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Abstract
Objective:  Obstructive sleep apnea (OSA) is independently associated with atrial fibrillation (AF). We hypothesized that renal sympathetic denervation (RSD) could 
decrease the occurrence of AF and apnea/hypopnea index (AHI) in patients with controlled hypertension and OSA. We aimed to compare the impact of continuous 
positive airway pressure (CPAP) and CPAP+RSD in such patients.

Methods: This prospective, longitudinal study included 36 patients recruited between January 2013 and January 2015 at the Arrhythmias and Artificial Cardiac 
Pacing Service at Hospital e Clínica São Gonçalo. Subjects were divided into two groups: a control group (n=22) receiving CPAP and RSD group (n=14) receiving 
CPAP+RSD. All patients underwent 6-month follow-up. Primary and secondary endpoints were decreased in AHI (by polysomnography) and the 30-s occurrence 
of AF (24-hour Holter monitoring).

Results: From baseline to the 6-month follow-up, AHI decreased from 40.3 ± 10.9 to 12.5 ± 6.2 events/hour, and from 39.8 ± 12.1 to 3.6 ± 7.4 events/hour in the 
control (P<0.0001) and RSD groups (P<0.0001), respectively. After 6 months, AF occurrence was significantly higher in the control group (72.73%) than in the RSD 
group (21.43%) (odds ratio: 9.778, 95% confidence interval: 1.904-38.780, P=0.0054). Six-month post-RSD, left atrial volume (P=0.0001), and left ventricular mass 
indexed by body surface area (P=0.0064) significantly decreased. No patients presented RSD-related complications.

Conclusions: The results of this preliminary study indicate that in patients with controlled hypertension, OSA, and paroxysmal AF, RSD significantly and safely 
decreased AF occurrence, AHI, left atrial volume, and left ventricular mass indexed by body surface area.
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Introduction 
Obstructive sleep apnea (OSA) may lead to atrial fibrillation (AF), 

a common cardiac arrhythmia. In a previous report, AF occurred in 
4.8% of patients in the breathing sleep disorder group (N=228), but 
only in 0.9% of those without such disorders (P=0.003) [1]. Further, 
AF can be a contributing factor for various diseases such as cerebral 
or systemic embolism [2]. Thus, AF conversion is crucial to reduce 
cardiovascular morbidity and mortality [3,4]. Particularly, OSA is a risk 
factor for stroke and hypertension [5,6]. Further, continuous positive 
airway pressure (CPAP) reduces death and cardiovascular events and 
improves hypertension control [7,8]. Furthermore, OSA has been 
shown to be independently associated with AF development9, with a 
prevalence rate as high as 50% [10]. Several underlying mechanisms are 
attributable for OSA-induced AF. The main mechanism is intermittent 
nighttime desaturation [1,11]. Nighttime hypoxemia secondary to OSA 
may cause atrial remodeling and dilatation, conduction abnormalities, 
vagal tone hyperfunction, pulmonary vasoconstriction/hypertension, 
or increase in inflammatory markers [11-16].

Accentuated sympathetic nerve activity is a robust risk factor for 
cardiovascular events, such as cerebral infarction and myocardial 
infarction [17]. Peripheral sympathetic nerve activity is accentuated 
in patients with hypertension, congestive heart failure, OSA, obesity, 
diabetes, and chronic renal illnesses. At least 50% of hypertensive 
subjects show potentiated sympathetic nerve activity [18,19].

We hypothesized that renal sympathetic denervation (RSD) can 
reduce the occurrence of AF and apnea/hypopnea index (AHI) in 

patients with controlled hypertension and OSA by modulation of their 
sympathetic hyperactivity. This prospective study aimed to compare 
the impact of CPAP vs. CPAP+RSD in controlled hypertensive patients 
with paroxysmal AF.

Methods
This prospective, longitudinal study involved 36 patients with 

controlled hypertension, normal renal function, or chronic kidney 
disease, and a history of symptomatic paroxysmal AF (PAF). The study 
was conducted in accordance with the Helsinki declaration and was 
approved by the ethics committee of our institution. All patients signed 
the informed consent before inclusion. 

