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Abstract
Background Atrial fibrillation (AF) frequently complicates
chronic kidney disease (CKD). AF treatment is challenging
and requires complete pulmonary vein isolation (PVI).
Recently, renal sympathetic denervation (RSD) has been re-
ported to reduce AF recurrence when performed alongside
PVI.
Methods A prospective therapeutic study of patients with
controlled hypertension and paroxysmal AF was under-
taken. Renal function was evaluated using estimated glo-
merular filtration rate. Outcomes for patients with normal
renal function who underwent PVI (n = 101) were com-
pared with those for CKD patients who underwent either
PVI alone (n = 96) or PVI + RSD (n = 39). The primary
endpoint was recurrence of AF recorded by 24-h Holter
monitoring.
Results During the 22.4 ± 12.1months following intervention,
the incidence of AF recurrence was higher in CKD patients
treated with PVI alone (61.5 %) than in CKD patients treated
with PVI + RSD (38.5 %; HR 1.86, 95 % CI 1.14–3.03,

P = 0.0251) or patients without CKD subjected to PVI
(35.6 %; hazard ratio (HR) 2.27, 95 % confidence interval
(CI) 1.51–3.42, P < 0.0001). In particular, the addition of
RSD to PVI significantly reduced AF recurrence in CKD stage
4, but not stage 2 or 3, patients. Ambulatory blood pressure
and mean heart rate were not different between groups or time
points. No complications of either procedure were observed.
Conclusions PVI + RSD is a safe treatment that is superior to
PVI alone for treatment of paroxysmal AF in CKD patients.
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1 Introduction

Atrial fibrillation (AF) affects approximately 2 % of the pop-
ulation worldwide, and this percentage is projected to increase
in the next 50 years [1, 2]. AF frequently complicates chronic
kidney disease (CKD) and is associated with adverse out-
comes. Progression to end-stage renal disease (ESRD) is a
major complication of CKD, and the presence of AF is asso-
ciated with a higher risk of developing ESRD in patients with
CKD [3]. Furthermore, CKD is often associated with hyper-
tension and high atrial pressure, both of which predispose to
AF [3, 4]. Therefore, the development of AF in patients with
CKD could simply reflect mechanical stress in the atrium.

Pokushalov and colleagues [5] recently reported that renal
sympathetic denervation (RSD) reduces recurrence of AF
when combined with pulmonary vein isolation (PVI). A strat-
egy of percutaneous catheter-based delivery of radiofrequency
(RF) energy was recently established to interrupt the
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sympathetic innervation of the kidneys. We propose that RSD
can reduce the incidence of AF recurrence in patients with
CKD by modulating the sympathetic hyperactivity present in
this disease. The goal of this prospective studywas to compare
the impact of PVI in patients with controlled hypertension and
paroxysmal AFwith and without CKD, to PVI combined with
RSD in patients with controlled hypertension, paroxysmal AF,
and mild to moderate CKD.

2 Materials and methods

This paper reports a prospective, longitudinal study of 236
patients with controlled hypertension and either normal renal
function or CKD, all of whom had a history of symptomatic
paroxysmal AF (PAF). The study was undertaken in accor-
dance with the Declaration of Helsinki and approved by the
ethics committee of our institution. All patients gave their
informed consent before inclusion.

2.1 Study subjects

This study was conducted at the Hospital e Clínica São
Gonçalo, Rio de Janeiro, Brazil. Patients were recruited be-
tween January 2012 and January 2015 from the Arrhythmias
and Artificial Cardiac Pacing Service of the same hospital.
Enrolled patients met the following criteria: (i) mean 24-h
systolic ambulatory blood pressure measurement (ABPM) of
≥100 and <130 mmHg; (ii) essential hypertension for >1 year;
(iii) a physically normal heart with an ejection fraction of
>50 % as measured by echocardiography (Simpson’s meth-
od); (iv) PAF (defined as AF episodes lasting <7 days with
spontaneous termination) registered on ECG or 24-h Holter
monitoring; (v) aged 18 to 80 years; (vi) estimated glomerular
filtration rate (eGFR) of >15 mL/min/1.73 m2, calculated
using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation [6] (patients with eGFR
>60 mL/min/1.73 m2 were also required to have
microalbuminuria); and (vii) the capacity to read, compre-
hend, and sign the informed consent form and attend the
study.

