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ABSTRACT: Objectives: To evaluate the effect of percutaneous renal denervation in patients with 

resistant arterial hypertension in a prospective, single-center cohort study. Materials and Methods: 
Renal denervation was performed using the Symplicity Renal Denervation System (Medtronic). Office 

blood pressure and 24-hour ambulatory blood pressure were measured before the procedure and then 

1, 3, 6, and 12 months after the procedure. A total of 19 patients underwent renal denervation and 

completed the follow-up. Baseline office systolic blood pressure was 165±20 mmHg and ambulatory 

blood pressure 146±17 mmHg. Results: Office systolic blood pressure dropped significantly in all 

intervals from 3 months to 12 months (P<.05) while the diastolic blood pressure dropped only at the 

1-month interval (P<.05). Ambulatory blood pressure showed only nonsignificant trends toward lower 

diastolic blood pressure at the 3-month interval and lower systolic blood pressure at the 12-month interval. 

Office heart rate displayed a nonsignificant decrease at the 6-month follow-up (P=.08). We observed 

higher use of spironolactone and lower use of centrally acting antihypertensives at the end of the study 

when compared to baseline. The decline in ABPM at the end of the study was dependent on the order in 

which the renal denervation procedures were performed (P<.05). Conclusions: Taken together, renal 

denervation was able to decrease patients’ office blood pressure with no distinct effect on ABPM. Blood 

pressure at the baseline and the order in which the procedures were performed were factors affecting 

the results.
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Resistant arterial hypertension is defined 

as blood pressure of 140/90 mmHg and 

higher despite triple antihypertensive 

therapy, including diuretic.1,2 This condition is ac-

companied by increased morbidity and mortality.3

The Symplicity HTN-1 clinical trial identified a 

significant decrease in blood pressure after renal de-

nervation in patients with resistant arterial hyper-
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tension.4 Further trials brought similar promising 

results.5,6 Later, a large randomized controlled trial 

Symplicity HTN-3 showed a lack of efficacy for treat-

ment of arterial hypertension by renal denervation.7-9 

However, it was suggested that many invasive cardi-

ologists participating at the Symplicity HTN-3 trial 

were inexperienced in the method of renal denervation 

and were still operating on a “learning curve”; some 

investigators performed as few as 2 or 3 procedures.10,11

Considering the above-mentioned limitation of the 

Symplicity HTN-3 trial, we sought to analyze the 

results of renal denervation in our hospital settings. In 

addition to the office (“casual”) blood pressure, we 

also performed the 24-hour ambulatory blood pressure 

monitoring (ABPM) and analyzed our learning curve.

MATERIALS AND METHODS
Study Background

This is a prospective, noncontrolled cohort study, ap-

proved by the Ethics Committee of Pardubice Hospital 

(protocol number 374/25, date of approval March 25, 

2011). Informed consent was obtained from all individual 

participants included in the study. All patients were treated 

in accordance with the Declaration of Helsinki. The study 

sponsor and supplier ended our study prematurely when 

the results of Symplicity HTN-3 became available.

PATIENT SELECTION
A total of 208 patients were screened from January 

2012 to October 2013. Inclusion criteria were based 

on the expert consensus document from the European 

Society of Cardiology.12 Patients with repeated office 

blood pressure measurements over 140/90 mmHg plus 

systolic blood pressure during 24-hour ABPM of 135 

Figure 1. Figure 1. Flow chart of screened 
and enrolled patients (A), change of diastolic 
blood pressure and of kidney function at 
6-month follow-up (B).
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mmHg or higher were invited to participate. Pa-

tients with secondary arterial hypertension, pseu-

doresistant hypertension, and severe kidney disease 

(eGFR<40 mL/min) were excluded. Of the suit-

able candidates, 21 patients agreed to be enrolled in 

the study. Compliance with pharmacotherapy was 

verified by measurement of plasmatic levels of anti-

hypertensives (n=8), administration during hospital 

stay (n=6), or by patients recording the use in a diary 

(n=4). Of the 21 patients, 2 were lost to follow-

up. Thus, 19 patients completed the study (Figure 

1A). Demographic characteristics are as follows: age 

57.1±14.7 years, 10 (53%) women, 8 (42%) patients 

with diabetes mellitus and body mass index (BMI) 

30.4±2.8 kg/m2. 

