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Sympathetic overactivity, an essential mechanism of hypertension, in driving sustained hypertension derives mostly
from its effects on renal function. Percutaneous renal denervation (RDN) is designed to disrupt renal afferent and
efferent sympathetic nerves to achieve sustained blood pressure (BP) reduction. Since 2017 onward, all three
proof-of-concept, sham-controlled RDN trials demonstrated that RDN achieved consistent and clinically meaningful
BP reductions [approximately 10 mmHg in office systolic BP (SBP) and 6-9 mmHg in 24-hour SBP] compared to
sham operation in patients with mild to moderate or uncontrolled hypertension. There were no serious adverse
events. The registry data in Taiwan showed similar 24-hour BP reductions at 12 months following RDN. The Task
Force considers RDN as a legitimate alternative antihypertensive strategy and recommends 1) RDN should be
performed in the context of registry and clinical studies (Class I, Level C) and 2) RDN should not be performed
routinely, without detailed evaluation of various causes of secondary hypertension and renal artery anatomy
(Class Ill, Level C). RDN could be performed in patients who fulfill either of the following BP criteria: 1) office BP >
150/90 mmHg and daytime ambulatory SBP > 135 mmHg or diastolic BP (DBP) > 85 mmHg, irrespective of use of
antihypertensive agents (Class lla, Level B), or 2) 24-hour ambulatory SBP > 140 mmHg and DBP > 80 mmHg,
irrespective of use of antihypertensive agents (Class lla, Level B), with eligible renal artery anatomy and estimated
glomerular filtration rate > 45 mL/min/1.73 mZ. Five subgroups of hypertensive patients are deemed preferred
candidates for RDN and dubbed “RDN i2”: Resistant hypertension, patients with hypertension-mediated organ
Damage, Non-adherent to antihypertensive medications, intolerant to antihypertensive medications, and patients
with secondary (2ndary) causes being treated for >3 months but BP still uncontrolled. The Task Force recommends
assessment of three aspects, dubbed “RAS” (R for renal, A for ambulatory, S for secondary), beforehand to ascertain
whether RDN could be performed appropriately: 1) Renal artery anatomy eligibility assessed by computed tomography
or magnetic resonance renal angiography if not contraindicated, 2) genuine uncontrolled BP confirmed by 24-hour
Ambulatory BP monitoring, and 3) Secondary hypertension identified and properly treated. After the procedure,
24-hour ambulatory BP monitoring, together with the dose and dosing interval of all BP-lowering drugs, should be
obtained 6 months following RDN. Computed tomography or magnetic resonance renal angiography should be
obtained 12 months following RDN, given that renal artery stenosis might not be clinically evident.
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1. INTRODUCTION

1.1 Hypertension control and renal denervation

Hypertension is the most important preventable
cause of cardiovascular disease and all-cause mortality
worldwide.! A plethora of epidemiological studies and
pharmacological intervention trials have demonstrated
that lower blood pressures (BP) (down to the level of <
120/80 mmHg of office BP) are associated with lower
premature morbidity and mortality.”” There are numer-
ous effective and well-tolerated lifestyle interventions
and drugs that can achieve clinically meaningful BP re-
ductions. Nevertheless, the nationwide BP control rates
remain poor worldwide and were around 30-40% in Tai-
wan.” Just like many other chronic diseases, the unsatis-
factory nationwide control rates of hypertension are as-
cribed to 1) unawareness of the disease, 2) inadequacy
of current therapeutic strategies, and 3) poor lifestyle/
medication adherence. Based on the National Reim-
bursement Claims Database in Taiwan from 2001 to
2007, the medication adherence, defined as having me-
dications refilled for > 80% of days in the year after
initiation of antihypertensive treatment, was only 18.6%.°
Although the reasons for non-adherence are multifac-
torial, the experience (adverse events or fear of future
adverse events due to antihypertensive medications)
and expectations (wishing not dependent on life-long
medical therapy) of hypertensive patients are essential
and should be taken into account through shared deci-
sion making between patients and healthcare profes-
sionals.” Instead, the quest for a short-term and safe
treatment strategy that can achieve long-term BP reduc-
tions is genuine, thus setting the stage for device-based
renal artery denervation (RDN) therapy as an alternative
or complementary BP-lowering strategy.

Sympathetic overactivity, sodium/volume overload,
and activation of the renin-angiotensin system have
long been recognized as the three fundamental patho-
genic mechanisms of essential hypertension.® Numerous
studies have shown that sympathetic activities are higher
in hypertensive than in normotensive populations. Many
believe that the effects of sympathetic overactivity in
driving sustained hypertension derive from its effects on
renal function, whereas sympathetic effects on systemic
hemodynamics are responsible largely for transient BP
elevation.’ Percutaneous RDN is thus designed to dis-
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rupt renal afferent and efferent sympathetic nerves,
which modulate central sympathetic outflow and renal
physiology, to achieve sustained BP reduction. Before
the advent of antihypertensive medications, surgeons in
the 1950s performed thoracolumbar sympathectomy
for severe and malignant hypertension, in which renal
sympathetic denervation was achieved inadvertently.
This treatment strategy not only reduced BP, but also re-
duced mortality dramatically.’® Since 2009, percutane-
ous RDN via radiofrequency ablation of renal arteries
had been shown to be effective in reducing office BP in
patients with resistant hypertension in mostly open-
label, single-arm studies.™** A serious setback occurred
in 2014 with the publication of SYMPLICITY HTN-3 study
which showed that RDN was no more effective than a
sham procedure.”® Despite a number of shortcomings in
SYMPLICITY HTN-3,™ this study triggered the evolution
of RDN in almost every aspect, from study design to ab-
lation strategies.

From 2017 onwards, three carefully designed, ran-
domized sham-controlled RDN trials (SPYRAL HTN-OFF
MED, SPYRAL HTN-ON MED, and RADIANCE-HTN SOLO),
with blood and urine sampling to ensure adherence
with “on drug” or “off drug” designs (except RADIANCE-
HTN SOLO), ambulatory BP as the primary endpoint, and
next-generation catheters capable of four-quadrant en-
ergy delivery, have been published.”® All three trials
showed similar and clinically meaningful BP reductions
[approximately 10 mmHg in office systolic BP (SBP) and
6-9 mmHg in 24-hour ambulatory SBP] in patients with
mild or moderate hypertension 2-6 months following
RDN,® irrespective of whether radiofrequency energy
with dedicated branch artery ablation or ultrasound en-
ergy was applied."® Furthermore, there were no serious
adverse events in these three trials. In summary, the
three proof-of-concept studies demonstrated the short-
term efficacy and safety of newer-generation RDN.

It is well recognized by the Task Force that it is not
yet possible to fully understand the long-term durability
and safety of newer-generation RDN, the potential inter-
action with medications, and the generalizability to the
heterogeneous hypertension population. However, it
would not be in the best interest of the public health to
prevent patient access to these devices for these con-
cerns, given the prevalent non-adherence to antihyper-
tensive medications and the unsatisfactory hyperten-
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sion control rates in Taiwan and the rest of the world.”
RDN was approved by the Taiwan Food and Drug Admin-
istration in 2013. Based on all the above information,
the Task Force decided to publish the Consensus State-
ment on Renal Denervation for the Management of Ar-
terial Hypertension to 1) define reasonable indications
and clinical context for performing RDN (Table 1, Figure
1), 2) provide pre- and post-RDN assessment algorithms
(Figure 2), and 3) identify important investigational top-
ics to further refine and reassure RDN.

1.2 Guidelines/focused update/consensus
development

Taiwan Hypertension Guidelines and related works
(Focused Update/Consensus) evaluate and integrate
available evidence with the purpose of assisting health-
care professionals in constructing the best management
strategies for each individual patient. To ensure guide-
lines remain updated, new publications are regularly re-
viewed on a yearly basis. Publication of potentially prac-
tice-changing study results will prompt assessment by
the Task Force to determine whether a focused update
or consensus should be issued if the designated time
(approximately 5-year cycles) for full guideline revisions
is not reached.

Members of this Task Force were jointly selected by
the Taiwan Hypertension Society (THS) and the Hyper-
tension Committee of Taiwan Society of Cardiology (TSOC)
to represent professionals from a broad array of back-
grounds. The class of recommendation (COR) and level
of evidence (LOE) were graded according to predefined
scales as modified from the latest American and Euro-
pean guidelines for the management of arterial hyper-
tension (Tables 2 and 3).** The THS/TSOC Guidelines/
Focused Update/Consensus undergo extensive review
by the Task Force and external experts and are approved
by all Task Force members. The guidelines and related
works were developed independently without any in-
volvement from the industry. The Task Force members’
comprehensive disclosure information is shown at the
end of this Consensus. The THS/TSOC Hypertension
Guidelines/Focused Update/Consensus represent the
official position of the THS and TSOC.

Adherence to guidelines and related works can be
improved by shared decision making between health-
care professionals and patients, with patient engage-

ment in choosing strategies based on individual prefer-
ences, values, and associated conditions. Guidelines and
related works should not override clinical judgement,
which is the right and responsibility of healthcare pro-
fessionals. It is also the responsibility of healthcare pro-
fessionals to verify the rules and regulations applicable
to drugs and devices at the time of prescription.

2. PATHOPHYSIOLOGIC AND ANATOMIC
BACKGROUND FOR RENAL DENERVATION

Consensus statements

e The effects of sympathetic overactivity in driving sus-
tained hypertension derive mostly from its effects on
renal function, whereas sympathetic effects on sys-
temic hemodynamics are responsible for transient BP
elevation.

e The renal sympathetic nerve activity regulates renal
hemodynamics and excretory function in a dose-de-
pendent manner.

e The renal nerves in the distal segments of main renal
artery and branches were closer to the vascular lumen.

e Approximately half of living patients who underwent
thoracolumbar sympathectomy for severe hyperten-
sion had a significant lowering of BP throughout the
5-year follow-up period.

e Extra renal arteries include accessory and polar arteries.

e Any renal artery with a diameter between 3 and 8 mm
should be ablated by radiofrequency energy delivery to
achieve optimal RDN results.

2.1 Experience from thoracolumbar sympathectomy

Although hypertension is a multifactorial disease,
the sympathetic nervous system has been recognized to
play an important role in the pathogenesis of primary
(essential) hypertension and in certain forms of second-
ary hypertension.21 It is generally believed that the ef-
fects of sympathetic overactivity in driving sustained hy-
pertension originate from its effects on various renal
physiologic functions.® Neurosurgeon A. W. Adson at
Mayo Clinic was the first to treat malignant hyperten-
sion by bilateral renal surgical denervation in 1925. Be-
cause such an approach done via renal decapsulation or
resection of tissue along the renal arteries alone had
only a modest and short-lived effect, more radical forms
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Table 2. THS/TSOC classes of recommendations (updated March 2019)

Classes of recommendations

Definition

Suggested phrases

Class | (Benefit >>> Risk)

Class Il

Evidence and/or general agreement that a given treatment of
procedure is beneficial, useful, and effective

e Is recommended
e s indicated
e Should be performed

Conflicting evidence and/or a divergence of opinion about the

usefulness/efficacy of the given treatment or procedure

Class lla (Benefit >/>> Risk)

Class Ilb (Benefit > Risk)

Class IlI (Benefit < Risk)

harmful

Weight of evidence/opinion is in favor of usefulness/efficacy

Usefulness/efficacy is less well established by evidence/opinion

Evidence or general agreement that the given treatment or
procedure is not useful/effective, and in some cases may be

e |s probably recommended
o Should be considered

o Can be performed

e May/might be considered
e May/might be reasonable
e May/might be performed
e |s not recommended

e Is not indicated

o Should not be performed

THS, Taiwan Hypertension Society; TSOC, Taiwan Society of Cardiology.

