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Renal denervation to treat resistant
hypertension: Guarded optimism

B ABSTRACT

Renal sympathetic denervation has shown promise in
treating hypertension resistant to drug therapy. This
procedure lowers blood pressure via targeted attenuation
of renal sympathetic tone, and it has a favorable safety
profile. But although there is reason for cautious opti-
mism, we should keep in mind that the mechanisms of
hypertension are complex and multifactorial, and further
study of this novel therapy and its long-term effects is
needed.

B KEY POINTS

Renal sympathetic nerves help regulate volume and
blood pressure as they innervate the renal tubules, blood
vessels, and juxtaglomerular apparatus. They carry both
afferent and efferent signals between the central nervous
system and the kidneys.

Surgical sympathectomy was done in the 1950s for
malignant hypertension. It had lasting antihypertensive
results but also caused severe procedure-related morbid-
ity. A new percutaneous procedure for selective renal
denervation offers the advantage of causing few major
procedure-related adverse effects.

Selective renal denervation decreases norepinephrine
spillover and muscle sympathetic nerve activity, evidence
that the procedure reduces sympathetic tone.

The major clinical trials done so far have found that renal
denervation lowers blood pressure significantly, and the
reduction is sustained for at least 3 years.

*Dr. Shishehbor has disclosed that he has served as a consultant for Medtronic.

doi:10.3949/ccjm.79a.12040
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C AN A PERCUTANEOUS catheter-based pro-
cedure effectively treat resistant hyper-
tension?

Radiofrequency ablation of the renal sym-
pathetic nerves is undergoing randomized
controlled trials in patients who have resistant
hypertension and other disorders that involve
the sympathetic nervous system. Remarkably,
the limited results available so far look good.

See related editorial, page 498

This article discusses the physiologic ratio-
nale for renal denervation, the evidence from
studies in humans of the benefits, risks, and
complications of the procedure, upcoming tri-
als, and areas for future research.

I DESPITE MANY TREATMENT OPTIONS,
RESISTANT HYPERTENSION 1S COMMON

Hypertension is a leading reason for visits to
physicians in the United States and is asso-
ciated with increased rates of cardiovascular
disease and death.'? A variety of antihyper-
tensive agents are available, and the percent-
age of people with hypertension whose blood
pressure is under control has increased over
the past 2 decades. Nevertheless, population-
based studies show that the control rate re-
mains suboptimal.’ Effective pharmacologic
treatment may be limited by inadequate doses
or inappropriate combinations of antihyper-
tensive drugs, concurrent use of agents that
raise the blood pressure, noncompliance with
dietary restrictions, and side effects that result
in poor compliance with drug therapy.
Resistant hypertension is defined as failure
to achieve goal blood pressure in patients who
are adhering to full tolerated doses of an ap-
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propriate three-drug regimen that includes a
diuretic."*’ If we use these criteria, many pa-
tients labelled as having resistant hypertension
probably do not truly have it; instead, they
are nonadherent to therapy or are on an in-
adequate or inappropriate regimen. Although
the true prevalence of resistant hypertension
is not clear, estimates from large clinical trials
suggest that about 20% to 30% of hyperten-
sive patients may meet the criteria for it.* For
the subset of patients who have truly resistant
hypertension, nonpharmacologic treatments
such as renal sympathetic denervation are an
intriguing avenue.

I SURGICAL SYMPATHETIC DENERVATION:
TRIED AND ABANDONED IN THE 1950s

More than a half century ago, a surgical pro-
cedure, thoracolumbar sympathectomy (in
which sympathetic nerve trunks and splanch-
nic nerves were removed), was sometimes pet-
formed to control blood pressure in patients
with malignant hypertension. This was effec-
tive but caused debilitating side effects such
as postural hypotension, erectile dysfunction,
and syncope.

Smithwick and Thompson® reported that,
in 1,266 hypertensive patients who under-
went this procedure and 467 medically treat-
ed controls, the 5-year mortality rates were
19% and 54%, respectively. Forty-five per-
cent of those who survived the surgery had
significantly lower blood pressure afterward,
and the antihypertensive effect lasted 10
years or more.