Patients with any of the following were excluded: (i) preg-
nancy; (ii) valvular disease with significant adverse sequelae;
(iii) unstable angina, myocardial infarction, transient ischemic
attack, or stroke within the preceding 6 months; (iv) renovas-
cular abnormalities; (v) psychiatric disease; (vi) allergy to ion-
ic contrast medium; (vii) the inability to be monitored clini-
cally after the procedure; (viii) a known addiction to alcohol or
drugs that affects the intellect; (ix) a serious health condition
that, in the investigator’s opinion, may have adversely affected
the safety and/or efficacy of the participant or the study (e.g.,
abdominal aortic aneurysm, clinically significant peripheral
vascular disease, diseases that might have caused bleeding

due to thrombocytopenia, hemophilia, or significant anemia);
(x) congestive heart failure (symptoms of functional class II to
IV heart failure on the NewYork Heart Association scale); (xi)
a previous AF ablation procedure; and (xii) treatment with
amiodarone.

The subjects were divided into three groups according
to their CKD status and the procedures to be performed:
patients with normal renal function undergoing PVI
(n = 101), CKD patients undergoing PVI (n = 96), and
CKD patients undergoing PVI + RSD (n = 39). All of
them were followed for at least 6 months after the
blanking period of the procedures to assess maintenance
of sinus rhythm and monitor variations in blood pressure,
renal function, and echocardiographic parameters.

The primary endpoint of this study was a recurrence of AF
of 30-s duration recorded by 24-h Holter monitoring. The
blanking period (the first 3 months after ablation) was exclud-
ed from the analysis [7], and the 24-h Holter monitoring was
evaluated at baseline and quarterly after the performance of
the nominated procedures. The secondary endpoints were an
evaluation of 24-h ABPM, eGFR, albuminuria, and echocar-
diographic parameters at baseline and 6 months after the pro-
cedures. Additionally, in the subjects that underwent RSD,
safety was evaluated by a renal arterial duplex scan at baseline
and 6 months after this procedure.

2.2 Transthoracic echocardiography

Transthoracic echocardiography was performed at baseline
and 6 months after RSD using a Vivid I ultrasound system
(General Electric, Frankfurt, Germany) equipped with a
multifrequency transducer and tissue Doppler imaging
software, according to the guidelines of the American
Society of Echocardiography [8]. Data were analyzed and
interpreted by one experienced echocardiographer who
was blinded to treatment status and imaging sequence.
The left ventricular (LV) mass was calculated from the
LV linear dimensions using the Devereux formula [8, 9]
and normalized to body surface area (BSA) [8, 10]. LV
hypertrophy was considered to be present when the LV
mass exceeded 115 g/m2 for men and 95 g/m2 for women
[8]. The left atrial (LA) volume was measured using a disk
sum algorithm similar to that used to measure LV volume
[11, 12] and normalized to BSA. Although the LA size
depends on sex, variation due to sex is generally recog-
n i zed when i t i s no rma l i zed to the BSA [13] .
Furthermore, whereas several methods of normalizing this
measurement have been proposed [14, 15], normalizing to
BSA produces the most reliable data. Normalizing to BSA
compensates for sexual dimorphism in LA size, so only the
normalized value is reported. The recommended highest
value for LA size is 34 ml/m2 [15–18].
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2.3 24-h ABPM

ABPM was performed for 24 h before each procedure with a
clinically validated device (CardioMapa; Cardios, São Paulo,
Brazil). The device was set to measure every 15 min during
the day (06:00 to 22:00) and every 30 min during sleep (22:00
to 06:00). Patients were instructed to continue their regular
activities during the recording and go to bed no later than
23:00. The waking period typically included 08:00 to 22:00
and the sleep period 24:00 to 06:00 [19]. All individuals were
trained to record in a diary their sleeping and waking hours,
meals, intake of medications, and any symptoms or events that
could influence blood pressure during this period.
Measurements were transferred to a computer for analysis.
Monitoring was repeated as necessary until ≥70 % of the
measured values obtained during both daytime and nighttime
were satisfactory [20].