Study subjects

Patients were recruited between January 2013 and January 2015 
at the Arrhythmias and Artificial Cardiac Pacing Service at Hospital 
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e Clínica São Gonçalo, Rio de Janeiro, Brazil. Patients who met the 
following criteria were consecutively enrolled: (i) mean 24-hour 
systolic ambulatory blood pressure measurements (ABPM) of ≥100 and 
<130 mmHg, (ii) essential hypertension for >1 year, (ii) age between 
18 and 70 years; (iii) structurally normal heart to cardiovascular 
magnetic resonance (CMR), without ischemia, fibrosis area, or any 
other disease; (iv) paroxysmal atrial fibrillation (PAF) registered on 
electrocardiogram (ECG) or 24-hour-Holter monitoring (PAF was 
defined as AF episodes lasting <7 days with spontaneous termination) 
at baseline; (v) treatment of PAF with antiarrhythmic drug (sotalol 
hydrochloride or propafenone) in maximal tolerated doses; (vi) 
severe obstructive sleep apnea syndrome, defined as AHI >30 events/
hour; (vii) glomerular filtration rate estimated by the Chronic Kidney 
Disease Epidemiology Collaboration (CKD-EPI equation, [20]. eGFR 
> 60 mL/min/1.73 m2 without microalbuminuria); and (viii) capacity 
to read, comprehend, and sign the informed consent form and attend 
the clinical tests.

Patients that presented any of the subsequent criteria were excluded: 
(i) pregnancy; (ii) valvular disease with significant adverse sequelae; (iii) 
unstable angina, myocardial infarction, transient ischemic attack or 
stroke 6 months before the procedure; (iv) renovascular abnormalities; 
(v) psychiatric disease; (vi) allergy to ionic contrast medium; (vii) 
inability to be monitored clinically after the procedure; (viii) known 
addiction to drugs or alcohol that affects the intellect; (ix) serious 
health condition that, in the investigator opinion’s, may adversely 
affect the safety and/or efficacy of the participant or the study; (x) 
congestive heart failure of functional class II to IV according to the New 
York Heart Association; (xi) previous AF ablation procedure; or (xii) 
treatment with amiodarone. Subjects were divided into two groups. 
In the control group (n=22), patients received continuous positive 
airway pressure (CPAP). In the RSD group (n=14), patients received 
CPAP+RSD. All patients were followed up during 6 months to assess 
sinus rhythm, sleep disorders, and monitor variations in BP, heart rate, 
body mass index (BMI), renal function, and CMR parameters.

The primary endpoint was decrease in AHI recorded by 
polysomnography. The secondary endpoint of this study was the 30-s 
occurrence of AF recorded by the 24-hour Holter monitoring. The 
24-hour Holter monitoring was evaluated at baseline and at 6 months 
after beginning treatment. The tertiary endpoints were evaluation of 
24-hour ABPM, 24-hour-Holter monitoring heart rate, BMI, eGFR, 
albuminuria, and CMR parameters at baseline and 6 months after 
treatment initiation. Additionally, for subjects that underwent RSD, 
safety was evaluated by renal arterial duplex scan at baseline and at 6 
months after RSD.

Cardiac magnetic resonance 

The use of CMR is a strength of our study. The CMR was executed 
in all patients at baseline and 6 months after RSD using a 1.5-T Achieva 
magnetic resonance image (MRI) scanner (Philips Healthcare, Best, 
the Netherlands), 1.5-T Siemens Symphony, or a 1.5-T Siemens Aera 
MRI system (Siemens Healthcare Sector, Erlangen, Germany). Cine 
images were acquired using a balanced steady-state free precession 
sequence during breath-holds of ~10–15 s using VCG gating with 
patients being positioned in the supine position. Whole-heart coverage 
from apex to the base was performed as previously reported. [21].  
Moreover, late gadolinium enhancement (LGE) was performed in all 
patients to evaluate the impact of RSD on scar tissue. The LGE imaging 
was performed 10–15 min after injection of 0.2 mmol/kg gadolinium 
DTPA using an inversion-recovery 3D spoiled gradient echo sequence. 