PROCEDURE
The procedure was performed using the single-elec-

trode Symplicity system (Medtronic) as described pre-

viously4 and according to instructions for use provided 

by Medtronic Inc. After intravenous analgosedation, an 

electrode was inserted via a femoral artery, and under 

fluoroscopy control, further introduced into one of the 

renal arteries. Sufficient vessel wall contact (with sup-

posed proximity to the perivascular sympathetic fibers) 

was determined according to visual control using fluo-

roscopy and by measurement of electrical impedance. 

Then, a series of 4 to 6 radiofrequency impulses were 

performed in spiral fashion while progressing proxi-

mally; the same was repeated in the contralateral renal 

artery. Patient vital signs were monitored during the 

procedure. After the procedure, the patients stayed at 

the hospital overnight to check for any periprocedural 

complications.

FOLLOW-UP
The patients were examined 1 month, 3 months, 6 

months, and 12 months after the procedure. Office 

blood pressure, office heart rate, and 24-hour ambula-

tory blood pressure were recorded before the procedure 

and at every medical examination during the follow-up 

period. Office blood pressure was measured 3 times after 

at least 5 minutes of physical rest in a sitting position; 

the average of the second and third measurements was 

used. Intraindividual diurnal variation was minimized 

by scheduling every individual patient at the same time 

of day. In addition, the number of antihypertensives as 

well as the use of spironolactone and centrally acting an-

tihypertensives were evaluated at all intervals. To verify 

safety of renal denervation, glomerular filtration rate 

was calculated at the 6-month and 12-month follow-up 

time point and were compared to the baseline values. 

Patients with a drop in office blood pressure by 10 

mmHg4 or with a drop in ABPM by 5 mmHg at 6 

months follow-up were considered responders. When 

the values were missing, we considered the values ob-

tained at the 12-month interval.

Statistical power of our analyses was limited by the 

lack of ABPM values in some of the patients during 

follow-up: 15 out of 19 patients came to the ABPM at 

3 months, 8 of 19 at the 6-month interval, and 16 of 

19 at the end of the follow-up. For office blood pres-

sure, 17 patients fulfilled the follow-up at 3 months, 

14 patients at 6 months and 16 patients at 12 months.

STATISTICAL EVALUATION
Continuous variables are presented as mean ± stan-

dard deviation for data with normal distribution, me-

dian (interquartile range) for data with non-Gaussian 
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distribution. Categorical data are presented as abso-

lute values (percentages). Most of the analyses were 

performed using Graph Pad Prism 6.07; the same 

software was used for the creation of graphs. Nor-

mality was tested by means of D’Agostino-Pearson 

omnibus test. Paired t test was used to compare nu-

meric variables in the case of normal distribution and 

Mann-Whitney test for non-Gaussian distribution. 

Chi-square test was used for comparison of frequen-

cy. The association between number of lesions and 

the decline in blood pressure was tested by linear 

regression, with the number of lesions as an indepen-

dent value. Similarly, linear regression with order of 

procedure performed as an independent value and 

decline in blood pressure as a dependent value was 

used for learning curve analysis. When comparing 

responders with nonresponders and when comparing 

the first and second half of participants;13 an unpaired 

t test in Microsoft Excel 2010 was used. A P value 

of <.05 was considered statistically significant.

RESULTS
Safety

Two patients reported strong pain during renal 

denervation despite adequate analgosedation. Two 

other patients had episodes of vagal reaction (brady-

cardia with hypotension) following sheath removal 

with full spontaneous recovery. Otherwise the pro-

cedure was well tolerated. There were no major 

periprocedural complications, e.g. bleeding, pseudo-

aneurysm, thromboembolic events, or kidney injury. 

