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Renal denervation:
What happened, and why?
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M any patients, clinicians, and research-
ers had hoped that renal denervation 

would help control resistant hypertension. 
However, in the SYMPLICITY HTN-3 trial,1 
named for the catheter-based system used in 
the study (Symplicity RDN, Medtronic, Dub-
lin, Ireland), this endovascular procedure 
failed to meet its primary and secondary effi -
cacy end points, although it was found to be 
safe. These results were surprising, especially 
given the results of an earlier randomized trial 
(SYMPLICITY HTN-2),2 which showed larg-
er reductions in blood pressures 6 months after 
denervation than in the current trial.

See related editorial, page 687

 Here, we discuss the results of the SYM-
PLICITY HTN-3 trial and offer possible ex-
planations for its negative outcomes.

 ■ LEAD-UP TO SYMPLICITY HTN-3

Renal denervation consists of passing a cath-
eter through the femoral artery into the renal 
arteries and ablating their sympathetic nerves 
using radiofrequency energy. In theory, this 
should interrupt efferent sympathetic commu-
nication between the brain and renal arteries, 
reducing muscular contraction of these arter-
ies, increasing renal blood fl ow, reducing ac-
tivation of the renin-angiotensin-adosterone 
system, thus reducing sodium retention, re-
ducing afferent sympathetic communication 
between the kidneys and brain, and in turn re-
ducing further sympathetic activity elsewhere 
in the body, such as in the heart. Blood pres-
sure should fall.3 
 The results of the SYMPLICITY HTN-1 
and 2 trials were discussed in an earlier article 
in this Journal,3 and the Medtronic-Ardian re-
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ABSTRACT
Despite promising results in initial trials, renal denerva-
tion failed to achieve its effi cacy end points as a treat-
ment for resistant hypertension in the SYMPLICITY HTN-3 
trial, the largest trial of this treatment to date (N Engl J 
Med 2014; 370:1393–1401). Is renal denervation dead, 
or will future trials and newer technology revive it?

KEY POINTS
Renal denervation consists of passing a catheter into the 
renal arteries and ablating their sympathetic nerves using 
radiofrequency energy. In theory, it should lower blood 
pressure and be an attractive option for treating resistant 
hypertension. 

SYMPLICITY HTN-3 was a blinded trial in which patients 
with resistant hypertension were randomized to undergo 
real or sham renal denervation.

At 6 months, offi ce systolic blood pressure had failed to 
fall more in the renal denervation group than in the sham 
denervation group by a margin of at least 5 mm Hg, the 
primary effi cacy end point of the trial.

Methodologic and technical shortcomings may explain 
the negative results of the SYMPLICITY HTN-3 trial, but 
most device manufacturers have put the brakes on future 
research into this novel therapy.

Today, renal denervation is not available in the United 
States but is available for routine care in Europe and 
Australia. 

TAREK A. HAMMAD, MD  
Department of Medicine, Division of Cardiology,
The University of Texas Health Center at San Antonio 

GEORGE THOMAS, MD, MPH  
Director, Center for Blood Pressure Disorders,
Department of Nephrology and Hypertension, Glick-
man Urological and Kidney Institute, Cleveland Clinic; 
Professor, Cleveland Clinic Lerner College of Medicine 
of Case Western Reserve University, Cleveland, OH; 
Investigator, SYMPLICITY HTN-3 trial



682 CLEVELAND CLINIC JOURNAL OF MEDICINE  VOLUME 84  • NUMBER 9  SEPTEMBER 2017

RENAL DENERVATION

nal denervation system has been available in 
Europe and Australia for clinical use for over 2 
years.4 Indeed, after the SYMPLICITY HTN-
2 results were published in 2010, Boston Sci-
entifi c’s Vessix, St. Jude Medical’s EnligHTN, 
and Covidien’s OneShot radiofrequency renal 
denervation devices—albeit each with some 
modifi cations—received a Conformité Eu-
ropéene (CE) mark and became available in 
Europe and Australia for clinical use. These 
devices are not available for clinical use or re-
search in the United States.3,5

 Therefore, SYMPLICITY HTN-3, spon-
sored by Medtronic, was designed to obtain 
US Food and Drug Administration approval 
in the United States.6

