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Background: It is unclear whether renal denervation (RDN) can safely result in blood pressure (BP) reductions in

Asian hypertensive patients and whether such reductions would be sustainable. The study is to assess the safety

and efficacy of RDN achieved by either main renal artery ablation using the Symplicity Flex
TM

catheter or main plus

branch renal artery ablations using the Symplicity Spyral
TM

catheter in Taiwanese uncontrolled hypertensive patients

enrolled in the Global SYMPLICITY Registry (GSR) with 3 years of follow-up.

Methods: The GSR is a prospective, open-label, and all-comer registry to evaluate the safety and effectiveness of

RDN in patients with uncontrolled hypertension worldwide.

Results: Among 26 patients enrolled (mean age, 59.1 � 13.8 years), 8 were treated with the Symplicity Flex
TM

catheter, and 18 were treated with the Symplicity Spyral
TM

catheter. Baseline office systolic BP was 168.2 � 19.8

mmHg and diastolic BP was 89.0 � 14.3 mmHg. Office BP reductions following RDN were sustained throughout the

follow-up periods of up to 3 years in the Symplicity Flex
TM

group and 2 years in the Symplicity Spyral
TM

group. In the

Symplicity Flex
TM

group, the office systolic BP reductions were 14.9 � 14.7 mmHg and 29.7 � 25.9 mmHg at 3

months and 3 years, respectively (both p < 0.05 from baseline). In the Symplicity Spyral
TM

group, the office systolic

BP reductions were 21.2 � 28.7 mmHg and 42.4 � 10.7 mmHg at 3 months and 2 years, respectively (both p < 0.05

from baseline). There were no significant changes in heart rate or antihypertensive medication classes. Three

protocol-defined adverse events occurred in 2 patients, including new-onset end-stage renal disease, stroke, and

hospitalization for new-onset heart failure.

Conclusions: Given the susceptibility of Asian populations to hypertension, RDN, as a safe antihypertensive procedure

with long-lasting BP-lowering effects, could reliably serve as an alternative or complementary BP-lowering strategy

for patients with uncontrolled hypertension in Taiwan and other Asian countries.

Key Words: Blood pressure � Catheter ablation � Hypertension � Nerve � Renal artery

Acta Cardiol Sin 2019;35:618�626 618

Original Article doi: 10.6515/ACS.201911_35(6).20190826A

Acta Cardiol Sin 2019;35:618�626

Received: July 28, 2019 Accepted: August 26, 2019
1
Division of Cardiology, Department of Internal Medicine, National Taiwan University Hospital Hsin-Chu Branch, Hsinchu;

2
Cardiovascular Center

and Division of Cardiology, Department of Internal Medicine, National Taiwan University Hospital and National Taiwan University College of

Medicine, Taipei;
3
Cardiovascular Center, MacKay Memorial Hospital, Taipei;

4
Department of Medicine, Mackay Medical College, New Taipei City,

Taiwan;
5
Medtronic PLC, Santa Rosa, CA, USA;

6
Department of Internal Medicine, National Cheng Kung University College of Medicine and Hospital,

Tainan;
7
Division of Cardiology, Taipei Veterans General Hospital and National Yang-Ming University, Taipei;

8
Division of Cardiology, Cardiovascular

Medical Center, Far Eastern Memorial Hospital, New Taipei City;
9
Division of Cardiology, Department of Internal Medicine, Kaohsiung Medical

University Hospital and Department of Internal Medicine, Faculty of Medicine, Kaohsiung Medical University, Kaohsiung, Taiwan.

Corresponding author: Prof. Tzung-Dau Wang, Cardiovascular Center and Division of Cardiology, Department of Internal Medicine, National

Taiwan University Hospital, No. 7, Zhong-Shan South Road, Taipei 10002, Taiwan. Tel: 886-2-2312-3456 ext. 65632; Fax: 886-2-2391- 3682;