The estimated glomerular filtration rate displayed a 

nonsignificant drop from baseline to 6 months follow-

up and remained unchanged from 6-month to 12-month 

Table 1: Characteristics at Baseline and Follow-up

Baseline 3 months 6 months 12 months

Daytime ABPM 150(16)/82(20) 150(16)/77(17) 152(17)/74(28) 140(15)/74(15)

Nighttime ABPM 136(29)/75(14) 138(28)/68(11) 141(22)/70(9) 130(24)/68(13)

Heart rate 70(5) 68(17) 66(7) 65(6)

eGFR (mL/min/1.73m2) 90.0(34.8) N/A 79.8(17.4) 82.2(24.0)

Antihypertensives used 5.1±1.2 4.9±1.1 
(P<.05) 4.9±1.1 5.1±13

Spironolactone use 4 (21%) 29% 43% 53%  
(P<.05)

Centrally acting  
antihypertensives 19(100%) 88% 93% 68% 

(P<.01)

ABPM, ambulatory blood pressure measurement; eGFR, epidermal growth factor receptor.
P value shown in the case of significant difference from the baseline.
Continuous variables are presented as mean ± standard deviation for data with normal distribution, median (interquartile 
range) for data with non-Gaussian distribution. 
Categorical data are presented as absolute values (percentages). 
N/A = not applicable (not measured). 
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follow-up (Table 1). There was no association between 

the numbers of lesions applied by radiofrequency abla-

tion and change in glomerular filtration rate. When com-

paring changes in blood pressure and changes in kidney 

function, there was only a trend (P=.07) toward decreas-

ing glomerular filtration rate with increasing diastolic 

blood pressure at 6-month follow-up (Figure 1B). No 

association was found between the order of procedure 

and change in kidney functions; change in glomerular 

filtration rate did not differ between the first and second 

half of participants (not shown). 

OFFICE BLOOD PRESSURE AND HEART RATE
Office systolic blood pressure dropped in all inter-

vals when compared to baseline -13±32 mmHg at 1 

month (P=.16, not significant), -13±23 mmHg at 3 

months (P<.05), -14±17 mmHg at 6 months (P<.01) 

and -18±21 mmHg at 12 months (P<0.01).

Diastolic blood pressure displayed the following trend: 

a decrease by -4±13 mmHg at 3 months (not signifi-

cant), -7±19 mmHg at 6 months (not significant), and 

-4±10 mmHg at 12 months (P=.08, not significant) 

(Figure 2A). 

Office heart rate displayed a nonsignificant decline 

during 3- to 12-month follow-up; the decrease was 

most pronounced at the end of follow-up: -6±5 beats 

per minute at 6 months and -5±7 beats per minute at 

12 months (Table 1).

There were 8 responders among 16 participants at 

the 6-month follow-up (50 %) and 14 of 18 at the 

12-month follow-up (78 %). When using the val-

ues from 12 months, in cases of missing values at 6 

months, a total of 11 out of 19 patients (58%) were 

considered responders. 

ABPM DURING FOLLOW-UP
The systolic blood pressure displayed a nonsignifi-

cant trend toward lower values at the end of the fol-

Figure 2. Changes of office blood pressure (A) and 24-hour ambulatory blood pressure monitoring (B) before and 
after renal denervation. Stars mark significant changes from baseline.
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low-up when compared to baseline: -7±16 mmHg 

(P=.097). The diastolic blood pressure displayed a 

trend toward lower values at the 3-month interval 

when compared to baseline: -5 mmHg ± 8 mmHg 

(P=.053) (Figure 2B). 

When separated into daytime and nighttime values, 

there was a trend toward lower daytime systolic blood 

pressure at the end of the follow-up when compared 

to baseline: -10±18 mmHg (P=.057). In addition, 

both daytime and nighttime diastolic blood pressure 

were lower at the 3-month interval when compared to 

baseline (P<.05 for both). There was also a nonsignifi-

cant trend to lower daytime diastolic blood pressure at 

the end of the follow-up when compared to baseline 

(P=.099). As expected, blood pressure was higher dur-

ing daytime than during nighttime (Table 1). 

