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Introduction: Renal sympathetic hyperactivity is vital for the maintenance and progression of essential hy-
pertension. Catheter-based renal denervation is an evolving concept with favourable results regarding the 
control of hypertension; however, clinical experience is still limited.
Methods: We enrolled 15 patients with resistant hypertension who underwent percutaneous, catheter-based 
radiofrequency treatment for renal artery denervation. Patients were followed up for 4 to 13 months.
Results: Baseline mean blood pressure was 169/96 mmHg (SD 9/11), and patients were receiving a mean 
3.9 ± 0.8 antihypertensive medications. Blood pressure values were reduced to 136/79 mmHg (SD 10/7), 
and antihypertensive medications to 2.9 ± 0.8 at 6.9 ± 3.4 months after the procedure. All procedures were 
uneventful and technically easy. The only drawbacks of the procedure are pain that the patient may feel dur-
ing energy delivery, and the inability to obtain a sustained impedance reduction that allows completion of ra-
diofrequency current delivery at some sites in the renal artery.
Conclusions: Renal denervation facilitates control of resistant hypertension with reduction of medication, 
and appears to be a safe and technically easy procedure to accomplish.

R esistant hypertension is defined 
as failure to achieve optimum 
blood pressure (BP), i.e. <140/90 

mmHg for the overall population and 
<130/80 mmHg for those with diabetes 
mellitus or chronic kidney disease, when 
a patient adheres to maximum tolerat-
ed doses of 3 antihypertensive drugs, in-
cluding a diuretic.1 The definition of re-
sistant hypertension is still controversial2 

and its exact prevalence is unknown; how-
ever, clinical trials suggest that resistant 
hypertension is not rare, involving per-
haps >20% to 30% of study participants.3 
Among patients with incident hyperten-
sion in whom treatment was begun, 2% 
will develop resistant hypertension and 
will have an increased risk of cardiovascu-
lar events.4

The role of central and renal sympa-
thetic activity in both the development 
and perpetuation of hypertension is well 
established,5-7 and catheter-based renal 
denervation is an evolving concept with 
favourable results so far regarding the 
control of hypertension.8-12 The proce-
dure appears to be safe and well tolerat-
ed, with additional beneficial effects on 
arterial stiffness, glucose metabolism, 
and control of atrial fibrillation follow-
ing pulmonary vein isolation.13-15 Clini-
cal experience, however, is still limit-
ed.16

We report on our experience with 
15 patients who underwent renal dener-
vation in our unit. The acute results and 
long term follow-up of this series are pre-
sented.
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Methods

Patient population

Fifteen patients with resistant hypertension, as previ-
ously defined,1 were enrolled between 27 September 
2011 and 17 July 2012 at Athens Euroclinic. All pa-
tients adhered to maximum tolerated doses of 3 an-
tihypertensive drugs, including a diuretic. Patients 
were excluded if they had an estimated glomerular fil-
tration rate (eGFR) of <45 mL/min/1.73 m2, type 1 
diabetes mellitus, or a known secondary cause of hy-
pertension other than chronic kidney disease. Renal 
echocardiography was performed in all patients pre-
operatively to exclude significant renal artery steno-
sis (percent diameter stenosis ≥50%), but there was 
no additional imaging screening. Baseline BP mea-
surements were performed with a sphygmomanome-
ter and patients took all scheduled anti-hypertensive 
medications prior (1 hour) to measurements. During 
measurements, the upper arm was supported at the 
level of the heart, with the arm resting on a table. BP 
was assessed at least three times, with the patient sit-
ting quietly for a least 1 minute between each read-
ing. If the readings were not consistent (within ~5 
mmHg), additional measurements were taken.

Renal denervation procedure

Patients were premedicated with morphine sulphate 
3 mg IV and diazepam 5 mg IV, and enoxaparin 0.75 
mg/kg IV was administered. The abdominal aorta was 
catheterised using a 6F guide catheter through the 
femoral artery, and angiograms of the renal arter-
ies were obtained. The Symplicity catheter (Ardian, 
Inc.), connected to a radiofrequency (RF) genera-
tor, was advanced towards the distal end of the renal 
artery and was bent and rotated until an impedance 
>250 Ω was achieved. We applied discrete, radiofre-
quency ablation lesions, lasting up to 120 s each and 
of 8 W or less, separated both longitudinally and rota-
tionally within each renal artery. During ablation, the 
catheter system monitored tip temperature and im-
pedance, altering radiofrequency energy delivery in 
response to a predetermined algorithm.

The first RF treatment is applied distally in the 
renal artery, and the catheter is then retracted by 5 
mm and rotated circumferentially before the energy 
is reapplied. This is continued until ablations have 
been applied along the entire length of each renal ar-
tery, but with a higher spatial density near the proxi-
mal end, where the sympathetic innervation is domi-

nant. In cases of renal artery stenosis, semi-automatic 
obstruction analysis was performed using the Quanti-
tative Vascular Analysis (QVA) package of the angi-
ography unit (Philips Allura FD 10, Philips Medical 
Systems, Best, The Netherlands).