 ■ SYMPLICITY HTN-3 DESIGN

Inclusion criteria were similar to those in 
the earlier SYMPLICITY trials. Patients had 
to have resistant hypertension, defi ned as a 
systolic blood pressure ≥ 160 mm Hg despite 
taking at least 3 blood pressure medications 
at maximum tolerated doses. Patients were 
excluded if they had a glomerular fi ltration 
rate of less than 45 mL/min/1.73 m2, renal 
artery stenosis, or known secondary hyper-
tension. 
 A total of 1,441 patients were enrolled, 
of whom 364 were eventually randomized to 
undergo renal denervation, and 171 were ran-
domized to undergo a sham procedure. The 
mean systolic blood pressure at baseline was 
188 mm Hg in each group. Most patients were 
taking maximum doses of blood pressure med-
ications, and almost one-fourth were taking 
an aldosterone antagonist. Patients in both 
groups were taking an average of 5 medica-
tions.
 The 2 groups were well matched for im-
portant covariates, including obstructive sleep 
apnea, diabetes mellitus, and renal insuffi cien-
cy. Most of the patients were white; 25% of 
the renal denervation group and 29% of the 
sham procedure group were black. 
 The physicians conducting the follow-up 
appointments did not know which procedure 
the patients underwent, and neither did the 
patients. Medications were closely monitored, 
and patients had close follow-up. The catheter 
(Symplicity RDS, Medtronic) was of the same 

design that was used in the earlier SYMPLIC-
ITY trials and in clinical practice in countries 
where renal denervation was available.
 Researchers expected that the systolic 
blood pressure, as measured in the offi ce, 
would fall in both groups, but they hoped it 
would fall farther in the denervation group—
at least 5 mm Hg farther, the primary end 
point of the trial. The secondary effective-
ness end point was a 2-mm Hg greater reduc-
tion in 24-hour ambulatory systolic blood 
pressure. 

 ■ SYMPLICITY HTN-3 RESULTS

No statistically signifi cant difference in safety 
was observed between the denervation and 
control groups. However, the procedure was 
associated with 1 embolic event and 1 case of 
renal artery stenosis. 
 Blood pressure fell in both groups. How-
ever, at 6 months, offi ce systolic pressure had 
fallen by a mean of 14.13 mm Hg in the dener-
vation group and 11.74 mm Hg in the sham 
procedure group, a difference of only 2.39 
mm Hg. The mean ambulatory systolic blood 
pressure had fallen by 6.75 vs 4.79 mm Hg, a 
difference of only 1.96 mm Hg. Neither differ-
ence was statistically signifi cant. 
 A number of prespecifi ed subgroup analy-
ses were conducted, but the benefi t of the pro-
cedure was statistically signifi cant in only 3 
subgroups: patients who were not black (P = 
.01), patients who were less than 65 years old 
(P = .04), and patients who had an estimated 
glomerular fi ltration rate of 60 mL/min/1.73 
m2 or higher (P = .05). 

 ■ WHAT WENT WRONG?

The results of SYMPLICITY HTN-3 were 
disappointing and led companies that were 
developing renal denervation devices to dis-
continue or reevaluate their programs.
 Although the results were surprising, many 
observers (including our group) raised con-
cerns about the initial enthusiasm surround-
ing renal denervation.3–7 Indeed, in 2010, we 
had concerns about the discrepancy between 
offi ce-based blood pressure measurements (the 
primary end point of all renal denervation tri-
als) and ambulatory blood pressure measure-
ments in SYMPLICITY HTN-2.7 

Baseline
mean systolic 
pressure was 
188 mm Hg on 
5 medications
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 The enthusiasm surrounding this proce-
dure led to the publication of 2 consensus doc-
uments on this novel therapy based on only 
1 small randomized controlled study (SYM-
PLICITY HTN-2).8,9 Renal denervation was 
even reported to be useful in other conditions 
involving the sympathorenal axis, including 
diabetes mellitus, metabolic syndrome, and 
obstructive sleep apnea, and also as a poten-
tial treatment adjunct in atrial fi brillation and 
other arrhythmias.5 
 What went wrong? 

Shortcomings in trial design?
The trial was well designed. Both patients and 
operators were blinded to the procedure, and 
24-hour ambulatory blood pressure monitoring 
was used. We presume that appropriate patients 
with resistant hypertension were enrolled—the 
mean baseline systolic blood pressure was 188 
mm Hg, and patients in each group were taking 
an average of 5 medications. 
 On the other hand, true medication adher-
ence is diffi cult to ascertain. Further, the term 
maximal “tolerated” doses of medications is 
vague, and we cannot rule out the possibility 
that some patients were enrolled who did not 
truly have resistant hypertension—they sim-
ply did not want to take medications.
 Patients were required to be on a stable 
medication regimen before enrollment and, 
ideally, to not have any medication changes 
during the course of the study, but at least 40% 
of patients did require medication changes 
during the study. Additionally, it is unclear 
whether all patients underwent specifi c test-
ing to rule out secondary hypertension, as this 
was done at the discretion of the treating phy-
sician. 

First-generation catheters?
The same type of catheter was used as in the 
earlier SYMPLICITY trials, and it had been 
used in many patients in clinical practice 
in countries where the catheter is routinely 
available. It is unknown, however, whether 
newer multisite denervation devices would 
yield better results than the fi rst-generation 
devices used in SYMPLICITY HTN-3. But 
even this would not explain the discrepan-
cies in data between earlier trials and this 
trial.