The pre-pulse delay was individually adjusted according to a pre-pulse-
delay finder (Look-Locker sequence). All CMR examinations were 
performed by operators, who were blinded to patient treatment and 
timing of the measurement (before or after RSD).

Cardiac magnetic resonance analysis

Left ventricular mass (LVM) measurements and ejection 
fraction: The CMR analyses were performed according to the 
recommendations of the task force for post-processing of the Society 
for Cardiovascular MR [22]. Offline CMR analyses were performed 
using the software Qmass MR Enterprise Solution (version 7.4, Medis, 
the Netherlands). Endocardial and epicardial borders were traced 
automatically and corrected manually at end-diastole and end-systole, 
while the papillary muscles were excluded from the LVM to achieve 
better reproducibility. [23] Left ventricular volumes and mass were 
calculated using the summation of slices method [24]. Left ventricular 
end-systolic (LVESVI) and end-diastolic volume index (LVEDVI) 
were normalized in every patient for sex, age, height, and weight. Then, 
LVESVI and LVEDVI were assessed [25]. LVM was then normalized 
and indexed against body surface area (g/m2) [26]. The left ventricular 
ejection fraction (LVEF) was calculated by Simpson’s method.

Left atrium: A retrospectively ECG-gated cine-MRI stack 
was acquired in the short-axis orientation (covering the entire left 
atrium) with contiguous slices for the assessment of left atrial volume 
(Simpson’s method) [27]. Simpson’s technique is established according 
to Simpson’s rules, which for this study, were essentially the sum of 
the cross-sectional areas of each portion accounting for slice thickness 
and the interval between slices [28,29]. This was measured at short-
axis views of the cine-MRI by means of steady-state free-precession 
sequences and anatomical landmarks, with exclusion of the pulmonary 
vein. The left atrial volume was considered normal up to 69 mL in men 
and 54 mL in women.

Scar tissue: To observe the myocardial fibrosis, LGE MRI was 
applied using the inversion-recovery gradient-echo series. The LGE 
images were scored visually by two experienced observers (blinded 
to other MRI and clinical data) at the time of the examination 
using a 17-segment model [30]. Each segment was graded using the 
following point score: 0, absence of enhancement; 1, enhancement of 
1%-25% transmurality; 2, enhancement of 26%–50% transmurality; 
3, enhancement of 51%-75% transmurality, and 4, enhancement of 
76%-100% transmurality [31]. The score per segment at that time was 
calculated by dividing the total score by 17 based on a 17-segment 
model [30].

24-hour ABPM: The ABPM was performed during the 24 hours 
before the procedure with a clinically validated device (CardioMapa; 
Cardios, São Paulo, Brazil). The device was set to measure BP every 15 
minutes from 6:00 to 22:00 hours and every 30 minutes from 22:00 to 
6:00 hours. Patients were instructed to continue their regular activities 
during the recording and go to bed no later than at 23:00 hours. The 
waking period ranged from 8 to 22 hours and the sleep period from 
midnight to 6 hours [32]. All individuals were trained to record in 
a diary the hours during which they were asleep and awake, meals, 
intake of medications, and symptoms and events that could influence 
BP during this period. Measurements were transferred to a computer 
for analysis. Monitoring was repeated as necessary until ≥70% of the 
daytime and nighttime measured values were satisfactory [33].

Polysomnography: The Epworth Sleepiness Scale was evaluated 
before the sleep study [34]. The diagnosis of OSA was completed 



Kiuchi MG (2016) Renal sympathetic denervation for hypertension, sleep apnea, and paroxysmal atrial fibrillation

