HTN-OFF MED trial and �6.3/
�2.6mmHg for daytime ambulatory BP (P¼ 0.0001/0.01)
and �4.1/�1.8mmHg for 24-h ambulatory BP (P¼ 0.006/
0.07) in the Radiance-HTN SOLO trial (Fig. 1a and b). The
Radiance-HTN SOLO study reported that the BP-lowering
effect of RDN was consistent across age, sex, ethnicity,
geography and baseline BP, and independent of the num-
ber of ablations. In the Spyral HTN-ON MED, 24-h ambula-
tory BP was reduced in the RDN group by �4.8/
�4.3mmHg after 3 months and �9.0/�6.0mmHg after 6
months, compared with changes of �0.2/�0.6mmHg and
�1.6/�1.9mmHg in the sham group, respectively. The
mean difference in 24-h ambulatory BP in the Spyral
HTN-ON MED (6 months FU) was �7.0/�4.3mmHg
(P¼ 0.0059/0.0174).

Office BP: The mean baseline-adjusted differences in
office BP between the RDN and the sham group were�6.5/
�4.1mmHg (P¼ 0.007/0.005), in Radiance-HTN Solo,
�7.1/�5.0mmHg (P¼ 0.0212/0.0076) in Spyral HTN-OFF
MED and �6.6/�4.2mmHg (P¼ 0.0250/0.0190) in the Spy-
ral HTN-ON MED.

Even though these trials were not head-to-head compar-
ative trials, the consistency of their BP and safety results vs.
a sham procedure across various populations of hyperten-
sive patients with various baseline BP and two different
catheters allows to make the following statements: First, the
primary objective measure, differences in ambulatory BP
(daytime and 24-h) were quite similar between the three
trials and between the techniques. Second, office BP reduc-
tion in the actively treated group (RDN group) was approx-
imately 10/5 mmHg decrease, irrespective of the trial. This
includes the true RDN treatment and the sham effect, but
from a patient perspective the overall achieved reduction in
BP is the one that counts for the reduction in cardiovascular
complications. Third, the sham subtracted reduction in
ambulatory BP provides the clear message that RDN is
effective in lowering BP in hypertensive patients without
or with concomittant antihypertensive medication. Fourth,
the biological proof that RDN is effective in humans and is
now documented in three sham-controlled RCTs. Fifth, the
pathophysiological contribution of the renal efferent and
afferent nerves, mainly of sympathetic origin, in the main-
tenance of the BP level of patients with HTN is fully
confirmed.

The similarity in the average BP decrease achieved in all
these three trials using different methods and number of
renal nerve ablations, suggests that first, there is a thresh-
old number of ablations above which a plateau of the
maximal effect is reached similarly to what is observed
with antihypertensive drugs for which a flat dose response
curve on BP is usually observed; second, the average
decrease in BP which can be achieved with RDN in
hypertensive patients is on average between 6 and
8mmHg in systolic ambulatory BP, indicating that the
contribution of the renal sympathetic nervous system to
the pathophysiological BP level in the hypertensive
patients included in these trial is about this magnitude.
Of note, there were individual patients with a much larger
response to the procedure. Indeed, endovascular RDN
only targets one of themany regulatory systems implicated
in BP regulation. Significantly, this BP decrease is

Schmieder et al.
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consistent with the average BP decrease reported with
antihypertensive drugs targeting only one other system
implicated in BP regulation, including RAS blockers, CCB,
beta-blockers, diuretics etc. It should also be noted that
the average BP decrease achievedwith RDN (but also with
antihypertensive drugs) masks the very large inter-indi-
vidual variability in the BP response to any of these