E-mail: tdwang@ntu.edu.tw



INTRODUCTION

Sympathetic overactivity plays an important role in

the pathogenesis of hypertension and associated co-

morbidities. The role of sympathetic overactivity in driv-

ing sustained hypertension may be due to its effects on

renal function, whereas sympathetic effects on systemic

hemodynamics are mostly responsible for transient

blood pressure (BP) elevation.
1,2

Catheter-based renal

denervation (RDN) is designed to disrupt renal afferent

and efferent sympathetic nerves, which modulate cen-

tral sympathetic outflow and renal physiology, in pa-

tients with uncontrolled hypertension.
3

Despite the neutral efficacy results in the sham-con-

trolled SYMPLICITY HTN-3 trial, in which main renal ar-

tery ablation was performed using the Symplicity Flex
TM

catheter,
4

three carefully designed, randomized, sham-

controlled RDN trials (SPYRAL HTN-OFF MED, SPYRAL

HTN-ON MED, and RADIANCE-HTN SOLO) have been

published since 2017, with the SPYRAL HTN studies col-

lecting plasma and urine samples to ensure medication

adherence and employing next-generation catheters ca-

pable of four-quadrant energy delivery.
5-7

All three feasi-

bility 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] at 2 to

6 months in patients with mild to moderate or uncon-

trolled hypertension, irrespective of whether radiofre-

quency energy with dedicated branch artery ablation or

ultrasound energy was applied. In the SYMPLICITY HTN-

3 trial, which enrolled patients with resistant hyperten-

sion (uncontrolled hypertension while receiving maxi-

mally tolerated doses of � 3 antihypertensive medica-

tions), the reductions in office SBP and ambulatory SBP

(14.1 mmHg and 6.8 mmHg, respectively) at 6 months in

patients in the RDN group were also comparable to the

three recent RDN trials.
4

Even though non-standardized

medication adjustment may have caused marked BP re-

ductions in the sham group and confounded the effec-

tiveness assessment of RDN, a recent meta-analysis of

radiofrequency ablation-based RDN trials with < 10%

unplanned changes in antihypertensive medications du-

ring the follow-up periods showed consistent and statis-

tically significant office and ambulatory BP reductions in

the RDN group compared to the control group across all

RDN trials, including SYMPLICITY HTN-Japan.
8,9

Another

recent meta-analysis of sham-controlled RDN trials also

showed a BP-lowering benefit of RDN in first- and sec-

ond-generation trials.
10

According to the long-term follow-up results from

the SYMPLICITY HTN-Japan and Korean data from the

Global SYMPLICITY Registry (GSR), office BP reductions

following RDN (25-30 mmHg for SBP and 10-15 mmHg

for diastolic BP (DBP) at 12 to 36 months) were similar

between patients with uncontrolled hypertension in

these two Asian countries.
11,12

The reductions in office

BP at 12 months in the Korean uncontrolled hyperten-

sive patients were more pronounced than those in Cau-

casian uncontrolled hypertensive patients in the GSR.
11

However, only main renal artery ablations were con-

ducted in both SYMPLICITY-Japan and GSR-Korea, and it

is still not certain whether RDN achieved by both main

and branch renal artery ablations can result in similar BP

reductions in Asian hypertensive patients and whether

those reductions would be sustainable over longer time

periods.

Accumulating evidence suggests that RDN is associ-

ated with a < 1% rate of vascular access site complica-

tions and renal artery injury, as well as no excess in risks

of renal dysfunction.
13

However, data regarding the long-

term safety, particularly with RDN achieved by main and

branch renal artery ablations, from real-world registries

in Asian countries are lacking. Therefore, the aim of this

study was to assess the safety and efficacy of RDN, achi-

eved by either main renal artery ablation or main plus

branch renal artery ablations, in Taiwanese uncontrolled

hypertensive patients enrolled in the GSR (GSR-Taiwan)

with up to 3 years of follow-up.

METHODS

Study design

The Global SYMPLICITY Registry (GSR) is a prospec-

tive, open-label, single-arm, all-comer registry with ap-

proximately 3000 patients enrolled globally, including

from Taiwan, to evaluate the safety and effectiveness of

treatment with the Symplicity RDN system (Medtronic,

Santa Rosa, CA, USA) in patients with uncontrolled hy-

pertension and/or conditions associated with sympa-

thetic nervous system activation in real-world clinical

settings.
14,15

National regulatory authorities and institu-
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tional review boards/ethics committees of the partici-

pating centers approved the registry, and informed con-

sent was obtained from all patients. The GSR is regis-

tered at ClinicalTrials.gov (NCT01534299).