 Volume 1(2): 39-45Cardiovasc Disord Med, 2016         doi: 10.15761/CDM.1000111

by standard attended polysomnography with an Alice 5 device 
(Respironics Inc, Murrysville, PA). The electroencephalogram and 
electromyogram of chin muscles, as well as ECG, were simultaneously 
recorded. Data on oral-nasal airflow (with thermal and pressure sensing 
device), thoraco-abdominal respiratory movements, body position, 
snoring, and oximetry were also acquired. The polysomnographic 
records were scored manually using 30-second epochs following the 
criteria of Rechtschaffen and Kales, [35]. for sleep and waking period 
determinations and sleep staging. Abnormal respiratory events were 
evaluated according to the standard criteria of the American Academy 
of Sleep Medicine Task Force [36]. Apnea was defined as a cessation 
of airflow for ≥10 seconds and hypopnea as >50% decrease in airflow 
from baseline in the amplitude of a valid measure of breathing during 
sleep period during ≥10 seconds, associated with either an oxygen 
desaturation >3% or stimulation. The AHI, reflecting the number of 
apneic and hypopneic events/hour of sleep and oxygen desaturation 
index, was calculated. Other parameters acquired were minimal 
and average nocturnal oxygen saturation and sleep time percentage 
spent with oxygen saturation of hemoglobin <90%. Idividuals 
receiving continuous positive airway pressure (CPAP) treatment had 
polysomnography performed without CPAP. The initial and follow-
up polysomnograms were scored and interpreted by an experienced 
investigator blinded to the patient clinical status.

24-hour Holter monitoring: Patients underwent a 24-h Holter 
monitoring (Galix Biomedical Instrumentation, Florida, USA). A 
three-channel recorder was used to record the electrocardiographic 
traces; calculate the minimum, mean and maximum HR; the rhythm 
at baseline and quarterly after the performance of procedures during 
the follow-up period.

Renal sympathetic denervation and safety evaluation of RSD: The 
RSD procedure has been previously described in detail [37]. Patients 
remained hospitalized in the ward during 24 h after the procedure. No 
patient developed procedural complications related to RSD. Real-time 
renal artery imaging was performed to evaluate eventual structural 
changes regarding the RSD. Six months after the procedure, all patients 
in the RSD group underwent a renal artery Doppler scan, which 
showed no evidence of stenosis or flow limitation.

Statistical analysis

The results are expressed as mean and standard deviation for 
normally distributed data and as median with interquartile range 
otherwise. All statistical tests were two-sided. Comparisons between 
two-paired values were performed with the paired t-test in cases of 
normally distributed variables, and by the Wilcoxon test in cases of 
non-normally distributed variables. Comparisons between more 
than two-paired values were made by repeated-measures analysis of 
variance or by Kruskal–Wallis analysis of variance as appropriate, 
complemented by a post-hoc test. Categorical variables were compared 
with Fisher’s exact test. A P-value <0.05 was considered significant. 
Correlations between two variables were performed by Pearson’s chi-
square test in case of a Gaussian distribution and with the Spearman 
correlation test otherwise. All statistical analyses were performed using 
the program Graphpad Prism v 7.0 (Graphpad Software, La Jolla, CA, 
USA).

Results
Baseline characteristics of patients

The general features of the 36 patients divided into two groups are 

listed in Table 1. There were no significant differences in age, BMI, sex, 
ethnicity, or other parameters.

BP and heart rate

No significant change was observed in the mean 24-h ABPM 
and average heart rate 24-hour Holter monitoring from baseline to 6 
months within the same group. There were no significant differences 
between the two groups at the same time points (Table 2).

BMI and renal function

The effects of RSD on the BMI, creatinine concentration, eGFR, 
and albumin:creatinine ratio during the first 6-month follow-up are 
shown in Table 3. No significant change was observed from baseline 
to 6 months within the same group. There was no significant difference 
between parameters in both groups neither at baseline nor at the 
6-month follow-up.

Cardiac magnetic resonance variables

There was no significant difference between CMR parameters of 
both groups at baseline. Significant changes between baseline and 6 
months post-RSD were evident for left atrial volume (P=0.0001) and LV 
mass indexed by body surface area (P=0.0064). There was a significant 
difference for the same parameters between the groups at the 6-month 
follow-up (P=0.0003 and P=0.0446, respectively) (Table 4).

Atrial fibrillation monitoring

At the 6-month follow-up, AF occurrence was higher in the control 
group (72.73%) than in the RSD group (21.43%) (odds ratio [OR] 9.778, 
95% confidence interval [CI] 1.904–38.780, P=0.0054) by Fisher’s exact 
test (Figure 1). 