therapies to decrease BP. Laragh et al. [24] in his seminal
article in HTN suggested that ‘ individual response pat-
terns to drugs reveal HTN mechanisms and may simplify
treatment’. We can add now that that individual response
patterns to renal denervation may also reveal HTN mech-
anisms in these individuals and thus simplify treatment
for them.
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FIGURE 1 (a) Change in ambulatory blood pressure in RADIANCE SOLO, SPYRAL HTN OFF MED and SPYRAL HTN ON MED (baseline adjusted differences of blood pressure
between the renal denervation and sham group are given). (b): Change in office blood pressure in RADIANCE SOLO, SPYRAL HTN OFF MED and SPYRAL HTN ON MED
(baseline adjusted differences of blood pressure between the renal denervation and Sham group are given).
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Adherence to protocol and to treatment
In the Radiance-HTN Solo trial, there was no drug-moni-
toring testing in serum or urine for assessing strict protocol
adherence (i.e. patients should remain off antihypertensive
medications throughout the 2-month follow-up). In the
Spyral HTN-OFF MED trial over 90% of the patients had
no evidence of antihypertensive medication use at baseline
as well as at 3 month follow-up assessed by drug monitor-
ing. In contrast, medication adherence remained a major
challenge in the Spyral HTN-ON Med trial. Indeed, 66% of
the patients in the RDN group and 60% in the sham group
only had full adherence to the ongoing antihypertensive
treatment as assessed by drug monitoring, this proportion
changed to 53 and 57%, respectively, at 3 months and 62
and 64%, respectively, at 6 months. In addition, nonpre-
scribed antihypertensive medication was detected in 10–
15% of the patient at each time point. Nevertheless, separate
sensitivity analyses revealed that adherence was not a
determinant of the BP response and thereby did not jeop-
ardize the study results, a finding that has been also
observed in the DENER-HTN trial [3,4,25].

Safety
The safety profile of these two new catheters against a sham
procedure was excellent. Beyond few femoral access
hematoma not necessitating blood transfusions, no major
adverse events occurred in the three trials in the short term
from 30 days to 6 months postprocedure. There was no
report of acute renal failure, renal artery dissection or
perforation. eGFR remained stable throughout follow-up
in the three studies. Longer follow-up with larger numbers
of patients undergoing RDN will be necessary to provide
evidence of safety and to exclude rare adverse events.

Clinical relevance of the observed blood
pressure reduction in sham-designed
randomized trials of second generation
So far, no prospective RCT has been published or is under
way that analyzes the BP-lowering effect with bilateral RDN
on cardiovascular, cerebrovascular and renal endpoints
and total mortality. However, the clinical meaning of the
observed BP reduction with RDN observed in the three
sham-designed RCTs 2.0 can be estimated in the light of
meta-analyses and RCTs that reported the cardiovascular
benefit after BP reduction with oral antihypertensive med-
ications. First, in the largest meta-analysis comprising
613 815 patients from 123 studies, reduction of office BP
by 10mmHg was associated with the reduction of cardio-
vascular events by 20%, overall mortality by 13%, coronary
artery disease by 17%, strokes by 27% and heart failure by
28%, respectively [26]. Second, in a meta-analysis of 147
randomized trials comprising 464.000 patients a reduction
in 10mmHg systolic and 5mmHg diastolic office BP was
related to a decrease of coronary heart disease and stroke
events by roughly 22 and 41%, respectively, depending on
the age of the patient [27]. Third, in the HOPE-3 study,
patients with baseline office BP more than 143.5mmHg
(mean 154mmHg) had a reduction of BP by �5.8/
�3.0mmHg (due to pharmacologic therapy) associated
with a 28% lower incidence of cardiovascular events

compared with the placebo group [28]. In conclusion,
although not definitely proven by a prospective outcome
trial, we can expect that the 10-mmHg decrease in office BP
achieved in RDN trials, if maintained long term, would be
associated with a reduction in cardiovascular events by
roughly 25% (in particular with respect to heart failure
and stroke).

On the other hand, we have to precisely evaluate the
safety of RDN. So far, in the sham-controlled RCTs of first
and second generation, no safety signal has emerged [2].
This is confirmed by the safety data from Symplicity HTN-3
with 340 interventions [17]; however, in this trial, ablation of
branch arteries was not mandated. Nevertheless, safety
concerns with respect to long-term safety issues (develop-
ment of renal artery stenosis), consequences of RDN in
clinical conditions in which high-sympathetic activity might
be desirable [3,4,29] needs to be captured and balanced
against the benefits of RDN.