The GSR includes the Taiwan registry subgroup

(GSR-Taiwan), which enrolls patients with resistant hy-

pertension defined as a SBP persistently > 160 mmHg

(or � 150 mmHg if they have type 2 diabetes mellitus)

while receiving � 3 antihypertensive medications with-

out changes for 2 weeks before enrollment. The exclu-

sion criteria included prior renal artery intervention,

main renal arteries < 4 mm in diameter or < 20 mm in

length and hemodynamically or anatomically significant

renal artery abnormalities, such as renal artery stenosis.

The baseline estimated glomerular filtration rate (eGFR)

was recommended to be > 45 ml/min/1.73 m
2
, as calcu-

lated by the Modification of Diet in Renal Disease for-

mula. Patients with type 1 diabetes mellitus, stenotic

valvular heart disease, myocardial infarction, unstable

angina or cerebrovascular accident within 6 months of

enrollment were also excluded, as were individuals with

untreated secondary hypertension.

Before treatment and at every follow-up visit, inves-

tigators interviewed the patients and documented any

changes to antihypertensive medications. The GSR, in-

cluding GSR-Taiwan, recommends three BP and heart

rate measurements at each visit, with the patient sitting

quietly for at least 5 minutes prior to the first measure-

ment and at least 1 minute between each measure-

ment, according to standard practice guidelines.
16,17

Am-

bulatory BP monitoring is not mandated in GSR-Taiwan.

Procedures

RDN was performed using the Symplicity
TM

genera-

tor and either the mono-electrode Symplicity Flex
TM

radiofrequency catheter or the Symplicity Spyral
TM

mul-

tielectrode catheter. When using the Symplicity Flex
TM

catheter, individual ablations were applied for 120 s

each, with at least 4 to 6 ablations planned for each

main renal artery in a helical pattern.
4

When using the

Symplicity Spyral
TM

catheter (Medtronic, Galway, Ire-

land), a standardized approach to target all accessible

renal arterial vessels, including branch arteries and ac-

cessory arteries with a diameter greater than 3 mm and

less than 8 mm, was conducted.
5

The four electrodes on

the Symplicity Spyral
TM

catheter were positioned to ap-

ply radiofrequency energy in all four quadrants of the

main renal artery and branch/accessory vessels. Dener-

vation time was defined as the interval between RDN

catheter insertion and guide catheter removal. Proce-

dure time was defined as the interval between arterial

access site puncture to discharge from the catheter-

ization laboratory.

Statistical analysis

Continuous data were reported as mean � standard

deviation, and between-group differences were tested

using the Wilcoxon-Mann-Whitney test. Within-group

differences in continuous variables from baseline to fol-

low-up were tested using paired t-tests. Categorical data

were presented as frequencies or percentages and com-

pared using the �
2

or Fisher’s exact test, as appropriate.

Changes in the number of medication class between

baseline and 3 years were compared using McNemar’s

test. Analyses were performed on the basis of the inten-

tion-to-treat principle. Missing data were not imputed.

A two-tailed p value < 0.05 was considered to be statisti-

cally significant. All analyses were performed using the

SAS statistical package (version 9.3, Cary, NC, USA).

RESULTS

Baseline characteristics and procedural data

At the time of this analysis, 26 patients had been

enrolled in Taiwan. Of these patients, 8 were treated

with the Symplicity Flex
TM

catheter, and 18 were treated

with the Symplicity Spyral
TM

catheter. Overall, the base-

line office SBP was 168.2 � 19.8 mmHg and diastolic BP

(DBP) was 89.0 � 14.3 mmHg. The average body mass

index at baseline was 30.3 � 6.1 kg/m
2
, and the mean

age was 59.1 � 13.8 years. Eighteen (69.2%) of the 26

patients were male, 11.5% had a history of renal insuffi-

ciency (eGFR < 60 mL/min/1.73 m
2
), 19.2% had a smok-

ing habit, and half had type 2 diabetes mellitus. During

the RDN procedure, an average of 19.9 � 7.7 total abla-

tions were applied in the patients treated with the Sym-

plicity Flex
TM

catheter (main renal artery ablations), com-

pared to an average of 39.1 � 18.2 ablations in the pa-

tients treated with the Symplicity Spyral
TM

catheter (main

and branch renal artery ablations). In the Symplicity

Spyral
TM

subgroup, we ablated an average of 3.5 bran-
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ches of renal arteries per patient. The denervation time

was significantly shorter in the patients treated with the

Symplicity Spyral
TM

catheter, even though they received

almost twice as many ablations. The average amount of

contrast used was similar between both groups (Table 1).