There were 4 responders among 8 participants at 

the 6-month follow-up (50%) and 8 out of 15 at the 

12-month follow-up (53%). When using the values 

from 12 months, to account for cases of missing 

values at 6 months, a total of 7 out of 16 patients 

(44%) were considered responders. 

MEDICATION USE
The number of antihypertensive drugs dropped 

slightly from baseline -0.5±1.2 at the 3-month fol-

low-up (P<.05). The count remained the same at 6 

months, but it returned to baseline at the 12-month 

follow-up. 

The use of spironolactone displayed an increasing 

Table 2: Comparison of Baseline Values in Responders and Nonresponders (Office Blood Pressure)

Office blood pressure Responders Nonresponders

Age (years) 56.0±15.1 58.1±15.0

Percentage of women 56% 50%

Body mass index (kg/m2) 30.9±3.3 30.0±2.3

Diabetes mellitus 44% 40%

Heart rate 70.0(7.8) 72.0(9.0)

eGFR (mL/min/1.73m2) 77.5±21.3 100.3±35.2

Office blood pressure (mmHg) 172±21/96±15 159±18/85±11 

ABPM (mmHg) 146(12)/81(12) 143(21)/71(15)

Antihypertensives used 4.9±1.3 5.3±1.2

Spironolactone use 33% 10%

Centrally acting antihypertensives 100% 100%

ABPM, ambulatory blood pressure measurement; eGFR, epidermal growth factor receptor.
Continuous variables are presented as mean ± standard deviation for data with normal distribution, median (interquartile 
range) for data with non-Gaussian distribution. 
Categorical data are presented as absolute values (percentages). 
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trend during the follow-up. This increase reached 

statistical significance at the 12-month follow-up: from 

baseline 21% to 53% at 12 months (P<.05). 

The use of centrally acting antihypertensives displayed 

a nonsignificant drop at the 3-month and 6-month 

follow-up; the decline from a baseline of 100% to 68% 

at the 12-month follow-up was significant (P<.01) 

(Table 1).

COMPARISON OF RESPONDERS TO NONRESPONDERS
The responders had higher baseline office systolic 

blood pressure, higher baseline ABPM systolic blood 

pressure, a lower rate of spironolactone use, and a lower 

glomerular filtration rate than nonresponders. How-

ever, none of these differences reached the level of 

statistical significance (Table 2). 

When separating the participants based on ABPM 

response, the responders had higher baseline systolic 

blood pressure than the nonresponders (P<.001). The 

following values in responders displayed nonsignificant 

trends when compared to nonresponders: greater age 

(P=.06), higher BMI, higher percentage of diabetes 

mellitus, and lower glomerular filtration rate (Table 3).

ROLE OF NUMBER OF LESIONS
There was no association between the numbers of 

lesions applied by radiofrequency ablation with the 

change in office systolic blood pressure at any in-

terval. On the other hand, there was an association 

between the office diastolic blood pressure decline 

at the end of the study and the number of lesions 

(P<0.05; Figure 3).

When evaluating the relationship between the 

number of lesions and ABPM, we observed only a 

trend toward deeper decrease of blood pressure at 

the end of the follow-up with greater number of 

Figure 3. The number of radiofrequency lesions and office diastolic blood pressure change.
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lesions (P=.06; data not shown).

Number of lesions did not differ either between 

office blood pressure responders and the nonre-

sponders, or between ABPM responders and non-

responders. There was no correlation between the 

order in which the procedures were performed and 

number of lesions applied; number of lesions did 

not differ in the first and second half of the cohort 

(data not shown).

LEARNING CURVE ANALYSES
We were not able to prove any association be-

tween order of renal denervation with office blood 

pressure, neither systolic nor diastolic, at any time 

point. However, there was a dependence of both 

ABPM systolic and diastolic blood pressure change 

at the 12-month follow-up on the order of renal de-

nervation (P<.01 for systolic blood pressure, P<.05 

for diastolic blood pressure; Figures 4A and 4B). In 

addition, the averages of the values obtained during 

3-month, 6-month, and 12-month follow-up were 

also dependent on the order of renal denervation; 

this was observed for both ABPM systolic and dia-

stolic blood pressure (P<.01 for both; not shown).