Control group RSD group P value
N 22 14 ---
Age, years 48.5 ± 10.8 50.3 ± 9.2 0.6097
Body mass index, kg/m2 27.6 ± 2.8 26.5 ± 2.5 0.6071
Male sex (%) 16 (73%) 10 (71%) >0.9999
White ethnicity (%) 12 (55%) 8 (57%) >0.9999
Type 2 Diabetes Mellitus (%) 8 (36%) 3 (21%) 0.4672
Average HR 24-hour-Holter, bpm 70.3 ± 10.9 74.2 ± 14.9 0.8532
eGFR, mL/min/1.73m² (CKD-EPI) 100.4 ± 15.6 96.5 ± 18.0 0.9129
LVEF (Simpson), % 68.0 ± 8.4 66.7 ± 7.7 0.9617
Mean 24-hour ABPM, mmHg 126.8 ± 8.1/76.4 

± 3.5
127.3 ± 

7.5/75.5 ± 4.0
0.9981/0.9143

Paroxysmal atrial fibrillation (%) 22 (100%) 14 (100%) 1.000
Apnea/hypopnea index, events/
hour

40.3 ± 10.9 39.8 ± 12.1 0.9986

Antiarrhythmic agents
Sotalol hydrochloride 8 (36%) 4 (29%) 0.7272
Propafenone 14 (64%) 10 (71%) 0.7272
Antihypertensive Agents
ACE inhibitors/ARB 22 (100%) 14 (100%) 1.000
Diuretics 12 (55%) 8 (57%) >0.9999
DHP Ca++ channel blockers 9 (41%) 5 (36%) >0.9999
Values are presented as Mean  ±  SD or %; ABPM, ambulatory blood pressure 
measurements; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; 
CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; DHP, dihydropyridine; 
eGFR, estimated glomerular filtration rate; HR, heart rate; LVEF, left ventricular ejection 
fraction; N, number of patients; RSD, renal sympathetic denervation; SD, standard 
deviation.

Table 1. General features of patients at baseline.
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Monitoring of AHI 

Comparing the effects of CPAP alone and CPAP+RSD between 
baseline and at the 6-month follow-up, the AHI decreased from 40.3 
± 10.9 to 12.5 ± 6.2 events/hour in the control group (P<0.0001), and 
from 39.8 ± 12.1 to 3.6 ± 7.4 events/hour in the RSD group (P<0.0001). 
At the 6-month follow-up, AHI was higher in the control group than in 
RSD group (P=0.0037) (Figure 2).

Discussion
Our results showed that, in patients with controlled hypertension, 

OSA, and paroxysmal AF, RSD significantly decreased AF occurrence, 
AHI, left atrial volume, and LV mass indexed by body surface area. 
Recently, [38]. Kario and colleagues reported in a post hoc analysis that 
the subset of OSA-resistant hypertensive patients treated with RSD 
in the SYMPLICITY HTN-3 Trial showed a greater decrease in office 
systolic blood pressure (SBP) compared with the sham control group 
at 6 months’ posttreatment. Furthermore, the change in maximum 
nighttime SBP was greater among OSA subjects treated with RSD 
than among control subjects, as was the average peak nighttime SBP 
(−5.6 ± 20.4 vs. 3.2 ± 22.4 mmHg, P=0.02). This difference in nocturnal 
BP between RSD and sham control subjects was also observed in 
OSA subjects using CPAP/BiPAP. Linz and colleagues showed in a 
preclinical model that the increased sympathetic response associated 

with tracheal obstruction was attenuated with RSD but not with 
β-blockade [39]. During sleep, OSA patients experience repetitive 
apneic events that result in hypoxia and hypercapnia, which act via 
chemoreflexes to elicit high levels of sympathetic nerve traffic [40]. 
Decreased sympathetic activity in OSA patients as has been achieved 
by CPAP (decreasing both muscle sympathetic nerve activity and 

Parameters Control group
(n=22)

RSD group
(n=14)