The procedure fell out of favor due to the
morbidity associated with this nonselective
approach and to the increased availability of
drug therapy.

B THE SYMPATHETIC NERVOUS SYSTEM
IS A DRIVER OF HYPERTENSION

A variety of evidence suggests that hyperac-
tivation of the sympathetic nervous system
plays a major role in initiating and main-
taining hypertension. For example, drugs
that inhibit the sympathetic drive at various
levels have a blood-pressure-lowering effect.
Further, direct intraneural recordings show
a high level of sympathetic nerve activity in
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the muscles of hypertensive patients, who also
have high levels of cardiac and renal norepi-
nephrine “spillover”—ie, the amount of this
neurotransmitter that escapes neuronal up-
take and local metabolism and spills over into
the circulation.”

The kidneys are supplied with postgangli-
onic sympathetic nerve fibers that end in the
efferent and afferent renal arterioles, the jux-
taglomerular apparatus, and the renal tubular
system. Studies in animals and humans have
shown that an increase in efferent signals (ie,
from the brain to the kidney) leads to renal
vasoconstriction and decreased renal blood
flow, increased renin release, and sodium re-
tention.%? Afferent signals (from the kidney
to the central nervous system), which are in-
creased in states of renal ischemia, renal pa-
renchymal injury, and hypoxia, disinhibit the
vasomotor center (the nuclei tractus solitarii)
in the central nervous system, leading to in-
creased efferent signals to the kidneys, heart,
and peripheral blood vessels (FiGure 1).1°

Enhanced sympathetic activity in patients
with hypertension may play a role in subse-
quent target-organ damage such as left ven-
tricular hypertrophy, congestive heart failure,
and progressive renal damage.!!

Studies of renal denervation in animals,
using surgical and chemical techniques, have
further helped to establish the role of renal
sympathetic nerves in hypertension.'?

I CATHETER-BASED RENAL DENERVATION

Renal sympathetic nerves run through the
adventitia of the renal arteries in a mesh-like
pattern.

In the renal denervation procedure, a
specially designed catheter is inserted into a
femoral artery and advanced into one of the
renal arteries. There, radiofrequency energy is
applied to the endoluminal surface according
to a proprietary algorithm, thereby delivering
thermal injury selectively to the renal sympa-
thetic nerves without affecting the abdominal,
pelvic, or lower-extremity nerves. The energy
delivered is lower than that used for cardiac
electrophysiologic procedures.

The nerves are not imaged or mapped be-
fore treatment. The procedure is performed on
both sides, with four to six sites ablated in a
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B Ablating renal sympathetic nerves
to treat resistant hypertension

In a new twist on an old idea, radiofrequency ablation of the renal sympathetic nerves via a percutaneous catheter
is undergoing clinical trials to treat resistant hypertension.

The NTS in the brainstem control efferent sympathetic signals from the

Kidneys, in response to ischemia, send afferent brain to various organs of the body. Sympathetic signals raise blood
sympathetic signals to the brain that disinhibit pressure by increasing the heart rate, constricting arteries, and, in the
the nuclei tractus solitarii (NTS), increasing kidney, increasing renin release and sodium and fluid retention.

sympathetic outflow.
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In the renal denervation procedure, a specially designed
catheter is positioned in the renal artery, and radiofrequency
energy is applied to the endoluminal surface.

CCF
Medical Illustrator: Joe Pangrace ©2012

FIGURE 1
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TABLE 1

The Symplicity HTN-1 and HTN-2 trials: Patients and methods

SYMPLICITY HTN-1"

SYMPLICITY HTN-2 %

Study design
Study sites

Number of patients

Mean age (years)

Race

Female

Type 2 diabetes

Baseline blood pressure (mm Hg)
No. of antihypertensive drugs

Estimated glomerular filtration
rate (eGFR) (mL/min/1.73 m?)

Inclusion criteria

Main exclusion criteria

Primary end points

Proof-of-principle; nonrandomized
Five centers in Australia and Europe

45°

58+9

96% white
44%

31%

177/101 (20/15)
4.7(1.5)
81(23)

Office systolic blood pressure (SBP) > 160
mm Hg on at least three antihypertensive
drugs including one diuretic, or con-
firmed intolerance to medications

Known cause of secondary hypertension

Type 1 diabetes

Pregnancy

eGFR < 45 mL/min/1.73 m?

