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Hypertension is the most powerful risk factor of cardio-
vascular disease [1], and antihypertensive treatment sig-
nificantly reduces the rate of atherosclerotic cardiovascular
events and heart failure in patients with hypertension [2–4].
There are evidence of experiment studies which support the
renal denervation (RDN) is effective to reduce sympathetic
activity and blood pressure (BP) [5]. Recently, evidence
from several sham-controlled clinical trials of RDN in
patients with hypertension with and without medication has
been published [6–8]. The majority of these trials showed a
significant reduction in BP after RDN, regardless of the
device used. In this issue of Hypertension Research, long-
term follow-up results from a real-world registry, Global
SYMPLICITY Registry (GSR) Korea, have been published
[9]. In addition, the meta-analysis and systematic review of
recent sham-controlled clinical trials [10], including
REQUIRE [11] and RADIANCE Trio [12] and the result of
patient preference survey in Japan [13] have been released
in this issue. Here, we discuss the clinical implication and
perspectives of a RDN-based hypertension management
strategy in Asia.

Asian characteristics

There are several important Asian characteristics of hyper-
tension and its impact on cardiovascular disease [14, 15]. In
Asians, the slope of the association between increasing BP
and the risk of cardiovascular events is steeper than in

Westerners [16]. Masked uncontrolled hypertension,
defined as controlled office BP but uncontrolled home or
ambulatory BP, occurs in 25% or more of medicated
patients with hypertension [17]. Masked uncontrolled
hypertension includes morning and nocturnal uncontrolled
hypertension and is more frequent (≈50%) in Asian popu-
lations [18], due at least in part to higher salt intake and
higher salt sensitivity [14, 15]. These hypertension pheno-
types defined using out-of-office BP are associated with
increased risk of stroke, myocardial infarction, and heart
failure [17]. These data support recommendations that out-
of-office BP measurements should be used to guide the
management of hypertension [2, 19].

The Asia Renal Denervation Consortium

The Asia Renal Denervation Consortium (ARDeC) con-
sensus conference was recently convened to share up-to-
date information and regional perspectives on the scientific
evidence for renal denervation, and recently released the
consensus statement and perspectives on RDN in Asia [20].
The goal of the consortium was to achieve consensus
recommendations on RDN that might help inform health-
care professionals in Asia. There is a good body of evidence
on which such recommendations can be based, as sum-
marized below.

Symplicity HTN-J

Was the first prospective randomized study to focus specifically
on Asian patients with resistant hypertension [21, 22]. Differ-
ences in systolic BP (SBP) reductions from baseline after RDN
of only the main renal artery using a first-generation radio-
frequency catheter were not significantly different from those
seen in the control group (who were receiving standard phar-
macotherapy). Three-year follow-up data showed significant
and marked reductions in office BP in patients treated with
RDN, without significant procedural complications [22].
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The lack of difference in BP reductions between the RDN
and control groups in the primary analysis may have
reflected a lack of statistical power due to early dis-
continuation of the trial. However, the magnitude of 24-h
SBP reductions after RDN were similar to those achieved in
the subsequent sham-controlled SPYRAL HTN OFF-MED,
SPYRAL HTN ON-MED, and RADIANCE-HTN SOLO
trials that utilized newer RDN system technology. Although
patients from Japan were included in both SPYRAL HTN
trials [7, 8], the numbers were too small to evaluate any
ethnic differences in the BP-lowering effect of RDN.

Data from the SYMPLICITY HTN-J study showed that
reductions in ambulatory BP after RDN occurred con-
sistently over the 24-h period, including at nighttime and in
the morning. Given that nighttime and early morning
hypertension are associated with increased cardiovascular
risk independent of office BP in Asian patients with
hypertension [23–25], the clinical implications of RDN
therapy could be important in Asian countries.