Operator inexperience?
It has been suggested that operator inexperi-
ence may have played a role, but an analysis 
of operator volume did not fi nd any associa-
tion between this variable and the outcomes. 
Each procedure was supervised by at least 1 
and in most cases 2 certifi ed Medtronic rep-
resentatives, who made certain that meticu-
lous attention was paid to procedure details 
and that no shortcuts were taken during the 
procedure. 

Inadequate ablation?
While we can assume that the correct tech-
nique was followed in most cases, renal de-
nervation is still a “blind” procedure, and 
there is no nerve mapping to ascertain the 
degree of ablation achieved. Notably, pa-
tients who had the most ablations report-
edly had a greater average drop in systolic 
ambulatory blood pressure than those who 
received fewer ablations. Sympathetic ner-
vous system activity is a potential marker 
of adequacy of ablation, but it was not rou-
tinely assessed in the SYMPLICITY HTN-
3 trial. Techniques to assess sympathetic 
nerve activity such as norepinephrine spill-
over and muscle sympathetic nerve activity 
are highly specialized and available only at 
a few research centers, and are not available 
for routine clinical use. 
 While these points may explain the nega-
tive fi ndings of this trial, they fail to account 
for the discrepant results between this study 
and previous trials that used exactly the same 
defi nitions and techniques.

Patient demographics?
Is it possible that renal denervation has a dif-
ferential effect according to race? All previous 
renal denervation studies were conducted in 
Europe or Australia; therefore, few data are 
available on the effi cacy of the procedure in 
other racial groups, such as black Americans. 
Most of the patients in this trial were white, 
but approximately 25% were black—a good 
representation. There was a statistically sig-
nifi cant benefi t favoring renal denervation in 
nonblack (mostly white) patients, but not in 
black patients. This may be related to racial 
differences in the pathophysiology of hyper-
tension or possibly due to chance alone. 

At 6 months, 
systolic 
pressure 
had fallen by 
14.13 mm Hg in 
the denervation 
group and 
11.74 mm Hg 
in the sham 
procedure 
group
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A Hawthorne effect?
A Hawthorne effect (patients being more 
compliant because physicians are paying more 
attention to them) is unlikely, since the renal 
denervation arm did not have any reduction 
in blood pressure medications. At 6 months, 
both the sham group and the procedure group 
were still on an average of 5 medications.
 Additionally, while the blood pressure re-
duction in both treatment groups was signifi -
cant, the systolic blood pressure at 6 months was 
still 166 mm Hg in the denervation group and 
168 mm Hg in the sham group. If denervation 
was effective, one would have expected a greater 
reduction in blood pressure or at least a decrease 
in the number of medications needed, eg, 1 to 
2 fewer medications in the denervation group 
compared with the sham procedure group.

Regression to the mean?
It is unknown whether the results represent a 
statistical error such as regression to the mean. 
But given the run-in period and the confi rma-
tory data from 24-hour ambulatory blood pres-
sure, this would be unlikely.

 ■ WHAT NOW?

Is renal denervation dead? SYMPLICITY 
HTN-3 is only a single trial with multiple 
shortcomings and lessons to learn from. Since 
its publication, there have been updates from 
2 prospective, randomized, open-label tri-

als concerning the effi cacy of catheter-based 
renal denervation in lowering blood pres-
sure.10,11

 DENERHTN (Renal Denervation for 
Hypertension)10 studied patients with ambu-
latory systolic blood pressure higher than 135 
mm Hg, diastolic blood pressure higher than 
80 mm Hg, or both (after excluding second-
ary etiologies), despite 4 weeks of standard-
ized triple-drug treatment including a diuret-
ic. Patients were randomized to standardized 
stepped-care antihypertensive treatment alone 
(control group) or standard care plus renal de-
nervation. The latter resulted in a signifi cant 
further reduction in ambulatory blood pres-
sure at 6 months. 
 The Prague-15 trial11 studied patients 
with resistant hypertension. Secondary etiol-
ogies were excluded and adherence to therapy 
was confi rmed by measuring plasma medica-
tion levels. It showed that renal denervation 
along with optimal antihypertensive medical 
therapy (unchanged after randomization) re-
sulted in a signifi cant reduction in ambulato-
ry blood pressure that was comparable to the 
effect of intensifi ed antihypertensive medical 
therapy including spironolactone. (Studies 
have shown that spironolactone is effective 
when added on as a fourth-line medication 
in resistant hypertension.12) At 6 months, 
patients in the intensive medical therapy 
group were using an average of 0.3 more an-

The results 
were 
disappointing, 
and companies 
have either 
discontinued 
or are 
reevaluating 
their programs

FIGURE 1. Distribution and density of renal sympathetic nerves. Distribution of nerves 
stratifi ed according to total number (each green dot represents 10 nerves), relative num-
ber as percent per segment, and distance from the lumen in the proximal (A), middle (B), 
and distal (C) location. 