Hemodynamically significant valvular
heart disease

Existing permanent pacemaker or
implantable cardioverter-defibrillator

Use of clonidine, moxonidine,
rilmenidine, or warfarin®

Renovascular abnormalities

Office blood pressure and procedural
safety data before and at 1, 3, 6, 9,
and 12 months after procedure*

Randomized, controlled; unblinded to treatment
24 centers in Australia, Europe, New Zealand
106 (52 renal denervation, 54 controls)

Renal denervation group Control group

58 + 12 58 + 12

98% white 96% white
35% 50%

40% 28%

178/97 (18/16) 178/98 (16/17)
5.2(1.5) 5.3(1.8)

77 (19) 86 (20)

Office SBP = 160 mm Hg (> 150 mm Hg in
patients with diabetes) on at least three anti-
hypertensive drugs

Type 1 diabetes

Pregnancy

eGFR < 45 mL/min/1.73 m?

Substantial stenotic valvular heart disease

Existing permanent pacemaker or implantable
cardioverter-defibrillator

Renovascular abnormality

Contraindication to magnetic resonance
imaging

Myocardial infarction, unstable angina, or
cerebrovascular accident in previous 6 months

Between-group change in seated office SBP
from baseline to 6 months after procedure ¢

2This cohort was later expanded, and results were published on 153 patients at 19 centers in Australia, Europe, and the United States.
b Use of central sympatholytics was not an exclusion criterion for the expanded cohort.
¢ Follow-up in the expanded cohort was reported at 1, 3, 6, 12, 18, and 24 months.'®

d Secondary end points were acute procedural safety; chronic procedural safety (including reduction of eGFR > 25% or new stenosis > 60% confirmed by
angiography at 6 months); composite cardiovascular end point (myocardial infarction, sudden cardiac death, new-onset heart failure, death from progressive
heart failure, cerebrovascular accident, aortic or limb revascularization procedure, lower limb amputation, death from aortic or peripheral arterial disease,
dialysis, death because of renal failure, hospital admission for hypertensive emergency unrelated to nonadherence or nonpersistence with medications, and
hospital admission for atrial fibrillation); 10 mm Hg or more systolic response at 6 months; achievement of target SBP; change in 24-hour ambulatory blood
pressure; and change in home-based blood pressure measurements.
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longitudinal and rotational manner in 2-min-
ute treatments at each site, to cover the full
circumference (FIGURE 1).

In the United States, the device (Symplic-
ity Renal Denervation System; Medtronic,
Inc, Mountain View, CA) is available only for
investigational use.

Below, we briefly review the studies of re-
nal denervation to date.

SYMPLICITY HTN-1 Symplicity HTN-1
was a proof-of-principle study in 45 patients
with resistant hypertension (7aBLe 1).'%1°

Effect on blood pressure. Six months af-
ter renal denervation, blood pressure was sig-
nificantly lower than at baseline (-22/-11 mm
Hg, 95% confidence interval [CI] 10/5 mm
Hg) in 26 patients available for follow-up. At
12 months, the difference from baseline was
—27/-10 mm Hg (95% CI 16/11 mm Hg) in 9
patients available for follow-up (taBLe 2).!*

Evidence of the durability of blood pres-
sure reduction came from an expanded cohort
of 153 patients followed for 2 years after de-
nervation.'®

Further follow-up data showed a sustained
and significant blood pressure reduction
through 3 years after denervation (unpub-
lished results presented at the 2012 annual
meeting of the American College of Cardi-
ology). Notably, patients who were initially
considered to be nonresponders (defined as
failure of their blood pressure to go down by
at least 10 mm Hg) were all reported to have a
clinical response at 36 months.

Adverse events. In the initial and expand-
ed cohorts combined, one patient suffered a
renal artery dissection due to manipulation of
the guiding catheter before the radiofrequency
energy was delivered, and three patients de-
veloped a femoral pseudoaneurysm. No other
long-term arterial complications were ob-
served.

Comments. Limitations of this study in-
cluded a small number of patients, no control
group, and a primary outcome of a reduction
in office blood pressure rather than in ambula-
tory blood pressure.