Table 3. THS/TSOC levels of evidence (updated Mar 2019)

Level A Data derived from multiple (> 2) RCTs, or meta-analyses of high-quality RCTs

Level B Data derived from a single RCT, large non-randomized studies, meta-analyses of moderate-quality RCTs or non-
randomized studies

Level C

expert opinion

Subgroup analyses, post-hoc analyses, retrospective studies, cohort studies, registries, small studies, or consensus of

RCT, randomized controlled trial; THS, Taiwan Hypertension Society; TSOC, Taiwan Society of Cardiology.

of surgical sympathectomy were developed in the 1930s.
Neurosurgeon Max Peet at the University of Michigan
introduced the procedure of thoracolumbar splanch-
nicectomy to remove dorsal ganglia from T9 to T12. If
the anatomy was feasible, T8 and L1/2 ganglia were re-
moved as well. In 1953, Smithwick reported on out-
comes of 1266 cases treated with thoracolumbar sym-
pathectomy (T8/9 through L1/2) for severe hypertension
who had been followed for 5 to 14 years. Overall, the
mortality at 5 years was 19% in the sympathectomy
group and 54% for those treated medically, but at a cost
of significantly increased morbidity, including postural
hypotension, syncope, incontinence, and impotence.10 It
is noteworthy that approximately 45% of living operated
patients had a significant lowering of BP throughout the
5-year follow-up period, while the rest 55% had no change
or an increase in BP. The lessons learned from the his-
torical experience with surgical sympathectomy are im-
portant as contemporary RDN is accomplished in a less
invasive and more focused manner. The procedure of
RDN is designed to attenuate the renal sympathetic ac-

tivity by ablating the peri-arterial adventitial afferent
and efferent sympathetic nerves using various methods
like radiofrequency or ultrasonic energy, or chemical
neurotoxins (ethanol, guanethidine, etc.) through intra-
arterial, trans-urethral/trans-pelvic, or external ap-
proach. Various animal models have shown that selec-
tive RDN prevents or delays the onset of or ameliorates
the magnitude of hypertension.”?

2.2 Renal sympathetic nerves

The efferent sympathetic innervation of kidney arises
from preganglionic neurons in the intermediate-lateral
column of the spinal cord (T10-L2). The postganglionic
fibers from celiac, mesenteric, aorticorenal and splan-
chnic ganglia enter the kidneys, providing a network of
nerve fibers primarily innervating the cortex but ex-
tending into medulla.”®** The renal sympathetic nerve
activity regulates renal hemodynamics and excretory
function in a dose-dependent way. Low levels of renal
sympathetic nerve activity (RSNA) increase renin release
by stimulation of B;-adrenoreceptor on the juxtaglo-

Acta Cardiol Sin 2019;35:199-230
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merular cells.”>?® At slightly higher levels of stimulation,

the increase in renin secretion is accompanied by in-
creased renal tubular sodium reabsorption and decreased
urinary sodium excretion via a.g-adrenoceptor.”’ Higher
levels of RSNA decrease renal blood flow and glomerular
filtration rate via stimulation of OLlA-adrenoceptor.zg'30
Release of renin also promotes activation of the renin-
angiotensin-aldosterone system. This in turn increases
the activity of the sympathetic nervous system through
the release of angiotensin Il, increases sodium and wa-
ter resorption, and induces renal vasoconstriction, thus
resulting in elevation of BP.

Afferent renal nerve fibers are predominantly lo-
cated in the renal pelvis and to a lesser degree in the re-
nal cortex. The afferent signals are transmitted through
dorsal ganglia (T6-L4) to neurons in the ipsilateral poste-
rior gray column of the spinal cord. The afferent fibers
project to the autonomic central nuclei (providing cen-
tral sympathetic output and resulting in increased sym-
pathetic activity in various targets such as vasculature,
heart, and other organs)®** and to the contralateral
kidney (allowing cross-talk between the two kidneys for
regulation of renal hemodynamics).>* Renal afferent
nerve activity is modulated by two types of receptors: 1)
mechanoreceptors, which are activated by changes in
hydrostatic pressure and renal vasculature pressure, and
2) chemoreceptors that are activated by ischemia and
changes in the chemical environment of the renal in-
terstitium.*

Renal sympathetic nerve fibers following the renal
arteries to the kidneys are located predominantly in the
tunica adventitia and outer media of renal arteries.>**’
It has long been believed that the sympathetic nerves
were evenly distributed around the circumference of
the renal artery, similar to “basket-weave plexus” de-
scribed by Page and Heuer in 1935.%**° However, in a
human post-mortem study, Atherton et al. reported a
higher number of nerve bundles in more distal seg-
ments of renal arteries.®” In contrast, another human
study by Sakakura et al.*
et al.*! found fewer nerves surrounded the renal artery
in the distal segments compared with the proximal and
middle segments. Atherton et al. reported 49.3% of the
nerve fibers distributed within 1.0 mm distance from

and a porcine model by Tellez

the lumen and 90.5% within 2.0 mm, while Tellez et al.
found only 45% of nerves within 2.0 mm distance.**

Acta Cardiol Sin 2019;35:199-230

Sakakura et al. reported 50" percentile of the distance
from lumen to nerves was 2.44 mm, whereas the 75t
and 90" percentiles were 4.28 mm and 6.39 mm, re-
spectively.*® Despite the discrepancies, all three studies
showed that nerves in the distal segments of main renal
artery and branches were closer to the vascular lumen.
The most recent detailed anatomical analysis of human
cadavers by Mompeo et al. highlighted several of these
histological findings including the distal convergence of
renal nerve fibers with the main artery, the closer pro-
ximity of renal nerves to the renal arterial lumen in dis-
tal sections, and the similar distribution pattern of renal
nerves with extra renal arteries.”” These observations
support the potential advantages of performing renal
denervation beyond the main bifurcation and also of
achieving ablation in all directions surrounding the ves-
sel. The change in ablation strategy was further sup-
ported by the work of Mahfoud et al., which showed
that combined ablations of main renal artery plus bran-
ches produced the greatest reductions in renal nore-
pinephrine content and cortical axon density compared
with conventional treatment of main renal artery alone.*

2.3 Renal arteries

The renal arteries normally originate from the lat-
eral part of the abdominal aorta at the L1 and L2 levels
immediately below the level of origin of the superior
mesenteric artery.“’45 The orifice of the right renal ar-
tery is located on the anterolateral wall of the aorta and
that of the left in a more dorsolateral location. The right
renal artery is little longer and lies at a higher level than
left renal artery.*® Renal arteries are usually 4-6 cm in
length and 5-7 mm in diameter. In approximately 70% of
individuals, the kidney is supplied by single renal ar-
tery.47 Renal artery variations, ranging between 20 and
30%, are divided into 2 groups: early division (branching
of the main renal arteries into segmental branches more
proximally than the renal hilus level) and extra renal ar-
teries (ERA). ERA include accessory (entering the kid-
neys from the hilus with the main renal artery) and po-
lar arteries (entering the renal parenchyma directly from
the renal cortex away from the hilum).*® Data on the
outcomes of RDN for the accessary renal artery are lim-
ited. Id et al. reported that the efficacy of RDN was less
pronounced in patients with accessory/polar arteries
compared with those without.* Likewise, greater BP re-
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duction was observed in the denervated accessory ar-
tery group compared with the incompletely denervated
accessory group. The most plausible explanation is in-
complete denervation due to inability to ablate all ac-
cessory renal arteries or due to limited catheter manipu-
lation in the typically smaller accessory renal arteries. In
the SPYRAL HTN-OFF and HTN-ON MED studies, the
Spyral multielectrode catheter (Medtronic, Galway, Ire-
land) was used to target all accessible renal arteries, in-
cluding branch arteries and accessory arteries with a di-
ameter greater than 3 mm and less than 8 mm. Based
on the positive results and the lack of major adverse
events in the SPYRAL HTN-OFF and HTN-ON MED stud-
ies, any renal artery with a diameter between 3 and 8
mm should be ablated by radiofrequency energy deliv-
ery to achieve optimal RDN results.

3. CLINICAL RESULTS OF RENAL DENERVATION

Consensus statements

e All three feasibility, proof-of-concept trials using the
new generation RDN devices (SPYRAL HTN-OFF, SPYRAL
HTN-ON, and RADIANCE-HTN SOLO) demonstrated that
RDN, achieved by either radiofrequency or ultrasound
energy delivery, resulted in consistent and clinically
meaningful BP reductions (approximately 10 mmHg in
office SBP and 6-9 mmHg in ambulatory SBP) compared
to sham operation in patients with mild to moderate or
uncontrolled hypertension.

e According to data from registry and clinical studies in
Taiwan, Korea, and Japan, RDN could achieve sustained
and even more pronounced BP reductions at 12 months
in Asian hypertensive patients compared to Caucasians.

e RDN was associated with a < 1% rate of vascular access
site complication and renal artery injury, as well as no
excess risks of renal dysfunction or hypotension. To re-
liably assess new-onset renal artery stenosis following
ablations in the distal segment of main renal artery and
branches, computed tomography (CT) or magnetic re-
sonance (MR) renal angiography should be routinely
performed at 12 months following RDN.

3.1 Trials
The technologies applied in currently published sin-
gle-arm RDN studies include using intra-arterial catheter

to deliver either radiofrequency or ultrasound energy
through the arterial wall, transurethral catheters to ab-
late the renal pelvis, external devices to focus the ultra-
sound energy around the renal artery, or intra-arterial
catheter to deliver neurotoxins in the peri-arterial space
in patients with resistant hypertension. Nevertheless,
only the intra-arterial radiofrequency ablation tech-
nology has been extensively studied in clinical trials
(Table 4). The most seminal trials with radiofrequency
ablation RDN include the SYMPLICITY HTN-1, HTN-2 and
HTN-3 trials. Following the publication of the neutral
SYMPLICITY HTN-3 trial, evolution in every aspect of
RDN from study designs to ablation strategies occurred.
From 2017 onwards, the three so-called RDN 2.0 trials
(SPYRAL HTN-OFF MED, SPYRAL HTN-ON MED, and RA-
DIANCE-HTN SOLO), with sham-control, ambulatory BP
measurements as the endpoint, and blood and urine
sampling to ensure drug adherence (except RADIANCE-
HTN SOLO), published and opened a new chapter for
RDN.

The SYMPLICITY HTN-1 is the first proof-of-concept
single-arm RDN study conducted in Australia and Eu-
rope.” It is an open-label study and enrolled 50 patients
with a mean office BP of 177/101 mmHg and a mean 4.7
antihypertensive medications at baseline. It showed
RDN, by using a unipolar intravascular catheter, achi-
eved significant and sustained office BP reductions of
27/17 mmHg at 12 months. After publication of the ini-
tial 12-month results of RDN, the extended SYMPLICITY
HTN-1 study enrolled 153 patients, with 88 patients hav-
ing complete data at 36 months."” Significant office BP
reductions of 32/14 mmHg were noted at 36 months.
Only one new renal artery stenosis requiring stenting
and three deaths unrelated to RDN occurred.

