
Introduction

Resistant hypertension is defined as uncontrolled
blood pressure (BP) in spite of concurrent use of ≥3
antihypertensive agents (BP ≥140/90 mmHg) of dif-
ferent classes or as controlled blood pressure with the
use of ≥4 agents.1 Recently, the definition of refractory
hypertension has been introduced, in order to describe
patients with uncontrolled blood pressure in spite of
concurrent use of ≥5 antihypertensive drugs, which is
the extreme phenotype of antihypertensive treatment
failure.2 Patients with resistant hypertension suffer

prematurely from target organ dysfunction and from
early occurrence of cardiovascular, cerebrovascular
and renal complications, leading to increased mortal-
ity.2,3 In the last years, catheter-based renal sympa-
thetic denervation by radiofrequency has emerged as
a new and effective method to treat resistant hyperten-
sion. After assessing that the renal arteries anatomy is
favorable, usually by computed tomography or nu-
clear magnetic resonance angiography, renal denerva-
tion is performed bilaterally by introducing the
treatment catheter into each renal artery and then de-
livering radiofrequency energy. Only few cases of uni-
lateral renal denervation have been described until
now, with conflicting results regarding the blood-pres-
sure-lowering effect.4-6

We here report a case of refractory hypertension
successfully treated with renal denervation, performed
unilaterally instead of bilaterally because of the pa-
tient’s renal arteries’ unfavorable anatomy.

Case Report

A 52-year-old Caucasian woman with an approxi-
mately 12-year history of resistant essential hyperten-
sion was referred to us for percutaneous renal
denervation. She was on a chronically low-sodium
diet. Her body mass index was 28.5. She was not a
smoker and denied the use of alcohol or drugs other
than the antihypertensive agents. Her past medical his-
tory was otherwise unremarkable, except for a pro-
gressively severe and resistant hypertension.
Secondary causes of hypertension had already been
excluded elsewhere by proper evaluation. Despite op-
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timal medical therapy, including 6 different antihyper-
tensive drugs (thiazides, angiotensin-converting en-
zyme inhibitors, calcium channel blockers,
b-blockers, a-blockers and spironolactone), her re-
ported mean home blood pressure was 162/100
mmHg. The patient was hospitalized for 5 days before
the renal denervation, in order to exclude the diagnosis
of pseudo-resistant hypertension and ascertain ade-
quate therapeutic adherence, by prolonged staff com-
ponents witnessed intake of antihypertensive drugs;
plasma or urine metabolites of drugs were not meas-
ured. The mean office blood pressure was 157/98
mmHg; at ambulatory BP monitoring measurement
(ABPM), the mean values were 145/94 mmHg, with
preserved night dipping. The electrocardiogram was
unremarkable; on the echocardiogram, only mild left

ventricular hypertrophy was detected. The patient’s
blood tests yielded the following results: plasma glu-
cose: 89 mg/dL; hemoglobin: 13.8 g/dL; creatinine:
0.62 mg/dL; sodium: 140 mmol/L; potassium: 4.8
mmol/L; the urinalysis was negative. The plasma
renin activity was 0.9 ngAng1/mL/h and serum aldos-
terone 176 pg/mL (normal range: 7-150 pg/mL). In
order to evaluate the renal arteries anatomy, a prelim-
inary computed tomography angiography (CTA) was
performed. The CTA demonstrated a single artery for
each kidney, the right renal artery showing moderate
stenosis with a string of beads appearance, a charac-
teristic radiological finding of fibromuscular dysplasia
(Figure 1). However, a renal duplex ultrasound
showed no significant stenosis, with a peak systolic
velocity <180 cm/s in the whole course of the right
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Figure 1. Computed tomography angiography. A-D) Axial and coronal planes showing moderate stenosis with string of
beads of the right renal artery.
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renal artery. We judged the patient potentially suitable
for unilateral renal denervation, after proper angio-
graphic evaluation. The procedure was explained in
detail to the patient and an informed consent was ob-
tained. Under conscious sedation, femoral artery ac-
cess was obtained with the standard endovascular
technique, using a 6 F sheath, and a bilateral selective
renal angiography was performed. The angiography
confirmed a moderate stenosis in the right renal artery
(Figure 2). Moreover, the trans-catheter measurements
showed no blood pressure gradient (3 mmHg). The
left renal artery showed a diameter of 6 mm and a
length of 3.5 mm. Thereafter, the treatment catheter
(Symplicity by Medtronic Inc., Northridge, CA, USA)
was inserted into the left renal artery and radiofre-
quency ablations of 8 watts or less, lasting up to 2 min
each, were applied to obtain five ablations. During ab-
lation, the catheter system monitored tip temperature

