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aBstRact

Background: Hypertension is an important, modifiable risk factor for the development 
of atrial fibrillation (AF). Even after pulmonary vein isolation (PVI), 20–40% experience 
recurrent AF. Animal studies have shown that renal denervation (RDN) reduces AF 
inducibility. One clinical study with important limitations suggested that RDN additional 
to PVI could reduce recurrent AF. The goal of this multicenter randomized controlled study 
is to investigate whether RDN added to PVI reduces AF recurrence.

methods and results: The main end point is the time until first AF recurrence according to 
EHRA guidelines after a blanking period of 3 months. Assuming a 12-month accrual period 
and 12 months of follow-up, a power of 0.80, a two-sided alpha of 0.05 and an expected 
drop-out of 10% per group, 69 patients per group are required. We plan to randomize 
a total of 138 hypertensive patients with AF and signs of sympathetic overdrive in a 1:1 
fashion. Patients should use at least two antihypertensive drugs. Sympathetic overdrive 
includes obesity, exercise-induced excessive blood pressure (BP) increase, significant 
white coat hypertension, hospital admission or fever induced AF, tachycardia induced AF 
and diabetes mellitus. The interventional group will undergo PVI + RDN and the control 
group will undergo PVI. Patients will have follow-up for 1 year, and continuous loop 
monitoring is advocated.

conclusion: This randomized, controlled study will elucidate if RDN on top of PVI reduces 
AF recurrence.
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intRodUction

Atrial fibrillation (AF) is the most common arrhythmia and its prevalence rises 
exponentially after the age of 60 years. It is expected that the prevalence of AF will increase 
in the ageing population of Europe in the upcoming years. Besides its disabling symptoms, 
AF is associated with serious morbidity (e.g. thromboembolism, CVA, heart failure) and 
increased mortality.1 Results of medical therapy to prevent AF are very modest, and 
reported as 30% success in achieving long term sinus rhythm. Catheter ablation of AF 
(i.e. pulmonary vein isolation, PVI) is significantly more successful in obtaining and 
maintaining sinus rhythm with a success rate of 60-80% after one or more interventions. 
The rationale of PVI for AF lies in the fact that arrhythmogenic foci arising from the 
pulmonary veins induce fibrillatory electrical activity in the left atrium, hereby initiating 
and perpetuating AF. It is hypothesized that this mechanism is most important in patients 
with paroxysmal AF. If AF recurs more than once but terminates spontaneously within 
seven days, the term paroxysmal AF is used. This is also used when the episode is less than 
48 hours in duration and is terminated with electrical or pharmacological cardioversion. 
Persistent AF is defined as recurrent AF that is sustained for more than seven days. A 
patient who is electrically or pharmacologically cardioverted after more than two days is 
also diagnosed with persistent AF. The AF recurrence rates are even higher in patients with 
persistent AF (40-50%). Experimental and clinical research have shown that the autonomic 
nervous system has an important role in the induction and persistence of AF, and on the 
histopathological and electrical substrate in the atria (fibrosis, functional conduction 
blocks).2,3 This has drawn the attention of cardiac electrophysiologists to the treatment 
of modifiable factors in order to prevent AF episodes.4 Is has been reported that patients 
with sympathetically induced (supra)ventricular arrhythmias in the setting of resistant 
hypertension remained free of arrhythmias after renal artery denervation (RDN).2,5-7 It is 
hypothesized that by applying ablational therapy in the renal arteries, the connection of 
the sympathetic nervous system within the renal arterioles is at least partially severed.8 
See Figure 1 for a summary of the mechanisms between the central nervous system, the 
kidneys and the heart that initiate arrhythmia. By applying this new interventional therapy 
in patients with therapy resistant hypertension, it was demonstrated in several reports 
that the sympathetic overdrive inducing hypertension was prevented, and significant 
reductions in blood pressure were achieved.6,8-13 Furthermore a beneficial effect on cardiac 
(diastolic) function was shown.14 Pre-clinical trials carried out by Liang et al demonstrate 
that RDN prevents AF inducibility in a dog model.15 Similar results have been found in a 
rabbit heart failure model.16 Furthermore, in a small clinical study, 27 patients with AF 
were randomized to PVI or PVI + RDN. Patients who underwent PVI + RDN had significantly 
less episodes of AF than those undergoing PVI alone.17 This report however involved a 
very limited number of patients, had important study limitations rendering its results 
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less reliable, and consisted of a very selected group. Loop recorder data of these patients 
demonstrated a lower AF burden in patients that underwent RDN.18 We hypothesize that 
patients who have paroxysmal or persistent AF, with hypertension (systolic >140 mmHg 
or >130/80 mmHg in diabetics and patients with chronic renal disease according to the 
ESC guideline on arterial hypertension19) and signs of sympathetic overdrive, will benefit 
from RDN on top of the standard ablative therapy (PVI). Therefore, we have initiated a 
randomized controlled trial that will assess the effects of PVI and RDN+PVI on the success 
of preventing AF recurrence. Furthermore we will assess the effect of these therapies on 
several aspects of the cardiovascular system and the autonomic nervous system. The 
study is listed at clinicaltrials.gov (NCT02115100).

