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Catheter-based renal sympathetic denervation for resistant 
hypertension: a multicentre safety and proof-of-principle 
cohort study 
Henry Krum, Markus Schlaich, Rob Whitbourn, Paul A Sobotka, Jerzy Sadowski, Krzysztof Bartus, Boguslaw Kapelak, Anthony Walton, 
Horst Sievert, Suku Thambar, William T Abraham, Murray Esler

Summary
Background Renal sympathetic hyperactivity is associated with hypertension and its progression, chronic kidney 
disease, and heart failure. We did a proof-of-principle trial of therapeutic renal sympathetic denervation in patients 
with resistant hypertension (ie, systolic blood pressure ≥160 mm Hg on three or more antihypertensive medications, 
including a diuretic) to assess safety and blood-pressure reduction eff ectiveness.

Methods We enrolled 50 patients at fi ve Australian and European centres; 5 patients were excluded for anatomical 
reasons (mainly on the basis of dual renal artery systems). Patients received percutaneous radiofrequency 
catheter-based treatment between June, 2007, and November, 2008, with subsequent follow-up to 1 year. We assessed 
the eff ectiveness of renal sympathetic denervation with renal noradrenaline spillover in a subgroup of patients. 
Primary endpoints were offi  ce blood pressure and safety data before and at 1, 3, 6, 9, and 12 months after procedure. 
Renal angiography was done before, immediately after, and 14–30 days after procedure, and magnetic resonance 
angiogram 6 months after procedure. We assessed blood-pressure lowering eff ectiveness by repeated measures 
ANOVA. This study is registered in Australia and Europe with ClinicalTrials.gov, numbers NCT 00483808 and NCT 
00664638. 

Findings In treated patients, baseline mean offi  ce blood pressure was 177/101 mm Hg (SD 20/15), (mean 4·7 anti-
hypertensive medications); estimated glomerular fi ltration rate was 81 mL/min/1·73m² (SD 23); and mean reduction 
in renal noradrenaline spillover was 47% (95% CI 28–65%). Offi  ce blood pressures after procedure were reduced by 
–14/–10, –21/–10, –22/–11, –24/–11, and –27/–17 mm Hg at 1, 3, 6, 9, and 12 months, respectively. In the fi ve 
non-treated patients, mean rise in offi  ce blood pressure was +3/–2, +2/+3, +14/+9, and +26/+17 mm Hg at 1, 3, 6, and 
9 months, respectively. One intraprocedural renal artery dissection occurred before radiofrequency energy delivery, 
without further sequelae. There were no other renovascular complications.

Interpretation Catheter-based renal denervation causes substantial and sustained blood-pressure reduction, without 
serious adverse events, in patients with resistant hypertension. Prospective randomised clinical trials are needed to 
investigate the usefulness of this procedure in the management of this condition.

Funding Ardian Inc.

Introduction
Hypertension is a major global public health concern. An 
estimated 30–40% of the adult population in the 
developed world suff er from this condition. Furthermore, 
its prevalence is expected to increase, especially in 
developing countries.1,2 Diagnosis and treatment of 
hypertension remain suboptimal, even in developed 
countries. Despite the availability of numerous safe and 
eff ective pharmacological therapies, including fi xed-drug 
combinations, the percentage of patients achieving 
adequate blood-pressure control to guideline target 
values remains low.3,4 Much failure of the pharmacological 
strategy to attain adequate blood-pressure control is 
attributed to both physician inertia and patient 
non-compliance and non-adherence to a lifelong 
pharmacological therapy for a mainly asymptomatic 
disease. Thus, the development of new approaches for 
the management of hypertension, especially those that 

could help overcome these issues, is a priority. All these 
considerations are especially relevant to patients with 
so-called resistant hypertension5 (ie, those unable to 
achieve target blood-pressure values despite multiple 
drug therapies at the highest tolerated dose). Such 
patients are at high risk of major cardiovascular events.5

Renal sympathetic eff erent and aff erent nerves, which 
lie within and immediately adjacent to the wall of the 
renal artery, are crucial for initiation and maintenance of 
systemic hypertension.6–9 Indeed, sympathetic nerve 
modulation as a therapeutic strategy in hypertension had 
been considered long before the advent of modern 
pharmacological therapies. Radical surgical methods for 
thoracic, abdominal, or pelvic sympathetic denervation 
had been successful in lowering blood pressure in 
patients with so-called malignant hypertension. However, 
these methods were associated with high perioperative 
morbidity and mortality and long-term complications, 
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The median procedure time (from initiation to 
completion of radiofrequency delivery) was 38 min (IQR 
34–48 min). Among the 45 patients who underwent renal 
denervation, on average, 4·2 (mode=5) denervations were 

done in the right renal artery, and 3·7 (mode=4) in the 
left renal artery. As expected, denervation was 
accompanied by diff use visceral non-radiating abdominal 
pain, which was managed by intravenous narcotic and 
sedative drugs (morphine sulphate 18·4 mg [SD 6·8], or 
fentanyl 125·6 μg [39·4] and midazolam 4·2 mg [1·6], or 
temazepam 10·8 mg [2·9]). The pain did not persist after 
the radiofrequency energy application.

One primary outcome was assessment of periprocedural 
and long-term safety. The treatment was done without 
complication in 43 of 45 patients. One patient had renal 
artery dissection upon placement of catheter before 
radiofrequency energy delivery in that artery. Denervation 
treatment was aborted and dissection was treated with a 
renal artery stent without any subsequent complication 
or delay in hospital discharge. Another patient developed 
a pseudoaneurysm at the femoral access site, which was 
treated with antibiotics and analgesics, and did not have 
any further complication.

Renal angiographic studies identifi ed focal renal artery 
irregularities immediately after radiofrequency energy 
delivery, none of which was judged as fl ow limiting at 
procedure termination. Short-term (14–30 days) follow-up 
angiograms in 18 patients showed no evidence of renal 
artery stenosis or other abnormalities. Magnetic 
resonance angiograms in 14 treated patients, 6 months 
after the procedure, did not show any irregularities in 
any treatment locations. In one patient, repeated 
magnetic resonance angiogram of treated vessels showed 
one, non-obstructive distal-side-branch irregularity in an 
untreated area that had not been observed at initial 
angiogram.

We assessed offi  ce-based blood-pressure reduction at 
1, 3, 6, 9, and 12 months (fi gure 2). Two patients were 
lost to follow-up between the visits at 3 and 6 months, 
but for all the others, numbers at each follow-up indicate 
numbers of people that attended each predefi ned visit at 
the time of submission of this publication. In patients 
who underwent renal denervation, the signifi cant 
reduction in both systolic and diastolic blood pressure 
that was seen 1 month after procedure was further 
reduced at 3 months, and persisted through subsequent 
assessments up to 12 months (fi gure 2). Mean reductions 
in offi  ce blood pressure were –14/–10 (95% CI 4/3), 
–21/–10 (7/4), –22/–11 (10/5), –24/–11 (9/5), and 
–27/–17 mm Hg (16/11) at 1, 3, 6, 9, and 12 months, 
respectively. Repeated measures ANOVA test showed 
that both systolic and diastolic blood pressures were 
signifi cantly lower after procedure than those before 
procedure (p=0·026 for systolic and  p=0·027 for 
diastolic blood pressure). At all time points after 
procedure, both systolic and diastolic blood pressures 
were signifi cantly (p<0·001) lower than baseline blood 
pressure, with the exception of the 12-month diastolic 
blood pressure (p=0·02). Six of 45 treated patients (13%) 
had systolic blood-pressure reductions of less than 
10 mm Hg (non-response). The fi ve not eligible patients 

Figure 2: Change in offi  ce blood pressure (95% CI) at 1, 3, 6, 9, and 12 months
Numbers in parentheses indicate  patients who had attended each predefi ned visit at the time of submission of 
this publication.
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Type 2 diabetes mellitus 16 (32%) 14 (31%) 2 (40%)

CAD 11 (22%) 10 (22%) 1 (20%)

Hyperlipidaemia 34 (68%) 29 (64%) 5 (100%)

eGFR (mL/min/1·73 m²) 83 (22) 81 (23) 95 (15)

Heart rate (bpm) 73 (11) 72 (11) 79 (9)

Blood pressure (mm Hg) 177/100 (19/14) 177/101 (20/15) 173/98 (8/9)

Number of antihypertension drugs 4·7 (1·4) 4·7 (1·5) 4·6 (0·5)

ACE or ARB 47 (94%) 43 (96%) 4 (80%)

β blocker 39 (78%) 34 (76%) 5 (100%)

Calcium-channel blocker 36 (72%) 31 (69%) 5 (100%)

Vasodilator 8 (16%) 8 (18%) 0%

Diuretic 46 (92%) 43 (96%) 3 (60%)

Data are mean (SD) or number (%). ACE=angiotensin-converting enzyme inhibitor. ARB=angiotensin II receptor 
blocker. bpm=beats per minute. CAD=coronary artery disease. eGFR=estimated glomerular fi ltration rate.

Table: Baseline patient characteristics
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Percutaneous renal denervation in patients with 
treatment-resistant hypertension: fi nal 3-year report of the 
Symplicity HTN-1 study
Henry Krum, Markus P Schlaich, Paul A Sobotka, Michael Böhm, Felix Mahfoud, Krishna Rocha-Singh, Richard Katholi, Murray D Esler

Summary
Background Renal denervation (RDN) with radiofrequency ablation substantially reduces blood pressure in patients 
with treatment-resistant hypertension. We assessed the long-term antihypertensive eff ects and safety.

Methods Symplicity HTN-1 is an open-label study that enrolled 153 patients, of whom 111 consented to follow-up for 
36 months. Eligible patients had a systolic blood pressure of at least 160 mm Hg and were taking at least three 
antihypertensive drugs, including a diuretic, at the optimum doses. Changes in offi  ce systolic blood pressure and 
safety were assessed every 6 months and reported every 12 months. This study is registered with ClinicalTrials.gov, 
numbers NCT00483808, NCT00664638, and NCT00753285.

Findings 88 patients had complete data at 36 months. At baseline the mean age was 57 (SD 11) years, 37 (42%) patients 
were women, 25 (28%) had type 2 diabetes mellitus, the mean estimated glomerular fi ltration rate was 
85 (SD 19) mL/min per 1·73 m², and mean blood pressure was 175/98 (SD 16/14) mm Hg. At 36 months signifi -
cant changes were seen in systolic (–32·0 mm Hg, 95% CI –35·7 to −28·2) and diastolic blood pressure (–14·4 mm Hg, 
–16·9 to –11·9). Drops of 10 mm Hg or more in systolic blood pressure were seen in 69% of patients at 1 month, 
81% at 6 months, 85% at 12 months, 83% at 24 months, and 93% at 36 months. One new renal artery stenosis 
requiring stenting and three deaths unrelated to RDN occurred during follow-up.

Interpretation Changes in blood pressure after RDN persist long term in patients with treatment-resistant 
hypertension, with good safety.

Funding Ardian LLC/Medtronic Inc.

Introduction
Systemic hypertension is the single largest contributor to 
death worldwide.1 One in three adults (around 1 billion 
people) worldwide are aff ected and the number is 
expected to increase to 1·6 billion by 2025.2,3 Hypertension 
strikingly increases the risk of stroke, myocardial infarc-
tion, heart failure, and kidney disease.3,4

Despite the use of multiple antihypertensive drugs, 
including diuretics, at recommended or target doses, 
hypertension remains uncontrolled in a substantial pro-
portion of patients.5,6 Multiple factors can contribute to 
poor control of blood pressure: suboptimum pharma-
ceutical care and patients deciding not to commit to 
lifelong polypharmacy. Furthermore, drugs are associated 
with adverse clinical events and patients frequently do 
not adhere to therapy because of side-eff ects, fi nancial 
concerns, or a lack of hypertensive symptoms.7 Finally, 
antihypertensive medications do not lower blood pres-
sure in some patients despite full adherence and attentive 
health care.

Strategies that target the contribution of overactivity of 
the sympathetic nervous system have proven clinically 
important in several disorders.8 Patients with hype-
rtension might benefi t from agents that inhibit central 
release of catecholamines, or from use of β and α 
blockers, which inhibit catecholamine receptors. Early 

research into the role of adrenergic overdrive in hyper-
tension described increased norepinephrine con cen-
trations in plasma that arose from renal and systemic 
spillover into the circulation.9,10 

Renal denervation (RND) by radiofrequency ablation 
has been associated with reductions in blood pressure.11–13 
A patient with treatment-resistant hypertension who 
presented with notable norepinephrine spillover had 
substantially reduced whole-body norepinephrine con-
cen trations and reduced blood pressure after RDN.14 A 
substantial reduction in central sympathetic outfl ow has 
also been reported.15 RDN, therefore, off ers a thera peutic 
option for the management of treatment-resistant hyper-
tension for patients who cannot attain targeted blood 
pressures with medications alone.16

In a proof-of-concept study of RDN (Symplicity 
HTN-117), we found signifi cant substantial reductions in 
blood pressure by 1 month after treatment that continued 
to the 12 month endpoint. The longer-term durability of 
the treatment response has been questioned because, 
theoretically, the treated renal nerves could regrow and 
regain function or a counter-regulatory response might 
develop.18–20 For this reason, we extended follow-up to 
36 months specifi cally to assess the durability of blood-
pressure-lowering eff ects and investigate any late adverse 
vascular or renal eff ects.
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used reductions of 20 mm Hg or more as a more rigor-
ous measure. We also compared response to RDN in 
subgroups of patient, by age (older than 65 years vs 
65 years and younger), renal function (eGFR higher than 
60 vs 45–60 mL/min per 1·73 m²), and diabetes status 
(type 2 diabetes vs no diabetes).

Role of funding source
The sponsor designed the study in collaboration with the 
study investigators and was responsible for data collec-
tion and data analysis. The authors are responsible for 
data interpretation and writing of the report. The 
corresponding author had full access to all the study data 
and had fi nal responsibility for the decision to submit.

Results
153 patients with treatment-resistant hypertension were 
enrolled in the Symplicity HTN-1 study, of whom 88 had 
complete data at 36 months (fi gure 1). Patients did not 
diff er signifi cantly at baseline and at 36 months for 
demographic characteristics, comorbidities, blood pres-
sure, number of antihypertensive medications, and use 
of antihypertensive drugs (table 1).

