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Abstract Hypertension is an important cardiovascular risk factor and although there have
been many improvements in pharmacological treatment, a significant percentage of patients
are still considered resistant. The authors describe two cases of radiofrequency renal sym-
pathetic denervation that illustrate the feasibility of this new technique for the treatment
of resistant hypertension. The procedure consists of the application of radiofrequency energy
inside the renal arteries to ablate afferent and efferent sympathetic renal activity, which has
been implicated in the pathophysiology of hypertension.
© 2011 Sociedade Portuguesa de Cardiologia. Published by Elsevier España, S.L. All rights
reserved.
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Ablação da atividade simpática renal para tratamento da hipertensão arterial
resistente

Resumo A hipertensão arterial é um importante fator de risco cardiovascular e apesar dos
inúmeros avanços na terapêutica farmacológica, existe ainda uma percentagem importante de
doentes que são resistentes. Os autores descrevem 2 casos clínicos de ablação da atividade
simpática renal por radiofrequência, que ilustram a exequibilidade de uma nova técnica para o

tratamento da hipertensão arterial resistente. O procedimento consiste na aplicação de energia
de radiofrequência nas artérias
eferente, implicada na fisiopato
© 2011 Sociedade Portuguesa d
direitos reservados.
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I

H
i
a
c
f
p
s
o
t
t
c

t
a
p
o
i
r
t
1
r
1
t
1
c
w
a

r
s
t
p

C

A
d
c
o
s

F
a
i

F
f

(
n
1

1
s
u
a
r
w
a
s
p
1
B

r

(
u
>
a
a
S
e
t
p
r
f
F

72

ntroduction

ypertension is an important cardiovascular risk factor that
s implicated in myocardial infarction and stroke, which
re major causes of mortality and morbidity in developed
ountries.1 Despite its high prevalence, hypertension is far
rom being controlled, as shown by the PAP study on the
revalence, awareness, treatment and control of hyperten-
ion in Portugal.2 This study, performed in 2003, found an
verall hypertension prevalence of 42.1%, and only 46.1% of
hese patients knew they were hypertensive, 39.0% were
aking antihypertensive medication and only 11.2% were
ontrolled.

A technique has recently been developed to treat resis-
ant hypertension by modulating renal sympathetic nerve
ctivity using radiofrequency ablation.3---5 The aim of the
rocedure is to reduce afferent and efferent nerve activity
f the renal sympathetic plexus (Figure 1), whose role and
mportance in the pathophysiology of hypertension has been
ecognized for several decades.6,7 The efficacy and safety of
he technique was first documented in the Symplicity HTN-
trial,4 and a recently published 24-month follow-up study

eported a fall of 32 mmHg in systolic blood pressure (BP) and
4 mmHg in diastolic BP.8 The Symplicity HTN-2 randomized
rial documented a reduction of 32 mmHg in systolic BP and
2 mmHg in diastolic BP at six months, with no significant
hanges in the control group, in a population of patients
ith mean baseline BP of 178/98 mmHg, medicated with an
verage of five antihypertensive drugs.5

This article presents two case reports of treatment of
esistant hypertension by radiofrequency ablation of renal
ympathetic activity. The procedures were approved by
he hospital’s ethics committee and performed with the
atients’ informed consent.

ase report 1

50-year-old black man, a smoker, with no previous car-

iovascular events, was being treated in the hypertension
linic. Secondary causes of hypertension had been ruled
ut. He was medicated with clonidine (0.45 mg/day), irbe-
artan (300 mg/day), amlodipine (10 mg/day), indapamide

igure 1 Application of radiofrequency energy in the renal
rteries for ablation of afferent and efferent sympathetic activ-
ty.

7
c
p
s
w
c

u
c
d
b
1
o
p
c
t

s

C

A
3

igure 2 Symplicity® catheter and radiofrequency generator
or renal artery ablation.