methods

Primary aim

To investigate if renal artery denervation in combination with pulmonary vein isolation, 
prevents AF recurrence significantly better in patients with out of range hypertension and 
signs of sympathetic overdrive.

figure 1. Mechanism of arrhythmia triggering through the reno-cardiac axis (re-use courtesy of Heart 
Rhythm).
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Secondary aim(s)

Investigate the effects of renal artery denervation on the sympathetic innervation of the 
heart and the general sympathetic drive and the effects of RDN on arterial stiffness and 
hemodynamic parameters.

Study design

The ASAF trial is a prospective, randomized, controlled, multicenter, international clinical 
trial. Patients are not blinded for their procedure.

Patient population, inclusion and exclusion criteria

The target group of patients are subjects aged <75 years, with paroxysmal or persistent 
AF, who have out of range hypertension (systolic >140 or >130/80 mmHg in diabetics and 
patients with chronic renal disease) and signs of sympathetic overdrive. Sympathetic 
overdrive is defined when patients show one or more of the following features: obesity 
(BMI >30), excessive blood pressure rise (peak systolic blood pressure >250 mmHg) on 
exercise stress testing, white coat hypertension (normal ambulatory blood pressure 
measurements despite hypertension in a clinical setting which is associated with an 
increase in sympathetic drive20), raised serum cortisol during illness or admission, 
hospital admission or fever induced AF, tachycardia induced AF during Holter monitoring 
or telemetry and/or diabetes mellitus. Patients should use at least 2 antihypertensive 
drugs or should be intolerant for medication. The following medication is seen as 
antihypertensive medication: angiotensin II blocker, ACE inhibitor, alpha blocker, beta 
blocker, calcium antagonist, diuretics, central acting agents and renin inhibitors. Apparent 
secondary causes for hypertension and/or AF should be excluded by a vigorous protocol. 
We hypothesize that the proportion of AF free survival after a single procedure of PVI will 
be 60% after one year compared to 80% in the PVI + RDN group. We will perform a log-rank 
test to test a hazard ratio of 0.437 (RDN + PVI versus PVI). 69 patients per group are required 
for a log-rank test to test a hazard ratio of 0.437, with a power of 0.80, a 2-sided alpha of 0.5 
and an expected drop-out of 10% per group assuming a 12 month accrual period and 12 
months follow-up. For the sample size calculation the approach of Schoenfeld and Richter 
was used.
In order to be eligible to participate in this study, a subject must meet all of the following 
criteria: 1. The patient is willing and able to comply with the protocol and has provided 
written informed consent. 2. The patient falls within the target group as stated earlier. 
3. Patient is an acceptable candidate for renal denervation treatment. 4. Patient is < 75 
year of age. A potential subject who meets any of the following criteria will be excluded 
from participation in this study: 1. Documented left atrial diameter on trans thoracic 
echocardiography (PLAX > 4.5 cm). 2. Contraindication to chronic anticoagulation 
therapy or heparin. 3. Previous left heart ablation procedure for AF. 4. Acute coronary 
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syndrome, cardiac surgery, PCI or stroke within 3 months prior to enrolment. 5. Untreated 
hypothyroidism or hyperthyroidism. 6. More than grade 1/3 valvular regurgitation and/
or significant valve stenosis (modest or severe). 7. LVEF <45% and/or grade 3/4 diastolic 
dysfunction. 8. Enrolment in another investigational drug or device study. 9. Woman 
currently pregnant or breastfeeding or not using reliable contraceptive measures 
during fertile age. 10. Mental or physical inability to participate in the study. 11. Planned 
cardiovascular intervention. 12. Life expectancy ≤ 12 months. 13. Renal artery stenosis 
>50% of the arterial lumen, or renal artery lumen ≤3 mm. 14. Dual or triple ipsilateral renal 
artery ostia not suitable for RDN. 15. Obvious secondary cause of hypertension.
Patients who satisfy the entry criteria will be randomized by an automated system in 
order to minimize bias based on patient selection and baseline characteristics. The 
randomization will be generated with random permuted blocks with a 1:1 allocation of 
treatments.
The control group will be the group that underwent pulmonary vein isolation. See figure 2 
for the randomization into the two arms of this study.