Patients received an average of 4·0 ablations per artery 
(range 1·0–6·0). Intravenous narcotics and sedatives 
were used to manage pain during the delivery of 
radiofrequency energy. The mean total procedure time 
from initial femoral access to withdrawal of the catheter 
was 66·1 (SD 23·0) min.

There were no catheter or generator malfunctions 
and no major clinical complications associated with 
RDN. Complications were reported in four (2·6%) of 
153 patients: one renal-artery dissection occurred during 
catheter delivery before the application of radiofrequency 
energy, and three patients had access-related compli-
cations in the groin. All events were treated without 
further sequelae. Eight (5·2%) patients had episodes of 
bradycardia associated with the ablation procedure, but 

Figure 2: Change from baseline in offi  ce blood pressure in patients who 
completed 36 months of follow-up
Data are mean (error bars show 95% CI). BP=blood pressure.
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Mean (SD) 
change from 
baseline (95% CI)

Mean 
(SD) 
pressure 
(mm Hg)

Mean (SD) 
change from 
baseline (95% CI)

Baseline 
(n=150)

175·1 
(15·9)

·· 97·7 
(14·3)

··

1 month 
(n=141)

156·1 
(20·9)

−18·9 (19·2) 
(−22·1 to –15·7)

88·2 
(13·7)

−9·4 (12·1) 
(−11·4 to –7·4)

6 months 
(n=144)

152·7 
(21·1)

−22·0 (21·9) 
(−25·7 to –18·4)

87·3 
(13·2)

−10·2 (13·6) 
(−12·4 to –7·9)

12 months 
(n=132)

149·1 
(22·6)

−26·5 (21·5) 
(−30·2 to –22·8)

84·3 
(13·5)

−13·5 (14·1) 
(−15·9 to –11·1)

24 months 
(n=105)

145·4 
(21·7)

−28·9 (23·5) 
(−33·5 to –24·4)

82·9 
(13·0)

−14·0 (15·2) 
(−16·9 to –11·1)

36 months 
(n=88)

142·6 
(17·7)

−32·0 (17·6) 
(−35·7 to −28·2)

82·0 
(11·0)

−14·4 (11·8) 
(−16·9 to −11·9)

Table 2: Changes in blood pressure from baseline at follow-up visits

Figure 3: Distribution of changes in systolic blood pressure for all 
treated patients
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Figure 4: Proportions of patients assessed to 36 months who showed 
treatment responses at diff erent timepoints in the study
Treatment response was defi ned as reductions of 10 mm Hg or more in systolic 
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rigorous measure of response.

1 (n=80) 6 (n=88) 12 (n=85) 24 (n=82) 36 (n=88)
0

10

20

30

40

50

60

70

80

90

100

Pr
op

or
tio

n 
sh

ow
in

g 
re

sp
on

se
 (%

)

Time (months)

69%

59%

81%

63%

85%

66%

83%

74%

93%

77%

SBP drop ≥10 mm Hg SBP drop ≥20 mm Hg

Suivi à 3 ans de: Symplicity 1 



HTN-­‐2	
  

Vs	
  groupe	
  contrôle	
  



-32 

1 

-12 

0 

-50 

-40 

-30 

-20 

-10 

0 

10 

Symplicity HTN-2: La Dénervation Rénale 
Supérieure au Traitement Médicamenteux seul, 

Réductions Maintenues à 18 mois 

∆ de la 
Baseline  

à  
6 Mois 
(mmHg 

Systolique 

Diastolique 

Systolique Diastolique 

Critère primaire 
(6 mois post-Randomisation) 

p <0.01 pour la 
différence 
entre RDN et 
Contrôle 

RDN (n=49) Contrôle (n=51) 

Lancet. 2010;376:1903-1909. 



•  Marquage	
  CE	
  adopté	
  en	
  Europe	
  

•  Recommanda(ons	
  de	
  l’ESC	
  :	
  	
  
	
  “……Catheter	
  based	
  renal	
  denerva<on	
  could	
  be	
  
considered	
  a	
  therapeu<c	
  op<on	
  in	
  pa<ents	
  with	
  
drug-­‐resistant	
  hypertension”	
  
	
  

	
  



En	
  2013	
  

•  10	
  000	
  procédures	
  de	
  dénerva<on	
  rénale	
  
faites	
  à	
  travers	
  le	
  monde.	
  

•  Medtronic	
  (Minneapolis,	
  Minesota)	
  achète	
  
pour	
  >	
  800	
  Millions	
  de	
  Dollars	
  la	
  compagnie	
  
Ardian	
  (Mountain	
  View	
  California)	
  qui	
  avait	
  
crée	
  le	
  concept	
  

•  St	
  Jude	
  était	
  en	
  train	
  de	
  lancer	
  une	
  étude	
  sur	
  
5000	
  pa<ents	
  



Meta-­‐analyse	
  2013	
  

•  294	
  publica<ons	
  sur	
  la	
  dénerva<on	
  rénale	
  
•  Pra<quement	
  toutes	
  avec	
  des	
  résultats	
  
posi<fs	
  

•  Enthousiasme	
  grandissant	
  
–  Indica<ons	
  à	
  élargir	
  aux	
  	
  

•  HTA	
  modérées	
  ?	
  
•  Pa<ents	
  non	
  compliants	
  ?	
  
•  Pays	
  sous	
  developpés	
  ?	
  



HTN-­‐3	
  

Vs	
  procédure	
  “fic(ve”	
  
	
  



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med nejm.org 1

original article

A Controlled Trial of Renal Denervation  
for Resistant Hypertension

Deepak L. Bhatt, M.D., M.P.H., David E. Kandzari, M.D., William W. O’Neill, M.D., 
Ralph D’Agostino, Ph.D., John M. Flack, M.D., M.P.H., Barry T. Katzen, M.D., 

Martin B. Leon, M.D., Minglei Liu, Ph.D., Laura Mauri, M.D., Manuela Negoita, M.D., 
Sidney A. Cohen, M.D., Ph.D., Suzanne Oparil, M.D., Krishna Rocha-Singh, M.D., 

Raymond R. Townsend, M.D., and George L. Bakris, M.D.,  
for the SYMPLICITY HTN-3 Investigators*

From Brigham and Women’s Hospital 
Heart and Vascular Center and Harvard 
Medical School (D.L.B., L.M.), Boston 
University School of Public Health (R.D.), 
and Harvard Clinical Research Institute 
(R.D., L.M.) — all in Boston; Piedmont 
Heart Institute, Atlanta (D.E.K.); the 
Division of Cardiology, Henry Ford 
Hospital (W.W.O.), and Wayne State 
University and the Detroit Medical 
Center ( J.M.F.) — all in Detroit; Baptist 
Cardiac and Vascular Institute, Miami 
(B.T.K.); New York Presbyterian Hospi-
tal, Columbia University Medical Cen ter, 
and Cardiovascular Research Founda-
tion, New York (M.B.L.); Medtronic 
CardioVascular, Santa Rosa, CA (M.L., 
M.N., S.A.C.); University of Alabama at 
Birmingham, Birmingham (S.O.); Prairie 
Heart Institute, Springfield, IL (K.R.-S.); 
Perelman School of Medicine, University 
of Pennsylvania, Philadelphia (S.A.C., 
R.R.T.); and University of Chicago Medi-
cine, Chicago (G.L.B.). Address reprint 
requests to Dr. Bhatt at Brigham and 
Women’s Hospital Heart and Vas cular 
Center, 75 Francis St., Boston, MA 02115, 
or at dlbhattmd@post.harvard.edu.

* A complete list of investigators in the 
SYMPLICITY HTN-3 trial is provided in 
the Supplementary Appendix, available 
at NEJM.org.

This article was published on March 29, 
2014, at NEJM.org.

DOI: 10.1056/NEJMoa1402670
Copyright © 2014 Massachusetts Medical Society.

A BS TR AC T

Background
Prior unblinded studies have suggested that catheter-based renal-artery denervation 
reduces blood pressure in patients with resistant hypertension.

Methods
We designed a prospective, single-blind, randomized, sham-controlled trial. Patients 
with severe resistant hypertension were randomly assigned in a 2:1 ratio to undergo 
renal denervation or a sham procedure. Before randomization, patients were receiv-
ing a stable antihypertensive regimen involving maximally tolerated doses of at 
least three drugs, including a diuretic. The primary efficacy end point was the 
change in office systolic blood pressure at 6 months; a secondary efficacy end point 
was the change in mean 24-hour ambulatory systolic blood pressure. The primary 
safety end point was a composite of death, end-stage renal disease, embolic events 
resulting in end-organ damage, renovascular complications, or hypertensive crisis 
at 1 month or new renal-artery stenosis of more than 70% at 6 months.

Results
A total of 535 patients underwent randomization. The mean (±SD) change in sys-
tolic blood pressure at 6 months was −14.13±23.93 mm Hg in the denervation 
group as compared with −11.74±25.94 mm Hg in the sham-procedure group 
(P<0.001 for both comparisons of the change from baseline), for a difference of 
−2.39 mm Hg (95% confidence interval [CI], −6.89 to 2.12; P = 0.26 for superiority 
with a margin of 5 mm Hg). The change in 24-hour ambulatory systolic blood pres-
sure was −6.75±15.11 mm Hg in the denervation group and −4.79±17.25 mm Hg in 
the sham-procedure group, for a difference of −1.96 mm Hg (95% CI, −4.97 to 1.06; 
P = 0.98 for superiority with a margin of 2 mm Hg). There were no significant dif-
ferences in safety between the two groups.

Conclusions
This blinded trial did not show a significant reduction of systolic blood pressure in 
patients with resistant hypertension 6 months after renal-artery denervation as 
compared with a sham control. (Funded by Medtronic; SYMPLICITY HTN-3 
ClinicalTrials.gov number, NCT01418261.)
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blood-pressure measurements at baseline and 
6 months. As shown in Table S7 in the Sup ple-
mentary Appendix, there were no significant 
differences between the two groups in kidney 
function at any time point; there were also no 
significant differences in the subgroup of pa-
tients with an estimated glomerular filtration 
rate of less than 60 ml per minute per 1.73 m2 

of body-surface area. There was no significant 
between-group difference in the change in glycat-
ed hemoglobin levels from baseline to 6 months 
overall (0.06±0.93% in the denervation group and 
−0.06±0.87% in the sham-procedure group, 
P = 0.19) or in the subgroup of patients with dia-
betes (0.12±1.15% in the denervation group and 
−0.22±1.14% in the sham-procedure group, 
P = 0.051). Table S8 in the Supplementary Appen-
dix shows the percentages of patients who had 
“notching” on angiography, signifying energy 
delivery sufficient to cause spasm of the artery.

Discussion

This randomized, sham-controlled, blinded trial 
did not show a benefit of renal-artery denerva-
tion with respect to either of the efficacy end 
points for which the study was powered (reduc-
tion in office or ambulatory systolic blood pres-
sure at 6 months). These findings contradict the 
published clinical data regarding renal denerva-
tion, which showed larger reductions in blood 
pressure 6 months after denervation and, in the 
unblinded SYMPLICITY HTN-2 trial, no reduc-
tion of systolic blood pressure in control pa-
tients.8,9,16 A meta-analysis of antihypertensive-
drug trials predicted that the change in office 
systolic blood pressure would be smaller than 
reported in two early renal-denervation trials 
(−22 mm Hg11 and −28 mm Hg16) when a more 
rigorous study design was used to reduce bias.17 

The current trial underscores the importance of 
conducting blinded trials with sham controls in 
the evaluation of new medical devices before 
their clinical adoption.18

There are several possible explanations for 
the discrepancy between our findings and the 
results of previous renal-denervation studies.11,12 
Prior nonrandomized studies compared the 
treatment results with baseline observations 
rather than with the results in a control group, 
leading to a false impression of treatment effi-
cacy. Regression to the mean may have been in 
play such that patients who had an elevated sys-
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A significant change from baseline to 6 months in 
office systolic blood pressure was observed in both 
study groups. The between-group difference (the pri-
mary effi cacy end point) did not meet a test of superi-
ority with a margin of 5 mm Hg. The I bars indicate 
standard deviations.
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with a margin of 2 mm Hg. The I bars indicate stan-
dard deviations.
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tolic blood pressure on the day they were en-
rolled in the trial may have had a lower subse-
quent measurement, indicating a reduction that 
was actually an artifact of the study inclusion 
criterion regarding systolic blood pressure.19

Furthermore, without a control group, the ob-
served treatment effect may have been a result of 
trial participation, with the reduction in systolic 
blood pressure due to good care and a high de-
gree of adherence to antihypertensive therapy as 
a result of close follow-up (i.e., the Hawthorne 
effect).20,21

A prior randomized trial included a control 
group, but lack of blinding may have introduced 
a bias. Both patients and assessors may be sub-
ject to bias in favor of a new treatment that is 
expected to have increased efficacy. The misat-
tribution of a placebo effect as a treatment effect 
is a likely limitation of prior renal-denervation 
studies.22,23 Our analysis revealed that an impor-

tant placebo effect was present. Perhaps this 
placebo effect was accentuated by the use of an 
invasive procedure in the control group (i.e., a 
femoral-artery puncture and renal angiography), 
which may have increased adherence to medica-
tion and diet. Regardless, this finding has im-
portant therapeutic implications for the design 
of trials of antihypertensive (and other) medica-
tions, devices, and strategies.

A limitation of this trial is that medication 
adherence could not be confirmed. More than 
50% of patients with resistant hypertension are 
known to be nonadherent to medications.24

Although we did not measure urine levels of 
antihypertensive medications, patients had spe-
cific instructions to keep taking their antihyper-
tensive medications at their current doses, and 
medication use was documented over a period of 
2 weeks in diaries before baseline and before the 
6-month follow-up visit. We found no evidence 
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Shown are between-group differences in the change in office systolic blood pressure from baseline to 6 months in selected subgroups. 
The body-mass index is the weight in kilograms divided by the square of the height in meters. GFR denotes glomerular filtration rate.
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Aims The SYMPLICITY HTN-3 randomized, blinded, sham-controlled trial confirmed the safety of renal denervation (RDN),
but did not meet its primaryefficacyendpoint. PriorRDN studieshavedemonstrated significant and durable reductions in
blood pressure. This analysis investigated factors that may help explain these disparate results.