Statistical analysis

All data are reported as mean ± standard deviation 
for continuous variables and number of patients (%) 
for categorical variables. Data normality was analysed 
using the Kolmogorov–Smirnov test and differences 
between variables were evaluated with parametric 
and nonparametric statistics, as appropriate. A p-val-
ue <0.05 was considered statistically significant. Data 
were analysed using SPSS for Windows version 13.0 
(SPSS, Inc., Chicago, Illinois).

Results

Patient characteristics

In one patient the procedure was not performed be-
cause of an extremely tortuous aorta. Baseline char-
acteristics of the treated patients are listed in Table 1. 
Mean baseline BP values were 169/96 ± 9/11 mmHg 
and patients were taking an average of 3.9 ± 0.8 anti-
hypertensive drug classes (Table 2).

Procedure characteristics

A 6F guide was used in all patients. Conscious seda-
tion using morphine sulphate (up to 9 mg) and diaz-
epam (up to 20 mg) was used to manage pain during 
the procedure. Episodes of bradycardia observed in 5 
patients (36%) during the procedure were managed 
with administration of 0.5-1.5 mg atropine. The dia-
meters of the right and left renal arteries were 6.17 
± 0.82 cm and 6.20 ± 0.99 cm. Mild arterial stenosis 
(percent diameter stenosis 23 ± 5%) was evident in 
3 patients. Branching of the main renal arteries oc-
curred in 3 (21%) of the treated patients (Figure 1). 
The number of RF applications was 7.1 ± 2.2 for the 
right and 6.3 ± 2.3 for the left renal artery. No device 
malfunctions were encountered. Arterial spasm dur-
ing RF application occurred in 8 patients (57%), in 
8 right (57%) and 4 left (29%) renal arteries (Figure 
2). In all patients with branching of the main renal 
artery, arterial spasm occurred during ablation in ei-
ther one (1 case) or both (2 cases) renal arteries. This 
was not usually relieved by administration of nitrates. 
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However, follow-up Doppler assessment of the renal 
arteries and occasional repeat angiograms showed 
complete restoration of normal arterial flow and res-
olution of the spasm (Figure 2). For the initial 7 pro-
cedures, procedural and fluoroscopy times were 82.1 
± 13.6 min and 14.7 ± 4.7 min respectively, while 
for the last 7 procedures the corresponding times de-
creased to 78.6 ± 9.9 min and 7.9 ± 2.0 min (p=0.613 
and p=0.007), even though the number of lesions in 
the two patient cohorts increased from 5.9 ± 1.7 to 
7.4 ± 2.5 (p=0.090). Detailed procedural characteris-
tics are listed in Table 3.

BP-lowering efficacy and antihypertensive medication 
changes post-procedure

The BP-lowering efficacy of renal denervation was 
not evident concurrently in all patients: in 4 patients 
(29%) BP-lowering was evident immediately after 
the procedure; in 5 patients (36%) it was evident af-
ter 1 month, in 3 patients (21%) after 2 months, in 1 
patient (7%) after 3 months, while in 1 patient there 
was no effect at all. At the latest follow up (6.9 ± 3.4 

months post-procedure) mean BP values were 136/79 
± 10/7 mmHg and patients were taking an average 
of 2.9 ± 0.8 antihypertensive drug classes (Table 2). 
Ninety-three percent of patients had a BP reduc-
tion of ≥10 mmHg at latest follow up. Within-patient 
changes in both systolic and diastolic BP were high-
ly significant (p<0.005 for both systolic and diastol-
ic BP), with BP being reduced by on average 34/18 
mmHg at latest follow up. Figure 3 illustrates the dis-
tribution of systolic BP levels at baseline pre-proce-
dure and at the latest follow up. The number of anti-
hypertensive medications post-procedure was signifi-
cantly lower at follow up (p=0.007).

Safety

The procedure was free of complications for all treat-
ed patients. Six patients (43%) encountered intra-
procedural back pain during the energy delivery. In 
two of them energy delivery had to be interrupted for 
additional administration of morphine and diazepam. 

Discussion

Hypertension is an increasingly important public 
health issue, affecting approximately 25% of the over-
all population.17,18 In the US, the National Health 
and Nutrition Examination Survey estimates that 
more than 50% of people aged 60-69 years old and 
approximately 75% of those aged 70 years or more 
are affected.17 Resistant hypertension affects a grow-
ing and important subset of the population of pa-
tients with hypertension. Population-based studies 
published in the past 2 years indicate that the prev-
alence of resistant hypertension ranges from 9% to 

Table 1. Baseline patient demographics and clinical characteris-
tics.