Global SYMPLICITY Registry Korea

Evidence for a greater effect of RDN on long-term SBP
reductions in Asians versus Caucasians came from Global
SYMPLICITY Registry (GSR) Korea 3-year follow-up.
The overall GSR has enrolled over 2700 real-world patients
and more than 2300 of these have now been followed for 3
years [26]. Data show that RDN was safe and was asso-
ciated with significant reductions in office and 24-h BP up
to 3 years of follow-up in multiple high-risk subpopulations
including the elderly, and patients with diabetes mellitus,
chronic kidney disease, isolated systolic hypertension, and
arrhythmias [26]. Analysis of data from the GSR Korea

Registry showed that changes in office SBP from baseline
to 6 months were similar in Koreans compared with Cau-
casians (−19.4 ± 17.2 vs −20.9 ± 21.4 mmHg), but at the
12-month follow-up, SBP reductions were significantly
greater in Koreans versus Caucasians (−27.2 ± 18.1 vs
−20.1 ± 23.9 mmHg; p= 0.004) [27]. Data in this issue
from the GSR Korea 3-year follow-up confirmed these
differences [9].

Global SYMPLICITY Registry Taiwan

Another Asia-specific analysis of the GSR included patients
enrolled from Taiwan (n= 26, mean age 59.1 ± 13.8 years,
baseline office SBP 168.2 ± 19.8mmHg, 8 treated with the
Symplicity Flex catheter and 18 with the Symplicity Spyral
catheter) [28]. Sustained reductions in office SBP were docu-
mented after RDN, for up to 3 years in the Symplicity Flex
group and up to 2 years in the Symplicity Spyral group. In the
Symplicity Flex group, office SBP reductions at 3 months and
3 years were 14.9 ± 14.7 and 29.7 ± 25.9mmHg, respectively
(both p < 0.05 vs baseline). Corresponding reductions in the
Symplicity Spyral group were 21.2 ± 28.7 and 42.4 ± 10.7
mmHg, respectively (both p < 0.05 vs baseline). Again, data
suggest that RDN is a promising strategy for the management
of hypertension in Asia.

Comparative data

Figure 1 summarizes changes from baseline in office and
ambulatory SBP at 1 year after RDN in Asian patients with
hypertension enrolled in the SYMPLICITY HTN-J study plus
GSR Korea, Taiwan, Hong Kong, Malaysia, Singapore and
Thailand, compared to other patients with hypertension

225    1921         218     1834
167     165          166      165

225    1915         218     1831
91        90           91        90

55     1170          49      1055
153      153         155      153

Fig. 1 Office blood pressure changes at 6- and 12-month follow-up in Asian versus Caucasian populations
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enrolled in the GSR. At 6 months after RDN, reductions in
office and 24-h ambulatory SBP were comparable between the
Asian and non-Asian patients. In contrast, reductions in office
SBP at 12 months, and office diastolic BP at 6 and 12 months,
were significantly greater in Asian versus non-Asian patients.
In the SYMPLICITY HTN-J and GSR-Korea studies, office
SBP decreased gradually over time, reaching stable reductions
of 25–30mmHg compared with baseline. In contrast, the final
reduction in office SBP achieved in the overall GSR was
almost 15mmHg, which is nearly half that seen in Asian
patients, and maximum reductions were achieved by the
6-month follow-up with little change thereafter. Thus, based on
the available data, the BP-lowering effects of RDN in Asian
patients with salt-sensitive hypertension appear to be at least
comparable to, or possibly greater than, those in patients with
hypertension from other ethnic groups. However, additional
prospective, controlled studies are needed to further evaluate
and confirm differences in the BP-lowering effects of RDN in
patients of Asian versus other ethnicity.