Methods
and results

Patients with resistant hypertension were randomized 2 : 1 to RDN (n ¼ 364) or sham (n ¼ 171). The primary endpoint
was the difference in office systolic blood pressure (SBP) change at 6 months. A multivariable analysis identified predictors
of SBP change. Additional analyses examined the influence of medication changes, results in selected subgroups and
procedural factors. Between randomization and the 6-month endpoint, 39% of patients underwent medication
changes. Predictors of office SBP reduction at 6 months were baseline office SBP ≥180 mmHg, aldosterone antagonist
use, and non-use of vasodilators; number of ablations was a predictor in the RDN group. Non-African-American
patients receiving RDN had a significantly greater change in office SBP than those receiving sham; –15.2+23.5 vs.
–8.6+24.8 mmHg, respectively (P ¼ 0.012). Greater reductions in office and ambulatory SBP, and heart rate were
observed with a higher number of ablations and energy delivery in a four-quadrant pattern.

Conclusions Post hoc analyses, although derived from limited patient cohorts, reveal several potential confounding factors that may
partially explain the unexpected blood pressure responses in both the sham control and RDN groups. These hypoth-
esis-generating data further inform the design of subsequent research to evaluate the potential role of RDN in the
treatment of resistant hypertension.
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Introduction
The recognition of the importance of the renal sympathetic and
somatic nerves in modulating blood pressure and the development

of a novel procedure intended to selectively interrupt the sympath-
etic contribution to hypertension has introduced an opportunity to
provide meaningful benefit to patients with resistant hypertension.
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pattern of increasing reduction in office (P value for trend 0.10), am-
bulatory (P value for trend 0.24), and home blood pressures (P value
for trend 0.58) (Figure 3). These analyses revealed that only 19 treated
patients received four-quadrant ablations in both renal arteries.

Discussion
Amidst enthusiasm for a promising breakthrough therapy in treat-
ment-resistant hypertension, the failure of SYMPLICITY HTN-3 to
demonstrate a significant improvement in blood pressure compared
with a sham procedure led to the examination of factors that might
have contributed to the unexpected results. These post hoc analyses
were conducted following completion of the primary analyses for the
SYMPLICITY HTN-3 trial. The implementation of blinding and a

sham control were expected to narrow but not eliminate the differ-
ence between experimental and control groups; what was observed
was a less than expected RDN treatment effect and a more
pronounced response in the sham group. Our initial multivariable
analysis serves to guide further exploration of factors that may
have affected the overall study efficacy result, since the result was
similar between treatment groups, yet factors predicting changes in
SBP differed between subgroups. Recognizing the limitations of
additional exploratory testing in the context of an overall negative
result, this preliminary analysis also provides the basis to identify
and prioritize various factors for further study.

Variable adherence to and frequent revisions of antihypertensive
therapy are well documented among hypertensive patients.14– 18

However, in this trial, an analysis eliminating those with medication

Figure2 The impactof numberof ablationattemptson difference in6-month change in office systolic bloodpressure (A), 24-h ambulatory systolic
blood pressure (B), and heart rate (C) between treated and matched sham patients. Baseline characteristics of the sham patients were propensity
scored matched with the RDN patients. The SBP change measures for the RDN and matched sham patients, 95% confidence intervals, and P-values
for the difference in change between the groups are shown.
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Renal denervation: symply trapped by complexity?
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This editorial refers to ‘Predictors of blood pressure re-
sponse in the SYMPLICITY HTN-3 trial’†, by D.E. Kandzari
et al., on page 219.

Where de we stand?
Seven years after the first patient was treated with the Symplicity
Arch catheter by Murray Esler and colleagues in Melbourne, Austra-
lia,1 our knowledge about the renal sympathetic nervous system and
its modulation by catheter-based renal denervation has significantly
evolved. This minimally invasive approach was developed to
destroy the renal afferent and efferent sympathetic nerves in the
vessel wall of the renal arteries by means of radiofrequency
energy.2 First-in-man studies and open-label registries documented
that this technique lowers sympathetic nerve activity and blood pres-
sure in certain patients with resistant hypertension.3 –6 The treat-
ment was delivered safely with minimal procedural complications
and with no detrimental effect on renal function.7,8 Long-term vascu-
lar safety, however, remains to be confirmed as concerns have been
raised that the procedure might induce renal artery stenosis in some
patients.9 Moreover, in preliminary studies, regression of left ven-
tricular mass and improvements in diastolic function,10 as well as anti-
arrhythmic effects11 were observed following renal denervation. It
was obvious that the results of previous published studies required
validation in blinded, randomized, controlled clinical trials. While
the first small randomized trial, Symplicity HTN-2 enrolling 106
patients to receive either renal nerve ablation or medical treatment
alone without a sham procedure, confirmed the results obtained in
registries, the blinded, sham-controlled Symplicity HTN-3 study ran-
domizing 535 patients,8 again using Medtronic’s Symplicity device, did
meet its primary safety endpoint, but disappointingly failed to reach
its primary efficacy endpoint, defined as a statistically significant
decrease in office blood pressure between the groups. The initial
publication of this well-designed trial challenged the overall effec-
tiveness and usefulness of catheter-based renal denervation, and all
previously published studies appeared to be invalidated.

Symplicity HTN-3 was expected to provide the definitive state-
menton the valueof renaldenervation in antihypertensive treatment.

Physicians, who have seen patients benefitting from the procedure,
and scientists, who have proven that renal denervation effectively
lowers blood pressures in different mammalian species (i.e. dogs,
pigs, and rabbits), tried to understand why Symplicity HTN-3 did
not meet its primary endpoint. Shortly after the presentation and
publication of the results, several possibilities were discussed regard-
ing why the results were disparate compared with prior clinical trials
and registries, with the caveat that in-depth analyses on trial execu-
tion were still pending. Some argued that the absence of a positive
finding in Symplicity HTN-3 was mainly related to adding a sham pro-
cedure and blinding of patients as well as follow-up assessors;12

others tried to provide more profound explanations.13

What can be learnt from Symplicity
HTN-3?
In this issue of the journal, D. Kandzari et al.14 share interesting
insights and hypotheses and critically examine the results of the Sym-
plicity HTN-3 trial in the context of existing renal denervation data
and clinical trial design.

(i) Although stable antihypertensive medication was required, 22%
of all patients hadmedicationchanges 2–6 weeksprior to screen-
ing. Between baseline and6-monthendpoint assessment,medica-
tion changes were documented in another 39%.

(ii) Baselineoffice systolic bloodpressure≥180mmHg, aldosterone
antagonist use, and non-use of vasodilators were predictors of
office systolic blood pressure change at 6-month follow-up in
patients undergoing renal denervation.

(iii) The number of ablation attempts and energy delivery in all four
quadrants (anterior, inferior, posterior, and anterior) were asso-
ciated with greater reductions in office and ambulatory blood
pressure change.

(iv) Non-African Americans receiving renal denervation had a sig-
nificantly greater change in office blood pressure compared
with those receiving sham treatment.
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This editorial refers to ‘Predictors of blood pressure re-
sponse in the SYMPLICITY HTN-3 trial’†, by D.E. Kandzari
et al., on page 219.

Where de we stand?
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destroy the renal afferent and efferent sympathetic nerves in the
vessel wall of the renal arteries by means of radiofrequency
energy.2 First-in-man studies and open-label registries documented
that this technique lowers sympathetic nerve activity and blood pres-
sure in certain patients with resistant hypertension.3 –6 The treat-
ment was delivered safely with minimal procedural complications
and with no detrimental effect on renal function.7,8 Long-term vascu-
lar safety, however, remains to be confirmed as concerns have been
raised that the procedure might induce renal artery stenosis in some
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arrhythmic effects11 were observed following renal denervation. It
was obvious that the results of previous published studies required
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patients to receive either renal nerve ablation or medical treatment
alone without a sham procedure, confirmed the results obtained in
registries, the blinded, sham-controlled Symplicity HTN-3 study ran-
domizing 535 patients,8 again using Medtronic’s Symplicity device, did
meet its primary safety endpoint, but disappointingly failed to reach
its primary efficacy endpoint, defined as a statistically significant
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publication of this well-designed trial challenged the overall effec-
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previously published studies appeared to be invalidated.
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publication of the results, several possibilities were discussed regard-
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and registries, with the caveat that in-depth analyses on trial execu-
tion were still pending. Some argued that the absence of a positive
finding in Symplicity HTN-3 was mainly related to adding a sham pro-
cedure and blinding of patients as well as follow-up assessors;12

others tried to provide more profound explanations.13

What can be learnt from Symplicity
HTN-3?
In this issue of the journal, D. Kandzari et al.14 share interesting
insights and hypotheses and critically examine the results of the Sym-
plicity HTN-3 trial in the context of existing renal denervation data
and clinical trial design.

(i) Although stable antihypertensive medication was required, 22%
of all patients hadmedicationchanges 2–6 weeksprior to screen-
ing. Between baseline and6-monthendpoint assessment,medica-
tion changes were documented in another 39%.

(ii) Baselineoffice systolic bloodpressure≥180mmHg, aldosterone
antagonist use, and non-use of vasodilators were predictors of
office systolic blood pressure change at 6-month follow-up in
patients undergoing renal denervation.

(iii) The number of ablation attempts and energy delivery in all four
quadrants (anterior, inferior, posterior, and anterior) were asso-
ciated with greater reductions in office and ambulatory blood
pressure change.

(iv) Non-African Americans receiving renal denervation had a sig-
nificantly greater change in office blood pressure compared
with those receiving sham treatment.
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Subgroup analyses: who is the ideal
candidate for renal denervation?
In contrast to previously published trials mainly conducted in Europe
and Australia, about a quarter of the patients included in Symplicity
HTN-38 were African-Americans. Of note, there was an interaction
of ethnicity and office blood pressure, with a significant difference
in office systolic blood pressure response between Caucasians
and African-Americans. Interestingly, renal denervation was equally
effective between Caucasians and African-Americans (–15.2
mmHg vs. –15.5 mmHg); however, sham treatment was particularly
effective inAfrican-Americans (–8.6mmHgvs. 217.8 mmHg),which
might be related to differences in drug adherence, especially to
frequently prescribed vasodilators.

On average, patients received 5.2+ 1.4 antihypertensive drugs at
baseline, and in 39% of all patients medication changes were docu-
mented between baseline and 6-month endpoint assessment. This
finding challenges the premise that patients were actually receiving
maximally tolerated doses of antihypertensive at study entry, in
spite of protocol mandate. Further, patient adherence has been
shown to get progressively worse with higher pill burden.15

Changes in drug treatment, intentional or unintentional, may have
added considerable noise to the blood pressure assessments in Sym-
plicity HTN-3. Under these conditions, it appears difficult to demon-
strate any incremental blood pressure-lowering effect of the
procedure. Future study designs will have to address in particular
the issue of stabilized medication regimens before and during the
study period to avoid confounded blood pressure assessments.

Multivariate analyses identified prescription of an aldosterone
antagonist at baseline as a positive predictor for changes in office sys-
tolic blood pressure after renal nerve ablation. Indeed, the role of

aldosterone antagonists in patients undergoing renal denervation is
of special interest. One might argue that renal denervation provides
an additional blood pressure-lowering effect to pre-existing neuro-
hormonal blockade in patients treated with aldosterone antagonists.
On the other hand, the subgroup of patients receiving aldosterone
antagonists were significantly younger (52.6+ 9.5 years vs. 59.5+
10.2 years, P , 0.001) and had different co-morbidities (cardiomy-
opathy, 4.3% vs. 17.1%, P , 0.001; myocardial infarction, 6.7% vs.
15.9%, P ¼ 0.015; type 2 diabetes mellitus, 50.4% vs. 35.4%, P ¼
0.017), which might have influenced the finding. Data from a
European multicentre study5 on 346 patients with uncontrolled
hypertension undergoing renal denervation, however, documented
a significant reduction in mean 24-h blood pressure by 11.9/7.1
mmHg (P for both , 0.001) in the subgroup of patients (n ¼ 78)
who were treated with spironolactone, which was comparable
with the bloodpressure reduction in the entire cohort. In light of con-
cerns about the long-term safety of spironolactone, and the fact that
not all patients respond to such treatment, controversy exists as to
whether use of aldosterone antagonists is a prerequisite eligibility
criterion to undergo renal denervation.16,17

Catheter-based renal denervation:
is it an ‘easy’ procedure?
In addition to other reasons, performance of an insufficient proced-
ure has been postulated as a potential reason for non-response to
treatment.18 In Symplicity HTN-3 all procedures were performed
using the first-generation technology, a single electrode mono-polar
catheter system (Symplicity Flex,Medtronic,MN, USA) thatwas used
to provide radiofrequency energy to the vessel wall. There was no

Figure 1 Distribution of nerves stratified according to the total number (each green dot represents 10 nerves), relative number as a percentage
per segment, and distance from the lumen in the relative (left) proximal and (right) distal location. The red ring represents the average ablation depth
(approximately 3 mm) of the currently available radiofrequency renal denervation systems. Modified from Sakakura et al.19 and Mahfoud et al.18
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Variation de la TAS à 6 mois en fc des localisations des 
sites d’ablation  

changes did not affect the primary outcome or pre-specified second-
ary outcome.14 Nevertheless, a substantial decrease in blood pres-
sure among sham patients suggests a change in patient behaviour
(despite self-reported documentation of medication adherence),
or changes in prescribed antihypertensive medications during the
course of trial participation. To the latter issue, although nearly all
patients were prescribed maximal medical therapy at least 6 weeks
prior to randomization, many patients (39%) underwent medication
changes between the randomization and the 6-month endpoint
assessment. These changes typically represented both alterations in
dose and class of prescribed medications, a finding that challenges the
premise that patients were actually receiving maximally tolerated
doses at enrolment. Several randomized placebo-controlled pharma-
ceutical trials19–21 have shown much smaller reductions in ambulatory
blood pressure than that observed in this trial, which also suggests that
the observed sham response might be related to the maximum toler-
ated dose requirement and changing medication adherence patterns.
The fact that there were eight clinical contact points with enrolled
patients between the initial screening visit and the 6-month follow-up
is clearly not representative of usual clinical practice and may also
have impacted medication adherence. Moreover, the sham interven-
tion and related hospitalization are not encountered in placebo-
controlled pharmaceutical trials and may have had more impact than
anticipated. This observation identifies the challenge for future RDN
trials that, in spite of protocol mandate, patients with treatment-
resistant hypertension can be maintained on a stable medication
regimen to avoid confounding the assessment of device effectiveness.
In fact, it is unclear whether a 2-week screening period for stabilization
of antihypertensive medications is adequate for drugs that are not at
maximal tolerated dose or whether the mandate for maintenance of
a complex medical regimen under close supervision actually increased
medication changes during the study.