Reprinted from Mahfoud F, Edelman ER, Bohm M. Catheter-based renal denervation is no simple matter: lessons to be learned from our 
anatomy? J Am Coll Cardiol 2014; 64:644–646; based on data in Sakakura K, Ladich E, Cheng Q, et al. Anatomic assessment of sympathetic 

peri-arterial renal nerves in man. J Am Coll Cardiol 2014; 64:635–643 and from raw data provided by M. Joner, of CVPath Inc.
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tihypertensive medications than those in the 
procedure group. 
 These two trials addressed some of the 
drawbacks of the SYMPLICITY HTN-3 trial. 
However, both have many limitations includ-
ing and not limited to being open-label and 
nonblinded, lacking a sham procedure, using 
a lower blood pressure threshold than SYM-
PLICITY HTN-3 did to defi ne resistant hy-
pertension, and using the same catheter as in 
the SYMPLICITY trials. 

Better technology is coming
Sakakura et al and Mahfoud et al showed that 
the concentration of sympathetic periarterial 
renal nerves is higher in the proximal and 
ventral areas but closer to the lumen in the 
distal segment (Figure 1).13,14 Moreover, Id 
et al15 found that ablating nerves in the renal 
arteries without addressing accessory arteries 
resulted in less-optimal blood pressure reduc-
tion. Thus, the technical aspects of the proce-
dure are highly important. 
 Advanced renal denervation catheters are 
needed that are multielectrode, smaller, easier 
to manipulate, and capable of providing si-
multaneous, circumferential, more-intense, 
and deeper ablations. The ongoing Investi-
gator-Steered Project on Intravascular Renal 
Denervation for Management of Drug-Resis-
tant Hypertension (INSPIRED)16 and Renal 
Denervation Using the Vessix Renal Dener-
vation System for the Treatment of Hyperten-
sion (REDUCE-HTN: REINFORCE)17 trials 
are using contemporary innovative ablation 
catheters to address the limitations of the 
fi rst-generation Symplicity catheter. 
 Further, Fischell et al18 reported encourag-
ing results of renal denervation performed by 
injecting ethanol into the adventitial space 
of the renal arteries. This is still an invasive 
procedure; however, ethanol can spread out 
in all directions and reach all targeted nerves, 
potentially resulting in a more complete renal 
artery sympathetic ablation. 
 As technology advances, the WAVE IV 
trial19 is examining renal denervation per-
formed from the outside through the skin 
using high-intensity focused ultrasound, 
which eliminates the need for femoral arte-
rial catheterization, a promising noninvasive 
approach.

Proposals for future trials
The European Clinical Consensus Conference 
for Renal Denervation20 proposed that future 
trials of renal denervation include patients 
with moderate rather than resistant hyperten-
sion, refl ecting the pathogenic importance 
of sympathetic activity in earlier stages of 
hypertension. The conference also proposed 
excluding patients with stiff large arteries, a 
cause of  isolated systolic hypertension. Other 
proposals included standardizing concomitant 
antihypertensive therapy, preferably treating 
all patients with the combination of a renin-
angiotensin system blocker, calcium channel 
blocker, and diuretic in the run-in period; 
monitoring drug adherence through the use 
of pill counts, electronic pill dispensers, and 
drug blood tests; and using change in ambula-
tory blood pressure as the primary effi cacy end 
point and change in offi ce blood pressure as a 
secondary end point.

Trials ongoing
To possibly address the limitations posed by 
the SYMPLICITY HTN-3 trial and to answer 
other important questions, several sham-con-
trolled clinical trials of renal denervation are 
currently being conducted:
• INSPiRED16 
• REDUCE-HTN: REINFORCE17 
• Spyral HTN-Off Med21

• Spyral HTN-On Med21 
• Study of the ReCor Medical Paradise 

System in Clinical Hypertension (RADI-
ANCE-HTN).22 

 We hope these new studies can more clear-
ly identify subsets of patients who would ben-
efi t from this technology, determine predictors 
of blood pressure reduction in such patients, 
and lead to newer devices that may provide 
more complete ablation. 
 Obviously, we also need better ways to 
identify the exact location of these sympa-
thetic nerves within the renal artery and have 
a clearer sense of procedural success. 
 Until then, our colleagues in Europe and 
Australia continue to treat patients with this 
technology as we appropriately and patiently 
wait for level 1 clinical evidence of its effi cacy. ■
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with no 
nerve mapping 
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the degree 
of ablation
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