There were no significant differences in the changes 

of blood pressure between the first and the second 

Table 3: Comparison of Baseline Values in Responders and Nonresponders (Ambulatory Blood Pressure  
Measurement)

ABPM Responders Nonresponders

Age (years) 68.0(8.5) 52.0(25.0)

Percentage of women 71% 56%

Body mass index (kg/m2) 31.4(3.8) 29.6(3.0)

Diabetes mellitus 57% 33%

Heart rate 70.0(8.9) 70.0(3.8)

eGFR (mL/min/1.73m2) 94.2(14.7) 90.0(54.0)

Office blood pressure (mmHg) 160(24)/85(6) 157(20)/90(17) 

ABPM (mmHg) 158(21)/84(22) 140(9)/71(11) 
(P<.001)

Antihypertensives used 5.0(1.5) 5.0(2.0)

Spironolactone use 14% 22%

Centrally acting  
antihypertensives 100% 100%

ABPM, ambulatory blood pressure measurement; eGFR, epidermal growth factor receptor.
P value shown in the case of significant difference from the baseline.
Continuous variables are presented as mean ± standard deviation for data with normal distribution, median (interquartile 
range) for data with non-Gaussian distribution. 
Categorical data are presented as absolute values (percentages). 

Cop
yri

gh
t H

MP C
om

mun
ica

tio
ns



ORIGINAL RESEARCH

 Vascular Disease Management®   August 2016    191 

half of participants, neither in office blood pressure 

nor in ABPM. There were nonsignificant trends to-

ward further decline of blood pressure in the second 

half of participants compared to the first half from 6 

months to 12 months: office blood pressure -5±14 at 

6 months and -2±6 at 12 months in the first half vs 

-18±21 at 6 months and -11±23 at 12 months in the 

second half; ABPM was 0±8 at 6 months and +3±6 

at 12 months in the first half vs -13±17 at 6 months 

and -7±12 at 12 months in the second half. The 

second half of participants also had higher baseline 

systolic ABPM than the second half (Figure 4C).

DISCUSSION
Renal denervation was found to be safe because no 

major periprocedural complications were observed. 

There was no significant alteration of kidney func-

tion, which supports findings of other groups.7,14,15 

The anatomical dispositions in our cohort allowed 

standard femoral access as recommended by the man-

ufacturer. Transradial approach suggested by some 

authors15,16 would not be possible in our study due 

to length of the catheter.

In our cohort, we were able to document a de-

cline in office blood pressure after renal denervation. 

On the other hand, the values obtained by 24-hour 

ABPM were not significantly affected. Ambulatory 

blood pressure monitoring is considered to be a more 

sensitive risk predictor of clinical cardiovascular out-

comes, such as coronary morbid or fatal events and 

stroke, than office blood pressure.1 Therefore, the 

question remains whether the decline in office blood 

pressure in our study group was caused by bias or 

due to the fact that the patient cohort size was too 

small to identify any difference in ABPM. 

The change of office diastolic blood pressure at the 

end of the follow-up was dependent on the number 

of lesions applied during the procedure. Interest-

ingly, office systolic blood pressure was not affected 

by this factor at any time point. We found that the 

change in ABPM at the end of the follow-up was 

related to the order of procedure. This suggests that 

we were in a learning curve during the study. We 

suspect that the lack of significant differences in blood 

pressure as determined by ABPM may be attributed 

to the premature termination of the study. Another 

possible explanation is that the patient selection was 

more stringent in the second half of the participants 

as the second half of participants had more severe 

arterial hypertension at the baseline.

Our results are in accord with Desch et al, who 

reported no benefit of renal denervation on 24-hour 

systolic blood pressure at 6 months in patients with 

mild resistant arterial hypertension.17 The values of 

baseline ABPM in our cohort were similar to those 

reported in their study.