The SYMPLICITY HTN-2 is the first randomized, par-
allel group, open-label study in patients with resistant
hypertension (SBP > 160 mmHg, or > 150 mmHg if with
type 2 diabetes mellitus) and receiving > 3 antihyper-
tensive medications.™ Exclusion criteria included history
of a prior renal artery intervention, main renal arteries <
4 mm in diameter, or < 20 mm in length and hemody-
namically or anatomically significant renal artery abnor-
malities, and baseline estimated glomerular filtration
rate (eGFR) < 45 mL/min/1.73 m”. 106 (56%) of 190 pa-
tients screened for eligibility were randomly allocated to
RDN (n = 52) or control (n = 54) groups. At 6 months,
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Table 4. Published trials of renal denervation for arterial hypertension in alphabetical order (updated March 2019)

Trials N RDN system

Randomized sham-
controlled trials
RADIANCE-HTN SOLO 146
RADIANCE REINFORCE 51

Paradise™ (ReCor Medical)
Vessix™ (Boston Scientific)

ReSET 69
SYMPLICITY-FLEX 71
SPYRAL HTN-OFF MED 80
SPYRAL HTN-ON MED 80

Symplicity Flex™ (Medtronic)
Symplicity Flex™ (Medtronic)
Symplicity Spyral™ (Medtronic)
Symplicity SpyralTM (Medtronic)

Symplicity HTN-3 535 Symplicity Flex™ (Medtronic)

WAVE IV 81 Surround Sound™ (Kona Medical)

Subtotal 1113

Randomized controlled

trials (no sham control)

DENERHTN* 106 Symplicity Flex™ (Medtronic)

DENERVHTA" 27 Symplicity Flex™ (Medtronic)

INSPIReD 15  EnligHTN™ (St Jude)

PRAGUE 15" 106 Symplicity Flex™ (Medtronic)

RADIOSOUND" 120 Paradise™ (ReCor Medical) versus
Symplicity Spyral™ (Medtronic)

RDN OSA 60  Symplicity Flex™ (Medtronic)

RDN OsLO* 19 Symplicity Flex™ (Medtronic)

SYMPATHY 139 Symplicity Flex™ (Medtronic)

SYMPLICITY HTN-Japan 41  Symplicity Flex™ (Medtronic)

Symplicity HTN-2 106 Symplicity Flex™ (Medtronic)
Subtotal 739
Total

Trials N RDN system

Non-randomized

trials

ACHIEVE 96 Paradise™ (ReCor Medical)

EncoreD 109 Symplicity Flex™ (Medtronic)
and others

EnligHTN 1 46  EnlighTN™ (St. Jude Medical)

EnligHTN 2 133 EnligHTN™ (St. Jude Medical)

EnligHTN 3 39  EnligHTN™ (St. Jude Medical)

GLOBAL SYMPLICITY 2583 Symplicity Flex™ (Medtronic)

REGISTRY Symplicity SpyralTM (Medtronic)

Heidelberg Registry 63  Symplicity Flex™ (Medtronic)

Irish Registry 31  Symplicity Flex™ (Medtronic)

Kazakhstan Registry 63  Symplicity Flex"™ (Medtronic)

Portugal Registry 31 Symplicity Flex™ (Medtronic),
EnligHTN™ (St Jude),
OneShot™ (Covidien)

RAPID 50 OneShot™ (Covidien)

Reduce HTN 146 Vessix™ (Boston Scientific)

SPYRAL FIM 50 Symplicity Spyral™ (Medtronic)

Swedish Registry 252  Symplicity Flex™ (Medtronic),

Symplicity Spyral™ (Medtronic),

EnligHTN™ (St Jude),

OneShot™ (Covidien),

Vessix™ (Boston Scientific),

Paradise™ (ReCor Medical)
SYMPLICITY HTN-1 50  Symplicity Flex™ (Medtronic)
191 Symplicity Flex™ (Medtronic),
Symplicity SpyraITM (Medtronic),
EnligHTN™ (St Jude),
SymplicityFIexTNI (Medtronic),
SymplicitySpyralWI (Medtronic),
Vessix™ (Boston Scientific),
EnligHTN™ (St Jude),
OneShot™ (Covidien)
4186

TREND Registry

UK Registry 253

Subtotal

6038

* Standardized stepped-care antihypertensive control; * Active comparator control. RDN, renal denervation.

office BP was reduced by 33/11 mmHg in the RDN group
as compared to the control group. At 36-month post-
procedure, office BP reductions remained durable and
were of 33/14 mmHg.51 Procedural complications in-
cluded one hematoma and one renal artery dissection.
Later complications included two cases of acute renal
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failure, which were fully resolved, 15 hypertensive events
requiring hospitalization, and three deaths.

After the success of SYMPLICITY HTN-1 and -2, SYM-
PLICITY HTN-3 was initiated to verify RDN efficacy in a
more rigorous manner.”® It included 530 patients with
resistant hypertension in the USA, with a sham proce-
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dure applied in the control group to minimize potential
biases and confounders from the open-label studies.
Unlike most of the prior smaller-sized, open-label stu-
dies, the SYMPLICITY HTN-3 failed its primary efficacy
end point, defined as the 6-month change in office SBP
(-14.1 mmHg) from baseline compared with sham con-
trol [-14.1 mmHg vs. -11.7 mmHg; between-group dif-
ference, -2.4 mmHg (95% confident interval, -6.9 to
2.1)] with the superiority margin of 5 mmHg. The dif-
ferences in ambulatory BP measurements between
both RDN and sham-controlled groups did not reach sta-
tistical significance as well. Likewise, the 12-month fol-
low-up results showed no further reductions in 24-hour
ambulatory BP measurements.>’

Because of the disappointing results in SYMPLICITY
HTN-3, the efficacy of RDN was questioned. However,
additional analyses identified several potential con-
founders which may have contributed to the results.
These confounders include sectors regarding patient se-
lection (less response in patients with isolated systolic
hypertension, possibly due to increased vascular stiff-
ness rather than sympathetic hyperactivity as the pri-
mary mechanism of hypertension), medication adher-
ence and adjustment (not strictly defined/checked and
the Hawthorne effect, thus marked BP reductions in the
sham group), and procedural issues (only 5% received
bilateral complete circumferential ablations).>® To deal
with all these concerns, future RDN clinical trials includ-
ing a run-in period, medication washout, and evaluation
of medication adherence were recommended.”” To-
gether with the development of newer-generation RDN
intra-arterial catheters (Medtronic’s Symplicity Spyral
RDN catheter and ReCor Medical’s Paradise RDN cathe-
ter), the carefully designed, proof-of-concept SPYRAL
HTN-OFF MED, SPYRAL HTN-ON MED and RADIANCE-
HTN SOLO studies were conducted in hypertensive pa-
tients not confounded by medication therapy (mild to
moderate hypertension with urine sampling to assure
medication adherence) to reliably determine the effec-
tiveness and safety of RDN prior to initiation of a larger
complex pivotal study.

SPYRAL HTN-OFF MED™ is a multicenter, single-
blind, randomized sham-controlled trial, and enrolled 80
patients with office SBP between 150 mmHg and 180
mmHg and 24-hour ambulatory SBP between140 mmHg
and 170 mmHg, after 3-4 weeks of medication washout,

in the USA, Europe, Japan and Australia. Eligible patients
were drug-naive or able to discontinue existing anti-
hypertensive medications, with drug testing during the
screening. The primary effectiveness endpoint is the
change in 24-hour ambulatory BP at 3 months between
RDN and sham control groups. Office and 24-hour am-
bulatory BP decreased significantly from baseline to 3
months in the RDN group (-10.0/-5.3 mmHg and -5.5/
-4.8 mmHg for office and 24-hour ambulatory BP, re-
spectively), while no significant changes were seen in
the sham-control group. There were no adverse events
in either group. The differences in results between SYM-
PLICITY HTN-3 and SPYRAL HTH-OFF MED have been at-
tributed to the newer design of catheter, distal and
branch artery ablation strategy, a longer run-in period to
minimize regression to the mean bias, and elimination
of confounders related to medication use. One recent
meta-analysis of radiofrequency ablation-based RDN
trials with < 10% unplanned changes in antihypertensive
medications during the follow-up periods showed con-
sistent and statistically significant office and ambulatory
BP changes in the RDN group compared to the control
group.>

RADIANCE-HTN SOLO™ is another multicenter, inter-
national, single-blind, randomized, sham-controlled trial
done in the USA and Europe with use of endovascular
ultrasound RDN catheter to ablate the main renal artery.
The inclusion criteria, slightly different form the SPYRAL
HTN trials, were daytime ambulatory BP between 135/
85 mmHg and 170/105 mmHg after a 4-week discon-
tinuation of up to two antihypertensive medications.
The reduction in daytime ambulatory SBP at 2 months,
which was its primary endpoint, was greater with RDN
(n = 74) than with sham procedure (n = 72) (-8.5 mmHg
and -2.2 mmHg for RDN and sham groups, respectively).

SPYRAL HTN-ON MED" is a parallel study of SPYRAL
HTN-OFF MED study to justify the role of RDN in daily
practice. Its inclusion criteria were the same as SPYRAL
HTN-OFF MED, but on one to three antihypertensive
medications with stable doses for at least 6 weeks. To
confirm the adherence of medication, drug testing was
applied before and during the study. It showed RDN (n =
38) significantly reduced office and 24-hour BP in un-
controlled hypertensive patients prescribed up to three
antihypertensive medications, compared to a sham op-
eration (n = 42) at 6 months (-9.4/-5.2 mmHg and
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-9.0/-6.0 mmHg for office and 24-hour ambulatory BP,
respectively). No major adverse events occurred. All
these three feasibility, proof-of-concept studies demon-
strate that RDN, achieved by either radiofrequency or
ultrasound energy delivery, resulted in similar and clini-
cally meaningful BP reductions (approximately 10 mmHg
in office SBP and 6-9 mmHg in ambulatory SBP) com-
pared to sham operation in patients with mild to mo-
derate or uncontrolled hypertension.'® The consistent
BP-lowering efficacy and safety will be conclusively eval-
uated by well-designed larger pivotal trials. Key results
from the three RDN 2.0 trials are summarized in Table 5.

3.2 Registries

There are several RDN registries ongoing (Table 4).
The Global SYMPLICITY Registry (GSR) is the largest pro-
spective, open-label, single-arm, multicenter registry of
patients undergoing RDN by using the Medtronic’s Sym-
plicity catheters. It has been conducted to evaluate the
procedural and long-term safety and effectiveness of
RDN in real-world patients. The enrolling is ongoing with
close to 3000 patients from 134 centers in Canada, wes-
tern Europe, Latin America, eastern Europe, South Af-

rica, Middle East, Asia (including Taiwan), Australia, and
New Zealand.>®

Besides GSR, there are several national registries in
different countries. The investigator-initiated Austrian
Transcatheter Renal Denervation (TREND) registry in-
cludes 407 patients in 14 Austrian centers from April
2011 to September 2014. Results from the TREND re-
gistry showed that RDN significantly decreased 24-hour
ambulatory BP by 11/6, 8/4, 8/5, and 10/6 mmHg after
2-6 weeks, 3, 6 and 12 months, respectively.57 In one
Sweden-based registry, RDN also showed sustained of-
fice and ambulatory SBP reductions of 8 mmHg up to 36
months.>®

Among Asian populations, the Korean registry, a
substudy of GSR (GSR Korea), was recently published.>
Given the differences in baseline characteristics be-
tween Korean (n = 93) and Caucasian (n = 169) patients,
like lower baseline office SBP, lower body mass index,
and differences in medications, propensity score adjust-
ment was performed to fairly compare the changes in
office BP after RDN between both groups. After propen-
sity score matching, office BP changes at 6 months were
similar between both populations, whereas office BP re-

Table 5. Summary of three second-generation renal denervation randomized sham-controlled proof-of-concept trials

SPYRAL HTN-OFF MED RADIANCE-HTN SOLO

SPYRAL HTN-ON MED

Patients (n) 80 146
Age (years) 54 54
System applied SPYRAL (Medtronic)
Office SBP > 150 and <
180 mmHg, office DBP >
90 mmHg, and 24-h SBP
> 140 and < 170 mmHg,
no antihypertensive meds
Baseline office BP (mmHg)* 162/101+7/7 155/100 + 14/8
Baseline 24-h BP (mmHg)* 153/99 + 8/8 144/88 £ 9/6
No. of antihypertensive meds* 0 0

Change 24-h SBP vs. sham (mmHg),” -4.6(-9.2t00.1), 3 -41(-7.1t0-1.2),2
months of f/u

Change 24-h SBP vs. baseline (mmHg),#
months of f/u

Change office SBP vs. sham (mmHg),#
months of f/u

Change office SBP vs. baseline (mmHg),"
months of f/u

Major adverse events (%) 0 0

Inclusion criteria

hypertensive meds

-5.5(-9.1t0-2.0), 3 7.0 (-9.0 t0 -5.0), 2

7.1 (-13.2t0-1.1), 3 -6.5(-11.3t0 -1.8), 2

-10.0 (-15.1 to -4.9), 3 -10.8 (-13.9t0 -7.7), 2

PARADISE (ReCor Medical)
Daytime ambulatory BP
> 135/85 mmHg and <
170/105 mmHg, no anti-

80
53
SPYRAL (Medtronic)
Office SBP > 150 and <
180 mmHg, office DBP >
90 mmHg; and 24-h SBP
> 140 and < 170 mmHg,
1-3 antihypertensive meds
164/101+7/7
152/98 +7/8
2.2+0.9
-7.0(-12.0t0-2.1),6

9.0(-12.7t0-5.3), 6

6.6 (-12.4t0 -0.9), 6

9.4 (-13.5t0-5.3), 6

BP, blood pressure; DBP, diastolic blood pressure; f/u, follow-up; SBP, systolic blood pressure.
* Mean + standard deviation,  Mean (95% confidence interval).
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ductions at 12 months were greater among Korean pa-
tients compared to Caucasian patients (Korean, 27.2/
13.9 mmHg vs. Caucasian, 20.1/7.6 mmHg, p < 0.001).59
This more pronounced and sustained efficacy implies
that RDN is a safe and effective antihypertensive treat-
ment for Asian patients.