Whether a differential blood pressure response following RDN
exists relative to classes of antihypertensive therapy has been of
particular interest, and in fact, outcomes among patients taking
aldosterone antagonists represented a pre-specified analysis. The
greater decline in blood pressure with RDN among patients already
taking aldosterone antagonists seems initially counterintuitive and
may bepartially related toa higherbaselineSBP for patients prescribed
analdosteroneantagonist anddifferences incertainbaselinecharacter-
istics (younger age and history of significantly more hypertensive
crises).Alternatively, itmaybethatdenervationcontributesanadditive
effect to pre-existing neurohormonal blockade demonstrated with
aldosterone antagonists22 and therefore results in the more exagger-
ated blood pressure response in this subgroup. However, it may be
by chance alone that baseline aldosterone antagonist use appears as
a predictor of blood pressure reduction.

Unlike previous SYMPLICITY trials, SYMPLICITY HTN-3 enrolled
a substantial number of African-American patients who represent
a significant proportion of hypertensive patients in the USA. The
African-American sham patients demonstrated an unusually large
decrease in SBP compared with non-African-American controls.
Although a genetic basis has been postulated for differential response
to hypertension and heart failure therapies among African Amer-
icans,23–25 the marked reduction in blood pressure in the sham
group could be related to a change in medical adherence and/or type
of therapy; notably, a higher proportion of African Americans were
prescribed vasodilator therapy. The exact reasons for blood pressure
differences observed between African-American and non-African-
American control patients are unclear and highlight the importance
ofconsistent and standardizedBPcare in subsequentdenervation trials.

Anespecially challenging aspectofRDN therapy is thatnopractical
and immediate measure of procedural success exists. Based on
early experience, catheter-based RDN was expected to result in an

Figure 3 Systolic blood pressure change at 6 months according to the ablation pattern. Change in office, ambulatory, and home systolic blood
pressure at 6 months are shown based on delivery of ablations in four quadrants of the renal artery for both kidneys, one kidney, or neither
kidney. A four-quadrant ablation is defined as one superior, one inferior, and two anterior/posterior ablations delivered.
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Renal Denervation for Resistant Hypertension
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tolic blood pressure on the day they were en-
rolled in the trial may have had a lower subse-
quent measurement, indicating a reduction that 
was actually an artifact of the study inclusion 
criterion regarding systolic blood pressure.19

Furthermore, without a control group, the ob-
served treatment effect may have been a result of 
trial participation, with the reduction in systolic 
blood pressure due to good care and a high de-
gree of adherence to antihypertensive therapy as 
a result of close follow-up (i.e., the Hawthorne 
effect).20,21

A prior randomized trial included a control 
group, but lack of blinding may have introduced 
a bias. Both patients and assessors may be sub-
ject to bias in favor of a new treatment that is 
expected to have increased efficacy. The misat-
tribution of a placebo effect as a treatment effect 
is a likely limitation of prior renal-denervation 
studies.22,23 Our analysis revealed that an impor-

tant placebo effect was present. Perhaps this 
placebo effect was accentuated by the use of an 
invasive procedure in the control group (i.e., a 
femoral-artery puncture and renal angiography), 
which may have increased adherence to medica-
tion and diet. Regardless, this finding has im-
portant therapeutic implications for the design 
of trials of antihypertensive (and other) medica-
tions, devices, and strategies.

A limitation of this trial is that medication 
adherence could not be confirmed. More than 
50% of patients with resistant hypertension are 
known to be nonadherent to medications.24

Although we did not measure urine levels of 
antihypertensive medications, patients had spe-
cific instructions to keep taking their antihyper-
tensive medications at their current doses, and 
medication use was documented over a period of 
2 weeks in diaries before baseline and before the 
6-month follow-up visit. We found no evidence 
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Figure 3. Selected Subgroup Analyses.

Shown are between-group differences in the change in office systolic blood pressure from baseline to 6 months in selected subgroups. 
The body-mass index is the weight in kilograms divided by the square of the height in meters. GFR denotes glomerular filtration rate.
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Table 3 Blood pressure 6-month change from baseline according to baseline medication use

Effectiveness measure RDN group Sham group 95% CI P-value

Aldosterone antagonists

Office (n ¼ 76) (n ¼ 47)

SBP 221.9+25.0 213.8+27.8 28.05 (217.6, 1.5) 0.10

DBP 210.3+13.2 26.2+17.5 24.06 (210.0, 1.8) 0.18

24-h ambulatory (n ¼ 73) (n ¼ 46)

SBP 211.1+15.4 25.4+21.9 25.7 (213.1, 1.7) 0.13

DBP 27.0+9.9 22.7+12.0 24.3 (28.3, 20.3) 0.04

Vasodilators

Office (n ¼ 125) (n ¼ 76)

SBP 211.0+24.6 211.6+26.7 0.6 (26.7, 7.9) 0.86

DBP 26.0+12.6 24.7+15.0 21.2 (25.1, 2.7) 0.53

24-h ambulatory (n ¼ 113) (n ¼ 73)

SBP 27.2+15.7 24.1+17.0 23.1 (27.9, 1.7) 0.21

DBP 24.8+9.9 22.9+9.6 21.9 (24.8, 1.0) 0.20

Beta-blockers

Office (n ¼ 298) (n ¼ 145)

SBP 215.6+24.1 210.6+27.0 25.0 (210.0, 0.0) 0.05

DBP 26.5+12.0 24.7+13.9 21.8 (24.5, 0.8) 0.18

24-h ambulatory (n ¼ 274) (n ¼ 135)

SBP 26.8+15.5 24.8+16.7 22.0 (25.3, 1.3) 0.23

DBP 24.2+9.5 23.1+9.7 21.1 (23.1, 0.9) 0.28

Calcium-channel blockers

Office (n ¼ 242) (n ¼ 124)

SBP 215.0+22.9 29.6+26.8 25.4 (210.9, 20.2) 0.06

DBP 26.6+12.2 24.8+13.7 21.8 (24.5, 1.0) 0.21

24-h ambulatory (n ¼ 225) (n ¼ 117)

SBP 27.1+15.8 24.7+16.9 22.4 (26.0, 1.2) 0.20

DBP 24.3+9.9 23.1+9.8 21.2 (23.4, 1.0) 0.29

Values are mean+ SD.

Figure 1 Change in office systolic blood pressure at 6 months for non-African-American and African-American subgroups (A) and for non-African-
American and African-American subgroups according to baseline vasodilator use (B). P-values shown are for the difference between the 6-month
change from baseline for the RDN group and the sham group. All 6-month change from baseline values are significant (P , 0.001).
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Figure 1 Change in office systolic blood pressure at 6 months for non-African-American and African-American subgroups (A) and for non-African-
American and African-American subgroups according to baseline vasodilator use (B). P-values shown are for the difference between the 6-month
change from baseline for the RDN group and the sham group. All 6-month change from baseline values are significant (P , 0.001).
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This editorial refers to ‘Predictors of blood pressure re-
sponse in the SYMPLICITY HTN-3 trial’†, by D.E. Kandzari
et al., on page 219.

Where de we stand?
Seven years after the first patient was treated with the Symplicity
Arch catheter by Murray Esler and colleagues in Melbourne, Austra-
lia,1 our knowledge about the renal sympathetic nervous system and
its modulation by catheter-based renal denervation has significantly
evolved. This minimally invasive approach was developed to
destroy the renal afferent and efferent sympathetic nerves in the
vessel wall of the renal arteries by means of radiofrequency
energy.2 First-in-man studies and open-label registries documented
that this technique lowers sympathetic nerve activity and blood pres-
sure in certain patients with resistant hypertension.3 –6 The treat-
ment was delivered safely with minimal procedural complications
and with no detrimental effect on renal function.7,8 Long-term vascu-
lar safety, however, remains to be confirmed as concerns have been
raised that the procedure might induce renal artery stenosis in some
patients.9 Moreover, in preliminary studies, regression of left ven-
tricular mass and improvements in diastolic function,10 as well as anti-
arrhythmic effects11 were observed following renal denervation. It
was obvious that the results of previous published studies required
validation in blinded, randomized, controlled clinical trials. While
the first small randomized trial, Symplicity HTN-2 enrolling 106
patients to receive either renal nerve ablation or medical treatment
alone without a sham procedure, confirmed the results obtained in
registries, the blinded, sham-controlled Symplicity HTN-3 study ran-
domizing 535 patients,8 again using Medtronic’s Symplicity device, did
meet its primary safety endpoint, but disappointingly failed to reach
its primary efficacy endpoint, defined as a statistically significant
decrease in office blood pressure between the groups. The initial
publication of this well-designed trial challenged the overall effec-
tiveness and usefulness of catheter-based renal denervation, and all
previously published studies appeared to be invalidated.

Symplicity HTN-3 was expected to provide the definitive state-
menton the valueof renaldenervation in antihypertensive treatment.

Physicians, who have seen patients benefitting from the procedure,
and scientists, who have proven that renal denervation effectively
lowers blood pressures in different mammalian species (i.e. dogs,
pigs, and rabbits), tried to understand why Symplicity HTN-3 did
not meet its primary endpoint. Shortly after the presentation and
publication of the results, several possibilities were discussed regard-
ing why the results were disparate compared with prior clinical trials
and registries, with the caveat that in-depth analyses on trial execu-
tion were still pending. Some argued that the absence of a positive
finding in Symplicity HTN-3 was mainly related to adding a sham pro-
cedure and blinding of patients as well as follow-up assessors;12

others tried to provide more profound explanations.13

What can be learnt from Symplicity
HTN-3?
In this issue of the journal, D. Kandzari et al.14 share interesting
insights and hypotheses and critically examine the results of the Sym-
plicity HTN-3 trial in the context of existing renal denervation data
and clinical trial design.

(i) Although stable antihypertensive medication was required, 22%
of all patients hadmedicationchanges 2–6 weeksprior to screen-
ing. Between baseline and6-monthendpoint assessment,medica-
tion changes were documented in another 39%.

(ii) Baselineoffice systolic bloodpressure≥180mmHg, aldosterone
antagonist use, and non-use of vasodilators were predictors of
office systolic blood pressure change at 6-month follow-up in
patients undergoing renal denervation.

(iii) The number of ablation attempts and energy delivery in all four
quadrants (anterior, inferior, posterior, and anterior) were asso-
ciated with greater reductions in office and ambulatory blood
pressure change.

(iv) Non-African Americans receiving renal denervation had a sig-
nificantly greater change in office blood pressure compared
with those receiving sham treatment.

The opinions expressed in this article are not necessarily those of the Editors of the European Heart Journal or of the European Society of Cardiology.
† doi:10.1093/eurheartj/ehu441

* Corresponding author. Klinik für Innere Medizin III, Kardiologie, Angiologie und Internistische Intensivmedizin, Universitätsklinikum des Saarlandes, D-66421 Homburg/Saar, Germany.
Tel: +49 6841 16 21346, Fax: +49 6841 16 13211, Email: felix.mahfoud@uks.eu

Published on behalf of the European Society of Cardiology. All rights reserved. & The Author 2014. For permissions please email: journals.permissions@oup.com.
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with the meager decrease in the SYMPLICITY 
HTN-2 study. Is it conceivable that greater expo-
sure to spironolactone in the SYMPLICITY HTN-3 
study facilitated this decrease (and possibly con-
tributed to a neutral outcome)?

Could we have predicted the outcome of the 
SYMPLICITY HTN-3 study? The standard devia-
tions of the change in office systolic blood pres-
sure from baseline in both study groups in both 
trials were remarkably similar, indicating a wide 
variation in response. In fact, in the SYMPLICITY 
HTN-2 study, the change in blood pressure from 
baseline in 95% of patients was between −78 
mm Hg and 14 mm Hg in the renal-denervation 
group and between −43 mm Hg and 41 mm Hg 
in the control group. The mean blood-pressure 
reduction in the SYMPLICITY HTN-3 study is well 
within this range for both study groups. The wide 
variability in response to renal denervation begs 

the question of whether this procedure could be 
more efficacious in selected patients with in-
creased sympathetic drive only, such as those with 
heart failure. Regardless of this conjecture, the 
SYMPLICITY HTN-3 study certainly has raised 
the bar.

To be enrolled in a study, patients need to ful-
fill predefined blood-pressure criteria on a partic-
ular day. Patients whose blood pressure is above 
their usual average will preferentially be enrolled. 
Thus, subsequent blood-pressure measurements 
are prone to be lower regardless of whether there 
was an intervention. This phenomenon, although 
unlikely to fully explain the differences in blood-
pressure decrease among various studies, occurs 
only when inclusion criteria require a certain 
blood-pressure level. It should not be confused 
with regression to the mean or a placebo effect, 
both of which could also have contributed to 

Table 1. Selected Findings of the SYMPLICITY HTN-2 and HTN-3 Studies.

Variable SYMPLICITY HTN-2 SYMPLICITY HTN-3

Renal 
Denervation

No Renal 
Denervation

Renal 
Denervation

Sham 
Procedure

No. of patients 52 54 364 171

No. of antihypertensive medications at baseline  5.2±1.5  5.3±1.8  5.1±1.4  5.2±1.4

Aldosterone antagonist at baseline (% of patients) 17 17 22.5 28.7

Office systolic blood pressure at baseline (mm Hg) 178±18 178±16 179.7±16.1 180.2±16.8

Heart rate at baseline (beats/min)  75±15  71±15 NR NR

Change in office systolic blood pressure at 6 mo (mm Hg)

Absolute change −32±23  1±21 −14.1±23.9 −11.7±25.9

Change relative to control group −33 −2.4

Change in home systolic blood pressure at 6 mo (mm Hg)

Absolute change† −20±17   2±21 −7.4 −6.0

Change relative to control group −22 −1.3

Change in 24-hr ambulatory systolic blood pressure at 6 mo  
(mm Hg)

Absolute change‡ −11±15  −3±19 −6.8±15.1  −4.8±17.2

Change relative to control group −8  −1.96

Change in antihypertensive medication (% of patients)

Decrease in dose or no. of medications 20  6 NR NR

Increase in dose or no. of medications  8 12 NR NR

* Plus–minus values are means ±SD. NR denotes not reported.
† In the SYMPLICITY HTN-2 study, data were available for 32 patients who underwent renal denervation and 40 patients 

who did not.
‡ In the SYMPLICITY HTN-2 study, data were available for 20 patients who underwent renal denervation and 25 patients 

who did not.
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Summary
Background Confl icting blood pressure-lowering eff ects of catheter-based renal artery denervation have been reported 
in patients with resistant hypertension. We compared the ambulatory blood pressure-lowering effi  cacy and safety of 
radiofrequency-based renal denervation added to a standardised stepped-care antihypertensive treatment (SSAHT) 
with the same SSAHT alone in patients with resistant hypertension.