1.5 mg/day) and bisoprolol (5 mg/day). Renal function was
ormal, with estimated glomerular filtration rate (eGFR) of
15 ml/min/1.73 m2.

His BP at the last consultation prior to the procedure was
73/118 mmHg, and 189/143 mmHg at the time of admis-
ion, despite his usual therapy. In a previous exercise test
nder medication, his BP had risen from 160/100 mmHg
t rest to 200/120 mmHg at peak exercise. Echocardiog-
aphy documented concentric left ventricular hypertrophy,
ith normal global systolic function and no significant valve
bnormalities. Ambulatory BP monitoring (ABPM) showed
evere systolic and diastolic hypertension and a nondip-
er pattern (daytime: 145/104/118/41 mmHg; nighttime:
36/96/111/40 mmHg; mean systolic and diastolic BP, mean
P and pulse pressure, respectively).

Previous abdominal CT angiography showed favorable
enal artery anatomy for the procedure.

The procedure was performed with anesthesia support
propofol and remifentanil) for pain control, and anticoag-
lation with heparin for a target activated clotting time of
250 s. After gaining vascular access via the right femoral
rtery, abdominal aortography and selective renal artery
ngiography were performed. Following catheterization, a
ymplicity® catheter (Medtronic, USA) was inserted into
ach renal artery, connected to a radiofrequency generator
hat is programmed and controlled automatically, inde-
endent of the operator (Figure 2). Six applications of
adiofrequency energy (8 W) lasting 120 s each were per-
ormed in the right and left renal arteries (Figures 3 and 4).
luoroscopy time was 13 min, the quantity of contrast was
0 ml, and total procedure time was 53 min. There were no
omplications related to the intervention. Renal angiogra-
hy at the end of the procedure showed normal flow and no
igns of dissection; some irregularities in the luminal contour
ere observed due to edema at the ablation sites, as is
ommon in such procedures (Figure 5).

At the end of the procedure, the access site was closed
sing an Angio-Seal® device. There were no post-procedural
omplications and the patient was discharged the following
ay; he continues to be monitored in the hypertension clinic,
eta-blocker therapy having been discontinued. His BP was
50/86 mmHg one month after the procedure, a reduction
f 23 mmHg in systolic BP and 32 mmHg in diastolic BP com-
ared to before the intervention and with one less drug
lass. Renal function showed no significant changes following
he procedure, with eGFR of 123 ml/min/1.73 m2.

The patient is scheduled to undergo ABPM at three and
ix months, and renal CT angiography at six months.
ase report 2

59-year-old white woman, obese (body mass index
2), with type 2 diabetes, was being treated in the
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es in

(

Figure 3 Ablation sit

hypertension clinic. Secondary causes of hypertension

had been ruled out. She was medicated with aliskiren
(300 mg/day), lercanidipine (10 mg/day), enalapril
(10 mg/day), furosemide (40 mg/day), spironolactone

k
(
c

Figure 4 Ablation sites in
the right renal artery.

50 mg/day) and carvedilol (50 mg/day). The patient had

nown atherosclerotic disease, with coronary involvement
angioplasty of the anterior descending artery for stable
oronary disease) and cerebrovascular disease (previous

the left renal artery.
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Figure 5 Final renal angiogram

schemic stroke). Renal function was normal for her age
eGFR of 85 ml/min/1.73 m2).

Her BP at the last consultation prior to the proce-
ure was 194/84 mmHg, and 203/89 mmHg at the time of
dmission. Echocardiography documented concentric left
entricular hypertrophy, with normal global systolic func-
ion and no significant valve abnormalities. ABPM showed
ystolic and diastolic hypertension, with marked eleva-
ion of systolic load and a nondipper pattern (daytime:
74/84/113/90 mmHg; nighttime: 157/79/107/78 mmHg;
ean systolic and diastolic BP, mean BP and pulse pressure,

espectively).
Selective catheterization of the renal arteries excluded

tenosis and confirmed favorable anatomy for the proce-
ure.