In Taiwan, a total of 180 patients underwent RDN till
February 2019, of which 89 cases were treated by using
the Spyral catheter. The average baseline office BP was
170/93 mmHg, with an average number of 4.8 anti-
hypertensive medications. The mean office SBP reduc-
tions were 26, 29, and 26 mmHg at 3, 6, and 12 months,
respectively. The mean 24-hour ambulatory SBP reduc-
tion was 8 mmHg at 12 months, which is consistent with
the registry data worldwide.””®

These registries also demonstrated additional bene-
fits of RDN besides BP reductions. According to results
of the 12-month follow-up from GSR,*® RDN also re-
duced heart rates throughout the 12-month period.

It’s still an unresolved issue that what kind of pa-
tients benefits most from RDN. In TREND registry, base-
line 24-hour ambulatory BP was the best predictor for
the BP-lowering effects of RDN.”’ Pooled data from
SYMPLICITY HTN-3 and GSR showed that BP reductions
following RDN among patients with isolated systolic hy-
pertension [SBP > 140 mmHg and diastolic BP (DBP) <
90 mmHg] were less pronounced than the reductions in
patients with combined systolic-diastolic hypertension.61
However, the two groups of patients were not well mat-
ched demographically as combined systolic-diastolic hy-
pertensive patients were younger, healthier and had
both higher baseline SBP and heart rate as compared to
the isolated systolic hypertension group.

3.3 Safety

Considering the location of target nerves and how
the procedures are performed, the major safety events
with RDN can be categorized into four sectors: vascular
access complications, renal artery injury, renal dysfunc-
tion, and blood pressure-related events. According to
when the events would occur, the major safety events
can be further classified into 1) peri-procedural events,
mainly represented by access site complications (e.g.
hematomas and aneurysms) and renal events (e.g. renal
artery dissection or perforation, renal artery embolism
and infarction); and 2) longer-term events, like symp-

tomatic hypotension, hypertensive emergencies, deteri-
oration of renal function, and development of renal ar-
tery stenosis. In addition to clarifying how often and
how severe the adverse events may occur, another con-
sideration is to determine when is more appropriate
and how to assess the occurrence of adverse events.

Safety data for RDN come from experimental stu-
dies, mostly uncontrolled safety trials of the various
RDN systems, clinical studies, and registries. The major-
ity of data are from studies using the Symplicity cathe-
ter, thus might not be generalizable to other RDN sys-
tems. Most trials had a follow-up duration of 6 months,
and only the SYMPLICITY HTN-1 and two other studies
reported a follow-up period of up to 3 years.

In the SYMPLICITY HTN-1 trial,”® 1 out of the 45 pa-
tients undergoing RDN had renal dissection upon place-
ment of the catheter and thus needed stenting, while
another had a pseudoaneurysm treated with antibiotics
and analgesics. Short-term (14-30 days) angiograms and
6-month MR angiograms did not show any irregularities
at the sites of treatment. Renal function, available in 25
patients at both baseline and 6-month follow-up, was
stable. In the 153 patients included in the extended
SYMPLICITY HTN-1 study, a total of three patients, all
treated with an 8F guide, developed a pseudoaneurysm
that was managed conservatively.®”’ Renal artery imag-
ing with MR angiography, CT angiography or duplex at 6
months (in 81 patients) did not show any new stenosis,
but there was one case of progression of a pre-existing
proximal stenosis away from the energy application sites
that was successfully stented. Other events included
flank pain, transient dizziness and pitting edema as well
as two deaths considered unrelated to the procedure.
The final 3-year report of the study, on 88 patients,
documented a new 80% stenosis of the right renal ar-
tery in need of stenting at 24 months, as well as 4 hypo-
tensive episodes, 13 hypertensive episodes, and 3
deaths.™ The eGFR decreased from 83.6 ml/min/1.73
m? at baseline to 74.3 ml/min/1.73 m? at 36 months.

In the randomized SYMPLICITY HTN-2 trial of 106
patients,:“L only minor peri-procedural events were noted
including one pseudoaneurysm, one case of symptom-
atic hypotension in need of reduction of antihyperten-
sive drugs, one urinary tract infection, a case of pare-
sthesia and a case of back pain that were resolved after
1 month. Seven patients had intra-procedural brady-
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cardia requiring atropine. At 6 months, imaging in 43 pa-
tients showed one possible progression of a previous
atherosclerotic lesion not located at an ablation site,
which required no intervention. After the initial 6-month
follow-up, a renal artery dissection prior to catheter in-
sertion requiring stenting was noted in the crossover
group. Up to 1 year, there were a total of 9 hypertensive
events and 2 hypotensive events requiring hospitaliza-
tion.®® Between 12 and 36 months of follow-up and out
of 70 patients that underwent RDN, there were only a
few hypertensive and hypotensive events as well as
three deaths unrelated to the procedure.” Renal func-
tion was stable in both intervention and control groups
at 6 months and no change in mean eGFR was recorded
at the 36-month follow-up.

In the first single-blind, randomized sham-controlled
SYMPLICITY HTN-3 study of the efficacy and safety of
RDN using the Symplicity catheter in 535 patients with
drug-resistant hypertension,*® the overall number of ad-
verse events was very low, and no significant differences
were noted between groups. Rates of major adverse
events did not significantly differ between the dener-
vation group (1.4%) and the control group (0.6%). The
documented access site complication rate of 0.3% was
rather low and may be attributed to the special care
used for study patients. In clinical routine, an average
complication rate would be expected to be at about
1.3%.%> Kidney function did not differ between groups at
any time point. Regarding an increase in creatinine by
50% compared to baseline, it was observed in 5 cases
out of 352 (1.4%) in the RDN group and in 1 case out of
171 (0.6%) in the control group.

In contrast to the main renal artery ablations in the
SYMPLICITY HTN-1 to HTN-3 trials, ablations of both
main and branch renal arteries were performed, with an
average total ablation of 44 points, in the SPYRAL HTN-
OFF MED and HTN-ON MED studies. It is noteworthy
that there were no adverse events in either SPYRAL
HTN-OFF MED or SPYRAL HTN-ON MED study."*"’

In an initial report of the real-world ALSTER BP reg-
istry of 93 patients that underwent RDN with the Sym-
plicity catheter, renal function was stable during the
6-month follow-up period.®® One renal artery dissection
prior to insertion of the ablation catheter was recorded.
There was one case of a small kidney infarct potentially
associated with a thrombus at the ablation sites, even
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though the patient was on dual antiplatelet therapy.

In the open-label, multicenter Global SYMPLICITY
Registry, data for the first 1,000 enrolled patients at 6
months were available.®”’” Even though underreporting of
adverse events may have been possible, there were only
6 peri-procedural adverse events related to the proce-
dure, including four vascular access site complications
(0.34%) and two renal artery dissections that were
stented. Other events included 5 hospitalizations for
hypertensive emergency (0.5%), 6 for atrial fibrillation
(0.6%), 7 strokes (0.7%), 4 hospitalizations for new-on-
set heart failure (0.4%), 7 myocardial infarctions (0.7%)
and 2 cases of new-onset end-stage kidney disease (0.2%)
that were considered unrelated to the procedure.

A systematic review of 12 studies of RDN with five
different catheters on 506 patients reported a total of
five procedural complications (< 1%) including one renal
artery dissection and four pseudoaneurysms at the site
of arterial puncture (all from the initial SYMPLICITY re-
gistry).®® In another meta-analysis of nine studies on
1096 patients, adverse events were rare and were repre-
sented mainly by femoral access site complications,
while renal function was preserved during the respec-
tive follow-ups.®® In a meta-analysis by the European
Network Coordinating Research on Renal Denervation
(ENCOReD) Consortium of seven randomized trials of
RDN with the Symplicity catheter, a total of 985 patients
were studied that had been randomized to either RDN
(n = 588) or control (n = 397).”° Major adverse events
were documented in 56 RDN patients and 29 controls
(9.9% and 7.4%, respectively, p = 0.20). The pooled
estimate of renal function assessed with eGFR over 6
months did not differ between groups. Based on recent
meta-analyses of 52 studies and a qualitative review of
an additional 14 studies reporting on 2898 patients in

I,71 the authors concluded that renal function does

tota
not significantly change up to at least 9 months after
RDN.

In summary, the accumulated evidence suggests
that RDN was associated with a < 1% rate of vascular ac-
cess site complication and renal artery injury, as well as
no excess risks of renal dysfunction. To reliably assess
new-onset renal artery stenosis following ablations in
the distal segment of main renal artery and branches, CT
or MR renal angiography should be routinely performed
at 12 months following RDN.



2019 THS/TSOC Consensus on Renal Denervation

4. CLINICAL CONTEXT AND INDICATIONS FOR
RENAL DENERVATION

Consensus statements

e RDN should be done in the context of registry and clini-
cal studies, unless more reassuring results from larger,
pivotal, newer-generation RDN trials are available.

e RDN should not be done routinely, without detailed
evaluation of various causes of secondary hypertension
and renal artery anatomy.

e RDN could be done in patients who fulfill either of the
following 2 BP criteria: 1) office BP > 150/90 mmHg and
daytime ambulatory SBP > 135 mmHg or DBP > 85
mmHg and 2) 24-hour ambulatory SBP > 140 mmHg
and DBP > 80 mmHg, irrespective of use of antihyper-
tensive agents, and with eligible renal artery anatomy
and eGFR > 45 mL/min/1.73 m*.

e Five subgroups of hypertensive patients [Resistant hy-
pertension, patients with blood pressure-mediated vas-
culature or organ Damage, Non-adherent to antihyper-
tensive medications, intolerant to antihypertensive
medications, secondary (2ndary) causes definitively
treated but hypertension still uncontrolled], dubbed
“RDN i2”, are considered the preferred candidates for
RDN.