and impedance, altering radiofrequency energy deliv-
ery in response to a predetermined algorithm. The
final angiogram showed no lesions in the left renal ar-
tery. The patient was discharged two days later in sta-
ble condition and on six antihypertensive drugs.

In Table 1, the baseline and follow-up BP values
are presented. Notably, at two months follow-up an
autonomous reduction of antihypertensive drugs was
reported, with interruption of doxazosin because of
satisfactory blood pressure control. At 9 months of fol-
low-up, only office blood pressure value of 122/80
mmHg was available from refuse of ABPM by the pa-
tient. However, the latest 12 months of follow-up con-
firmed profound blood-pressure-lowering effect, with
office and 24 h-ABPM blood pressure values of
125/80 and 127/80 mmHg respectively, with only
three antihypertensive agents (lisinopril, spironolac-
tone, amlodipine).
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Figure 2. Renal angiography. A) Angiography confirms moderate right renal artery stenosis by fibromuscular dysplasia;
B) measurement trans-catheter of blood pressure gradient.

Table 1. Blood pressure values at baseline and at follow-up.

                                                       Office BP                  Mean 24/h                 Mean diurnal          Mean nocturnal        Antihypertensive
                                                        (mmHg)               ABPM (mmHg)          ABPM (mmHg)        ABPM (mmHg)               drugs (n)

Baseline                                             157/98                        145/94                          149/95                        130/87                              6

2 months                                            130/90                        136/89                          143/91                        126/77                              5

6 months                                            134/90                        121/76                          126/82                        112/65                              5

9 months                                            122/80                           n.a.                                n.a.                             n.a.                                5

12 months                                          125/80                        127/80                          132/84                        118/73                              3

BP, blood pressure; ABPM, ambulatory BP measurement; n.a., not available.
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Discussion and Conclusions

Hypertension is a leading risk factor influencing
the global burden of cardiovascular diseases. The
treatment of hypertension remains suboptimal in many
patients, with subsequent, inadequately controlled
blood pressure. Notably, patients whose target BP val-
ues are not reached despite a triple therapy, including
a diuretic at the maximum tolerated dose, are defined
as having resistant hypertension.1 Patients with resist-
ant hypertension are bearing a very-high cardiovascu-
lar risk.2,3

An increased sympathetic activity has been shown
to characterize resistant hypertension and, historically,
radical surgical methods for sympathetic denervation
have been successful in lowering blood pressure in se-
verely hypertensive patients.7 Recently, percutaneous
renal denervation has been introduced as a new
method to treat resistant hypertension. The procedure
entails a favorable anatomy of the renal arteries and,
above all, it is performed bilaterally into both renal ar-
teries. To our knowledge, only few cases of unilateral
renal denervation have been described, with conflict-
ing results about the blood-pressure-lowering effect.
For instance, Ukena et al. showed that unilateral renal
denervation, in ten patients with resistant hypertension
and suboptimal anatomy, determined a comparable re-
duction of blood pressure to the one obtained in the
control group which underwent bilateral renal dener-
vation.6 The same results were reported by Armagani-
jan et al. in a single patient,5 whereas other Authors
denied any effect.4 Our unique case suggests that uni-
lateral renal denervation may reduce blood pressure
in patients with refractory hypertension and unfavor-
able renal arteries anatomy. Unlike other reports, our
case is remarkable because the fibrodysplastic lesions
affecting the right renal artery anyway not significant
at renal duplex ultrasound evaluation and trans-
catheter pressure gradient measurements. We believe
that the sustained and prolonged blood pressure reduc-
tion in our patient is not a simple placebo phenomenon
but a true blood pressure-lowering effect of the renal
denervation, especially if one considers the progres-
sive resistance of long standing hypertension coupled
with the good therapeutic adherence of our patient.