Interventional group (1)

These patients will undergo renal artery denervation and pulmonary vein isolation. Renal 
artery denervation will be performed by femoral arterial catheterization, and cannulation 
of the renal arteries. A number of ablations will be performed in the left and right renal 
artery according to our previously described protocol. In a subset of patients, renal 

 

Patients should use at least 2 antihypertensives

or should be intolerant for medication

Patients with paroxysmal or persistent atrial fibrillation
with out of range hypertension 

(systolic > 140 mmHg or > 130/80 mmHg in diabetics and patients with 
chronic renal disease) 

or signs of sympathetic overdrive

Interventional group

PVI + RDN (N = 69)

Control group

PVI (N = 69)

figure 2. Each arm of the study contains 69 patients. The investigational groups will receive PVI + RDN. The 
control group will receive PVI only.
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nerve stimulation (RNS) will be used to assess the completeness of ablation. Pulmonary 
vein isolation will be performed by femoral vein cannulation, transseptal puncture, and 
circular antral radiofrequency or cryo-ablation of the pulmonary veins, with confirmation 
of isolation.

Control group (2)

These patients will undergo pulmonary vein isolation. Pulmonary vein isolation will be 
performed as stated above. No other sham procedure will be performed in the control 
group.

Pre procedural measurements

Pre-treatment: 24 hour Holter monitoring or cardiac rhythm monitoring with a loop 
recorder (AF burden), lab tests, number of antihypertensives, 24-h ambulatory blood 
pressure monitoring, office blood pressure measurement. An internist with a special 
interest in hypertension treatment assesses the patients prior to randomization.

Procedure

Shortly the procedure is as follows. A complete workup including CT or MRI scan of 
the renal arteries is performed before the intervention and eligible candidates with 
symptomatic AF are included. The right femoral artery is punctured, and via a Seldinger 
technique a guiding wire is introduced. Afterwards a sheath is introduced. A pigtail catheter 
is introduced through the sheath and a contrast angiogram of the abdominal aorta is 
made depicting the renal arteries. Subsequently, the renal artery is cannulated with the 
multi-electrode Symplicity Spyral catheter through a guiding sheath. This catheter has 
the advantage of activating up to 4 electrodes to simultaneously deliver radio frequency 
energy, reducing the ablation time to 2 minutes. The ablation catheter is introduced up 
to the first bifurcation and extensive ablations according to our previously described 
protocol in both renal arteries, with 0.5 cm distance between ablation points. In a subset 
of patients the renal nerve stimulation (RNS) technique is used to assess completeness 
of renal denervation, providing us with more data and stimulation properties in a non-
resistant hypertensive population21-23.

Periprocedural measurements

Blood pressure measurement before and after intervention. Periprocedural blood pressure 
before intervention and after intervention.

Follow up

Post treatment and follow up (3, 6 and 12 months): 24 hour Holter monitoring or cardiac 
rhythm monitoring with a loop recorder, lab and urine tests, number of antihypertensive 
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drugs, 24 hour ambulatory blood pressure measurement, office blood pressure 
measurements. Specific drug adherence testing was not included in the ASAF study 
protocol. Although very important, this drug adherence issue is beyond the scope of our 
current study. A drug up-titration scheme is not part of the ASAF study, most patients 
with atrial fibrillation who suffer from hypertension referred for treatment do not have 
uncontrolled or resistant hypertension.