4.1 Clinical context

Given the global burden of hypertension (average
20-25% prevalence in adult populations), the unsatisfac-
tory hypertension control rate worldwide (generally <
50%), and the widespread non-adherence to long-term
antihypertensive medications (> 50% in treated hyper-
tensive patients as seen in other chronic diseases), the
pursuit of a procedure that can safely and effectively
achieve long-term, clinically meaningful BP reductions™®’?
is desperately awaited. The recently published 3 proof-
of-concept RDN 2.0 trials, with a total of 150 patients
undergoing newer-generation RDN by distal and four-
quadrant radiofrequency or ultrasound energy abla-
tions, consistently demonstrated a clinically meaningful
and 24-hour sustained BP reduction (nearly 10 mmHg in
office SBP and 6-9 mmHg in 24-hour ambulatory SBP)
2-to-6 months following the procedure, with no renal
artery injury or renal function deterioration.”® The
Task Force recognizes the potential morbidity/mortality
benefits of newer-generation RDN for the management

of arterial hypertension, but also acknowledges there
are unresolved issues like uncertain long-term durability
and safety of these therapies, lack of reliable procedural
markers to indicate successful denervation, and lack of
reliable predictors to identify potential responders to
RDN. The Task Force thus recommends 1) RDN should
be done in the context of registry and clinical studies,
unless more reassuring results from larger, pivotal, newer-
generation RDN trials are available (COR I, LOE C), and
2) RDN should not be done routinely, without detailed
evaluation of various causes of secondary hypertension
and renal artery anatomy (COR Ill, LOE C) (Table 1).

4.2 Indications

4.2.1 #1 Blood pressures

The majority of RDN trials published before the
SPYRAL HTN-OFF MED study enrolled patients with re-
sistant hypertension, conventionally defined as office
SBP > 140 mmHg or DBP > 90 mmHg despite > 3 classes
of antihypertensive medications, including a diuretic
agent.”? The labelled indications for RDN in Taiwan, pri-
marily based on the inclusion criteria of SYMPLICITY
HTN-1 to HTN-3, is simplified as office SBP > 160 mmHg
under > 3 maximally tolerated antihypertensive medica-
tions irrespective of which classes in use. Despite DBP >
90 mmHg under > 3 maximally tolerated antihyper-
tensive medications is not included in the indications for
RDN in Taiwan, there is evidence indicating that isolated
systolic hypertension, reflected by increased pulse wave
velocity and central pulse pressure, is related to increased
aortic stiffness and is associated with a milder response
to RDN.”*7® Therefore, DBP, at least office DBP, might be
considered while selecting patients for RDN.

In the three recently published RDN 2.0 trials, pa-
tients enrolled had mild to moderate combined hyper-
tension, rather than those with resistant hypertension.
The summarized inclusion criteria regarding office BP in
all three trials are office SBP > 150 mmHg and DBP > 90
mmHg, irrespective of use of antihypertensive agents.
Ambulatory BP monitoring was routinely obtained to
ensure the diagnosis of hypertension. Since the ambula-
tory BP monitoring may influence the quality of sleep
and disturb nighttime BP, the Task Force recommends
using daytime ambulatory BP to ascertain hypertension.
The summarized inclusion criteria regarding daytime
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ambulatory BP in all three trials are ambulatory SBP >
135 mmHg or DBP > 85 mmHg, irrespective of use of
antihypertensive agents. The diagnosis of combined hy-
pertension was mainly based on office BP rather than
ambulatory BP in both SPYRAL HTN-OFF MED and HTN-
ON MED trials.

Based on all the evidence, the Task Force recom-
mends RDN could be done in patients who fulfill the BP
criteria as: office BP > 150/90 mmHg and daytime ambu-
latory SBP > 135 mmHg or DBP > 85 mmHg, irrespective
of use of antihypertensive agents, with eligible renal ar-
tery anatomy and eGFR > 45 mL/min/1.73 m” (COR lla,
LOE B) (Table 1).

Masked hypertension is defined in people whose BP
is normal in the office, but is elevated at the out-of-
office setting when measured by either home BP moni-
toring or ambulatory BP monitoring.! Masked hyperten-
sion is present in ~15% of patients with normal office BP,
and is associated with higher prevalence of metabolic
risk factors and hypertension-mediated organ damage."
Masked uncontrolled hypertension, defined as treated
patients in whom the office BP appears controlled to re-
commended BP targets, but BP is uncontrolled accord-
ing to home or ambulatory BP measurements, occurs in
~30% of treated hypertensive patients.”® Meta-analyses
and registry-based studies have shown that cardiovas-
cular morbidity and mortality are substantially higher
in masked hypertension compared with normotension,
and even greater than that of sustained hypertension,
irrespective of whether antihypertensive treatment was
778 The Task Force recognizes the clinical and
prognostic significance of masked hypertension and ma-
sked uncontrolled hypertension, which could be over-
looked if we recommend both office BP and ambulatory
BP should fulfill the BP inclusion criteria as the only indi-
cated clinical scenario.

The definition of hypertension by 24-hour ambula-
tory BP is SBP > 130 mmHg and DBP > 80 mmHg in Tai-
wan and European hypertension guidelines."* The am-
bulatory BP criteria for SPYRAL HTN trials and RADI-
ANCE-HTN SOLO are 24-hour SBP > 140 mmHg and <
170 mmHg and daytime BP > 135/85 mmHg and < 170/
105 mmHg, respectively.l(’_’17 To incorporate the com-
bined hypertension phenotype and the intersection of
all RDN 2.0 trials, the Task Force therefore recommends
RDN could also be done in patients who fulfill the BP cri-

initiated.
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teria as: 24-hour ambulatory SBP > 140 mmHg and DBP
> 80 mmHg, irrespective of use of antihypertensive
agents, with eligible renal artery anatomy and eGFR >
45 mL/min/1.73 m*(COR lla, LOE B) (Table 1).

4.2.2 #2 patients

Just like antihypertensive medications, the strongest
predictor of BP reductions following RDN was baseline
SBP in the post-hoc analyses of SYMPLICITY HTN-3 trial.>
Likewise, the clinical benefits of each 10 mmHg SBP re-
ductions were directly proportional to baseline cardio-
vascular risks.'® Patients with either of the 2 features
could obtain greater benefits from any BP-lowering st-
rategy (COR lla, LOE B). On the other hand, given the
well-documented clinical benefits of BP-lowering drugs
in hypertensive patients with established cerebro- or
cardiovascular disease,lg’79
routinely prescribed and optimized first to achieve BP
targets. Once BP targets are difficult to achieve sus-
tainably, RDN could serve as a useful complementary
BP-lowering strategy (COR lla, LOE C). Since the time
taken for the full BP-lowering effects of antihypertensive
medications to develop is approximately 1 month® and
the relatively high inherent risks with uncontrolled hy-
pertension, the Task Force recommends > 1 month as
the observation period for the efficacy of BP-lowering
medications in patients with hypertension-mediated
organ damage or atherosclerotic cerebro- or cardio-
vascular disease (Table 1).

Uncontrolled hypertension is very often caused by
non-adherence to antihypertensive medications, either
by intention (patient preference) or forgetfulness. The
impact of non-adherence to long-term hypertension
control is huge and often underestimated,®®" which is
reflected in the great difference in hypertension control
rates between hospitalized patients and general popula-
tions. To curtail this gap, patient preference, with regard
to long-term medication therapy, should be carefully ex-
plored and considered in determining which antihyper-
tensive strategies should be provided on a regular basis.”
Patients who are intolerant or non-adherent to anti-

BP-lowering drugs should be

hypertensive agents, no matter due to what reasons,
fulfilling the above BP criteria with eligible renal artery
anatomy and eGFR > 45 mL/min/1.73 m’ could be man-
aged by RDN (COR lla, LOE B). The positive results of
both SPYRAL HTN-OFF MED and RADIANCE-HTN SOLO
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trials further certify this approach.

Since hypertension is a multifactorial disease, the
presence of secondary causes of hypertension does not
guarantee the identified secondary causes are the only
causes of hypertension of a given individual. Therefore,
the presence of secondary causes of hypertension should
not be viewed as a contraindication for RDN. In patients
with documented secondary causes of hypertension, in-
cluding obstructive sleep apnea,®®* and having been
treated for > 3 months, RDN could be done if their am-
bulatory and/or office BP fulfill the above-mentioned BP
indications (COR llb, LOE C). More detailed descriptions
are shown in section 5.

Considering these potential clinical and behavioral
predictors of patients who will benefit most from RDN,
the Task Force summarized the five subgroups of hyper-
tensive patients [Resistant hypertension, patients with
blood pressure-mediated vasculature or organ Damage,
Non-adherent to antihypertensive medications, into-
lerant to antihypertensive medications, secondary
(2ndary) causes treated but hypertension still uncon-
trolled], dubbed “RDNi2”, as the preferred candidates
for RDN (Figure 1). To facilitate memorizing, the acro-
nym “RDNi2” could be regarded as “renal denervation
indication #2” that exactly fits the #2 category, patients,
of the indications of RDN recommended in the THS/
TSOC Consensus.

5. PRE-RENAL DENERVATION ASSESSMENT

Consensus statements

e The presence of secondary causes of hypertension
might not be viewed as an absolute contraindication
for RDN. Further, in patients with documented second-
ary causes of hypertension, RDN could be done if am-
bulatory BP and/or office BP remain uncontrolled after
> 3 months of definitive treatment.

e Chronic kidney disease stages 3b and 4 (eGFR 15-44
mL/min/1.73 m?) is not an absolute contraindication
for RDN, which should be performed with caution and
in the context of registry and clinical studies.

e Either diluted iodinated contrast with dose restriction
or CO, angiography could be used as the imaging mo-
dality for RDN in patients with advanced chronic kidney
disease (Stages 3b, 4, and 5).

e Radiofrequency ablation should be performed in renal
artery segments > 2 mm away from the stented or
stenotic segments.

Once RDN is considered a potential treatment strat-
egy for a given patient with hypertension, assessment of
the following three aspects should be done beforehand
to ascertain whether RDN could be performed appropri-
ately (Figure 2). The three aspects are 1) Renal artery
anatomy eligibility: assessed by CT or MR renal angio-
graphy if not contraindicated; 2) genuine uncontrolled
BP: confirmed by 24-hour Ambulatory BP monitoring;
and 3) Secondary hypertension identified and properly
treated. To facilitate memorizing, the acronym “RAS” (R
for renal, A for ambulatory, S for secondary) was desig-
nated. In this section, essential issues regarding assess-
ment of secondary hypertension and how to apply RDN
in patients with coexisting secondary causes of hyper-
tension are detailed.

5.1 Screening for secondary hypertension

Secondary hypertension is defined as elevated sys-
temic arterial BP due to an identifiable cause.”® Hyper-
tension with secondary causes can coexist with essential
hypertension, with which residual hypertension remains
after the pathogenetic causes are identified and re-
moved.®

The overall prevalence of secondary hypertension is
5 to 10% in hypertensive patients.86 In patients with resis-
tant hypertension, the prevalence of secondary hyper-
tension is significantly higher (up to 20 to 35%).2%% In a
retrospective study of Savard et al., 200 patients with re-
sistant hypertension were screened for RDN in a tertiary
center, 113 patients (56.5%) were diagnosed with hyper-
tension due to secondary causes.® Simplified classifica-
tion into common secondary causes and uncommon
causes is suggested by guidelines with cut-off prevalence
value of 1% in hypertensive patients (Table 6).?