In a larger study, Mahfoud et al described an im-

provement in both office blood pressure and ABPM 

in patients with true resistant hypertension, whereas 

only office blood pressure was affected in patients 

with pseudoresistant hypertension.18 We considered 

their approach to separate patients according to base-

line ABPM into true resistant hypertension and pseu-

doresistant hypertension to be optimal. Our findings 

of higher baseline ABPM in responders compared 

to nonresponders are in accord with their findings. 

Sharp et al from the United Kingdom performed 

a multicenter retrospective analysis with an aver-
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age of 15 cases per center, which is similar to the 

number in our study. They reported a decline in 

both office blood pressure and ABPM.19 In contrast, 

we were not able to prove differences in ABPM. 

This discrepancy might have been caused by mark-

edly higher values of baseline ABPM in their study 

when compared to ours as well as higher statistical 

power of the multicenter analysis. When compared 

to the Symplicity HTN-3 study with an average of 

4 renal denervations per center,7 the study by Sharp 

et al19 seems to have reached beyond the period of 

a “learning curve.” Clearly, it would be optimal to 

perform a randomized, sham-controlled trial with 

experienced cardiologists and a high number of renal 

denervations per center. 

When we compared responders to nonresponders, 

we found that more severe hypertension at the begin-

ning predicts a higher chance of its decrease after renal 

denervation. This is in accord with the data from 

the Global SYMPLICITY Registry20,21 in which the 

authors described deepest decline of blood pressure 

in patients with baseline systolic blood pressure of at 

least 160 mmHg; similar findings were observed by 

Id et al.22 On the other hand, very high values at the 

baseline were suggested to be the case of a big-day 

bias, that is, local maximum at the time of measure-

ment while fluctuating over a longer time period.23

Besides high baseline blood pressure, low BMI was 

identified as a predictor of good response to renal 

denervation and, conversely, high BMI was asso-

ciated with poor response.22 In the present study, 

A B

C
Figure 4. Change in systolic (A) and diastolic (B) 
ambulatory blood pressure measurement (ABPM) 
at the end of the study and by order of procedure 
performed, comparison of first and second half of 
participants, ABPM systolic blood pressure only 
(C). Number of patients with ABPM at 3 months, 6 
months, and 12 months was 7, 3, and 8, respectively, 
in the first half of participants and 8, 5, and 8, 
respectively, in the second half of participants.
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the differences in BMI were neither significant nor 

clinically relevant. 

Some authors reported a decrease in number of 

administered antihypertensives after renal denerva-

tion,24 whereas others reported no change.25 We 

did not observe any change in the total number of 

antihypertensive medications. We noted two sig-

nificant changes: higher use of spironolactone and 

lower use of centrally acting antihypertensives at the 

end of the study when compared to baseline. Addi-

tion of spironolactone to the therapy might lead to 

a bias by proper titration of pharmacotherapy after 

the procedure. Using spironolactone was led by the 

results of the ASCOT-BPLA (Anglo-Scandinavian 

Cardiac Outcomes Trial-Blood Pressure Lowering 

Arm) study26 together with preliminary results of the 

ASPIRANT (Addition of Spironolactone in Patients 

With Resistant Arterial Hypertension) study.27,28 Ef-

ficiency of spironolactone for this indication was 

confirmed by other groups.29,30 

There were some limitations in our study. First, 

the number of the patients was relatively low and 

may have led to negative results even in the pres-

ence of clinical effect. Second, some patients missed 

out some of the controls during the follow-up, thus 

further diminishing statistical power of our study. On 

the other hand, the percentage of ABPM available 

at the end of our study (79%) was similar to a multi-

center study from the United Kingdom (73%)19 and 

higher than in the Global SYMPLICITY Registry 

(51%).20,21 Third, we used only a single-electrode sys-

tem, whereas the multielectrode systems have been 

suggested to better position the lesions.31

CONCLUSIONS
Taken together, renal denervation was able to de-

crease patients’ office blood pressure, especially sys-

tolic blood pressure, but had no distinct effect in the 

ABPM. Blood pressure at the baseline and the order 

of performed procedure were factors affecting the 

results in the present study.n
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