2.4 24-h Holter monitoring

Patients underwent 24-h Holter monitoring (Galix Biomedical
Instrumentation, Florida, USA) at baseline and quarterly dur-
ing the follow-up period to the nominated procedure. A three-
channel recorder was used to record the electrocardiographic
traces and to identify the minimum, mean, and maximum
heart rate and the rhythm.

2.5 Pulmonary vein isolation

The AF ablation procedure has been described in detail pre-
viously [21]. All patients underwent complete PVI using a
three-dimensional mapping system (EnSite Velocity; St.
Jude Medical) without additional ablation lesion sets or lines.
Patients still in AF at the end of the procedure were converted
to sinus rhythm by cardioversion.

2.6 Renal sympathetic denervation

The RSD procedure has been described in detail previously
[22]. The patients remained hospitalized in the ward for 24 h
after the procedure.

2.7 Statistical analysis

The results are expressed as mean ± standard deviation for
normally distributed data and as median and interquartile
range otherwise. All statistical tests were two-sided.
Comparisons between two paired values were performed
with the paired t test in cases of a Gaussian distribution
and using the Wilcoxon test otherwise. Comparisons be-
tween more than two paired values were made by
repeated-measures analysis of variance or by Kruskal–
Wallis analysis of variance and complemented by post

hoc testing as appropriate. Categorical variables were
compared using Fisher’s exact test. A P value <0.05 was
considered significant. Correlations between two variables
were performed using Pearson’s chi-square test in case of
a Gaussian distribution and with the Spearman correlation
test otherwise. Kaplan–Meier analysis was performed to
determine the probability of success, estimated as the per-
centage of patients free of AF. Differences in arrhythmia-
free survival time were assessed with the log-rank test. All
statistical analyses were performed using GraphPad Prism
v.7.0 (GraphPad Software, La Jolla, CA, USA).

3 Results

3.1 Baseline characteristics of patients

The general features of the groups of patients are listed in
Table 1. The mean follow-up period for the 236 patients was
22.4 ± 12.1 months.

3.2 Safety evaluation of RSD and PVI

No patient developed procedural complications related to
RSD. Real-time renal artery imaging was performed to eval-
uate structural changes that developed following the RSD. Six
months after the procedure, all patients in the RSD group
underwent a Doppler scan of their renal arteries, but no evi-
dence of stenosis or flow limitation was detected. However,
regarding PVI, there were ten cases of cardiac tamponade
(4.3 %), six of them being self-limiting and four were drained
quickly, continuing the procedure even in heparin use. No
deaths occurred.

3.3 Effects of CKD and procedure on blood pressure
and heart rate

No significant changes were observed in the mean 24-h
ABPM or the mean heart rate during the 24-h Holter monitor-
ing between baseline and 6 months postprocedure within each
treatment group. In addition, there were no significant differ-
ences between the three groups at each time point, as shown in
Table 2.

3.4 Effects of CKD and procedure on renal function

The effects of PVI alone or PVI + RSD on the creatinine con-
centration, eGFR, and albumin/creatinine ratio during the first
6 months of follow-up are shown in Table 3.
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3.5 Effects of CKD and procedure on echocardiographic
parameters

Baseline values of the normalized LA volume, interven-
tricular septal thickness, LV posterior wall thickness, LV
ejection fraction (LVEF), end-diastolic LV internal

dimensions (LVEDD), end-systolic LV internal dimen-
sions, and LV mass index are displayed in Table 4.
Changes in these parameters 6 months after PVI or
PVI + RSD vs. the respective baseline values, as well as
comparisons between groups at the same time points, are
shown in Table 5.