Antihypertensive medications

An average of 4.6 � 1.4 classes of antihypertensive

medications were prescribed at baseline, which primar-

ily included an angiotensin receptor blocker or angio-

tensin-converting enzyme inhibitor, a calcium channel

blocker, a diuretic, and a beta-blocker (Table 2). There

were no significant differences in the number of anti-

hypertensive medication classes between baseline and 2

years (the Flex
TM

group) or 3 years (the Spyral
TM

group).

Blood pressures and heart rate

The effectiveness of renal denervation on office SBP

reductions were comparable in both groups. Office SBP

reductions were sustained for up to 3 years in the Sym-

plicity Flex
TM

group and up to 2 years in the Symplicity

Spyral
TM

group (Figure 1). In the Symplicity Flex
TM

group,

office SBP decreased by 14.9 � 14.7 mmHg (n = 7, p =

0.037), 24.6 � 12.2 mmHg (n = 6, p = 0.004), 28.4 � 25.6

mmHg (n = 8, p = 0.017), 19.7 � 28.8 mmHg (n = 6, p =

0.155) and 29.7 � 25.9 mmHg (n = 8, p = 0.014) at 3

621 Acta Cardiol Sin 2019;35:618�626
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Table 1. Baseline and procedural characteristics in the Global SYMPLICITY Registry-Taiwan

Characteristics
Symplicity Flex

TM
System

(N = 8)

Symplicity Spyral
TM

System

(N = 18)
p-value

Office systolic blood pressure, mmHg 0.68

Median (IQR) 173.67 (152.50, 175.34) 173.34 (163.67, 181.67)

Office diastolic blood pressure, mmHg 0.24

Median (IQR) 96.34 (83.17, 107.00) 87.00 (75.00, 99.67)

Heart rate (beats per minute) 0.49

Median (IQR) 69.50 (65.34, 82.50) 68.50 (63.00, 74.00)

Age, years 0.23

Median (IQR) 48.00 (43.50, 64.50) 61.00 (54.00, 68.00)

Male gender 87.5% (7/8) 61.1% (11/18) 0.36

Body mass index, kg/m
2

0.17

Median (IQR) 32.20 (28.60, 34.90) 28.70 (26.60, 31.00)

Obesity (� 30 kg m
-2

) 75.0% (6/8) 33.3% (6/18) 0.09

Smoking/tobacco use 25.0% (2/8) 16.7% (3/18) 0.63

Diabetes mellitus type 2 50.0% (4/8) 50.0% (9/18) 1.00

Renal insufficiency (eGFR < 60 ml/min/1.73 m
2
) 12.5% (1/8) 11.1% (2/18) 1.00

History of atrial fibrillation 12.5% (1/8) 05.6% (1/18) 0.53

Previous stroke 0.0% (0/8) 05.6% (1/18) 1.00

Previous myocardial infarction 00.0% (0/8) 05.6% (1/18) 1.00

Angina pectoris 25.0% (2/8) 05.6% (1/18) 0.22

Heart failure 12.5% (1/8) 11.1% (2/18) 1.00

Denervation procedure

Procedure time (min) 0.13

Median (IQR) 0144.50 (118.50, 161.50) 107.50 (85.00, 158.00)

Denervation time (min) 0.02

Median (IQR) 103.50 (66.50, 113.00) 58.00 (37.00, 76.00)

Number of ablations 0.01

Median (IQR) 19.50 (13.50, 25.50) 40.50 (21.00, 54.00)

Amount of contrast (ml) 0.87

Median (IQR) 0200.00 (160.00, 212.50) 180.00 (100.00, 230.00)

Hospital stay (day) 0.20

Median (IQR) 2.50 (2.00, 3.50)0 2.00 (2.00, 2.00)00

eGFR, estimated glomerular filtration rate; IQR, interquartile range.