The procedure was similar to that described for the pre-
ious patient, with vascular access via the right femoral
rtery and six radiofrequency ablations in each renal artery.
luoroscopy time was 9 min, the quantity of contrast (low-
smolarity --- Visipaque 320 mgI/ml) was 60 ml, and total
rocedure time was 46 min. At the end of the procedure, the
ccess site was closed using an Angio-Seal® device. There
ere no complications and the patient was discharged the

ollowing day. On assessment one month after the proce-
ure, having discontinued beta-blocker therapy, her BP was
66/70 mmHg, which compared to levels prior to the inter-
ention represented a reduction of 28 mmHg in systolic BP
nd 14 mmHg in diastolic BP, and taking one less drug class.
enal function showed no significant changes following the
rocedure, with eGFR of 83 ml/min/1.73 m2.

The patient is scheduled to undergo ABPM at three and
ix months, and renal CT angiography at six months.

iscussion

hese two cases illustrate the feasibility of renal sympa-
hetic nerve ablation to treat resistant hypertension and
he importance of a multidisciplinary approach in this new

ercutaneous treatment. The patients were assessed by a
ephrologist prior to the procedure, clinical and anatomical
riteria being applied in selecting patients for the treat-
ent.

w
c
l
c

lowing radiofrequency ablation.

The clinical criteria were a diagnosis of resistant hyper-
ension, defined as systolic BP ≥ 160 mmHg in two or more
easurements during a consultation, under therapy with

our or more antihypertensive drugs (including a diuretic),
nd exclusion of secondary causes of hypertension. The
natomical criteria were renal artery diameter ≥ 4 mm and
ength ≥ 20 mm and absence of anatomical abnormalities
extreme tortuosity or stenosis) or previous intervention
n the renal arteries. Renal anatomy should be assessed
y angiography (CT, magnetic resonance or catheterization)
rior to the procedure.

Various registries and clinical trials have demonstrated
he efficacy and safety of this technique. A multicenter ran-
omized trial (Symplicity HTN-2) involving 106 patients with
esistant hypertension reported a fall of 32 mmHg in sys-
olic BP and 12 mmHg in diastolic BP at six months in the
roup undergoing ablation.5 An inclusion criterion of this
rial was that patients should be taking three or more anti-
ypertensive drugs (including a diuretic) and the reported
eduction in BP levels was obtained with patients maintain-
ng previous treatment, as stipulated by the trial’s protocol.
owever, the study population was medicated with 5.3
rugs on average, and so we decided to include patients
edicated with four or more antihypertensive drugs. As

his was our initial experience, in the two cases pre-
ented here, it was also decided to suspend beta-blocker
herapy after the procedure as a precaution against the
ossible additive effect of both medication and ablation
f sympathetic activity, the impact of which on afferent
athways could lead to a reduction in systemic sympathetic
one.

The technique’s efficacy is due to the reduction
n afferent and efferent sympathetic activity, which
lays an important role in the pathophysiology of
ypertension. Stimulation of the renal efferent nerves
ncreases renin production, leading to activation of the
enin---angiotensin---aldosterone system, sodium retention
nd diminished renal blood flow. At the same time, increased
fferent nerve activity stimulates central sympathetic drive,
hich in turn is implicated in the pathophysiology of other

linical entities, notably insulin resistance,9 left ventricu-
ar hypertrophy, heart failure and sleep apnea.10 These
onditions may also be improved by renal artery ablation,



pert

1
renal sympathetic denervation on blood pressure, sleep
Renal sympathetic denervation for treatment of resistant hy

increasing the benefit of BP control and widening the range
of potential applications of this technique.

Conclusions

These two cases illustrate the feasibility of a new technique
in interventional cardiology for the treatment of resistant
hypertension, first used in Portugal in July 2011. It is based
on radiofrequency ablation of renal sympathetic activity,
which has proved extremely promising in recently published
multicenter clinical trials.
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