Methods The Renal Denervation for Hypertension (DENERHTN) trial was a prospective, open-label randomised 
controlled trial with blinded endpoint evaluation in patients with resistant hypertension, done in 15 French tertiary care 
centres specialised in hypertension management. Eligible patients aged 18–75 years received indapamide 1·5 mg, 
ramipril 10 mg (or irbesartan 300 mg), and amlodipine 10 mg daily for 4 weeks to confi rm treatment resistance by 
ambulatory blood pressure monitoring before randomisation. Patients were then randomly assigned (1:1) to receive 
either renal denervation plus an SSAHT regimen (renal denervation group) or the same SSAHT alone (control group). 
The randomisation sequence was generated by computer, and stratifi ed by centres. For SSAHT, after randomisation, 
spironolactone 25 mg per day, bisoprolol 10 mg per day, prazosin 5 mg per day, and rilmenidine 1 mg per day were 
sequentially added from months two to fi ve in both groups if home blood pressure was more than or equal to 
135/85 mm Hg. The primary endpoint was the mean change in daytime systolic blood pressure from baseline to 
6 months as assessed by ambulatory blood pressure monitoring. The primary endpoint was analysed blindly. The safety 
outcomes were the incidence of acute adverse events of the renal denervation procedure and the change in estimated 
glomerular fi ltration rate from baseline to 6 months. This trial is registered with ClinicalTrials.gov, number NCT01570777.

Findings Between May 22, 2012, and Oct 14, 2013, 1416 patients were screened for eligibility, 106 of those were 
randomly assigned to treatment (53 patients in each group, intention-to-treat population) and 101 analysed because 
of patients with missing endpoints (48 in the renal denervation group, 53 in the control group, modifi ed 
intention-to-treat population). The mean change in daytime ambulatory systolic blood pressure at 6 months was 
−15·8 mm Hg (95% CI −19·7 to −11·9) in the renal denervation group and −9·9 mm Hg (−13·6 to −6·2) in the 
group receiving SSAHT alone, a baseline-adjusted diff erence of −5·9 mm Hg (−11·3 to −0·5; p=0·0329). The 
number of antihypertensive drugs and drug-adherence at 6 months were similar between the two groups. 
Three minor renal denervation-related adverse events were noted (lumbar pain in two patients and mild groin 
haematoma in one patient). A mild and similar decrease in estimated glomerular fi ltration rate from baseline to 
6 months was observed in both groups.

Interpretation In patients with well defi ned resistant hypertension, renal denervation plus an SSAHT decreases 
ambulatory blood pressure more than the same SSAHT alone at 6 months. This additional blood pressure lowering 
eff ect may contribute to a reduction in cardiovascular morbidity if maintained in the long term after renal denervation. 

Funding French Ministry of Health.

Introduction
Endovascular renal denervation with radiofrequency 
ablation has emerged as a new invasive treatment for 
patients with resistant hypertension to a multiple anti-
hypertensive drug regimen.1 The fi rst two studies of renal 
denervation reported 25–30 mm Hg decreases in offi  ce 
systolic blood pressure at 6 months in patients with 
resistant hypertension, with less than 5% of patients having 

procedural adverse events.2,3 Subsequently, the procedure 
was made available in Europe4–6 despite uncertainty about 
both safety and effi  cacy related to the limitations of most 
previous studies (no standardisation of blood pressure 
measurements and antihypertensive treatment, and their 
single-arm observational study design).7,8 The indications, 
risk-benefi t ratio, and cost-eff ectiveness of renal denervation 
compared with an optimum medical strategy, therefore, 
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of the report. The trial was done under the guidance of 
an independent data and safety monitoring board 
convened by the funder. The corresponding author had 
full access to all the data in the study and had fi nal 
responsibility for the decision to submit for publication.

Results
1416 patients with resistant hypertension to three or more 
antihypertensive drugs on the basis of their offi  ce blood 
pressure were assessed for eligibility. 121 patients (8·5%) 
with supine offi  ce blood pressure of 163·4 mm Hg (SD 

23·0)/95·0 mm Hg (12·7) despite being treated with four 
(IQR 3–5) diff erent antihypertensive drugs (diuretic, 
94·2%; renin angiotensin system blockers, 95·9%; 
calcium channel blockers, 97·5%; β blockers, 35·5%; 
aldosterone antagonists, 23·1%; centrally acting anti-
hypertensive drugs, 19·0%; and α blockers, 17·4%) were 
included in the study. After 4-week standardised triple 
therapy, 106 patients had confi rmed resistant hyper tension 
by ambulatory blood pressure monitoring and were 
randomly assigned to the renal denervation (n=53) or the 
control group (n=53). In the renal denervation group, 
seven patients did not undergo renal denervation for 
refusal of the procedure (n=3), unsuitable renal anatomy 
detected on the renal angiogram done immediately before 
the procedure (n=3) or appendicitis (n=1) (fi gure 1). 
Baseline characteristics were similar across both study 
groups (table 1 and appendix). The median number of 
ablations done in the right renal artery was 6 (IQR 5–6) 
and 5 (5–6) in the left renal artery because of diff erence in 
mean length of the renal arteries (42·1 mm [SD 10·9] vs 
35·3 mm [9·1]).11 Five (9%) of 53 patients had small 
accessory renal arteries of less than 3 mm diameter on the 
CT angiogram; only the main renal arteries were treated by 
renal denervation in these patients. 37 (80%) of the 46 
renal denervation procedures were done in the fi ve centres 
that treated fi ve or more cases. The appendix shows the 
number of procedures per interventionalist in every centre.

The mean decreases from baseline to 6 months in 
daytime ambulatory systolic blood pressure were 
signifi cantly greater in the renal denervation group than 
in the control group, with a mean baseline-adjusted 
diff erence between the two groups of −5·9 mm Hg 
(95% CI −11·3 to −0·5 mm Hg, p=0·0329; table 2). 
Similar results were noted for night-time and 24-h 
ambulatory systolic blood pressure (table 2). The daytime 
ambulatory systolic blood pressure levels achieved at 
6 months did not diff er signifi cantly between the 
two groups (table 2). Between-patient variability in the 
mean decreases from baseline in daytime ambulatory 
systolic blood pressure was larger in the renal denervation 
group than in the control group (F1,99=2·33, p=0·1301; 
fi gure 2). 20 patients (41·7%) had a decrease in daytime 
ambulatory systolic blood pressure of more than or equal 
to –20 mm Hg in the renal denervation group compared 
with 11 (20·8%) in the control group (p=0·0229).

Blood pressure control rate at 6 months was 41·7% as 
assessed for daytime, 31·3% for night-time, and 39·6% 
for 24-h ambulatory blood pressure in the renal 
denervation group compared with 28·3% for daytime 
(p=0·1587), 11·3% for night-time (p=0·0137), and 18·9% 
for 24-h ambulatory blood pressure (p=0·0216) in the 
control group (appendix).

All other blood pressure variables tended to decrease 
more from baseline to 6 months in the renal denervation 
group than in the control group, but the diff erences 
between the two groups were not signifi cant (table 2). 
Home and offi  ce blood pressure decreased progressively 

Renal 
denervation 
group (n=53)

Control group 
(n=53)

Clinical characteristics

Age (years) 55·2±10·8 55·2±10·1

Male sex† 34 (64·2) 32 (60·4)

Caucasian† 42 (79·2) 41 (77·4)

Non-smokers† 23 (43·4) 25 (47·2)

Type 2 diabetes† 9 (17·0) 14 (26·4)

Hyperlipidaemia† 28 (52·8) 21 (39·6)

Prior cardiovascular event† 16 (30·2) 11 (20·8)

Prior stroke† 7 (13·2) 4 (7·5)

Obstructive sleep apnoea†‡ 16 (30·2) 13 (24·5)

BMI (kg/m2) 30·7±4·8 29·7±4·5

Biological characteristics

Plasma creatinine (µmol/L) 85±23 83±25

eGFR (mL/min/1·73 m2) 88±24 90±24

BP measurements

Offi  ce SBP (mm Hg) 159·3±22·7 155·9±21·9

Offi  ce DBP (mm Hg) 93·3±16·0 91·4±13·8

Offi  ce HR (bpm) 72·6±10·7 74·1±11·6

Home SBP (mm Hg) 154·7±19·5 153·3±19·0

Home DBP (mm Hg) 94·1±14·2 93·0±10·5

Daytime ambulatory SBP (mm Hg) 155·5±16·4 151·0±16·0

Daytime ambulatory DBP (mm Hg) 93·2±15·4 92·0±10·8

Daytime ambulatory PP (mm Hg) 62·4±13·6 58·9±13·7

Night-time ambulatory SBP (mm Hg) 141·3±17·4 135·5±14·3

Night-time ambulatory DBP (mm Hg) 81·9±16·2 79·4±10·5

Night-time ambulatory PP (mm Hg) 59·3±12·4 56·1±13·3

24 h ambulatory SBP (mm Hg) 151·6±16·3 146·8±15·2

24 h ambulatory DBP (mm Hg) 90·2±15·3 88·8±10·6

24 h ambulatory PP (mm Hg) 61·5±13·0 58·0±13·5

Standardised antihypertensive treatment

Indapamide 1·5 mg† 53 (100·0) 53 (100·0)

Ramipril 10 mg† 46 (86·8) 43 (81·1)

Irbesartan 300 mg† 7 (13·2) 10 (18·9)

Amlodipine 10 mg† 51 (96·2) 49 (92·5)

Amlodipine 5 mg† 2 (3·8) 4 (7·5)

BMI=body-mass index. eGFR=estimated glomerular fi ltration rate. BP=blood pressure. 
SBP=systolic blood pressure. DBP=diastolic blood pressure. HR=heart rate. PP=pulse 
pressure. *Data are expressed as mean ± SD unless otherwise stated.†Data are n (%). 
‡None of the patients were treated with continuous positive airway pressure.

Table 1: Clinical and biological characteristics of patients randomised to 
the renal denervation or control groups*
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135/85 mm Hg. The primary endpoint was the mean change in daytime systolic blood pressure from baseline to 
6 months as assessed by ambulatory blood pressure monitoring. The primary endpoint was analysed blindly. The safety 
outcomes were the incidence of acute adverse events of the renal denervation procedure and the change in estimated 
glomerular fi ltration rate from baseline to 6 months. This trial is registered with ClinicalTrials.gov, number NCT01570777.

Findings Between May 22, 2012, and Oct 14, 2013, 1416 patients were screened for eligibility, 106 of those were 
randomly assigned to treatment (53 patients in each group, intention-to-treat population) and 101 analysed because 
of patients with missing endpoints (48 in the renal denervation group, 53 in the control group, modifi ed 
intention-to-treat population). The mean change in daytime ambulatory systolic blood pressure at 6 months was 
−15·8 mm Hg (95% CI −19·7 to −11·9) in the renal denervation group and −9·9 mm Hg (−13·6 to −6·2) in the 
group receiving SSAHT alone, a baseline-adjusted diff erence of −5·9 mm Hg (−11·3 to −0·5; p=0·0329). The 
number of antihypertensive drugs and drug-adherence at 6 months were similar between the two groups. 
Three minor renal denervation-related adverse events were noted (lumbar pain in two patients and mild groin 
haematoma in one patient). A mild and similar decrease in estimated glomerular fi ltration rate from baseline to 
6 months was observed in both groups.

Interpretation In patients with well defi ned resistant hypertension, renal denervation plus an SSAHT decreases 
ambulatory blood pressure more than the same SSAHT alone at 6 months. This additional blood pressure lowering 
eff ect may contribute to a reduction in cardiovascular morbidity if maintained in the long term after renal denervation. 

Funding French Ministry of Health.

Introduction
Endovascular renal denervation with radiofrequency 
ablation has emerged as a new invasive treatment for 
patients with resistant hypertension to a multiple anti-
hypertensive drug regimen.1 The fi rst two studies of renal 
denervation reported 25–30 mm Hg decreases in offi  ce 
systolic blood pressure at 6 months in patients with 
resistant hypertension, with less than 5% of patients having 

procedural adverse events.2,3 Subsequently, the procedure 
was made available in Europe4–6 despite uncertainty about 
both safety and effi  cacy related to the limitations of most 
previous studies (no standardisation of blood pressure 
measurements and antihypertensive treatment, and their 
single-arm observational study design).7,8 The indications, 
risk-benefi t ratio, and cost-eff ectiveness of renal denervation 
compared with an optimum medical strategy, therefore, 
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with a similar slope from baseline to 6 months in 
the two groups (p=0·9939 and p=0·0748 for the 
treatment × time interaction by linear mixed model, 
respectively; fi gure 3). There was no signifi cant diff erence 
in home or offi  ce systolic blood pressure at the 2-month 
visit between the two groups (fi gure 3).

In the multiple linear regression analysis, male sex, 
high adherence to antihypertensive treatment, high 
baseline daytime ambulatory systolic blood pressure, large 
changes in daytime ambulatory heart rate from baseline 
to 6 months, and low treatment score, but not ethnic 
origin, were independently and signifi cantly associated 
with large changes in daytime ambulatory systolic blood 
pressure (appendix). In the renal denervation group, the 
number of ablations was not a predictor of the ambulatory 
blood pressure response (data not shown).

Offi  ce, home, and ambulatory heart rate decreased 
similarly from baseline to 6 months in the two groups 
(appendix). For all blood pressure variables, on-treatment 
analyses gave similar results (appendix).