Main study end point

Time to first detection of AF >30 seconds, with the monitoring period starting 3 months 
after the intervention.

Secondary end points

1. AF burden after 12 months of follow-up, expressed in % of the monitoring period, in 
patients with continuous rhythm monitoring. The monitoring period starts 3 months after 
the intervention. 2. Blood pressure at 3, 6, 12 months after the intervention, and change in 
blood pressure compared to measurement before the intervention.

Other endpoints

The other end points include laboratory measurements, ambulatory blood pressure 
monitoring, Holter monitoring, rhythm assessments (AF burden) from implantable 
continuous loop recorder and exercise stress tests.

Use of co-intervention

In all groups, Vaughan-Williams class 1c, class II, class III (only sotalol) and/or class 
IV antiarrhythmics can be used. The goal is to stop class 1c or class III antiarrhythmic 
medication after 3 months after the intervention. The physician can re-initiate these 
antiarrhythmics when needed, with proper documentation of these changes in medication. 
If used, amiodarone should be stopped at least 3 months before the intervention. 
Antihypertensive medication should not be changed, unless grade 3 hypertension 
(office BP >180/110 mmHg) persists, or symptomatic orthostatic hypotension is present. 
Physicians are expected to use only antihypertensive drugs of the following classes: 
angiotensin II blocker, ACE inhibitor, beta blocker, calcium antagonist and diuretics.

Early termination of the study

The study will be terminated if safety data indicate that treatment is associated with 
important AEs or in case of unacceptable patient risk exposure. In that case an unscheduled 
interim analysis will be performed and the decision to stop the trial will be at the discretion 
of the DSMB.
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statistical analysis

Intention-to-treat (ITT) population

The ITT population consists of patients who have met the study entry criteria and have 
granted informed consent to participate in this study. These criteria are a prerequisite 
to randomization. This analysis population is also referred to as the all Randomized 
Subjects Set (RSS), or Enrolled Set. All analyses will be based on this population if there 
is post-randomization data for every patient. All baseline characteristics (e.g. summary of 
demographics) will be summarized on this analysis set. All results listings will be based on 
the ITT population.

Full Analysis Set (FAS)

The FAS consists of patients from the ITT population who have treatment-related data 
post randomization. This analysis set is as complete as possible and as close as possible to 
the ITT population. If the FAS population is not, in practice identical to the ITT population, 
the FAS will be used for all non-baseline analyses.

Per Protocol Set (PPS)

The PPS population consists of all subjects from the FAS set with evaluable data and 
who have demonstrated full compliance with the study protocol (i.e. there is absence 
of any major protocol violations including the violation of entry criteria). Minor protocol 
deviations would be judged at the Data Review Meeting and deemed as such, before 
subjects can be retained in this population. The problems that lead to the exclusion 
of subjects to create the PPS, and other protocol violations, will be fully identified and 
summarized per treatment group, indicating frequencies, date and time of occurrence, 
where applicable.

Description of Statistical Analysis

We will perform an intention-to-treat analysis, if data permits. Otherwise the next most 
exhaustive study population (FAS) will be used. The eventual study population used will 
be explicitly stated for all results tables and figures generated. All line listings will be based 
on the ITT population and the study population would not need to be specified in the 
listings.
Descriptive statistics will be provided for all variables considered in the analysis. 
Continuous variables will be summarized descriptively providing, where applicable, 
the number of patients (N), mean, standard deviation (SD), median, minimum (min) 
and maximum (max), and interquartile range. Categorical variables will be expressed as 
counts and percentages (%). Percentages will be calculated according to the number of 
patients for whom data are available. P-values and accompanying Effect Size (Eta-squared 



Chapter 7

120

values) statistics will be presented where applicable. The former will be used as a flag to 
filter for subsets of statistically significant results during comparison of treatment groups, 
if required. Unless otherwise stated, calculations will be performed per treatment group.