months, 6 months, 1 year, 2 years, and 3 years, respec-

tively (Figure 1A). In the Symplicity Spyral
TM

group, of-

fice SBP decreased by 21.2 � 28.7 mmHg (n = 15, p =

0.013), 31.2 � 24.6 mmHg (n = 14, p < 0.001), 25.6 �

28.5 mmHg (n = 15, p = 0.004) and 42.4 � 10.7 mmHg (n

= 6, p < 0.001) at 3 months, 6 months, 1 year, and 2

years, respectively (Figure 1A). Office DBP reductions

were generally consistent with SBP reductions (Figure

1B). DBP reductions were sustained until the end of fol-

low-up by 16.8 � 17.6 mmHg (n = 8, p = 0.030) in the

Symplicity Flex
TM

group at 3 years, and by 22.7 � 16.1

mmHg (n = 6, p = 0.018) in the Symplicity Spyral
TM

group

at 2 years. There were no significant changes in heart

rate in both groups (Figure 1C).

Safety

Safety outcomes are shown in Table 3. One patient

in the Symplicity Flex
TM

subgroup was hospitalized for

new-onset heart failure, which occurred in the third

year following RDN. One patient in the Symplicity Spy-

ral
TM

group developed end-stage renal disease at 6

months, which was deemed not to be related to the pro-

cedure by the investigator, and subsequently suffered a

stroke event in the second year following RDN. There

were no deaths, strokes, myocardial infarctions, renal

events, or procedure-related vascular complications in

the remaining 24 patients.

DISCUSSION

In the present analysis of GSR-Taiwan, the first real-

world registry of RDN for patients with uncontrolled

hypertension in Taiwan, we demonstrated that 1) office
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Table 2. Antihypertensive medications in patients enrolled in the Global SYMPLICITY Registry-Taiwan

Baseline 6 Months 12 Months 24 Months 36 Months

Symplicity

Flex
TM

(N = 8)

Symplicity

Spyral
TM

(N = 18)

Symplicity

Flex
TM

(N = 8)

Symplicity

Spyral
TM

(N = 17)

Symplicity

Flex
TM

(N = 8)

Symplicity

Spyral
TM

(N = 16)

Symplicity

Flex
TM

(N = 8)

Symplicity

Spyral
TM

(N = 9)

Symplicity

Flex
TM

(N = 8)

Symplicity

Spyral
TM

(N = 0)

Number of

antihypertensive

medication

classes

4.3 � 1.3 4.8 � 1.5 4.3 � 1.5 4.3 � 1.5 4.4 � 1.4 4.7 � 1.0 4.3 � 1.5 5.0 � 1.1 4.3 � 1.5 -

ACE inhibitors 12.5%

(1/8)

5.6%

(1/18)

12.5%

(1/8)

0.0%

(0/17)

25.0%

(2/8)

6.3 %

(1/16)

25.0%

(2/8)

11.1%

(1/9)

25.0%

(2/8)

-

Angiotensin

receptor blockers

75.0%

(6/8)

83.3%

(15/18)

62.5%

(5/8)

88.2%

(15/17)

75.0%

(6/8)

81.3%

(13/16)

62.5%

(5/8)

55.6%

(5/9)

62.5%

(5/8)

-

Calcium channel

blockers

62.5%

(5/8)

83.3%

(15/18)

75.0%

(6/8)

76.5%

(13/17)

75.0%

(6/8)

93.8%

(15/16)

62.5%

(5/8)

88.9%

(8/9)

62.5%

(5/8)

-

Diuretics 62.5%

(5/8)

77.8%

(14/18)

62.5%

(5/8)

70.6%

(12/17)

62.5%

(5/8)

75.0%

(12/16)

62.5%

(5/8)

77.8%

(7/9)

62.5%

(5/8)

-

Aldosterone

antagonists

37.5%

(3/8)

38.9%

(7/18)

37.5%

(3/8)

29.4%

(5/17)

37.5%

(3/8)

37.5%

(6/16)

37.5%

(3/8)

55.6%

(5/9)

37.5%

(3/8)

-

Centrally acting

sympatholytics

0.0%

(0/8)

5.6%

(1/18)

12.5%

(1/8)

5.9%

(1/17)

0.0%

(0/8)

0.0%

(0/16)

0.0%

(0/8)

0.0%

(0/9)

0.0%

(0/8)

-

Direct renin

inhibitor

0.0%

(0/8)

0.0%

(0/18)

0.0%

(0/8)

0.0%

(0/17)

0.0%

(0/8)

0.0%

(0/16)

0.0%

(0/8)