A similar proportion of patients in each group 
received spironolactone, bisoprolol, prazosin, and 

rilmenidine as add-on treatment from the second to the 
fi fth monthly visits without any delay in the start of 
spironolactone. A similar number of patients reached 
the last step of the treatment algorithm in the renal 
denervation (n=13; 27·1%) and control (n=15; 28·3%) 

 Renal denervation group Control group Mean baseline-adjusted 
diff erence (95% CI) between the 
two groups at 6 months

p value

Randomisation 
(mean ± SD)

6 months 
(mean ± SD)

Mean baseline-adjusted 
diff erence (95% CI)

Randomisation 
(mean ± SD)

6 months 
(mean ± SD)

Mean baseline-adjusted 
diff erence (95% CI)

ABP, mm Hg n=48 n=48 n=53 n=53

Daytime

SBP 155·5±16·1 139·1±17·8 −15·8
(−19·7 to −11·9)

151·0±16·0 141·7±17·5 −9·9
(−13·6 to −6·2)

−5·9
(−11·3 to −0·5)

0·0329

DBP 92·9±15·0 82·9±13·7 −9·9
(−12·5 to −7·3)

92·0±10·8 85·4±13·2 −6·8
(−9·3 to −4·3)

−3·1
(−6·7 to 0·5)

0·0922

Night-time

SBP 141·4±17·3 126·7±18·5 −13·9
(−18·0 to −9·8)

135·5±14·3 128·6±17·9 −7·6
(−11·4 to −3·7)

−6·3
(−12·0 to −0·6)

0·0296

DBP 82·0±16·1 73·1±13·3 −8·5
(−10·8 to −6·2)

79·4±10·5 74·5±11·5 −5·3
(−7·5 to −3·1)

−3·2
(−6·4 to 0·0)

0·0510

24 h

SBP 151·6±16·2 135·5±17·6 −15·4
(−19·1 to −11·7)

146·8±15·2 137·9±16·4 −9·5
(−13·0 to −6·0)

−5·9
(−11·0 to −0·8)

0·0238

DBP 90·0±15·2 80·1±13·0 −9·7
(−12·0 to −7·4)

88·8±10·6 82·3±12·0 −6·6
(−8·8 to −4·4)

−3·1
(−6·3 to 0·05)

0·0538

Home BP, mm Hg n=47 n=47 n=52 n=53

SBP 154·4±18·9 139·4±20·3 −15·4
(−20·4 to −10·4)

153·3±19·0 141·4±21·8 −11·8
(−16·5 to −7·1)

−3·6
(−10·5 to 3·3)

0·3011

DBP 94·1±13·1 85·1±14·4 −8·7
(−12·1 to −5·4)

93·0±10·5 86·5±13·1 −6·7
(−9·8 to −3·5)

−2·1
(−6·6 to 2·5)

0·3741

Offi  ce BP, mm Hg n=48 n=48 n=53 n=53

SBP 159·5±21·8 143·5±20·4 −15·1
(−20·6 to −9·5)

155·9±21·9 147·3±24·1 −9·5
(−14·7 to −4·2)

−5·6
(−13·3 to 2·0)

0·1491

DBP 93·3±14·6 83·8±15·5 −9·1
(−12·2 to −6·0)

91·4±13·8 85·7±12·3 −6·0
(−9·0 to −3·0)

−3·1
(−7·4 to 1·2)

0·1588

ABP=ambulatory blood pressure. BP=blood pressure. DBP=diastolic blood pressure. SBP=systolic blood pressure.

Table 2: Ambulatory, home, and offi  ce blood pressure measurements at randomisation and after 6 months follow-up in the renal denervation and control group (modifi ed 
intention-to-treat population)

Figure 2: Between-Patient variability
Between-patient variability in daytime ambulatory systolic blood pressure (SBP) changes from baseline to 
6 months in the renal denervation (panel A) and the control group (panel B). 

Randomisation 6 months
–60

–40

–20

0

20

40

60

Ch
an

ge
 in

 d
ay

tim
e a

m
bu

la
to

ry
SB

P 
(m

m
 H

g)

A

Randomisation 6 months

B
Denerva<on	
   Contrôle	
  

Articles

www.thelancet.com   Published online January 26, 2015   http://dx.doi.org/10.1016/S0140-6736(14)61942-5 1

Optimum and stepped care standardised antihypertensive 
treatment with or without renal denervation for resistant 
hypertension (DENERHTN): a multicentre, open-label, 
randomised controlled trial
Michel Azizi, Marc Sapoval, Philippe Gosse, Matthieu Monge, Guillaume Bobrie, Pascal Delsart, Marco Midulla, Claire Mounier-Véhier, 
Pierre-Yves Courand, Pierre Lantelme, Thierry Denolle, Caroline Dourmap-Collas, Hervé Trillaud, Helena Pereira, Pierre-François Plouin, 
Gilles Chatellier, and the Renal Denervation for Hypertension (DENERHTN) investigators*

Summary
Background Confl icting blood pressure-lowering eff ects of catheter-based renal artery denervation have been reported 
in patients with resistant hypertension. We compared the ambulatory blood pressure-lowering effi  cacy and safety of 
radiofrequency-based renal denervation added to a standardised stepped-care antihypertensive treatment (SSAHT) 
with the same SSAHT alone in patients with resistant hypertension.

Methods The Renal Denervation for Hypertension (DENERHTN) trial was a prospective, open-label randomised 
controlled trial with blinded endpoint evaluation in patients with resistant hypertension, done in 15 French tertiary care 
centres specialised in hypertension management. Eligible patients aged 18–75 years received indapamide 1·5 mg, 
ramipril 10 mg (or irbesartan 300 mg), and amlodipine 10 mg daily for 4 weeks to confi rm treatment resistance by 
ambulatory blood pressure monitoring before randomisation. Patients were then randomly assigned (1:1) to receive 
either renal denervation plus an SSAHT regimen (renal denervation group) or the same SSAHT alone (control group). 
The randomisation sequence was generated by computer, and stratifi ed by centres. For SSAHT, after randomisation, 
spironolactone 25 mg per day, bisoprolol 10 mg per day, prazosin 5 mg per day, and rilmenidine 1 mg per day were 
sequentially added from months two to fi ve in both groups if home blood pressure was more than or equal to 
135/85 mm Hg. The primary endpoint was the mean change in daytime systolic blood pressure from baseline to 
6 months as assessed by ambulatory blood pressure monitoring. The primary endpoint was analysed blindly. The safety 
outcomes were the incidence of acute adverse events of the renal denervation procedure and the change in estimated 
glomerular fi ltration rate from baseline to 6 months. This trial is registered with ClinicalTrials.gov, number NCT01570777.

Findings Between May 22, 2012, and Oct 14, 2013, 1416 patients were screened for eligibility, 106 of those were 
randomly assigned to treatment (53 patients in each group, intention-to-treat population) and 101 analysed because 
of patients with missing endpoints (48 in the renal denervation group, 53 in the control group, modifi ed 
intention-to-treat population). The mean change in daytime ambulatory systolic blood pressure at 6 months was 
−15·8 mm Hg (95% CI −19·7 to −11·9) in the renal denervation group and −9·9 mm Hg (−13·6 to −6·2) in the 
group receiving SSAHT alone, a baseline-adjusted diff erence of −5·9 mm Hg (−11·3 to −0·5; p=0·0329). The 
number of antihypertensive drugs and drug-adherence at 6 months were similar between the two groups. 
Three minor renal denervation-related adverse events were noted (lumbar pain in two patients and mild groin 
haematoma in one patient). A mild and similar decrease in estimated glomerular fi ltration rate from baseline to 
6 months was observed in both groups.

Interpretation In patients with well defi ned resistant hypertension, renal denervation plus an SSAHT decreases 
ambulatory blood pressure more than the same SSAHT alone at 6 months. This additional blood pressure lowering 
eff ect may contribute to a reduction in cardiovascular morbidity if maintained in the long term after renal denervation. 

Funding French Ministry of Health.

Introduction
Endovascular renal denervation with radiofrequency 
ablation has emerged as a new invasive treatment for 
patients with resistant hypertension to a multiple anti-
hypertensive drug regimen.1 The fi rst two studies of renal 
denervation reported 25–30 mm Hg decreases in offi  ce 
systolic blood pressure at 6 months in patients with 
resistant hypertension, with less than 5% of patients having 

procedural adverse events.2,3 Subsequently, the procedure 
was made available in Europe4–6 despite uncertainty about 
both safety and effi  cacy related to the limitations of most 
previous studies (no standardisation of blood pressure 
measurements and antihypertensive treatment, and their 
single-arm observational study design).7,8 The indications, 
risk-benefi t ratio, and cost-eff ectiveness of renal denervation 
compared with an optimum medical strategy, therefore, 
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means of assessing proper wall contact or effective destruction of
renal sympathetic nerves intraprocedurally. In contrast to earlier
Symplicity studies, non-physician industry representatives were
present at all cases, which is particularly noteworthy, as the majority
of interventionists were unfamiliar with the procedure and had only
performed 1–2 procedures beforehand. Except for the recommen-
dation that 4–6 ablations should be delivered to each renal artery be-
ginning at the distal end of the artery and rotating in a helical pattern,
no other instructions were provided by the protocol. This clearly
affected the quality of the procedural performance in Symplicity
HTN-3. Indeed, the average number of radiofrequency ablation
attempts was 11.2+2.8, out of which only 9.2+ 2.0 (84%) were
complete ablations of 120 s duration, which is considerably lower
compared with previous studies. Overall, the number of ablation
attempts ranged from 1 to 26, with the vast majority of the patients
receiving ≥8 ablation attempts. The larger numbers of ablations
were mainly related to the appearance of generator codes and
premature interruptions of energy delivery forcing the operator
to repeat ablations at the same site. Interestingly, in Symplicity
HTN-3, the number of ablation attempts positively correlated with
greater changes in office blood pressure (P ¼ 0.01).

Recently, the variation in distribution and density of the renal sym-
pathetic nervous system in humans, the ultimate target of renal de-
nervation, has been assessed in detail.19 It has been nicely shown
that the highest average number of nerves was observed in the

proximal and middle segments of the renal artery and the lowest in
the distal segments. The mean distance from the lumen to the
nerveswas the longest in the proximal and the lowest in the distal seg-
ments, with the circumferential distribution being most pronounced
in the ventral and the least pronounced in the dorsal regions
(Figure 1). These data suggest that asymmetric and most probably
distal renal artery targeting is required to achieve effective denerv-
ation of renal afferent and efferent nerves and that the variability in
the target nerve anatomy determines whether or not nerve blockade
is achieved, particularly with the use of single electrodes. Indeed, full
four-quadrant ablation on both renal arteries has been accepted as
the clinical standard.17 However, retrospective analyses fromSympli-
city HTN-3 derived from site co-ordinator recordings, proctor
assessments in the catheterization laboratory, and data from the angi-
ography core laboratory revealed that only 6% of all patients received
two four-quadrant ablations (both sides), 20% received one four-
quadrant ablation (either right or left), and 74% received no four-
quadrant ablation. Circumferential treatment, as recommended in
the trial protocol, was associated with numerically more pronounced
reductions inbloodpressure, although this wasnot statistically signifi-
cant (P ¼ 0.1). In the small group of patients receiving two
four-quadrant ablations on both sides (n ¼ 19), office systolic and
ambulatory blood pressure changes (–24.3 mmHg and –10.3
mmHg) were similar to those of previous published studies.

What is needed now?
The pause that Symplicity HTN-3 created in the field of device-based
antihypertensive therapies helped to refine technologies and

Figure 2 Effectiveness and variability of catheter-based renal de-
nervation 30 days after the procedure measured by renal norepin-
ephrine (NE) spillover (n ¼ 17). Modified from Esler.21

Figure 3 Effectiveness and variability of catheter-based renal de-
nervation measured by tissue norepinephrine tissue content in pigs
(n ¼ 12), with application of four radiofrequency (RF) ablations in
the main renal artery. Modified from Melder R.J., oral presentation
TCT 2014.
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Pulmonary Disorders

Pulmonary Artery Denervation to Treat
Pulmonary Arterial Hypertension
The Single-Center, Prospective, First-in-Man PADN-1 Study
(First-in-Man Pulmonary Artery Denervation for
Treatment of Pulmonary Artery Hypertension)

Shao-Liang Chen, MD,*y Feng-Fu Zhang, MD,* Jing Xu, MD,* Du-Jiang Xie, MD,* Ling Zhou, MD,*
Thach Nguyen, MD,z Gregg W. Stone, MDx
Nanjing, China; Hobart, Indiana; and New York, New York

Objectives This study was designed to test the safety and efficacy of pulmonary artery (PA) denervation (PADN) for patients with
idiopathic PA hypertension (IPAH) not responding optimally to medical therapy.

Background Baroreceptors and sympathetic nerve fibers are localized in or near the bifurcation area of the main PA. We
previously demonstrated that PADN completely abolished the experimentally elevated PA pressure responses to
occlusion of the left interlobar PA.

Methods Of a total of 21 patients with IPAH, 13 patients received the PADN procedure, and the other 8 patients who refused
the PADN procedure were assigned to the control group. PADN was performed at the bifurcation of the main PA, and
at the ostial right and left PA. Serial echocardiography, right heart catheterization, and a 6-min walk test (6MWT)
were performed. The primary endpoints were the change of PA pressure (PAP), tricuspid excursion (Tei) index, and
6MWT at 3 months follow-up.

Results Compared with the control group, at 3 months follow-up, the patients who underwent the PADN procedure showed
significant reduction ofmeanPAP (from55!5mmHg to36!5mmHg, p<0.01), and significant improvement of the
6MWT (from 324! 21m to 491! 38m, p< 0.006) and of the Tei index (from 0.7! 0.04 to 0.50! 0.04, p< 0.001).

Conclusions We report for the first time the effect of PADN on functional capacity and hemodynamics in patients with IPAH not
responding optimally to medical therapy. Further randomized study is required to confirm the efficacy of PADN.