Primary endpoints

For key results changes (and percentage change, if deemed appropriate) from baseline 
will be summarized descriptively providing, the N, Nmiss (number missing), mean, SD, 
median, min and max; where applicable. The primary study endpoint is time to first 
detection of AF >30 seconds, with the monitoring period starting 3 months after the 
intervention. The primary objectives are to investigate (I) if RDN in combination with PVI 
prevents AF; (II) if there is superiority of the RDN procedure in combination with the PVI 
procedure in contrast to the PVI procedure alone. The primary outcome measure will be 
tested by Kaplan Meier curves and log-rank tests. The Kaplan Meier curves will indicate 
freedom of AF >30 seconds after 1 year of follow-up with the monitoring period starting 3 
months after the intervention.
For the first part of the primary objective, we will test the absolute outcome values 
(incidence of success vs incidence of non-success for the PVI+RDN group) statistically by 
using Pearson’s chi-squared test. In case of rare events (the expected number per cell 
lower than 5 in more than 20% of the cells) the Fisher Exact test will be used. Two-sided 
95% confidence intervals of the difference in percentages between the incidence groups 
will be calculated using exact methods. For the second part of the primary objective, we 
will test for significance of differences between PVI+RDN versus PVI. We will compare the 
survival distributions of PVI+RDN versus PVI using a log-rank test.
Differences in secondary endpoint absolute outcome values (incidences) will be 
statistically tested between groups by using Fisher’s exact test or Pearson’s chi-squared 
test. Differences in means of continuous data will be statistically tested by performing 
Student’s t-test or, in case the data are not normally distributed, the Mann-Whitney-
Wilcoxon test. Changes in continuous secondary endpoints compared to measurements 
before the intervention (blood pressure and heart rate response, heart rate variability, 
biomarkers, arterial stiffness measures) will be tested by paired t-tests. If the normality 
assumption is not met we will perform Wilcoxon Signed Rank Tests.
For blood pressure (systolic and diastolic) effects over time a two way repeated measures 
ANOVA will be performed. If the normality assumption is not met we will transform the 
data. We will test the interaction between treatment (PVI+RDN versus PVI) and time.
ANOVA assumes sphericity (compound symmetry), i.e. all the correlations of the outcome 
variable between repeated measurements are equal and all the variances of the outcome 
variable at each of the repeated measurements are equal. If the sphericity assumption is 
violated we will perform ANOVA with a Greenhouse and Geisser correction.
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discUssion

This study is a multicenter randomized controlled trial in which RDN on top of PVI is 
one of the arms as a therapeutic procedure for AF. This study will elucidate the added 
benefit of renal denervation to standard AF ablation in the prevention of AF recurrence in 
hypertensive patients with signs of sympathetic overdrive.

In animal studies, renal denervation resulted in less inducibility of AF with aggressive 
programmed electrical stimulation. Furthermore, it resulted in less persistent AF when AF 
was still inducible in dogs. Besides, in post myocardial infarction rats, renal denervation 
resulted in a higher left ventricular ejection fraction, significantly improved hemodynamic 
indicators, and lower NT-pro-BNP, as compared with controls.24-26

In a small sample of patients with paroxysmal and/or persistent AF and resistant 
hypertension, renal denervation in addition to pulmonary vein isolation, resulted in 
significantly less patients with AF episodes, compared to patients undergoing pulmonary 
vein isolation only.17 This study however, had very important limitations, i.e. the small 
number of patients included, the changes that have been made to the design of the study 
and the change in end points. Most of these issues have been addressed by Staessen 
et al.27 Apart from one change in the study design, dropping the RDN only arm, none of 
the mentioned limitations are present in the ASAF study. In several studies, including 
randomized controlled trials, it was shown that renal denervation resulted in a significant 
and durable reduction of blood pressure and less need for antihypertensive medication 
use and a higher proportion of patients reaching blood pressure goals. Renal denervation 
resulted in a reduced renal resistive index and incidence of albuminuria without 
adversely affecting glomerular filtration rate or renal artery structure. In all studies, renal 
denervation appeared to be a safe, with a <1% complication rate (renal artery dissection, 
groin bleeding, etc.), without any development of renal artery stenosis.28-30 Importantly, 
there was zero mortality associated with the intervention.