Baseline 6th month P value Baseline 6th month P value
24-hour ABPM, mmHg
Mean systolic 126.8 ± 8.1 125.7 ± 9.0 0.9725 127.3 ± 7.5 124.8 ± 8.8 0.8606
Mean diastolic 76.4 ± 3.5 75.1 ± 3.8 0.7096 75.5 ± 4.0 74.3 ± 5.1 0.8601
24-hour-Holter HR, bpm
Minimum 51.2 ± 13.3 50.0 ± 9.2 0.9823 54.2 ± 10.1 51.5 ± 8.6 0.9088
Average  70.3 ± 10.9 68.5 ± 15.5 0.9749 74.2 ± 14.9 70.8 ± 16.0 0.9212
Maximum  98.0 ± 16.4 95.7 ± 19.0 0.9739 101.2 ± 17.9 96.8 ± 18.5 0.9154

Values are presented as Mean  ±  SD; ABPM, ambulatory blood pressure measurements; HR, heart rate; RSD, renal sympathetic denervation; SD, standard deviation. There was no significant 
difference between parameters of both groups at baseline or at the 6-month follow-up.

Table 2. Blood pressure and heart rate parameters at baseline and 6-month follow-up.

Parameters Control group
(n=22)

RSD group
(n=14)

Baseline 6th month P value Baseline 6th month P value
Body mass index, kg/m2 27.6 ± 2.8 28.0 ± 2.4 0.9566 26.5 ± 2.5 26.8 ± 2.7 0.9901
Creatinine, mg/dL 0.90 ± 0.22 0.94 ± 0.23 0.9241 0.92 ± 0.21 0.93 ± 0.17 0.9993
eGFR, mL/min/1.73m2 100.4 ± 15.6 94.8 ± 19.1 0.7094 96.5 ± 18.0 95.2 ± 16.5 0.9972
ACR, mg/g 15.0 ± 6.8 17.8 ± 5.1 0.5033 17.2 ± 8.5 13.2 ± 6.4 0.3876

Values are presented as Mean  ±  SD; ACR, albumin:creatinine ratio; eGFR, estimated glomerular filtration rate; RSD, renal sympathetic denervation; SD, standard deviation. There was no 
significant difference between parameters of both groups at baseline or at the 6-month follow-up.

Table 3. Body mass index and renal function parameters at baseline and 6-month follow-up.

Parameters Control group
(n=22)

RSD group
(n=14)

Baseline 6th month P value Baseline 6th month P value
Left atrial volume, mL 98.5 ± 10.1 96.8 ± 9.4** 0.9216 99.2 ± 8.3 83.6 ± 6.4 0.0001
LVEDVI, mL/m2 84.3 ± 4.2 83.9 ± 4.1 0.9903 85.8 ± 5.0 84.0 ± 4.5 0.7002
LVESVI, mL/m2 31.0 ± 2.3 30.3 ± 3.1 0.8284 30.2 ± 2.8 29.8 ± 2.6 0.9798
LV mass/BSA, g/m2 82.0 ± 8.5 80.2 ± 10.1* 0.9061 83.4 ± 9.0 72.1 ± 6.8 0.0064
LVEF, % (Simpson) 68.0 ± 8.4 67.3 ± 7.1 0.9908 66.7 ± 7.7 66.1 ± 8.0 0.9970
Myocardial scar score, % 0 0 ─ 0 0 ─

Values are presented as Mean  ±  SD; BSA, body surface area; LVEDVI, left ventricular end-diastolic volume index; LVESVI, left ventricular end-systolic volume index; LV, left ventricle; 
EF, ejection fraction; RSD, renal sympathetic denervation; SD, standard deviation. There was no significant difference between parameters of both groups at baseline. **P=0.0003 and 
*P=0.0446 for comparisons of parameters between groups at the 6-month follow-up.

Table 4. Cardiac magnetic resonance imaging parameters at baseline and 6-month follow-up.