(First-in-Man Pulmonary Artery Denervation for Treatment of Pulmonary Artery Hypertension [PADN-1] study;
chiCTR-ONC-12002085) (J Am Coll Cardiol 2013;62:1092–100) ª 2013 by the American College of
Cardiology Foundation

Idiopathic pulmonary arterial hypertension (IPAH) is
characterized by elevations of mean pulmonary artery (PA)
pressure (PAP) and pulmonary vascular resistance (PVR)
(1). The pathogenesis of IPAH was believed to be due to an
imbalance between locally produced vasodilators and vaso-
constrictors (2). Recent studies have demonstrated that
vascular wall remodeling also contributes to elevated PVR
(3). Up to now, the role of neural reflex in the mediation and
development of IPAH has not been specifically investigated.

In 1962, Osorio et al. (4) reported the existence of a pul-
mopulmonary baroreceptor reflex that originates in the
large pulmonary branches, with neither the afferent nor
the efferent fibers belonging to the vagus nerve. In 1980,
these findings were again confirmed by Juratsch et al. (5)
and Baylen et al. (6). More recently, our animal study (7)

See page 1101

demonstrated that PA denervation (PADN) could com-
pletely abolish the increment of PAP induced by balloon
occlusion at the interlobar segment but not at the basal
trunk. On the basis of such findings, we designed a first-in-
man study to test the safety and efficacy of PADN by
inducing local injury/destruction to the baroreceptor or
sympathetic nervous fibers in patients with IPAH who did
not respond optimally to current medical therapy.
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indicate that the ablation was performed through the first
electrode at the catheter tip.
PADN procedure. A baseline PA angiography was per-
formed to identify the PA bifurcation level and calculate the
PA diameter (Figs. 2A to 2C). An 8-F long sheath was
inserted through the femoral vein and advanced to the main
PA (MPA) (Fig. 2A). The PADN catheter was advanced
along this long sheath (Fig. 2B). After gently withdrawing
the sheath and pushing the PADN catheter, the circular tip
would be released from the sheath (Fig. 2C). Then, by
slightly rotating and pushing the handle in a clockwise
direction, the circular tip would be positioned at the ostium
of the left PA (Level 1 of ablation, <2 mm distal to orifice,
(Fig. 2D). After ablation at this level, counterclockwise
rotation and withdrawing the handle would allow the circular
tip to slide down to the distal bifurcation area of the MPA
(Level 2 of ablation,<2mm proximal to the bifurcation level)
(Fig. 2E). Finally, continuously rotating and pushing the
handle was performed until the circular tip jumped into Level
3 of ablation (<2 mm distal to the ostial right PA) (Fig. 2F).

Three criteria were used to ensure that the electrodes were
tightly in contact with the endovascular surface: 1) strong
manual resistance when rotating the handle; 2) inability to
advance distally (Fig. 2G) or ease in, withdrawing proximally
(Fig. 2H); and 3) angiographic confirmation. Following

these confirmations, ablation would begin from the 1st to the
10th electrode at Level 1 and then at Levels 2 and 3.
Following the first round of ablation at each level, the cath-
eter tip was gently withdrawn, rotated, and re-advanced to
ensure that the entire diameter of the vessel axis was being
ablated.

The following ablation parameters were programmed
at each level: temperature >50!C, energy ¼ 10 W, and
time ¼ 60 s. The procedure would be stopped if the patient
complained of intolerable chest pain. The electrocardiogram
and hemodynamic pressure were monitored and continu-
ously recorded throughout the procedure. Procedural success
was defined as a reduction in the mean PAP #10 mm Hg
(as measured by the Swan-Ganz catheter), and there were no
complications. The patients were monitored in the cardiac
care unit for at least 24 h after the PADN procedure.
Peri-procedural medications. An intravenous bolus of
5,000 U of heparin was given immediately following the
insertion of the venous sheath. An additional approximately
2,000 to 3,000 U of heparin was added if the procedural
time was greater than 1 h. Following the procedure, oral
warfarin was prescribed and adjusted according to the
international normalized ratio to be between 1.5 and 2.5 for
all patients. If there were contraindications for warfarin,
aspirin (100 mg/day) and clopidogrel (75 mg/day) were

Figure 2 An 8-F Long Sheath Was Inserted Through the Femoral Vein and Advanced to the MPA

(A) The same patient as in Figure 1 is shown. The PADN catheter was advanced along this long sheath (B). After gently withdrawing the sheath and pushing the PADN catheter,
the circular tip would be released from the sheath (C). Then, slight clockwise rotation and pushing the handle would allow the circular tip into the ostial left PA (Level 1 of
ablation, <2 mm distal to orifice [D]). After ablation at Level 1, counterclockwise rotation and withdrawing of the handle would allow the circular tip to slide down to the distal
bifurcation area of MPA (Level 2 of ablation, <2 mm proximal to the bifurcation level [E]). Finally, continuously rotation and pushing the handle was performed until the circular
tip jumped into the Level 3 of ablation (<2 mm distal to ostial right PA [F]). When the electrodes tightly contacted the inner arterial surface, there existed the inability to advance
distally (G) or to ease in withdrawing proximally (H).
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failure, reduction in left ventricular mass, atrial
fibrillation, and a host of other indications.

In this editorial, we review some of these theories,
particularly in the context of 2 papers published in
this issue of Journal, from which we can glean some
important insights (14,15).

There have been several clinical trial design con-
cerns raised about SYMPLICITY HTN-3. First is the
concern that the BP may not have been stabilized
appropriately prior to randomization. Per protocol,
medication changes were not allowed in the 2 weeks
before randomization, even though many studies
have indicated that up to 8 weeks are required to
reach a steady state after introducing new drugs or a
change in dosage. However, only 31 patients (5.8%)
had medication changes during this period, with no
significant between-group difference in office BP at
screening visits (14). There is also the important effect
of regression to the mean, which can occur whenever
inclusion into a trial is based on exceeding a threshold
of a clinical marker that naturally fluctuates with
time, such as BP. That is, a patient has a better chance
of meeting the inclusion criteria on the day when
their fluctuating BP is above their own average. But
during follow-up, the average BP will tend to return to
that individual’s true mean pressure, even in absence
of an intervention. However, this regression to the
mean phenomenon is likely to be minimized when
one employs a 24-h ambulatory blood pressure
monitor (ABPM), which averages multiple values ob-
tained over the course of 24 h. In this context, the
publication by Bakris et al. (14) examined the ABPM
changes between groups in SYMPLICITY HTN-3, a
powered secondary efficacy endpoint.

Unlike thew10-mmHgdrop in themean ambulatory
systolic BP seen in SYMPLICITYHTN-1 and -2 (Figure 1),
there was only a 6.8 ! 15.0-mm Hg drop in the RDN
group in SYMPLICITY HTN-3, and this was not statis-
tically different than the 4.8 ! 17.0-mm Hg drop in the
sham group (p ¼ 0.98, for a superiority margin of
2 mm Hg). The availability of 24-h BP values also
allowed the investigators to examine the difference in
BP between daytime and nighttime. Normally, there is
a decrease in nocturnal BP, but this normal diurnal BP
variation may be absent or even paradoxical (termed a
“nondipper” response) in certain hypertensive pa-
tients, and this is associated with worsened end-organ
damage and clinical outcomes (16). To this point,
Bakris et al. (14) now report that in SYMPLICITYHTN-3,
there were no significant differences between groups
in the daytime systolic ABPM (1.1 mm Hg difference,
p ¼ 0.52), nocturnal systolic AMBP (3.3 change, p ¼

0.06), or the percent of nondippers converting to dip-
pers (21.2% and 15.0% in the denervation and sham
groups, respectively, p ¼ 0.30) (14). Although the
trend for improved nocturnal ambulatory BP control
following RDN is interesting, the overall negative re-
sults are directionally consistent with the initially-
reported negative conclusion based on the office BP.

The ABPM analysis was also important in the
subgroup interpretation of SYMPLICITY HTN-3. Un-
like prior RDN studies, which largely included only
Caucasian patients, SYMPLICITY HTN-3 was the first
to include a significant percentage (w26%) of black
hypertensive patients. The initial subgroup analysis
of office BP in SYMPLICITY HTN-3 suggested that
RDN was only ineffective in black individuals and
would have been effective if these patients had been
excluded (13). However, the ABPM data failed to
demonstrate any significant interaction with race and
BP outcome: there was no significant difference in
24-h systolic BP change between black and nonblack
individuals (p value for interaction ¼ 0.643) (14).

Finally, the ABPM analysis is important in eluci-
dating the effect of baseline BP. That is, a high base-
line BP has been thought to be a clinical predictor of
response to RDN—with a greater response observed in
patients with a higher initial BP. Indeed, in the first
analysis of the Global Symplicity Registry, which
included w1,000 patients treated worldwide, the
RDN-based 6-month reduction in the office systolic
BP was 20 ! 22 mm Hg in those patients with a

12
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8

6

4

2

0
SYMPLICITY

HTN-1
SYMPLICITY

HTN-2
SYMPLICITY

HTN-3

p < 0.05
p = N.S.

RSDN
Control

FIGURE 1 24-h Ambulatory Systolic Blood Pressure Changes in the SYMPLICITY Trials

Shown are the changes in the mean 24-h ambulatory systolic blood pressures between
baseline and 6 months in the various Symplicity trials. Unlike in SYMPLICITY HTN-3, 24-h
ambulatory blood pressure monitor recordings were not performed in all patients in the
first 2 trials. The data shown are from those subset of patients in SYMPLICITY HTN-1
(n ¼ 12) and -2 (n ¼ 20/renal sympathetic denervation [RSDN], n ¼ 25/control) for whom
the data were available. Since SYMPLICITY HTN-1 did not have a control group, no data are
shown for that field.
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Table 1 Multivariable predictors of systolic blood pressure change at 6 months

Covariate Estimate 95% Confidence interval P-value

Pooled patients

Office SBP change (n ¼ 518)

Randomized to RDN 23.64 27.96, 0.69 0.100

Baseline office SBP ≥180 mmHg 214.94 219.06, 210.82 ,0.0001

Aldosterone antagonist 26.39 211.24, 21.54 0.010

Vasodilator 5.49 1.26, 9.72 0.011

Ambulatory SBP change (n ¼ 483)

Randomized to RDN 22.11 25.10, 0.88 0.167

Baseline eGFR ≥60 mL/min/1.73 m2 23.91 27.39, 20.44 0.028

Aldosterone antagonist 23.98 27.24, 20.72 0.017

RDN group

Office SBP change (n ¼ 318)

Baseline office SBP ≥180 mmHg 214.31 219.23, 29.39 ,0.0001

Total number of ablation attempts 20.94 21.82, 20.05 0.040

Aldosterone antagonist 29.77 215.83, 23.72 0.002

Vasodilator 7.55 2.38, 12.72 0.005

Ambulatory SBP change (n ¼ 293)

Baseline eGFR ≥60 mL/min/1.73 m2 24.56 28.99, 20.13 0.044

Aldosterone antagonist 25.19 29.33, 21.06 0.014

Sham groupa

Office SBP change (n ¼ 169)

Baseline office SBP ≥180 mmHg 28.00 216.42, 0.41 0.064

African-American race 211.97 219.81, 24.14 0.003

Alpha-1 blocker use 212.00 223.60, 20.40 0.044

P value needs to be ,0.2 to enter the model, and needs to be ,0.1 to stay.
aThere were no multivariable predictors of ambulatory SBP change in the sham group.
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Table 2 Antihypertensive medication use change analysis

RDN group Sham group

Baseline number of medications 5.1+1.4 5.2+1.4

6-month number of medications 5.0+1.4 5.2+1.6

Medication change SV1 to SV2 18 (4.9%) 13 (7.6%)

Any medication change between baseline and 6 months 139a (38.2%) 72a (42.1%)

.1 change between baseline and 6 months 119 (32.7%) 60 (35.1%)

Decreased number of medication classes or doses 52 (14.3%) 23 (12.8%)

Increased number of medication classes or doses 31 (8.5%) 17 (9.9%)

Combination of increases and decreases in class and/or dose 56 (15.3%) 32 (18.7%)

Medication change related to an adverse event or symptom change 98 (26.9%) 53 (31.0%)

Medication change related to SBP ,115 mmHg 13 (3.6%) 2 (1.2%)

Medication change related to SBP increase .15 mmHg 14 (3.8%) 7 (4.1%)

Other reasons 72 (19.8%) 41 (24.0%)

Data is mean (SD) or n (%).
SV, screening visit.
aFour RDN group patients and two control group patients who had no net change for the 6-month period (i.e. the same medication changed and returned to previous dose).
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Renal denervation: symply trapped by complexity?
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This editorial refers to ‘Predictors of blood pressure re-
sponse in the SYMPLICITY HTN-3 trial’†, by D.E. Kandzari
et al., on page 219.

Where de we stand?
Seven years after the first patient was treated with the Symplicity
Arch catheter by Murray Esler and colleagues in Melbourne, Austra-
lia,1 our knowledge about the renal sympathetic nervous system and
its modulation by catheter-based renal denervation has significantly
evolved. This minimally invasive approach was developed to
destroy the renal afferent and efferent sympathetic nerves in the
vessel wall of the renal arteries by means of radiofrequency
energy.2 First-in-man studies and open-label registries documented
that this technique lowers sympathetic nerve activity and blood pres-
sure in certain patients with resistant hypertension.3 –6 The treat-
ment was delivered safely with minimal procedural complications
and with no detrimental effect on renal function.7,8 Long-term vascu-
lar safety, however, remains to be confirmed as concerns have been
raised that the procedure might induce renal artery stenosis in some
patients.9 Moreover, in preliminary studies, regression of left ven-
tricular mass and improvements in diastolic function,10 as well as anti-
arrhythmic effects11 were observed following renal denervation. It
was obvious that the results of previous published studies required
validation in blinded, randomized, controlled clinical trials. While
the first small randomized trial, Symplicity HTN-2 enrolling 106
patients to receive either renal nerve ablation or medical treatment
alone without a sham procedure, confirmed the results obtained in
registries, the blinded, sham-controlled Symplicity HTN-3 study ran-
domizing 535 patients,8 again using Medtronic’s Symplicity device, did
meet its primary safety endpoint, but disappointingly failed to reach
its primary efficacy endpoint, defined as a statistically significant
decrease in office blood pressure between the groups. The initial
publication of this well-designed trial challenged the overall effec-
tiveness and usefulness of catheter-based renal denervation, and all
previously published studies appeared to be invalidated.

Symplicity HTN-3 was expected to provide the definitive state-
menton the valueof renaldenervation in antihypertensive treatment.