Additionally, although the authors con-
cluded that there was no significant deteriora-
tion in renal function during the study period,
we should note that in an additional follow-up
period in this cohort, 10 patients with avail-
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able 2-year data had a decrease in estimated
glomerular filtration rate (eGFR) of -16.0
mL/min/1.73 m? In 5 patients who did not
have spironolactone (Aldactone) or another
diuretic added after the first year of follow-
up, a lesser but significant decrease (—7.8 mL/
min/1.73 m?) was noted. The investigators
surmised that denervation may enhance di-
uretic sensitivity, leading to prerenal azotemia
in some patients.!’

B SYMPLICITY HTN-2

The Symplicity HTN-2 trial was a larger, ran-
domized, efficacy study that built on the ear-
lier results, providing additional evidence of
therapeutic benefit."®

An international cohort of 106 patients
with resistant hypertension, defined as systolic
blood pressure of 160 mm Hg or higher (or >
150 mm Hg in patients with type 2 diabetes)
despite the use of three or more antihyperten-
sive medications, were randomly assigned to
undergo renal denervation with the Symplici-
ty device (n = 52) or to continue their previous
treatment with antihypertensive medications
alone (n = 54). The primary effectiveness end
point was the change in seated office blood
pressure from baseline to 6 months (TaBLE 1).

Effect on blood pressure. In the denerva-
tion group, at 6 months, office blood pressure
had changed by a mean of —32/-12 mm Hg
(standard deviation [SD] 23/11 mm Hg) com-
pared with a mean change of 1/0 mm Hg (SD
21/10 mm Hg) in the control group. Forty-
one (84%) of the 49 patients who underwent
denervation had a decrease in systolic blood
pressure of 10 mm Hg or more at 6 months
compared with baseline values, while five
(10%) had no decline in systolic blood pres-
sure. Nineteen patients had a reduction in sys-
tolic pressure to less than 140 mm Hg in the
denervation group.

A subset of patients (20 in the denervation
group and 25 in the control group) underwent
24-hour ambulatory blood pressure monitor-
ing at 6 months. This showed a similar though
less pronounced fall in blood pressure in the
denervation group and no change in the con-
trols. A subanalysis that censored all data for
patients whose medication was increased dur-
ing the follow-up period showed a blood pres-
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TABLE 2
The Symplicity HTN-1 and HTN-2 trials: Results
SYMPLICITY HTN-1" SYMPLICITY HTN-2 "5
Primary efficacy Renal denervation Control group
outcomes? group
Period  Number of  Change in office Period  Changeinoffice ~ Period  Changein
patients systolic blood pressure SBP, mm Hg office SBP, mm
(SBP), mm Hg (mean, SD), Hg (mean, SD),
(mean, 95% Cl) n=49b n=>51°
1 mo 41 of 45 —14/-10 (4/3) Tmo  -20/~7 1 mo 0/0
3mo 39 of 45 =21/-10 (7/4) 3 mo —24/-8 3 mo —4/-2
6 mo 26 of 45 -22/-11 (10/5) 6mo  -32/-12(23/11) 6mo 1/0 (21/10)
9 mo 20 of 45 —24/-11 (9/5)
12 mo 9 of 45 =27/1-17 (16/11)
Short-term safety Renal artery dissection related to catheter Intraprocedural bradycardia requiring atropine
outcomes placement before energy delivery (n = 1) (7/52 patients)
Femoral artery pseudoaneurysm Postprocedural drop in blood pressure (n = 1)
at access site (n = 3) Femoral artery pseudoaneurysm at access site (n = 1)
(In initial and expanded cohorts)
Long-term safety No renal vascular complications noted with No renal vascular complications noted with
outcomes postprocedure imaging studies on follow-up post-procedure imaging studies on follow-up
Renal denervation group  Control group
Transient ischemic attack  Transient ischemic attack
(n=1) (n=2)
Angina requiring a Angina requiring a
coronary stent (n=1) coronary stent (n=1)
Hypotension (n=1)
Hypertensive crisis (n=1)
Admission for nausea or
vomiting possibly related
to hypertension (n=1)
Nonresponders 6 (13%) of 45 patients 5 (10%) of 49 patients in the renal denervation group

had an SBP reduction < 10 mm Hg and 24 (47%) of 51 controls had no decline in SBP