0.0%

(0/9)

0.0%

(0/8)

-

�-blockers 100.0%

(8/8)

72.2%

(13/18)

100.0%

(8/8)

64.7%

(11/17)

100.0%

(8/8)

81.3%

(13/16)

100.0%

(8/8)

88.9%

(8/9)

100.0%

(8/8)

-

�-adrenergic

blocker

50.0%

(4/8)

77.8%

(14/18)

37.5%

(3/8)

58.8%

(10/17)

37.5%

(3/8)

56.3%

(9/16)

50.0%

(4/8)

66.7%

(6/9)

50.0%

(4/8)

-

Direct-acting

vasodilators

25.0%

(2/8)

33.3%

(6/18)

25.0%

(2/8)

35.3%

(6/17)

25.0%

(2/8)

37.5%

(6/16)

25.0%

(2/8)

55.6%

(5/9)

25.0%

(2/8)

-

Values are presented as % or mean � SD. ACE, angiotensin converting enzyme; SD, standard deviation.



BP reductions were sustained throughout the follow-up

periods (up to 3 years), 2) the office BP reductions were

comparable between patients undergoing main renal ar-

tery ablations and those undergoing main and branch

renal artery ablations, 3) the magnitude of office SBP re-

ductions at 12 months was similar to that observed in

GSR-Korea, and was numerically greater than that in

Caucasians in the GSR,
11

and 4) the short- and long-term

safety profiles were consistent regardless of the device

used or the number of individual lesions applied. Al-

though the sample size is relatively small, the encourag-

ing findings of GSR-Taiwan lend support to the clinical

application of RDN, a legitimate antihypertensive strat-

egy, for uncontrolled hypertension in Taiwan and other

Asian countries.

The early BP-lowering effect following RDN observed

in this study is noteworthy. In fact, the SYMPLICITY

HTN-2 trial demonstrated significant BP reductions at 1

month following main renal artery ablations,
18

despite

the SYMPLICITY HTN-3 trial showing similar BP reduc-

tions in sham and treatment groups.
4

With advances in

RDN strategy, including branch and accessory renal ar-

tery ablations, the SPYRAL HTN-OFF MED study demon-

strated significant BP reductions at 3 months.
5

Likewise,

in the present GSR-Taiwan analysis, the patients treated

with the Symplicity Spyral
TM

catheter who underwent

main and branch renal artery ablations had numerically

greater office SBP reductions at 3 months compared to

the patients treated with the Symplicity Flex
TM

catheter.

Whether a more comprehensive renal artery ablation

strategy can result in earlier BP reductions awaits fur-

ther verification.

Another main finding of this study is that RDN achi-

eved substantial reductions in office BP throughout the

2 to 3 years of follow-up in GSR-Taiwan. In addition,

623 Acta Cardiol Sin 2019;35:618�626

Global SYMPLICITY Registry-Taiwan

Figure 1. Changes in office systolic blood pressure (A), office diastolic

blood pressure (B), and heart rate (C) in patients treated with the Sym-

plicity Flex
TM

catheter and those with the Symplicity Spyral
TM

catheter.

Table 3. Safety outcomes of patients enrolled in the Global SYMPLICITY Registry-Taiwan

Symplicity Flex
TM

(N = 8) Symplicity Spyral
TM

(N = 18)

Death 0 0

Cardiovascular events

Cardiovascular death 0 0

Stroke 0 *1*

Hospitalization for new onset heart failure 1 0

Hospitalization for hypertensive crisis/emergency 0 0

Myocardial infarction 0 0

Renal events

New onset end stage renal disease 0 *1*

Procedure-related vascular complications 0 0

* Events occurring in the same patient.

A

B

C



these reductions in SBP and DBP are greater than those

observed in sham-controlled trials and similar to find-

ings in the SYMPLICITY HTN-1,
19

SYMPLICITY HTN-2,

SYMPLICITY-Japan, and the GSR, despite differences in

baseline characteristics among these trials. In addition

to sustained BP reductions, it is of interest that SBP con-

tinued to decline throughout the follow-up period. This

long-term decreasing trend in SBP following RDN has

also been observed in Korean patients in the GSR and

Japanese patients in the SYMPLICITY-Japan.
11,12

How-

ever, for Caucasians in the GSR, the reductions in SBP re-

mained stable between 6 months (-20.9 mmHg) and 12

months (-20.1 mmHg). In contrast, continuous declines

in SBP after 1 year following RDN were documented in

the SYMPLICITY HTN-1 and SYMPLICITY HTN-2 trials,
19,20

which enrolled mainly Caucasian populations. Further

investigations are needed to elucidate whether there

are ethnic differences in the long-term BP-lowering re-

sponse to RDN.