Variable Data

Age ± SD, years 63 ± 12
Sex (male) 86%
Creatinine ± SD, mg/dL 0.98 ± 0.14
Type 2 diabetes mellitus 18%
Coronary artery disease 30%
Hyperlipidaemia 60%
Ejection fraction ± SD 58.6 ± 3.5%
Valvular disease 13%

Table 2. Blood pressure and antihypertensive medication at baseline and latest follow-up (6.9 ± 3.4 months).

Variable Baseline Latest follow-up
 (n=14) (n=14)

Systolic blood pressure, mmHg 169 ± 9 136 ± 10
Diastolic blood pressure, mmHg 96 ± 11 79 ± 7
Antihypertensive medication

No. of antihypertensive medications ± SD 3.9 ± 0.8 2.9 ± 0.8
Ca2+ channel blocker 79% 36%
b-blocker 86% 79%
Diuretic 100% 79%
Renin inhibitor 21% 0%
ACEI/AT1 antagonist 93% 93%
Centrally acting 7% 0%

ACEI – angiotensin-converting enzyme inhibitor; AT1 – angiotensin 1.
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30% in the population of adult patients with hyper-
tension, as determined from BP readings in the clin-
ic.3,19 This figure decreases to around 8% if BP is 
measured using ambulatory monitoring—a rather 
modest, but still significant proportion of the popula-
tion of patients with hypertension.20,21 A major con-

cern, however, is that the prevalence of resistant hy-
pertension has been progressively increasing since 
1988, despite the improvement in BP control rates 
observed over the same period.20 Studies show that 
patients with resistant hypertension aged >55 years, 
of black ethnicity, with a high body mass index, diabe-

Figure 2. Renal angiogram showing the Symplicity catheter in a branching right renal artery with arterial spasm in the superior branch due 
to radiofreqency application (left panel). Four months later, angiography during a repeat procedure confirmed full resolution of the spasm 
and restoration of the vessel contour (right panel).

Figure 1. Renal angiogram showing the Symplicity catheter in the right (left panel) and the left (right panel) renal artery. Branching of the 
main left renal artery is evident.
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tes or chronic kidney disease, have an increased risk 
of cardiovascular events compared to non-resistant 
hypertensive patients.4,20,22

Novel procedure- and device-based strategies to 
control resistant hypertension include renal sympa-
thetic denervation and baroreflex sensitisation.23 Of 
these, renal denervation appears to be more oper-
ator-friendly, and without any significant complica-
tions. The Symplicity HTN-1 Investigators reported 
a substantial reduction in BP, sustained until ≥2 years 
of follow up without significant adverse events,8 and 
the randomised controlled Symplicity HTN-2 trial 
confirmed a systolic BP (SBP) reduction of 32 ± 23 
mmHg, compared with a change of +1 ± 23 mmHg 
observed for standard of care (p<0.0001), from a 
baseline SBP of 178 ± 18 mmHg.24 Renal denerva-
tion has also been accomplished using an irrigated, 
conventional catheter that is used for electrophysi-
ology ablation procedures.25 A recent cost-effective-
ness and clinical effectiveness analysis, based on the 
findings of the Symplicity HTN-2 trial, suggested that 
catheter-based renal denervation therapy is a cost-ef-
fective treatment strategy for resistant hypertension 
that might be more than an order of magnitude be-
low the recognised threshold of $50,000 per quality-
adjusted life-year, depending on the durability of the 
treatment effect, and that renal denervation might al-
so be associated with substantial reductions in cardio-
vascular morbidity and mortality.26

Our preliminary results concur with these obser-
vations. The procedure is technically easy, and the 
learning curve is rather steep, since procedural and 
fluoroscopy times were rapidly reduced even though 
the mean number of lesions increased. Better BP 
control was achieved, with significantly fewer drugs 
during follow up. No complications were encountered 
during the procedure or during follow up. In our ex-
perience, the main problems of the procedure are 
the inability to obtain a sustained impedance reduc-

tion that allows completion of RF delivery, and pain 
that the patient feels during energy delivery. The rea-
sons for the inability to achieve satisfactory imped-
ance in some parts of certain arteries are not known. 
Replacement of the catheter with a new one did not 
result in success. Another problem that we encoun-
tered in three patients was a feeling of “softening” of 
the ablation catheter during the last ablation sessions, 
with an increase in the difficulty to obtain satisfactory 
impedance values.

In conclusion, our results indicate that renal de-
nervation allows control of BP in cases of resistant 
hypertension, despite a reduction in hypertension 
medication. The procedure is operator-friendly and 
without complications. The only drawbacks are pain 
that the patient may feel during energy delivery, and 
the inability to obtain sustained impedance reduction 
at some sites in the renal artery.
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