Figure 1. Percentage of paroxysmal atrial fibrillation occurrence at the 6-month follow-up. 
RSD, renal sympathetic denervation; control group (n=22) and RSD group (n=14). 
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norepinephrine clearance), [41,42].  leads to a decrease in BP, [43] and 
OSA severity [44]. By decreasing the efferent renal sympathetic drive, 
RSD might reduce chronic fluid overload and possibly, a peripharyngeal 
fluid accumulation that may predispose to upper airway obstruction 
[45]. Previously, Witkowski and colleagues evaluated the 6-month 
effect of sleep apnea severity in 10 patients with resistant hypertension 
and OSA treated with RSD. They reported decreases in office SBP, AHI, 
oxygen desaturation index, Epworth Sleepiness Scale score, and plasma 
glucose concentration [45]. This decrease in the AHI was also observed 
in a meta-analysis that included 49 OSA patients treated by RSD [46].

Montesi and colleagues carried out a systematic review and meta-
analysis in 2012, [47] which included 32 studies and a total of 2303 
patients. The use of CPAP therapy was associated with a significant 
decrease in SBP, diastolic BP, and mean BP values. Decreases in BP 
were mainly observed in patients with higher daytime sleepiness, more 
severe OSA, and more compliance with CPAP therapy. Intermittent 
ischemic episodes increase BP by the activation of type I angiotensin 
II receptor. It seems that overactivation of the renin-angiotensin 
axis occurs independently of other factors [48]. Ablation of afferent 
renal nervous input decreases central sympathetic output, [49] which 
might attenuate autonomic triggers of AF and offer the potential for 
an antiarrhythmic effect superior to medications. As the patients in 
our study were individuals with controlled hypertension, we believe 
that we achieved, at least in part, a decrease in the sympathetic output 
and feedback loop of the renin-angiotensin-aldosterone system. 
However, in OSA patients with substantial pathology in the atrial 
substrate, additional intervention might be required to maximize the 
antiarrhythmic response, also taking into account that the left atrial 
volume was significantly higher in this population. An enlarged atrial 
size modulates the electro-anatomic substrate with the presence of 
increased non-uniform anisotropy and a conduction disturbance, 
which could promote AF [50].  Fibrosis in the LA plays an important 
role in determining the dynamics of AF, which could present as 
an anchor for reentrant circuits and alter wavefront propagation, 
causing fractionated electrograms, wavebreaks, and conduction 
delays [51]. We believe that atrial remodeling caused by OSA may 
contribute to the higher incidence of AF recurrence in OSA patients 
than in those without OSA. The CPAP+RSD in OSA patients showed 
an improvement in AF occurrence, left atrial volume and LV mass 
index at the 6-month follow-up, showing to be superior to CPAP 
alone. Our results regarding left atrial volume and LV mass index are 
in concordance with the results reported by Mahfoud and colleagues 
about the evaluation of cardiovascular magnetic resonance imaging 

after RSD [52]. The treatment of choice for the management of OSA 
patients is CPAP. The important implications of morbidity in OSA 
syndrome make it necessary to seek new therapies that account for 
the physiological mechanisms related to cardiovascular events in 
these patients. In this study, CPAP combined with RSD demonstrated 
superiority compared with CPAP alone for the improvement of AHI, 
AF occurrence, and atrial remodeling. 

Study limitations

This is a nonrandomized, open-label study, on a selected patient 
population over a limited observational period. Although our data show 
an independent contribution of RSD in the decrease of AF occurrence 
in patients with controlled hypertension and OSA, our patient cohort 
was small. This relatively small sample can be seen as a limitation. 
To our knowledge, however, the present series is the first to address 
percutaneous renal artery denervation in patients with concurrently 
controlled hypertension, OSA, and paroxysmal AF. The use of Doppler 
echocardiography to assess damage in the renal arteries can also be 
seen as a limitation. However, early complications secondary to RF 
application were excluded angiographically at the end of the procedure. 
Any other method, such as magnetic resonance angiography, computed 
tomographic angiography or a new angiography of the renal arteries, 
could be performed. Conclusions

Our data showed that, in patients with controlled hypertension, 
OSA, and paroxysmal AF, RSD significantly decreased the AF 
occurrence, AHI, left atrial volume, and LV mass indexed by body 
surface area. Even though encouraging, our data are preliminary and 
need long-term validation in a large population.
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