In the study design of GSR, the antihypertensive

medications were adjusted at the discretion of the phy-

sicians. Although substantial BP reductions were achi-

eved throughout the follow-up period, the BP achieved

may just have reached the targets recommended by the

hypertension management guidelines (130/80 mmHg or

140/90 mmHg) given the relatively high SBP (160 to 170

mmHg) at baseline.
17,21

This may explain why there was

no significant change in the number of antihypertensive

medication classes. While no changes in the number of

medications occurred from baseline to 2-3 years of fol-

low-up, medication adherence was not measured, so

the impact of medication adherence on these data can-

not be determined. Based on the National Reimburse-

ment Claims Database in Taiwan from 2001 to 2007, the

medication adherence rate, defined as having medica-

tions refilled for � 80% of days in the year after the initi-

ation of antihypertensive treatment, was only 18.6%.
22

In the DENERHTN trial,
23

the prevalence of non-adher-

ence to antihypertensive medications at 6 months was

approximately 50%. Medication nonadherence might

obscure the antihypertensive effect of any BP-lowering

strategy, including RDN.

In this study, only one case developed end-stage re-

nal disease within 12 months following RDN, and this

case was judged by the investigator to be not related to

the procedure. While there were no reported cases of

new-onset renal artery stenosis in the 18 patients who

underwent comprehensive branch renal artery ablations

during the follow-up period of up to 2 years, this may

have been underestimated since computed tomographic

or magnetic resonance renal angiography was not re-

quired during follow-up in this study. Because of the lim-

ited sample size, some rare adverse events may have

been overlooked. The 2-year safety profile of the pa-

tients undergoing main and branch renal artery abla-

tions with the Symplicity Spyral
TM

catheter is reassuring.

Limitations

Some limitations should be addressed. First, as com-

monly seen in registries, not all patients enrolled in the

GSR-Taiwan completed 3 years of follow-up. In addition,

the sample size is relatively small, especially in the Sym-

plicity Spyral
TM

subgroup, in which the 2-year outcomes

mainly came from 6 patients. Despite the modest sam-

ple size, our findings mirror those of other subgroup

publications as well as the overall GSR study findings.

Second, the study did not include a control arm and

thus could not evaluate potential placebo or Hawthorne

effects on the outcomes.
24

Third, some confounding fac-

tors, especially medication adherence and doses of

anti-hypertensive medications, which may have influ-

enced the therapeutic effects, were not evaluated. Fourth,

ambulatory BP monitoring was not routinely required in

the follow-up period.
25,26

We thus could not assess the

24-hour BP-lowering efficacy of RDN. However, office BP

and heart rate were strictly measured, and the extent of

office BP reductions was consistent with that in obser-

vations from other Asian populations. Finally, serum

creatinine levels were not routinely collected. Thus, it

was hard to identify subclinical renal function changes.

CONCLUSIONS

This GSR-Taiwan 3-year follow-up study is the first

to show that RDN achieved statistically significant and

sustained office BP reductions throughout the study

period in patients with uncontrolled hypertension in

Taiwan. The reductions in office BP following RDN were

maintained for 2-3 years after the procedure. Office BP

reductions were comparable irrespective of branch ar-

tery ablations. Even though the patients undergoing
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main and branch artery ablations had numerically greater

office SBP reductions at 3 and 6 months, the modest

sample size and non-randomized nature of the study did

not allow for comparisons of BP reductions for patients

with ablations applied only in the main renal artery to

those with ablations also in the renal artery branch ves-

sels. Finally, the safety profile was favorable with RDN,

regardless of whether branch artery ablation was per-

formed. Given the susceptibility of Asian populations to

hypertension,
27

RDN, as a safe antihypertensive proce-

dure with long-lasting BP-lowering effects, could reliably

serve as an alternative or complementary BP-lowering

strategy for patients with uncontrolled hypertension in

Taiwan and other Asian countries.
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