4 (8%) of 49 patients in the renal denervation group
and 6 (12%) of 51 controls needed drug increases
before their 6-month follow-up

2 Primary efficacy outcomes in the expanded cohort in Symplicity HTN-1 showed the following results up to 24 months: 1 month —20/~10 (n = 138), 3 months
—24/-11 (n = 135), 6 months —25/-11 (n = 86), 12 months —23/-11 (n = 64), 18 months —26/~14 (n = 36), and 24 months —32/-14 (n = 18)'®
b3 patients lost to follow-up

Cl = confidence interval; SD = standard deviation
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sure reduction of —=31/-12 mm Hg (SD 22/11
mm Hg) in the renal denervation group.

Adverse events. Procedure-related ad-
verse events included a single femoral artery
pseudoaneurysm, one case of postprocedural
hypotension requiring a reduction in antihy-
pertensive medications, and 7 (13%) of 52 pa-
tients who experienced intraprocedural brady-
cardia requiring atropine.

Effect on renal function. No significant
difference was noted between groups in the
mean change in renal function at 6 months,
whether assessed by eGFR, serum creatinine
level, or cystatin C level. At 6 months, no
patient had a decrease of more than 50% in
eGFR, although two patients who underwent
renal denervation and three controls had
more than a 25% decrease in eGFR.

At 6 months, the urine albumin-to-cre-
atinine ratio had changed by a median of -3
mg/g (range —1,089 to 76) in 38 patients in
the treatment group and by 1 mg/g (range
—538 to 227) in 37 controls.

Most patients (88%) undergoing renal
denervation underwent renal arterial imag-
ing at 6 months, on which a single patient
showed possible progression of an underlying
atherosclerotic lesion that was unrelated to
the procedure and that did not require inter-
vention.

Denervation and the normal stress re-
sponse. Whether renal denervation nega-
tively affects the body’s physiologic response
to stress that is normally mediated by sympa-
thetic nerve activity was addressed in an ex-
tended investigation of Symplicity HTN-2 us-
ing cardiopulmonary exercise tests at baseline
and 3 months after renal denervation.'® In the
denervation group, blood pressure during ex-
ercise was significantly lower at 3 months than
at baseline, but the heart rate increase at dif-
ferent levels of exercise was not affected. Ad-
ditionally, the resting heart rate was lower and
heart rate recovery after exercise improved
after the procedure, particularly in patients
without diabetes.

Comments. The Symplicity HTN-2 trial
benefited from a randomized trial design and
strict inclusion criteria of treatment resistance,
but it still had notable limitations. A pretrial
evaluation for causes of secondary hypertension
or white-coat hypertension was not explicitly
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described. The control group did not undergo
a sham procedure, and data analyzers were not
masked to treatment assignment. Although
not analyzed as a primary end point, the use
of home-based and 24-hour ambulatory blood
pressure assessment—measures important for
determining white-coat  hypertension—re-
vealed substantial differences in blood pres-
sure changes relative to office measurements.
Because nearly all the patients (97%) were
white, the generalizability of treatment results
to black patients with resistant hypertension
may be limited. Isolated diastolic hypertension
(defined as diastolic pressure > 90 mm Hg with
systolic pressure < 140 mm Hg), which is more
common in younger patients, was not studied.

B DOES RENAL DENERVATION
REDUCE SYMPATHETIC TONE?

A subgroup of 10 patients in the Symplic-
ity HTN-1 trial whose mean 6-month office
blood pressure was reduced by 22/12 mm Hg
underwent assessment of renal norepineph-
rine spillover. A substantial (47%) reduction
in renal norepinephrine spillover was noted 1
month after the procedure.!*

The investigators additionally described
a marked reduction in renal norepinephrine
spillover from both kidneys in one patient,
with a reduction of 48% from the left kidney
and 75% from the right kidney 1 month af-
ter the procedure. Whole-body norepineph-
rine spillover in this patient was reduced by
42%. This effect was accompanied by a 50%
decrease in plasma renin activity and by an in-
crease in renal plasma flow. Aldosterone levels
were not reported.”