LIMITATIONS OF THE RANDOMIZED

TRIALS OF SECOND GENERATION

(1) The three trials were short-term studies, of which
two were proof-of-concept studies as part of the
SPYRAL program. Continued follow-up and addi-
tional studies will be important to evaluate the
durability, safety and long-term clinical impact of
RDN in patients with various forms of HTN.

(2) None of the trials used a physiologic test to confirm
that successful and complete renal ablation was
achieved. However, there is no simple and repro-
ducible method available, at least currently to assess
this procedural endpoint.

(3) There was a substantial heterogeneity of the BP-
lowering responses to RDN as well as to the sham
procedure in the three trials.

Therefore, despite these promising new results which
open widely again the field of RDN, we agree with the
current recommendations of the European Guidelines 2018
that ‘device based therapies are not recommended for
routine use in the treatment of HTN at least at the current
moment’ [5]. However, we recommend to conduct RDN in
the framework of ‘clinical studies and sham-controlled RCT
(to) further provide safety and efficacy in larger set of
patients’ [5]. So far the number of patients included in
the trials is small, the follow-up duration short and several
important questions remain unanswered.

NOT YETANSWEREDQUESTIONS

Question 1: Which technology has the best benefit/risk
ratio in terms of BP lowering and cardiovascular events
prevention? At the moment, RDN is performed with radio-
frequency energy, ultrasound energy and by application of
neurotoxic agents, such as alcohol. It remains uncertain
whether energy delivery not only in the main arteries but
also in the branches is necessary (as in HTN-ON-MED and
HTN-OFF-MED) or circumferential ablation in the main
artery is sufficient (as in Radiance-HTN Solo) [2–4]. The
used technologies may also differ in the ability of nerve
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fibers to regenerate. So far, there is no clear evidence that
any kind of nerve regeneration, although histologically
observed, leads to physiological important effects. But
observational follow-up duration is clearly limited.

Question 2: Another unsolved question is to identify
those patients who respond most to RDN. Not surprisingly,
in all studies, baseline BP has been identified as the major
determinant of BP response, but this refers to the biological
law that a high pretreatment value translates in a larger
response [30]. More intriguing is the fact that patients with
advanced arterial stiffness as indicated by aortic calcifica-
tion [31], increased central and brachial pulse pressure or
isolated systolic HTN showed an attenuated BP response
after RDN [32,33]. This would exclude a majority of patients
above 60 years that may suitable candidates for RDN. Other
clinically important determinants of RDN have not yet been
identified consistently through all studies. This underlines
the necessity to identify biomarkers aiming to detect both
the more RDN-responsive and sham-responsive patients
prior the RDN. More treated patients are thus needed to
understand which groups of patients might derive greater
or lesser benefit.

Question 3: The target population for RDN may shift
from severe resistant hypertensive patients (in whom RDN
was the final treatment option) to patients with uncon-
trolled HTN (those without extensive cardiovascular or
renal complications). In this case, this will require an
intensive discussion with the patient, provision of unbiased
information on potential benefits and risks and needs to
take the patient’s preference into account. In a survey of
patients’ perspective, it was found that 8.2% of responders
would give up 2 years of their lives to avoid taking addi-
tional medications [34]. Likewise, in a patients’ preference
survey comprising more than 1000 patients in Germany,
roughly 25% would opt for a single medical procedure,
such as RDN, instead of taking more drugs. Thus patients’
perspective emerges as an important determinant of treat-
ment approaches in HTN in 2018 and beyond [35].

Question 4: Finally, as afferent and efferent renal nerves
play also a crucial role in cardiovascular, metabolic and
renal diseases beyond HTN, RDN may offer a new inter-
ventional treatment option for various conditions (conges-
tive heart failure, atrial fibrillation, ventricular arrhythmias,
chronic renal failure, obstructive sleep apnea, diabetes. . .).
So far, the research activities in the field are characterized by
proof of concept and pathogenetically orientated studies,
but sham-designed RCTs are on the horizon.

No doubt, these positive results of the three sham RCT
2.0 will trigger the development of larger trials in HTN
(sham-controlled RCTs 3.0), and open up the field for
studies beyond HTN. We have interesting times ahead.
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