In former studies, renal denervation was associated
with significant and persistent reduction in systolic
and diastolic blood pressure beyond those produced
by medical therapy,8,9 but with a failure of some pa-
tients to experience a drop in arterial pressure. The
most commonly offered explanation for this is that in
these patients sympathetic activation is not the pri-
mary pathophysiology, but this might not be true as
surgical renal denervation commonly reduces blood
pressure in experimental models of hypertension in
which sympathetic nervous activation is normal.7

Moreover, recent observations suggest that the real
reason might more commonly be that in non-respon-
der patients, the denervation has failed technically. In
fact, renal denervation in humans is very incomplete,
non-uniform from patient to patient, and achieved
with difficulty mainly because the sympathetic nerves
converged on the renal arteries distally, near the renal
artery branch point.10 Therefore, the ablative energy
should be preferentially focused on the distal renal ar-
tery, and on the full circumference of renal arteries but
this is often not done. Among clinical studies of renal
denervation, only in the HTN-1 trial renal denervation
was confirmed by measurement of norepinephrine
spillover, which decreased on average of 47%, appar-
ently sufficient in that the antihypertensive response
was adequate.8 Nevertheless, the recent Symplicity
HTN-3 trial did not show a significant reduction in
blood pressure after renal denervation, compared to a
sham control with maximal medical therapy, in a large
cohort of patients with resistant hypertension.11 How-
ever, the changes in systolic blood pressure from base-
line show a very wide variability, with values between
–78 mmHg and 14 mmHg in the renal denervation
group, and between –43 mmHg and 41 mmHg in the
control group. Presumably, the sympathetic over-ac-
tivity is crucial in some patients while in others the
sympathetic nervous tone might be less important than
expected. There are several other possibilities why
Symplicity HTN-3 did not confirm the favorable re-
sults of previous trials, for instance a not verified drug
adherence or procedural discrepancies as incomplete
ablation. In fact, we now know that a circumferential
renal ablation was not achieved in a disturbing 69%
of the renal denervation procedure.12

Our single center experience also supported the ef-
ficacy of this method in patients with resistant hyper-
tension from daily clinical practice.13 Truly resistant
hypertensive patients certainly exist, but are rarer than
currently estimated. Thus, our policy is not an undis-
turbed practice of renal denervation, but that of a
sound and meditated clinical reasoning accordingly to
expert consensus document for a proper selection of
patients.14 Unfortunately, we have no clear predictors
of clinical response to renal denervation at this mo-
ment. However, as suggested by recent data, the
higher the baseline BP is the greater its reduction will
be after renal denervation.15 Thus, as in our case, in-
dividuals with refractory hypertension may configure
a better-responding subgroup.

We are aware of potential risks on integrity of renal
arteries, as emphasized by optical coherence tomog-
raphy, both in animals and humans, with edema and
thrombus formation at the ablation site not apparent
with angiography.16,17 However, a dual antiplatelet
therapy seems to be a suitable treatment. To our
knowledge, up to now at least 13 cases of significant
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renal artery stenosis have been documented after renal
denervation using different renal ablation systems;
therefore, that complication is a matter of concern.18

We believe that the patients need a prolonged and ad-
equate follow-up in expert centers. In our case, the
current 12 months follow-up clearly shows no com-
plications on renal arteries and renal function.

Sympathetic renal blood pressure regulation in-
volves efferent and afferent fibers from and to central
nervous system. The nerves reach the kidney from the
aorta, following the course of the renal arteries, in
whose adventitia they are located. They regulate the
sodium reabsorption and the vascular tone of afferent
and efferent arterioles. They also increase renin release
from juxtaglomerular cells resulting in angiotensin II
production and increase in aldosterone secretion from
adrenal glands. However, there are fibers proceeding
from one kidney to the other, which modulate the so-
called reno-renal reflex, resulting in diuresis and na-
triuresis.7 This could possibly explain the efficacy of
unilateral renal denervation.

In conclusion, we propose that, in patients with re-
fractory hypertension and unfavorable renal arteries
anatomy, the unilateral renal denervation may be ef-
fective in lowering blood pressure.
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