Thus, the decrease in renal norepineph-
rine spillover suggests a reduction of renal ef-
ferent activity, and the decrease in total body
norepinephrine spillover suggests a reduction
in central sympathetic drive via the renal af-
ferent pathway.

Microneurography in this same patient
showed a gradual reduction in muscle sym-
pathetic nerve activity to normal levels, from
56 bursts per minute at baseline to 41 at 30
days and 19 at 12 months).!® Decreased renin
secretion, via circulating angiotensin II, may
affect central sympathetic outflow as well.

Comments. While these findings address
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some of the underlying mechanisms, the
small number of patients in whom these stud-
ies were done limits the generalizability of
the results. The impact of the procedure on
renal hemodynamics will need to be studied,
including possible direct effects of the proce-
dure, and whether there are differences in dif-
ferent study populations or differences based
on blood pressure levels.

B WHICH PATIENTS RESPOND BEST
TO THIS PROCEDURE?

Although the Symplicity HTN-2 investiga-
tors report some predictors of increased re-
duction in blood pressure on multivariate
analysis, including increased blood pressure
at baseline and reduced heart rate at baseline,
these are not specific enough to enable patient
selection.

Interestingly, results from the expanded
cohort of the Symplicity HTN-1 study found
that patients on central sympatholytic agents
such as clonidine had a greater reduction in
blood pressure, although the reason for this
is unclear.!® Identifying specific predictors of
treatment success at baseline will be essential
in future studies.

The earlier Symplicity trials and the on-
going Symplicity HTN-3 trial are in patients
who have high blood pressure not responding
to three or more antihypertensive drugs. The
mean baseline systolic blood pressure in the
Symplicity HTN-1 and HTN-2 trials was 178
mm Hg, and patients were taking an average
of five antihypertensive drugs (1asLe 1). It is
not known whether denervation will produce
similar blood-pressure-lowering results across
the spectrum of hypertension severity.

@ WHAT ARE THE LONG-TERM RESULTS
OF DENERVATION?

Enthusiasm for the results from the Symplicity
trials is tempered by concerns about the dura-
bility of the effects of the procedure, the need
for better understanding of the impact of renal
denervation on a wide array of pathophysi-
ologic cascades leading to hypertension, and
the effect on renal hemodynamics.
Antihypertensive efficacy has been reported
to persist up to 2 years after the procedure, !¢ with

VOLUME 79 ¢ NUMBER 7

recent unpublished data suggesting efficacy up to
3 years, but longer follow-up is needed to address
whether these effects are finite.

Although reinnervation of afferent renal
nerves has not been described, transplant mod-
els have shown anatomic regrowth of efferent
nerves; the impact of this efferent reinnerva-
tion on blood pressure remains unclear. Experi-
ence from renal transplantation also shows that
implanted kidneys that are “denervated” can
still maintain fluid and electrolyte regulation.

Follow-up renal imaging in the Symplicity
trials did not indicate renal artery stenosis at
the sites of denervation in patients who un-
derwent the procedure. Animal studies using
the Symplicity catheter system showed renal
nerve injury as evidenced by nerve fibrosis
and thickened epineurium and perineurium,
but no significant smooth muscle hyperplasia,
arterial stenosis, or thrombosis by angiography
or histology at 6 months.?

I WHAT ARE THE RISKS?

Adverse effects that were noted in the short
term are detailed under discussion of the trials
and in TABLE 2.

Long-term adverse events in the Symplic-
ity HTN-2 trial that required hospitalization
were reported in five patients in the denerva-
tion group and three patients in the control
group (1aBLe 2). These included transient isch-
emic attacks, hypertensive crises, hypotensive
episodes, angina, and nausea.

Renal function was maintained for the
duration of both trials, and details regarding
eGFR change have been described above un-
der the discussion of the trials.

Diffuse visceral pain at the time of the proce-
dure is reported as an expected occurrence, man-
aged with intravenous analgesic medications.

B DOES SYMPATHETIC DENERVATION
HAVE A ROLE IN OTHER CONDITIONS?