While considering RDN therapy, a careful evaluation
of secondary hypertension is crucial, especially in those
with a treatable cause, such as primary aldosteronism,
drug or alcohol-induced hypertension, renal artery ste-
nosis, obstructive sleep apnea, or other endocrine hy-
pertension. Given that the presence of secondary causes
of hypertension does not preclude the coexistence of
essential hypertension and certain secondary causes are
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Table 6. Causes of secondary hypertension and diagnostic screening tests

Prevalence in

Prevalence in

Screening tests

Additional/confirmatory tests

] resistant
hypertensive .
. hypertensive
patients .
patients
Common causes
Renal parenchymal disease 1-2% 2-10%
Renal artery stenosis 1-10% 5-34%
Primary aldosteronism 5-8% 17-23%
Obstructive sleep apnea 5-10% 25-50%
Drug or alcohol induced 2-4% -
Uncommon causes
Pheochromocytoma 0.1-0.6% <1%
Cushing’s syndrome <0.1% <1%
Hypothyroidism <1% 1-3%
Hyperthyroidism <1% 1-3%
Aortic coarctation 0.1% <1%
Primary hyperparathyroidism Rare Rare

Serum creatinine, renal ultra-
sound, urinalysis

Renal duplex, or CT or MR renal
angiography

Plasma aldosterone concentra-
tion, plasma renin activity, and
plasma aldosterone/renin ratio

Epworth Sleepiness Score, over-
night oximetry

Urinary/hair drug screen (illicit
drugs)

24-h urinary fractionated meta-
nephrines or plasma metane-
phrines

Overnight 1-mg dexamethasone
suppression test, 24-h urinary
free cortisol excretion, midnight
salivary cortisol

Thyroid stimulating hormone,
free thyroxine

Thyroid stimulating hormone,
free thyroxine

Rib notching on chest X-ray,
ankle-brachial index, echocar-
diogram

Serum calcium

Specific tests to evaluate cause
of renal disease (toxin, biopsy)
Intra-arterial renal angiography

Oral sodium loading test, intra-
venous saline infusion test, or
captopril suppression test; Ad-
renal CT or MR scan, adrenal
vein sampling; Adrenal NP-59
scintigraphy

Polysomnography

Response to withdrawal of su-
spected agent

CT or MR scan of abdomen/
pelvis

Low-dose dexamethasone sup-
pression test

None

Radioactive iodine uptake and
scan

Thoracic and abdominal CT or

MR angiogram

Serum parathyroid hormone

CT, computed tomography; MR, magnetic resonance.

not definitively treatable (for example, renal paren-
chymal disease), the Task Force deems that the pres-
ence of secondary causes of hypertension might not be
viewed as an absolute contraindication for RDN. The
Task Force recognizes there is limited evidence about
the effects of RDN in these subgroups of hypertensive
patients. Considering the clinical impacts of uncontrolled
hypertension, for patients with documented secondary
causes of hypertension, RDN might be considered if am-
bulatory BP and/or office BP remain uncontrolled after
> 3 months of definitive treatment. The designation of 3
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months as the observational period to gauge treatment
efficacy is based on 1) the time needed for the BP-low-
ering effects of antihypertensive medications to develop
fully (~1 month),?° 2) the BP-lowering response of RDN,
as one form of definitive treatment, to be clinically evi-
dent (~3 months),”>"’ and 3) the time needed to show a
clinically meaningful impact with a given (~4 mmHg) SBP
difference (3 mon’chs).90

5.1.1 Renal parenchymal disease
Renal parenchymal disease is a common cause of
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secondary hypertension in adult hypertensive pati-
1385 Bilateral abdominal masses palpated during
physical examination warrants survey of polycystic kid-
ney disease. Serum creatinine concentration and urinal-
ysis (protein, erythrocytes, and leukocytes) are the best
screening tests for renal parenchymal disease.>**
ultrasound measurement of kidney morphology, size,
shape, cortical thickness, echogenicity and identification
of abnormal masses or urinary tract pathology can fur-
ther provide etiology and pathogenesis. Other tests to
evaluate causes of renal disease would be indicated if
specific renal disease suspected.

Although renal parenchymal disease is one cause of
secondary hypertension, it is not an absolute contraindi-
cation for RDN. Safety and effectiveness of RDN have

been reported in stage 3 or 4 chronic kidney disease pa-
91,92

ents.

Renal

tients in small single-center, non-randomized studies.

5.1.2 Renovascular disease

Renovascular disease results from narrowing of re-
nal artery (renal artery stenosis) causing restricted renal
perfusion. The most common cause is atherosclerotic
disease (90%) in adult patients, while non-atherosc-
lerotic disease (fibromuscular dysplasia, the most com-
mon) prevails in young adults.’

Clinical conditions suggesting renal artery stenosis
include abdominal bruits, sign and symptoms of periph-
eral vascular disease, and multiple risk factors contribut-
ing generalized atherosclerosis. Resistant hypertension,
recent onset or progression of severe hypertension, re-
cent renal function deterioration, acute renal function
deterioration after the use of renin-angiotensin system
blockers, and flash pulmonary edema are other clues in-
dicating renal artery stenosis. These are also factors pre-
dicting responses after renal artery revascularization.®

Renal artery stenosis could be reliably identified by
CT or MR renal artery angiography, whereas renal du-
plex ultrasound serves as a screening tool with limited
accuracy.

Current guidelines recommend optimization of me-
dical therapy for hypertension and risk factors for pa-
tients with atherosclerotic renal artery stenosis because
previous studies failed to show advantages with endo-
vascular intervention.>® Revascularization with angio-
plasty or stenting could be considered if failed medically
controlled renal artery stenosis (refractory hyperten-

sion, worsening renal function, or intractable heart fail-
ure) and in patients with non-atherosclerotic renal ar-
tery stenosis, including fibromuscular dysplasia.’

With the recent development of device-based RDN
for hypertension management, more patients under-
went workups for renal artery status. However, patients
with significant renal artery stenosis were generally ex-
cluded from previous RDN trials."***** The practice of
RDN in patients with renal artery stenosis is discussed in
section 5.2.2.

5.1.3 Primary aldosteronism

Primary aldosteronism refers to a group of disorders
caused by inappropriate production of aldosterone not
regulated by or responding with sodium status and
renin-angiotensin system. It is a common cause of sec-
ondary hypertension and the prevalence ranges from
1.4% to 23% based on different clinical characteristics
and selection criteria. In resistant hypertension group,
the prevalence of primary aldosteronism is higher, from
17% to 23%.>*”%*°" In Asia, the prevalence of primary
aldosteronism in resistant hypertension is 7.1% among
the surveyed 1656 patients in China.’® The two most
common causes of primary aldosteronism are aldo-
sterone-producing adenoma (30-40%) and bilateral ad-
renal hyperplasia (60-70%).%>°%°

Patients with primary aldosteronism would present
with hypertension and hypokalemia (approximately 40%),
with or without metabolic alkalosis and hypernatre-
mia.”®?? Other symptoms and signs include resistant hy-
pertension, muscle weakness, constipation, and fati
gue.”® Compared with patients with essential hyperten-
sion with similar BP levels, patients with primary aldo-
steronism had larger artery stiffness, myocardial tissue
fibrosis, endothelial cell dysfunction, and resistance ves-
sel remodeling.*

According to the consensus of Taiwan Society of
Aldosteronism, screening of primary aldosteronism is
recommended in patients with resistant hypertension.’®*
The plasma aldosterone-renin ratio (ARR), plasma aldo-
sterone concentration divided by plasma renin activity,
is currently the best method for screening primary aldo-
steronism.” Patients should be prepared for ARR mea-
surement with hypokalemia correction and unrestricted
salt intake. Several categories of antihypertensive me-
dications may interfere with ARR data interpretation.
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Diuretics, including mineralocorticoid receptor antago-
nists (spironolactone, eplerenone) and amiloride, signi-
ficantly compromise the test results. This kind of me-
dication should be discontinued at least 4 weeks before
testing. Angiotensin-receptor blockers, angiotensin-
converting enzyme inhibitors, beta-blockers, and cen-
tral alpha-2 agonists (clonidine and methyldopa) need
to be held at least 2 weeks before testing. Use of neutral
antihypertensive drugs such verapamil, hydralazine, or
doxazosin are recommended during the preparation for
ARR measurement.”

Blood samples collected in the morning are recom-
mended. The most commonly used cutoff value is > 30
(or 35, according to the Consensus in Taiwan) when
plasma aldosterone concentration reported in ng/dL
and plasma renin activity in ng/mL/h.***° Confirmatory
tests for primary aldosteronism include oral salt-loading
test, intravenous saline infusion test, and captopril sup-
pression test.”

Once diagnosis of primary aldosteronism is con-
firmed, imaging of bilateral adrenal glands with CT or
MR and referral to a specialist for adrenal venous sam-
pling are suggested to determine the source of the in-
creased aldosterone production.®?>°*? For unilateral
increased aldosterone production, mostly seen in aldo-
sterone-producing adenoma, unilateral laparoscopic
adrenalectomy is recommended with improvement of
BP achieved in all recipients and half completely cured
of hypertension. For bilateral increased aldosterone pro-
duction and those unilateral producers unsuitable for
operation, spironolactone or eplerenone is suggested.
RDN could still be considered if hypertension remains >
3 months after the commencement of surgical or medi-
cal treatment for primary aldosteronism.

5.1.4 Obstructive sleep apnea

Obstructive sleep apnea is caused by recurrent and
intermittent upper airway collapse during sleep, induc-
ing apnea or hypopnea, hypoxemia, and sleep disrup-
tion. This chronic medical condition correlates with sys-
temic diseases, including hypertension, coronary and
cerebrovascular diseases, heart failure, and atrial fibril-
lation. "%

Obstructive sleep apnea is highly prevalent in hyper-
tensive adults, especially with resistant hypertension
with prevalence ranging from 60 to 80%.'%*"° Patients
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with obstructive sleep apnea would present with obe-
sity, large neck, and macroglossia and complain of day-
time somnolence, restless sleep, choking episodes and
snoring during sleep, witnessed apneas, nocturia, irrita-
bility, and decreased libido. Ambulatory BP monitoring
often shows nocturnal non-dipping pattern, elevated
daytime BP, tachycardia and/or bradycardia in patients
with obstructive sleep apnea.

Obstructive sleep apnea could be screened with Berlin
Questionnaire or Epworth Sleepiness scale. Once positive,
the gold standard diagnostic tool of polysomnography can
be used. The severity of obstructive sleep apnea is deter-
mined by the apnea-hypopnea index.>*®

Several previous studies have shown that treatment
with continuous positive airway pressure in patients
with obstructive sleep apnea and hypertension could
only reduce office SBP by 2-3 mmHg.?

5.1.5 Drugs or alcohol

Medication history should be carefully reviewed
since BP is affected by numerous substances, including
prescription medications, over-the-counter medications,
herbals, and food substances.®®

5.1.6 Uncommon causes

Secondary hypertension manifesting as refractory
hypertension could be caused by differential diagnoses
other than those mentioned above, which are much
rarer in prevalence.”? Secondary hypertension can be
divided into several disease categories: endocrine disor-
ders,107 renal disorders, neurological disorders, acute
stress,'®® drug-induced hypertension, genetic disorders,
and miscellaneous. When faced with symptoms and
signs of hypertensive disease combined with clinical
presentation indicating other organ-specific disease
such as endocrine (eg. hyperparathyroidism) or neuro-
logical disorders (eg. intracranial tumor), alertness should
be kept by clinician and timely consultation with special-
ist for specific screening and confirmation studies is
warranted.

5.2 Renal denervation in patients with secondary
causes of hypertension

5.2.1 Renal parenchymal disease
The majority of studies evaluating RDN excluded in-
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dividuals with an eGFR of < 45 mL/min/1.73 m*.*>*®
However, a parallel relationship between sympathetic
overdrive and the severity of renal parenchymal disease,
chronic kidney disease, has been demonstrated.'® Con-
sidering the high prevalence of hypertension in patients
with chronic kidney disease and the relationship be-
tween sympathetic overactivity and activation of renin-
angiotensin system,"'° the so-called “neurogenic hyper-
tension” phenotype should be prevalent in patients with
chronic kidney disease and hypertension.™" This makes
an argument that RDN could be effective in patients
with advanced chronic kidney disease. Statistically sig-
nificant BP lowering and slightly increased eGFR have
been demonstrated in patients with stage 3 or 4 chronic
kidney disease in small single-center, non-randomized
9192112 penal function seemed to be not aggra-
vated by the procedure in patients with chronic kidney
disease stage 3 or 4. Nevertheless, the amount of con-
trast medium used during the newer-generation RDN
emphasizing distal, circumferential, and multiple abla-
tions could be greater compared to conventional main
artery ablation strategy. It may be a concern particularly
for patients with an eGFR of 15-44 mL/min/1.73 m2. To
avoid contrast-induced nephropathy, either diluted io-
dinated contrast with dose restriction or CO, angio-
graphy could be used as the imaging modality for RDN.™*2
The Task Force agrees that chronic kidney disease stages
3b and 4 (eGFR 15-44 mL/min/1.73 m?)is not an abso-
lute contraindication for RDN, but should be performed
with caution and in the context of registry and clinical
studies (COR Ilb, LOE C) (Table 7).

studies.