RDN for “perfect” blood pressure control

A key feature of the BP-lowering effects of RDN is that BP
is reduced throughout the 24-h period, including nighttime
and in the morning [29, 30]. Most currently available
antihypertensive medication is taken once daily in the
morning. However, this is associated with a risk of weak-
ening BP-lowering effects during nighttime and in the early
morning prior to the next drug dose [31]. In contrast,
available clinical trial data indicate that RDN effectively
lowers 24-h BP, including both nighttime and morning BP,
in patients with hypertension both in the presence and
absence of antihypertensive medication [29, 30]. Morning
hypertension and exaggerated morning BP surge are
important and recognized risk for atherosclerotic cardio-
vascular disease, [31–34] and uncontrolled nocturnal
hypertension is associated with residual cardiovascular
event risk including heart failure [31, 35–38]. For example,
in the recent Japan Ambulatory Blood Pressure Monitoring
Prospective study, elevated nighttime BP was a significant
independent risk factor for cardiovascular events (especially
heart failure), and higher nighttime versus daytime BP
(“riser” pattern) was associated with residual risk for heart
failure even in patients with well-controlled hypertension
[38]. Thus, it would seem reasonable to recommend RDN in
addition to antihypertensive dosage adjustment.

Hypertension management strategy

The ultimate goal when treating hypertension is to suppress the
vicious cycle of elevated BP and organ damage and prevent

cardiovascular and/or age-related disease [39]. We suggest that
RDN should be considered as part of an overall hypertension
management strategy, in combination with lifestyle modifica-
tion and medication. The approach taken might differ slightly
depending on the patient profile and cardiovascular diseases
targeted (e.g. heart failure, atrial fibrillation, and chronic kidney
disease) (Fig. 2). RDN may have a role in preventing the
development of hypertensive heart disease due to its beneficial
effects on cardiac hypertrophy and diastolic dysfunction [40],
and could also prevent atrial fibrillation [41]. Based on these
effects, RDN has potential for the prevention of heart failure
with preserved ejection fraction.
There are a number of newer agents for the treatment of
hypertension and/or heart failure that reduce circulating
blood volume and lower 24-h BP (especially nighttime
BP). These include highly selective non-steroidal miner-
alocorticoid receptor blockers, angiotensin receptor
neprilysin inhibitors (ARNI) and sodium-glucose
cotransporter 2 inhibitors (SGLT2i). The sympatholytic
activity of RDN decreases levels of both neprilysin and
sodium-glucose cotransporter 2 [42, 43], meaning that
RDN could potentially improve the efficacy of ARNI and
SGLT2i.

Another new approach for hypertension management is the
incorporation of digital therapeutics, which facilitate the uptake
and effectiveness of non-pharmacological lifestyle interven-
tions (e.g. reducing salt and alcohol intake, body weight and
stress) [44]. Patients may have a preference for different stra-
tegies, or combination of strategies, including medication,
RDN and/or digital therapeutics. In the future, as part of a
shared patient-physician decision process, patient preference
can be considered to develop a management approach that best
meets the patient’s needs and might therefore increase their
adherence to therapy.

Fig. 2 Different new therapeutic approaches for hypertensive heart
disease. MRB mineralcorticoid blocker, SGLT2i sodium-glucose
cotransporter 2 inhibitor, ARNI angiotensin receptor neprilysin inhi-
bitor, BP blood pressure, LV left ventricular
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Conclusion and perspectives

Uncontrolled morning hypertension and residual nocturnal
hypertension despite antihypertensive pharmacotherapy are
promising targets for the use of RDN in Asia. Cardiovas-
cular diseases, including congestive heart failure, chronic
kidney disease and atrial and ventricular arrhythmias, plus
obstructive sleep apnea [45], are all associated with
hypertension and sympathetic hyperactivity, and might
therefore benefit from RDN-associated reductions in BP and
circulating volume; a direct effect on sympatholytic activity
on target organs is also possible.
A practical population for RDN treatment could include
those of Asian ethnicity who have uncontrolled hyperten-
sion, including resistant hypertension. Inclusion of RDN in
the overall hypertension management strategy has the
potential to reduce the future rate and impact of hyperten-
sive heart disease in Asia.
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