Interestingly, other sympathetically driven
diseases, such as diabetes mellitus and polycys-
tic ovary syndrome, may prove to be targets
for this therapy in the future.?!

Mahfoud et al*? conducted a pilot study in
37 patients with resistant hypertension un-
dergoing renal denervation and 13 control
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patients. Fasting glucose levels declined from
118 + 3.4 mg/dL to 108 + 3.8 mg/dL after 3
months in the intervention group (P = .039),
compared with no change in the control
group. Insulin and C-peptide levels were also
lower in the intervention group. The reported
improvement in glucose metabolism and in-
sulin sensitivity suggests that the beneficial
effects of this procedure may extend beyond
blood pressure reduction.

Brandt et al?® reported regression of left
ventricular hypertrophy and significantly im-
proved cardiac functional parameters, includ-
ing increase in ejection fraction and improved
diastolic dysfunction, in a study of 46 patients
who underwent renal denervation. This find-
ings suggests a potential beneficial effect on
cardiac remodeling.

Witkowski et al** reported lowering of
blood pressure in 10 patients with refractory
hypertension and obstructive sleep apnea who
underwent renal denervation, which was ac-
companied by improvement of sleep apnea
severity.

Ukena et al® reported reduction in ven-
tricular tachyarrhythmias in two patients with
congestive heart failure who had therapy-re-
sistant electrical storm.

A recent pilot study in 15 patients with
stage 3 and 4 chronic kidney disease (mean
eGFR 31 mL/min/1.73 m?) showed signifi-
cantly improved office blood pressure control
up to 1 year, restoration of nocturnal dipping
on 24-hour monitoring, as well as a nonsignifi-
cant trend towards increased hemoglobin lev-
els and decreased proteinuria. No additional
deterioration of renal function was reported in
these patients (2 patients had renal function
assessed up to 1 year). %

Thus, the benefits of this procedure may
extend to other diseases that have a common
underlying thread of elevated sympathetic
activity, by targeting the “sympathorenal”
axis.?’

B GUARDED OPTIMISM
AND FUTURE DIRECTIONS

Given the well-known cardiovascular risks
and health care costs associated with uncon-
trolled hypertension and the continued chal-
lenge that physicians face in managing it,
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novel therapies such as renal denervation may
provide an adjunct to existing pharmacologic
approaches.

While there is certainly cause for guarded
optimism, especially with the striking blood
pressure-lowering results seen in trials so far,
it should be kept in mind that the mecha-
nisms leading to the hypertensive response
are complex and multifactorial, and further
understanding of this therapy with long-term
follow-up is needed. A comparison study with
spironolactone, which is increasingly being
used to treat resistant hypertension (in the
absence of a diagnosis of primary aldosteron-
ism)?*? would help to further establish the
role of this procedure.

Studies of carotid baroreceptor stimulation
via an implantable device have shown sus-
tained reduction in blood pressure in patients
with resistant hypertension. A study compar-
ing this technique with renal denervation for
efficacy and safety end points could be consid-
ered in the future.’*’!

The planned Symplicity HTN-3 study in
the United States will be the largest trial to
date, with a targeted randomization of more
than 500 patients using strict enrollment cri-
teria, including the use of maximally tolerated
doses of diuretics and more focus on the use
of ambulatory blood pressure monitoring and
on the blinding of participants. This study will
help further analysis of this technology in a
more diverse population.’?*

Future studies should be designed to clar-
ify pathophysiologic mechanisms, patient
selection criteria, effects on target organ
damage, and efficacy in patients with chron-
ic kidney disease, obesity, congestive heart
failure, and in less severe forms of hyperten-
sion.

B A CALL FOR PARTICIPANTS
IN A CLINICAL TRIAL

The Departments of Cardiology and Ne-
phrology and Hypertension at Cleveland
Clinic are currently enrolling patients in the
Symplicity HTN-3 trial. For more informa-
tion, please contact George Thomas, MD
(thomasg3@ccf.org), or Mehdi Shishehbor,
DO, MPH (shishem@ccf.org), or visit www.
symplifybptrial.com. |
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Forty-one (84%)
of the 49
patients

who underwent
denervation
had a decrease
in systolic
blood pressure
of 10 mm Hg

or more

at 6 months
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