5.2.2 Renovascular disease
Renal artery stenosis is often caused by atheroscle-
rosis and fibromuscular dysplasia. The former causes

Table 7. Renal denervation in special clinical scenarios

the majority and usually involves the proximal third of
the renal artery.114 Autopsy studies showed that the dis-
tance from lumen to nerve was longer in the proximal
segment of the renal arteries.”® A case report had docu-
mented the destruction of the peri-arterial nerves lo-
cated within 2 mm from the luminal surface 12 days
after radiofrequency RDN. In other words, the thermal
injury did not penetrate > 2 mm from the luminal sur-
1% Given the thickness of atheromatous plaque,
the efficacy of radiofrequency ablation, and the poten-
tial risk of inducing plaque progression, the Task Force
recommends that radiofrequency ablation should be
prohibited in stenotic segment of renal artery (COR lll,
LOE C) (Table 7). To avoid the inadvertent ablation of
diseased renal artery segment, pre-RDN CT or MR angio-
graphy is vital since it can provide detailed information
regarding the distribution and severity of plaques. More
clinical evidence was needed for newer devices and pro-
cedures.

face.

Two randomized trials have shown that the benefits
of renal artery revascularization in patients with signifi-
cant renal artery stenosis were over-estimated.™’
ever, concurrent renal artery revascularization for signi-
ficant renal artery stenosis and RDN for plaque-free seg-
ments in uncontrolled hypertensive patients might be
rational.

Some patients have received radiofrequency RDN in
their stented artery, according to case reports. However,
the penetration of destruction caused by radiofrequen-
cy denervation was limited,'*® and the energy was fur-
ther interfered by metallic stent struts. Safety of renal
denervation in stented renal arteries was reported in a
porcine model, but the efficacy was only achieved when

radiofrequency ablation was delivered to segments not
118

How-

stented.””" The Task Force recommends that radiofre-

Recommendations

#
Class* Level

Renal denervation might be performed with caution in patients with chronic kidney disease stages 3b and 4 (eGFR
15-44 mL/min/1.73 mz) who fulfill either of the BP indications for renal denervation, with eligible renal artery Ilb C

anatomy, and in the context of registry and clinical studies

Radiofrequency renal denervation should not be performed in stenotic or stented segments of renal artery 1l C

Concurrent renal artery revascularization for significant renal artery stenosis and renal denervation for plaque-

IIb C

free segments in uncontrolled hypertensive patients might be rational

BP, blood pressure; eGFR, estimated glomerular filtration rate.
* Class of recommendation; # Level of evidence.
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qguency ablation should be done in renal artery seg-
ments > 2 mm away from the stented segment (COR llI,
LOE C) (Table 7).

5.2.3 Obstructive sleep apnea

In the hypothesis-generating post-hoc analysis of
SYMPLICITY HTN-3, RDN reduced the 6-month office SBP
in subjects with self-reported obstructive sleep apnea
(-17.0 £ 22.4 vs. -6.3 + 26.1 mmHg, p = 0.01), compared
with sham control, but not in subjects without obstruc-
tive sleep apnea (-14.7 + 24.5 vs. -13.4 + 26.4 mmHg).*
In the GSR subgroup analysis,®* among 1868 patients,
self-reported obstructive sleep apnea occurred in 205
patients. RDN significantly reduced office and ambula-
tory BP by 14 + 25.3 and 4.9 = 18.0 mmHg, respectively.
The extent of BP lowering was similar between patient
with obstructive sleep apnea and those without. It was
not affected by treatment with continuous positive air-
way pressure or not. In addition to one small case se-
ries,"™ one randomized study enrolling 60 patients with
true resistant hypertension coexisting with moderate-
to-severe obstructive sleep apnea (apnea/hypopnea in-
dex > 15) showed that, in the RDN group, reductions in
office and ambulatory BP were sustained and were ac-
companied by significant improvement in echocardio-
graphic global longitudinal strain and clinical severity of
OSA at 6 months.® Thus, the Task Force recommends
that, for patients with obstructive sleep apnea and hav-
ing been treated for > 3 months who still fulfill the RDN
indications, RDN should be considered a rational anti-
hypertensive treatment option (COR lla, LOE B) (Table
7).

6. RENAL DENERVATION PROCEDURES WITH
RADIOFREQUENCY ABLATIONS

Consensus statements

e A single electrode radiofrequency ablation impacts ap-
proximately 25% of the circumference of the renal ar-
tery. Thus, ablation attempts in at least 4 distinct quad-
rants of the artery are required to provide a complete
circumferential treatment.

e An optimized procedural technique with special em-
phasis on distal renal artery, branch artery, and acces-
sory artery is critical to reducing variability in patient
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response and gaining maximal BP-lowering effect with
RDN.

e For cases with tortuous and angulated renal arteries, a
guidewire with strong support, good torquability, and a
non-traumatic tip, such as Grand Slam (Asahi Intecc,
Aichi, Japan) or Thunder (Medtronic, MN, USA), is very
helpful for advancing the radiofrequency catheter to
achieve comprehensive branch ablations.

e For cases with downward ostium, ostial renal artery
stenosis, or excessive aortorenal angle, transradial or
transbrachial approach might be more appropriate for
RDN.

6.1 Four-quadrant ablations

It has been assumed that the less-than-expected ef-
ficacy outcomes in the RDN arm in SYMPLICITY HTN-3
may have been due to incomplete denervation. One key
insight from HTN-3 was that ablations in a four-quadrant
pattern bilaterally resulted in a larger drop in office and
ambulatory SBP and heart rate.’® Pre-clinical histologic
analysis of ablated nerves in normotensive pigs has shown
that a single electrode radiofrequency ablation impacts
approximately 25% of the circumference of the artery."*
Thus, ablation attempts in at least 4 distinct quadrants
of the artery (superior, inferior, anterior, and posterior
quadrants) are required to provide a complete circum-
ferential treatment. The four-electrode Symplicity Spyral
catheter was designed to assist in achieving four-quad-
rant ablations by delivering the radiofrequency energy
and was used in the SPYRAL HTN clinical trial program.

The Spyral catheter has a self-expanding helical de-
sign to conform to a wide range of artery shapes and
sizes (3 to 8 mm in diameter).

6.2 Distal and branch artery ablations

Recent histologic analyses indicated that renal ner-
ves may have a positional bias,'?"**? suggesting that
nerves surrounding the distal main and branch renal ar-
teries are closer to the arterial wall than those in the
proximal main renal artery. Targeting renal ablation in
the distal main and branch arteries increased the amount
of non-functioning nerves and reduced renal norepine-
phrine content in animal studies.'*>'*

Likewise, renal denervation in patients with acces-
sory renal arteries that were not denervated provided
less reduction of BP than it provided in treated patients
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without accessory vessels, suggesting that it would be
beneficial to include accessory renal arteries, if acces-
sible, as targets of the denervation procedure.’?* Al-
together, the increased knowledge of renal nerve anat-
omy suggests that an optimized procedural technique
with special emphasis on distal renal artery, branch ar-
tery, and accessory artery is critical to reducing variabil-
ity in patient response and gaining maximal BP-lowering
effect with RDN.

A dedicated RDN ablation strategy focusing on
both main and distal renal arteries was adopted in the
SPYRAL HTN program. The average number of ablations
was 43.8 in SPYRAL HTN-OFF MED and 45.9 in SPYRAL
HTN-ON MED. For cases with tortuous and angulated
renal arteries, a guidewire with strong support, good
torquability, and a non-traumatic tip, such as Grand
Slam (Asahi Intecc, Aichi, Japan) or Thunder (Med-
tronic, MN, USA), is very helpful for advancing the
radiofrequency catheter to achieve comprehensive
branch ablations. The location of renal artery ablation
should not exceed the inner border of renal paren-
chyma (Figure 3).

6.3 Vascular access

Data from numerous RDN clinical trials have dem-
onstrated that both renal arteries can be successfully
accessed via the transfemoral approach.'*>**** The
procedural success rate is almost one hundred per-
cent, with acceptable safety profile. However, for pa-
tients who have calcified, tortuous, dissected, or in-
frarenal aneurysmal abdominal aorta, transfemoral
approach for any endovascular procedure becomes
more difficult or with greater intrinsic risk than those
with relatively normal aortic anatomy. Besides, down-
ward ostium, ostial renal artery stenosis, and exces-
sive aortorenal angle might make catheter engage-
ment to the orifice of renal arteries challenging.'*®**®
Repeated testing with contrast medium and manipula-
tion of guide catheter increases not only the risk of
contrast-induced nephropathy, but also embolic event
or renal artery injury.129 In these circumstances, trans-
radial or transbrachial approach might be rational for
RDN.130'131

There are few published case reports regarding
transbrachial, transradial, or transulnar RDN till now. %1%
Considering the size of vascular access and RDN cathe-

ter, six- and seven-French guide catheter is suggested for
transradial and transbrachial approach, respectively.*®
The Spyral catheter is 6-Fr. in diameter with a working
length of 117 cm. It is thus possible to engage bilateral
renal artery ostia by using a 90-cm 6 or 7-Fr. guide ca-
theter via transbrachial approach. In this way, the ca-
theter protruding length of 27 cm is long enough for
performing radiofrequency ablation along the main and
distal renal artery. Additionally, left brachial arterial ac-
cess is more preferable than right one because of shorter
brachio-ostial length and less tortuosity."’

Transradial approach for renal angiography or inter-
vention could be considered if the patient’s body height
is < 170 cm. In contrast, transbrachial approach is more
appropriate for those with height > 170 cm.

6.4 Medications

Common medications available for the procedure
include, but are not limited to: heparin, fentanyl/mor-
phine/ultiva, midazolam, propofol, nitroglycerin, and At-
ropine. Heparin should be given from 5000 to 7500 IU,
according to the body size of patients. Fentanyl, mor-
phine, midazolam, and possibly propofol could be given
before and during the procedure at proceduralist’s dis-
cretion. If vasospasm is noted during the procedure,
100~200 U nitroglycerin could be given.

Inner border of renal parenchyma in renal angiogram. The
red dotted line shows the inner border of renal parenchyma. The blue
dots indicate ablation points.

Figure 3.

Acta Cardiol Sin 2019;35:199—-230



Tzung-Dau Wang et al.

7. POST-RENAL DENERVATION ASSESSMENT

Consensus statements

e 24-hour ambulatory BP monitoring, together with the
dose and dosing interval of all BP-lowering drugs, should
be obtained 6 months following RDN.

e Electrocardiogram should be obtained 12 months, and
then yearly, following RDN since the QRS voltage change
is a surrogate of left ventricular mass, which is closely
related to long-term BP burden and of prognostic sig-
nificance.

e Renal function assessment, including serum creatinine,
eGFR, and potassium and urine dipstick or albumin:
creatinine ratio, should be obtained 1-2 weeks and
every 6 months following RDN.

e Given that more aggressive and distal ablation strategy
is adopted by newer-generation RDN, CT or MR renal
angiography should be obtained at 12 months follow-
ing RDN to evaluate whether there is any evidence of
renal artery stenosis, which might not be evident clini-
cally.