Table 1 General features of
patients at baseline Parameters No CKD CKD CKD All P value

PVI PVI PVI + RSD

N 101 96 39 –

Age (years) 62 ± 14 59 ± 15 60 ± 14 0.3385

Body mass index (kg/m2) 25.5 ± 4.2 26.5 ± 5.8 24.9 ± 4.4 0.1686

Male sex (%) 72 (71 %) 65 (68 %) 24 (62 %) 0.5345

White ethnicity (%) 65 (64 %) 59 (61 %) 26 (67 %) 0.3958

Paroxysmal AF 101 (100 %) 96 (100 %) 39 (100 %) –

Hypertension 101 (100 %) 96 (100 %) 39 (100 %) –

Type 2 diabetes mellitus 42 (42 %) 36 (38 %) 14 (36 %) 0.9767

Hyperlipidemia 57 (56 %) 50 (58 %) 22 (56 %) 0.8050

Chronic kidney disease 0 (0 %) 96 (100 %) 39 (100 %) <0.0001

Stage 2 – 46 (48 %) 16 (41 %) 0.5682

Stage 3 – 21 (22 %) 10 (26 %) 0.6559

Stage 4 – 29 (30 %) 13 (33 %) 0.8377

Creatinine (mg/dL) 0.80 ± 0.11 1.50 ± 0.12 1.53 ± 0.15 <0.0001

eGFR (mL/min/1.73 m2) 96.0 ± 5.0 50.1 ± 5.4 47.9 ± 6.8 <0.0001

Albumin/creatinine ratio (mg/g) 12 ± 5 93 ± 16 90 ± 16 <0.0001

Antihypertensive 2.3 ± 0.5 2.4 ± 0.5 2.2 ± 0.4 0.3553

ACE inhibitors/ARB 101 (100 %) 96 (100 %) 39 (100 %) –

Diuretics 72 (71 %) 68 (71 %) 27 (69 %) 0.9715

DHP Ca++ channel blockers 38 (38 %) 31 (32 %) 13 (33 %) 0.7195

β-blockers 51 (50 %) 50 (52 %) 22 (56 %) 0.8210

24-h ABPM, mmHg 122 ± 11/80 ± 4 119 ± 8/79 ± 8 121 ± 9/79 ± 6 0.0872/0.4764

24-h Holter monitoring

Average heart rate (bpm) 72 ± 12 75 ± 10 76 ± 13 0.0837

Values are expressed as mean ± SD

ABPM ambulatory blood pressure measurements, ACE angiotensin-converting enzyme, AF atrial fibrillation,
ARB angiotensin receptor blocker, CKD chronic kidney disease, DHP dihydropyridine, eGFR estimated glomer-
ular filtration rate, PVI pulmonary veins isolation, RSD renal sympathetic denervation

Table 2 Effects of CKD and procedures on blood pressure and heart rate during the follow-up period

Parameters No CKD (n = 101) CKD (n = 96) CKD (n = 39) All P value

PVI PVI PVI + RSD

Baseline Sixth month Baseline Sixth month Baseline Sixth month

Mean systolic 24-h ABPM, mmHg 122 ± 11 120 ± 9 119 ± 8 120 ± 10 121 ± 9 118 ± 7 0.1673

Mean diastolic 24-h ABPM, mmHg 80 ± 4 79 ± 2 79 ± 8 79 ± 5 79 ± 6 78 ± 3 0.4110

Average HR 24-h Holter (bpm) 72 ± 15 70 ± 9 75 ± 10 73 ± 14 76 ± 16 73 ± 18 0.0785

Values are expressed as mean ± SD

ABPM ambulatory blood pressure measurements, CKD chronic kidney disease, HR heart rate, PVI pulmonary veins isolation, RSD renal sympathetic
denervation
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3.6 Monitoring of AF

During a mean follow-up period of 22.4 ± 12.1 months, the
incidence of AF recurrence was higher in CKD patients who
underwent PVI (61.46 %) than in those without CKD subject-
ed to PVI (35.64 %) (hazard ratio (HR) 2.272, 95 % confi-
dence interval (CI) 1.512–3.415, P < 0.0001 by log-rank test),
as well as in those subjects with CKD who underwent PVI +
RSD (38.46 %) (HR 1.861, 95 % CI 1.142–3.031, P = 0.0251
by log-rank test). There was no difference in risk of AF recur-
ring in patients without CKD subjected to PVI and patients
with CKD who underwent PVI + RSD (HR 0.6841, 95 % CI
0.331–1.268, P = 0.1427 by log-rank test. P = 0.0002 by log-
rank test for all comparisons; Fig. 1.