The Symplicity HTN-3 trial however, a sham controlled randomized blinded study, failed 
to meet both its primary (office systolic blood pressure reduction) and its secondary 
(mean 24-h ambulatory blood pressure) endpoints.31 One of the most important concerns 
raised after this trial, was the lack of an acute endpoint. Our group assessed the feasibility 
of renal nerve stimulation (RNS) before and after the procedure to assess this endpoint.21 
Recently we demonstrated that RNS can be used to predict the outcome to RDN in a small 
cohort.22 RNS also elicited an increase in BP in accessory renal arteries after denervation 
of the main arteries, underlining a proof of concept.23 Question remains whether a RDN 
without a procedural endpoint will be effective, but that is beyond the scope of this trial.



Chapter 7

122

We have chosen different inclusion criteria than the classic one for resistant hypertensive 
patients, since our primary goal is to prevent AF, rather than treating resistant hypertension. 
If higher sympathetic tone is present through the renal nervous system, a rise in peripheral 
resistance and thus hypertension should be present. We therefore include patients who 
use two or more antihypertensives and have out of range hypertension.
Additionally, we chose to target patient groups in which previously a higher sympathetic 
tone was proven, such as diabetics, hypertensive patients with significant white coat 
effect, patients with tachycardia or illness mediated AF and patients with excessive blood 
pressure rise on exercise testing.

Our primary endpoint will be recurrence of AF/AFL/AT post-ablation, after a blanking 
period of 3 months after the interventional procedure, which is a frequently used and 
well known endpoint. Recurrence of AF/AFL/AT after ablation will be defined according to 
EHRA guidelines. In patients with continuous loop monitors, we will assess AF burden as a 
secondary endpoint. Treating AF by RDN can be mediated through different mechanisms. 
First, one of the most important risk factors for incident AF, but also for recurrent AF after 
treatment by ablation, is hypertension. We expect that after an added RDN procedure, both 
resting and stress blood pressure will be lower. Furthermore, RDN resulted in improved 
diastolic function and thus less atrial pressure and stretch, which is associated with less 
inducible AF in different studies.32 Finally, a reduction of sympathetic tone by RDN resulted 
in less atrial and ventricular ectopic beats, and even less ventricular tachycardia. By the 
reduction of ectopic beats, fewer trigger moments for the initiation of AF could be present, 
aiding in the prevention of recurrent AF.30 A single blind study is currently investigating the 
effect of RDN on AF burden compared to anti arrhythmic drug regiments.33 This study will 
contribute to assessing the effect of RDN on AF, but does not cover the additional effect 
of RDN on PVI. Another interesting trial currently recruiting patients is the Symplicity AF.34 
The main goal of the Simplicity AF trial is to test the feasibility and safety of performing 
both renal denervation and pulmonary vein isolation. ASAF is an investigator initiated trial. 
The primary endpoint of ASAF trial is AF free survival after a combination of pulmonary 
vein isolation and renal denervation compared to pulmonary vein isolation only. The 
most important difference between the Symplicity AF trial and the ASAF is the emphasis 
on hypertension in the Symplicity AF trial. Hypertension is a modifiable risk factor 
contributing in many patients who suffer from atrial fibrillation. By including patients 
with office systolic BP >150 mmHg whilst on a drug regimen with 3 antihypertensives, 
this study automatically targets a truly hypertensive population. ASAF trial focuses 
on the enhanced sympathetic drive in patients with atrial fibrillation. Independent of 
hypertension, other conditions are accompanied by sympathetic overdrive. We test the 
hypothesis that sympathetic overdrive can be targeted by RDN. In addition to blood 
pressure lowering effect, RDN may have anti-arrhythmic effects. Since the publication 
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of the Simplicity HTN 3 trial, several other important trials have been published. These 
studies partly restore the efficacy of RDN in lowering BP. For example the DENERHTN trial 
by Azizi et al.35 demonstrate the additive effect of RDN on top of stepped care standardized 
antihypertensive treatment. Another more fundamental randomized trial (SPYRAL HTN 
OFF-MED) took resistant hypertensive patients off their drug regimen and divided them 
between RDN and sham procedures. RDN significantly lowered BP in the RDN arm.36 In the 
light of these recent landmark studies we are confident that RDN is still a viable option to 
interfere with possibly multiple factors influencing and maintaining AF.

conclUsion

Concluding, our present trial is the first multicenter randomized, controlled trial, 
assessing the effect of RDN as adjunct therapy on top of standard AF ablation therapy, in 
the prevention of recurrent AF.
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