7.1 Blood pressures

In addition to office BP measurement, patient should
be instructed to do home BP monitoring before and af-
ter RDN. The importance and necessity of home BP
monitoring should be emphasized to all RDN patients,
since it is the cornerstone for achieving optimal BP con-
trol. Details of how and when to obtain adequate home
BP measurements are shown in TSOC/THS 2015 Hyper-
tension Guidelines."

After hospital discharge, patients should be fol-
lowed at outpatient clinic within 1-2 weeks. Notably, BP
changes rarely become evident immediately after the
procedure. It often takes several weeks to months be-
fore an apparent BP reduction occurs. According to ex-
perience from the 3 newer-generation RDN trials, the
Task Force recommends that 24-hour ambulatory BP
monitoring should be obtained 6 months following RDN
(Figure 2) since it seems to be the most appropriate
time point for physicians to judge whether the given pa-
tient is responsive to RDN or not."” Since medication ad-
justment can influence the BP-lowering effect,” the
Task Force recommends to document the dose and dos-
ing interval of all BP-lowering drugs used whenever am-
bulatory BP monitoring is obtained. It is worthwhile to
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obtain ambulatory BP monitoring one to 3 months after
RDN to detect whether there is any difference in early-
phase response following RDN between populations. Af-
ter 6 months, ambulatory BP monitoring could be per-
formed on a yearly basis to assess the long-term durabil-
ity of RDN.

Safety concerns regarding potential orthostatic ef-
fects of RDN can largely be ruled out due to the lack of
occurrence of orthostasis in the large RDN trials and a
small clinical trial.”®® It is worthwhile to ask patients to
measure their standing BP no matter whether they are
symptomatic, given that most orthostatic hypotension
cases are asymptomatic.’

7.2 Heart rate and electrocardiogram

In the SYMPLICITY HTN-3 trial,"® there was no signi-
ficant between-group difference in the change in heart
rate from baseline to 6 months. Nevertheless, among 46
patients in SYMPLICITY HTN-2 trial selected for extended
investigation of cardiopulmonary exercise tests, results
showed that heart rate at rest was decreased after RDN
by 4 bpm, whereas maximum heart rate and heart rate

139
In an-

increase during exercise were not different.
other study of 136 patients with resistant hypertension
who underwent RDN, heart rate was reduced by 2.1
bpm after 6 months. The heart rate-slowing effect was
more evident in patients whose baseline heart rate was
> 71 bpm. The PR interval was prolonged by 11.3 and
10.3 msec at 3 and 6 months after RDN, respectively.'*
Thus, heart rate measurement should be obtained to-
gether with BP measurement. Electrocardiogram should
be obtained 12 months, and then yearly, following RDN
(Figure 2) since the QRS voltage change is a surrogate of
left ventricular mass, which is closely related to long-
term BP burden and of prognostic significance.™***?

7.3 Renal function

Concerns have been raised that RDN might nega-
tively influence renal function. In the SYMPLICITY HTN-1
to HTN-3 trials,">*"** there was no significant deteriora-
tion of renal function in RDN groups. Nonetheless, SYM-
PLICITY HTN-3 reported 5 cases receiving RDN and 1
case in the sham group had an increase in serum creat-
inine levels of greater than 50% from baseline.” In the
SPYRAL HTN-OFF MED and HTN-ON MED trials, there
was no increase in serum creatinine of more than 50%
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from baseline despite a mean of 251 ml of contrast was
used in the RDN group.l‘r”18 Factors possibly influence re-
nal function following RDN include contrast media, renal
artery injury, BP changes during or after the procedure,
and distal embolization.’® The temporal change of renal
function would hint us the possible etiologies. For exam-
ple, in contrast-induced nephropathy, serum creatinine
generally peaks at 3 to 5 days and returns to baseline by
7 to 10 days.'*® Immediate change of renal function
might be observed during hypotensive episodes or signi-
ficant renal artery complications. Renal function assess-
ment, including serum creatinine, eGFR, and potassium
and urine dipstick or albumin: creatinine ratio, should
be obtained 1-2 weeks and every 6 months following
RDN (Figure 2).

7.4 Renal artery and vascular access

RDN-related vascular complications are rare, even
during long-term follow-up, and include renal artery dis-
section, stenosis, and vascular access complications.
However, one case of accelerated progression of renal
artery stenosis after RDN was reported which suggested
radiofrequency ablations may accelerate the progres-
sion of pre-existing renal artery atherosclerotic lesions.***
Given that more aggressive and distal ablation strategy
is adopted by newer-generation RDN, the Task Force
recommends that CT or MR renal angiography should be
obtained 12 months following RDN to evaluate whether
there is any evidence of renal artery stenosis, which
might not be evident clinically (Figure 2). In patients
with procedure-related renal artery injury, unexplained
deterioration of renal function, or deteriorating hyper-
tension, follow-up renal artery imaging, like duplex ul-
trasound, CT or MR angiography with contrast enhance-
ment should be arranged to elucidate renal artery status.

8. FUTURE PERSPECTIVES

Consensus statement

e The unmet needs with regard to RDN include uncer-
tainty about clinical predictors of response, procedural
endpoints indicating the success of RDN, and non-inva-
sive indicators for reinnervation later on.

To make RDN a more individual-oriented and goal-

directed procedure, there are at least three fundamen-
tal issues to be solved: 1) to identify the predictors of re-
sponse, 2) to identify the procedural endpoint which
can reliably indicate the success of RDN, and 3) to iden-
tify non-invasive indicators for reinnervation during fol-
low-up.

First, regarding the predictors of response, previous
studies have shown that pre-RDN BP level,** diastolic
BP variability,"*® combined systolic-diastolic hyperten-
sion,61 24-hour ambulatory heart rate,147 renal artery
vasodilatation,'*® central pulse pressure,” and impaired
cardiac baroreflex sensitivity**® were potential predic-
tors of RDN responders. Despite impaired baroreflex
sensitivity improved by RDN, it was not correlated with
130 All the other predictors are not direct
measures of sympathetic activity. Some of the predic-
tors need to be obtained invasively. Although the mus-
cle sympathetic nerve activity and heart rate variability
are related to sympathetic activity, they were not changed
by RDN in some studies.””"*** In summary, the ideal pre-
dictor, which should be non-invasively accessible, re-
lated to sympathetic activity, and reproducibly corre-
lated with BP-lowering response to RDN, is still lacking.

Second, regarding the procedural endpoint, one
study group applied high-frequency stimulation to renal
artery to ascertain whether RDN was successful or not
in 13 patients with paroxysmal or permanent atrial fi-
brillation and resistant hypertension.153 The change in
BP response following high-frequency stimulation was
used to determine the procedural success of RDN. De-
spite the successful result of this small study, the me-
chanism of BP response by high-frequency stimulation
remains controversial.*** Moreover, the BP responses
following high-frequency renal artery stimulation are
heterogenous and could be site-dependent.””
cent study, Sakaoka et al.r*®
sound and optical frequency domain imaging to facili-
tate the RDN procedure in a porcine model. Positive cor-
relations in measured dimensions of ablations between

BP reductions.

In a re-
used intravascular ultra-

histopathology and intravascular imaging results were
demonstrated. However, it did not guarantee that there
was functional change in sympathetic tone simultane-
ously. It seems that the BP response to high-frequency
stimulation of renal artery before and after RDN could
serve as a rational procedural endpoint and needs fur-
ther verification. Without a definite procedural end-
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point indicative of immediate success of RDN, it would
be hard to compare the BP-lowering efficacy between
different RDN technologies.”’

Third, there are no non-invasive and reproducible
parameters capable of detecting reinnervation for post-
RDN follow-up. Reinnervation has been demonstrated
158-160 However,
a recent sheep model of hypertensive renal disease
showed maintenance of the BP-lowering effect of RDN
to at least 30 months.'®" Histology, tissue noradrenaline
level, muscle sympathetic nerve activity, renal sympa-
thetic nerve activity, and the afferent and efferent re-

after RDN in animal and human studies.

sponses to electrical stimulation of renal nerves could
be used to detect reinnervation following RDN. Yet, all
of these methods are invasive and hard to perform in
clinical practice. One novel method, called neuECG, is
developed to record skin sympathetic nerve activity and
electrocardiogram simultaneously.lsz'163 The skin sympa-
thetic nerve activity recorded by neuECG might be able
to identify the potential responder of RDN, to evaluate
the sympathetic activity change immediately after RDN,
and to detect reinnervation.

9. CONCLUSIONS

Sympathetic overactivity is one of the essential me-
chanisms of hypertension. Sympathetic overactivity in
driving sustained hypertension derives mostly from its
effects on renal function, whereas sympathetic effects
on systemic hemodynamics are responsible largely for
transient BP elevation. Percutaneous RDN is designed to
disrupt renal afferent and efferent sympathetic nerves,
which modulate central sympathetic outflow and renal
physiology, to achieve sustained BP reduction. Since
2017 onward, all three feasibility, proof-of-concept,
sham-controlled RDN trials demonstrated that RDN re-
sulted in consistent and clinically meaningful BP reduc-
tions (approximately 10 mmHg in office SBP and 6-9
mmHg in ambulatory SBP) compared to sham operation
in patients with mild to moderate or uncontrolled hy-
pertension, irrespective of whether radiofrequency en-
ergy with dedicated branch artery ablation or ultra-
sound energy was applied. The accumulated evidence
suggests that RDN was associated with a < 1% rate of
vascular access site complication and renal artery injury,
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as well as no excess risks of renal dysfunction. In Taiwan,
a total of 180 patients underwent RDN till February
2019. The mean 24-hour ambulatory SBP reduction was
8 mmHg at 12 months, consistent with the registry data
worldwide.

Considering all the available evidence and the sub-
optimal long-term control rate of hypertension world-
wide, the Task Force agrees that RDN is a legitimate al-
ternative antihypertensive strategy and recommends 1)
RDN should be done in the context of registry and clini-
cal studies, unless more reassuring results from larger,
pivotal, newer-generation RDN trials are available (COR
I, LOE C), and 2) RDN should not be done routinely,
without detailed evaluation of various causes of second-
ary hypertension and renal artery anatomy (COR Ill, LOE
C). The Task Force recommends RDN could be done in
patients who fulfill either of the 2 BP criteria: 1) office
BP > 150/90 mmHg and daytime ambulatory SBP > 135
mmHg or DBP > 85 mmHg, irrespective of use of anti-
hypertensive agents (COR lla, LOE B), or 2) 24-hour am-
bulatory SBP > 140 mmHg and DBP > 80 mmHg, irre-
spective of use of antihypertensive agents (COR lla, LOE
B), with eligible renal artery anatomy and eGFR > 45
mL/min/1.73 m’. Five subgroups of hypertensive pa-
tients who are preferred candidates for RDN are identi-
fied and dubbed “RDN i2”: Resistant hypertension, pa-
tients with blood pressure-mediated vasculature or or-
gan Damage, Non-adherent to antihypertensive medica-
tions, intolerant to antihypertensive medications, and
patients with secondary (2ndary) causes being treated
for > 3 months but hypertension still uncontrolled.

The Task Force recommends assessment of three as-
pects, dubbed “RAS” (R for renal, A for ambulatory, S for
secondary), should be done beforehand to ascertain
whether RDN could be performed appropriately: 1)
Renal artery anatomy eligibility: assessed by CT or MR
renal angiography if not contraindicated, 2) genuine un-
controlled BP: confirmed by 24-hour Ambulatory BP
monitoring, and 3) Secondary hypertension identified
and properly treated. After the procedure, the Task Force
recommends that 24-hour ambulatory BP monitoring
should be obtained 6 months following RDN. Renal func-
tion assessment, including serum creatinine, eGFR, and
potassium and urine dipstick or albumin: creatinine ra-
tio, should be obtained 1-2 weeks and every 6 months
following RDN. The Task Force recommends that CT or
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MR renal angiography should be obtained 12 months
following RDN to evaluate whether there is any evi-
dence of renal artery stenosis, which might not be clini-
cally evident.
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