Physicians, who have seen patients benefitting from the procedure,
and scientists, who have proven that renal denervation effectively
lowers blood pressures in different mammalian species (i.e. dogs,
pigs, and rabbits), tried to understand why Symplicity HTN-3 did
not meet its primary endpoint. Shortly after the presentation and
publication of the results, several possibilities were discussed regard-
ing why the results were disparate compared with prior clinical trials
and registries, with the caveat that in-depth analyses on trial execu-
tion were still pending. Some argued that the absence of a positive
finding in Symplicity HTN-3 was mainly related to adding a sham pro-
cedure and blinding of patients as well as follow-up assessors;12

others tried to provide more profound explanations.13

What can be learnt from Symplicity
HTN-3?
In this issue of the journal, D. Kandzari et al.14 share interesting
insights and hypotheses and critically examine the results of the Sym-
plicity HTN-3 trial in the context of existing renal denervation data
and clinical trial design.

(i) Although stable antihypertensive medication was required, 22%
of all patients hadmedicationchanges 2–6 weeksprior to screen-
ing. Between baseline and6-monthendpoint assessment,medica-
tion changes were documented in another 39%.

(ii) Baselineoffice systolic bloodpressure≥180mmHg, aldosterone
antagonist use, and non-use of vasodilators were predictors of
office systolic blood pressure change at 6-month follow-up in
patients undergoing renal denervation.

(iii) The number of ablation attempts and energy delivery in all four
quadrants (anterior, inferior, posterior, and anterior) were asso-
ciated with greater reductions in office and ambulatory blood
pressure change.

(iv) Non-African Americans receiving renal denervation had a sig-
nificantly greater change in office blood pressure compared
with those receiving sham treatment.

The opinions expressed in this article are not necessarily those of the Editors of the European Heart Journal or of the European Society of Cardiology.
† doi:10.1093/eurheartj/ehu441

* Corresponding author. Klinik für Innere Medizin III, Kardiologie, Angiologie und Internistische Intensivmedizin, Universitätsklinikum des Saarlandes, D-66421 Homburg/Saar, Germany.
Tel: +49 6841 16 21346, Fax: +49 6841 16 13211, Email: felix.mahfoud@uks.eu

Published on behalf of the European Society of Cardiology. All rights reserved. & The Author 2014. For permissions please email: journals.permissions@oup.com.
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This editorial refers to ‘Predictors of blood pressure re-
sponse in the SYMPLICITY HTN-3 trial’†, by D.E. Kandzari
et al., on page 219.

Where de we stand?
Seven years after the first patient was treated with the Symplicity
Arch catheter by Murray Esler and colleagues in Melbourne, Austra-
lia,1 our knowledge about the renal sympathetic nervous system and
its modulation by catheter-based renal denervation has significantly
evolved. This minimally invasive approach was developed to
destroy the renal afferent and efferent sympathetic nerves in the
vessel wall of the renal arteries by means of radiofrequency
energy.2 First-in-man studies and open-label registries documented
that this technique lowers sympathetic nerve activity and blood pres-
sure in certain patients with resistant hypertension.3 –6 The treat-
ment was delivered safely with minimal procedural complications
and with no detrimental effect on renal function.7,8 Long-term vascu-
lar safety, however, remains to be confirmed as concerns have been
raised that the procedure might induce renal artery stenosis in some
patients.9 Moreover, in preliminary studies, regression of left ven-
tricular mass and improvements in diastolic function,10 as well as anti-
arrhythmic effects11 were observed following renal denervation. It
was obvious that the results of previous published studies required
validation in blinded, randomized, controlled clinical trials. While
the first small randomized trial, Symplicity HTN-2 enrolling 106
patients to receive either renal nerve ablation or medical treatment
alone without a sham procedure, confirmed the results obtained in
registries, the blinded, sham-controlled Symplicity HTN-3 study ran-
domizing 535 patients,8 again using Medtronic’s Symplicity device, did
meet its primary safety endpoint, but disappointingly failed to reach
its primary efficacy endpoint, defined as a statistically significant
decrease in office blood pressure between the groups. The initial
publication of this well-designed trial challenged the overall effec-
tiveness and usefulness of catheter-based renal denervation, and all
previously published studies appeared to be invalidated.

Symplicity HTN-3 was expected to provide the definitive state-
menton the valueof renaldenervation in antihypertensive treatment.

Physicians, who have seen patients benefitting from the procedure,
and scientists, who have proven that renal denervation effectively
lowers blood pressures in different mammalian species (i.e. dogs,
pigs, and rabbits), tried to understand why Symplicity HTN-3 did
not meet its primary endpoint. Shortly after the presentation and
publication of the results, several possibilities were discussed regard-
ing why the results were disparate compared with prior clinical trials
and registries, with the caveat that in-depth analyses on trial execu-
tion were still pending. Some argued that the absence of a positive
finding in Symplicity HTN-3 was mainly related to adding a sham pro-
cedure and blinding of patients as well as follow-up assessors;12

others tried to provide more profound explanations.13

What can be learnt from Symplicity
HTN-3?
In this issue of the journal, D. Kandzari et al.14 share interesting
insights and hypotheses and critically examine the results of the Sym-
plicity HTN-3 trial in the context of existing renal denervation data
and clinical trial design.

(i) Although stable antihypertensive medication was required, 22%
of all patients hadmedicationchanges 2–6 weeksprior to screen-
ing. Between baseline and6-monthendpoint assessment,medica-
tion changes were documented in another 39%.

(ii) Baselineoffice systolic bloodpressure≥180mmHg, aldosterone
antagonist use, and non-use of vasodilators were predictors of
office systolic blood pressure change at 6-month follow-up in
patients undergoing renal denervation.

(iii) The number of ablation attempts and energy delivery in all four
quadrants (anterior, inferior, posterior, and anterior) were asso-
ciated with greater reductions in office and ambulatory blood
pressure change.

(iv) Non-African Americans receiving renal denervation had a sig-
nificantly greater change in office blood pressure compared
with those receiving sham treatment.

The opinions expressed in this article are not necessarily those of the Editors of the European Heart Journal or of the European Society of Cardiology.
† doi:10.1093/eurheartj/ehu441
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Table 3 Blood pressure 6-month change from baseline according to baseline medication use

Effectiveness measure RDN group Sham group 95% CI P-value

Aldosterone antagonists

Office (n ¼ 76) (n ¼ 47)

SBP 221.9+25.0 213.8+27.8 28.05 (217.6, 1.5) 0.10

DBP 210.3+13.2 26.2+17.5 24.06 (210.0, 1.8) 0.18

24-h ambulatory (n ¼ 73) (n ¼ 46)

SBP 211.1+15.4 25.4+21.9 25.7 (213.1, 1.7) 0.13

DBP 27.0+9.9 22.7+12.0 24.3 (28.3, 20.3) 0.04

Vasodilators

Office (n ¼ 125) (n ¼ 76)

SBP 211.0+24.6 211.6+26.7 0.6 (26.7, 7.9) 0.86

DBP 26.0+12.6 24.7+15.0 21.2 (25.1, 2.7) 0.53

24-h ambulatory (n ¼ 113) (n ¼ 73)

SBP 27.2+15.7 24.1+17.0 23.1 (27.9, 1.7) 0.21

DBP 24.8+9.9 22.9+9.6 21.9 (24.8, 1.0) 0.20

Beta-blockers

Office (n ¼ 298) (n ¼ 145)

SBP 215.6+24.1 210.6+27.0 25.0 (210.0, 0.0) 0.05

DBP 26.5+12.0 24.7+13.9 21.8 (24.5, 0.8) 0.18

24-h ambulatory (n ¼ 274) (n ¼ 135)

SBP 26.8+15.5 24.8+16.7 22.0 (25.3, 1.3) 0.23

DBP 24.2+9.5 23.1+9.7 21.1 (23.1, 0.9) 0.28

Calcium-channel blockers

Office (n ¼ 242) (n ¼ 124)

SBP 215.0+22.9 29.6+26.8 25.4 (210.9, 20.2) 0.06

DBP 26.6+12.2 24.8+13.7 21.8 (24.5, 1.0) 0.21

24-h ambulatory (n ¼ 225) (n ¼ 117)

SBP 27.1+15.8 24.7+16.9 22.4 (26.0, 1.2) 0.20

DBP 24.3+9.9 23.1+9.8 21.2 (23.4, 1.0) 0.29

Values are mean+ SD.

Figure 1 Change in office systolic blood pressure at 6 months for non-African-American and African-American subgroups (A) and for non-African-
American and African-American subgroups according to baseline vasodilator use (B). P-values shown are for the difference between the 6-month
change from baseline for the RDN group and the sham group. All 6-month change from baseline values are significant (P , 0.001).
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means of assessing proper wall contact or effective destruction of
renal sympathetic nerves intraprocedurally. In contrast to earlier
Symplicity studies, non-physician industry representatives were
present at all cases, which is particularly noteworthy, as the majority
of interventionists were unfamiliar with the procedure and had only
performed 1–2 procedures beforehand. Except for the recommen-
dation that 4–6 ablations should be delivered to each renal artery be-
ginning at the distal end of the artery and rotating in a helical pattern,
no other instructions were provided by the protocol. This clearly
affected the quality of the procedural performance in Symplicity
HTN-3. Indeed, the average number of radiofrequency ablation
attempts was 11.2+2.8, out of which only 9.2+ 2.0 (84%) were
complete ablations of 120 s duration, which is considerably lower
compared with previous studies. Overall, the number of ablation
attempts ranged from 1 to 26, with the vast majority of the patients
receiving ≥8 ablation attempts. The larger numbers of ablations
were mainly related to the appearance of generator codes and
premature interruptions of energy delivery forcing the operator
to repeat ablations at the same site. Interestingly, in Symplicity
HTN-3, the number of ablation attempts positively correlated with
greater changes in office blood pressure (P ¼ 0.01).

Recently, the variation in distribution and density of the renal sym-
pathetic nervous system in humans, the ultimate target of renal de-
nervation, has been assessed in detail.19 It has been nicely shown
that the highest average number of nerves was observed in the

proximal and middle segments of the renal artery and the lowest in
the distal segments. The mean distance from the lumen to the
nerveswas the longest in the proximal and the lowest in the distal seg-
ments, with the circumferential distribution being most pronounced
in the ventral and the least pronounced in the dorsal regions
(Figure 1). These data suggest that asymmetric and most probably
distal renal artery targeting is required to achieve effective denerv-
ation of renal afferent and efferent nerves and that the variability in
the target nerve anatomy determines whether or not nerve blockade
is achieved, particularly with the use of single electrodes. Indeed, full
four-quadrant ablation on both renal arteries has been accepted as
the clinical standard.17 However, retrospective analyses fromSympli-
city HTN-3 derived from site co-ordinator recordings, proctor
assessments in the catheterization laboratory, and data from the angi-
ography core laboratory revealed that only 6% of all patients received
two four-quadrant ablations (both sides), 20% received one four-
quadrant ablation (either right or left), and 74% received no four-
quadrant ablation. Circumferential treatment, as recommended in
the trial protocol, was associated with numerically more pronounced
reductions inbloodpressure, although this wasnot statistically signifi-
cant (P ¼ 0.1). In the small group of patients receiving two
four-quadrant ablations on both sides (n ¼ 19), office systolic and
ambulatory blood pressure changes (–24.3 mmHg and –10.3
mmHg) were similar to those of previous published studies.

What is needed now?
The pause that Symplicity HTN-3 created in the field of device-based
antihypertensive therapies helped to refine technologies and

Figure 2 Effectiveness and variability of catheter-based renal de-
nervation 30 days after the procedure measured by renal norepin-
ephrine (NE) spillover (n ¼ 17). Modified from Esler.21

Figure 3 Effectiveness and variability of catheter-based renal de-
nervation measured by tissue norepinephrine tissue content in pigs
(n ¼ 12), with application of four radiofrequency (RF) ablations in
the main renal artery. Modified from Melder R.J., oral presentation
TCT 2014.
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techniques, and reflect on the need of future science. The degree of
renal denervation has been documented by norepinephrine spillover
in a small subgroup of 10 patients in Symplicity HTN-1.20 Although
30 days after the procedure the reduction in nerve traffic was on
average only 47%, i.e. less than what has been described in animal
studies, it appeared to be sufficient as the antihypertensive response
was adequate. Recently, Murray Esler published the effectiveness
of catheter-based renal denervation as assessed by renal norepineph-
rine spillover before and 30 days after the procedure in a slightly larger
population of 17 patients (Figure 2).21 Again, the response to renal de-
nervation was 40% on average, but was highly variable, ranging from
0 to 80%. Such a variability of treatment effects of renal denervation
has also been documented in pre-clinical studies in pigs, when four
radiofrequency ablations have been applied in the main renal artery
(Figure 3). These results argue in favour of an incomplete and insuffi-
cient ablation of renal sympathetic nerves as a major cause of inad-
equate blood pressure responses to catheter-based interventions
and inevitably lead to some questions. (i) Can catheter design and/or
specific treatment strategies help to reduce the variability and increase
conformity of the response renal nerve ablation? (ii) Does renal
denervation exert a class effect or will different devices with distinct
electrode designs and/or energy delivery show similar efficacy and
safety?

It might have indeed been oversimplistic to assume that one single
interventional therapy could uniformly treat a heterogeneous
disease, such as hypertension. The post-hoc analyses derived from
the overall negative Symplicity HTN-3 trial helped to generate inter-
esting hypotheses related to confounding variables and to provide
important insights for the design of future renal denervation
studies, which will be launched soon. Specifically, recruiting centres
should have experiencedhypertension specialists and interventional-
ists available, and stabilization of medication and blood pressure
before randomization appears particularly important. Furthermore,
treatment strategies should be refined and ablations should probably
be performed more distally where the deployed energy is able to
reach the renal nerves in the adventitia. Finally, multielectrode
devices are probably more reliable in achieving effective renal
nerve blockade than single electrode catheters.
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17. Mahfoud F, Lüscher TF, Andersson B, Baumgartner I, Cifkova R, Dimario C,
Doevendans P, Fagard R, Fajadet J, Komajda M, Lefevre T, Lotan C, Sievert H,
Volpe M, Widimsky P, Wijns W, Williams B, Windecker S, Witkowski A, Zeller T,
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