There was no significant effect of PVI vs. PVI + RSD on
the subsequent incidence of recurrence of AF in stage 2 and 3
CKD patients (P = 0.1689 and P = 0.2914, respectively).
However, CKD stage 4 patients who underwent only PVI

(64.41 %) demonstrated a higher rate of AF recurrence than
those subjected to PVI + RSD (33.33 %, P = 0.0409; Fig. 2).

4 Discussion

In the present study, we demonstrate that there is a greater
likelihood of recurrence of AF in CKD patients who undergo
PVI than in those without CKD and also versus those CKD
patients who undergo PVI + RSD ∼2 years after each proce-
dure. Furthermore, CKD stage 4 patients who undergo PVI
alone demonstrate a higher incidence of AF recurrence than
those who undergo PVI + RSD.

All subjects in the study had been diagnosed with parox-
ysmal AF and controlled hypertension and were classified
according to preexisting differences in renal function at base-
line. The mean 24-h systolic and diastolic ABPMs in CKD
patients did not change from baseline during the follow-up

Table 3 Effects of CKD and procedures on renal function during the follow-up period

Parameters No CKD (n = 101) CKD (n = 96) CKD (n = 39) All P value

PVI PVI PVI + RSD

Baseline Sixth month Baseline Sixth month Baseline Sixth month

Creatinine (mg/dL) 0.80 ± 0.11 0.90 ± 0.10b 1.50 ± 0.12 1.60 ± 0.10b 1.53 ± 0.15 1.31 ± 0.11b <0.0001a

eGFR (mL/min/1.73 m2) 96.0 ± 5.0 91.0 ± 4.0b 50.0 ± 5.4 46.0 ± 5.0b 47.9 ± 6.8 59.0 ± 5.0b <0.0001a

Albumin:creatinine ratio (mg/g) 12.0 ± 5.0 15.3 ± 9.6 93.0 ± 13.0 97.2 ± 22.5 90.0 ± 16.0 58.9 ± 20.0b <0.0001a

Values are expressed as mean ± SD

CKD chronic kidney disease, eGFR estimated glomerular filtration rate, PVI pulmonary veins isolation, RSD renal sympathetic denervation
aP < 0.0001 for comparisons between the three groups at the same time points
bP < 0.0001 for comparisons between baseline and 6 months within the same group

Table 4 Echocardiographic
parameters at baseline Parameters No CKD CKD CKD All P value

PVI PVI PVI + RSD

N 101 96 39 –

Indexed left atrial volume (mL/m2) 30.5 ± 6.1a 40.0 ± 8.2 39.8 ± 9.4 <0.0001

IST (mm) 9.5 ± 2.1 9.2 ± 2.4 9.0 ± 2.3 0.4360

LVPWT (mm) 9.1 ± 1.2 9.3 ± 1.5 9.5 ± 1.8 0.3034

LVEF, Simpson (%) 68.3 ± 8.4 66.5 ± 10.0 65.8 ± 12.8 0.2873

LVEDD (mm) 45.4 ± 4.6 46.2 ± 5.1 47.0 ± 4.3 0.1771

LVESD (mm) 30.5 ± 6.1 31.9 ± 8.0 31.0 ± 6.9 0.3773

LV mass index (g/m2) 92.3 ± 21.0 95.4 ± 18.5 94.3 ± 19.4 0.5409

Values are mean ± SD

CKD chronic kidney disease, IST interventricular septum thickness, LV left ventricular, LVEDD left ventricular
end-diastolic diameter, LVEF left ventricular ejection fraction, LVESD left ventricular end-systolic diameter,
LVPWT left ventricular posterior wall thickness, PVI pulmonary veins isolation, RSD renal sympathetic
denervation
aP < 0.0001 for no CKD (PVI) vs. CKD (PVI) and CKD (PVI + RSD)
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period to either procedure and there were no differences be-
tween the PVI + RSD and PVI groups at any time points,
consistent with previous studies [23, 24]. No change from
baseline was observed in average heart rate during 24-h
Holter monitoring 6 months postprocedure, either within or
between groups.

CKD and AF share risk factors and putative mechanisms,
suggesting that common pathophysiologic processes may
drive both pathologies. One possible common link between

AF and CKD is activation of the renin–angiotensin–aldoste-
rone system [25–27]. Evidence suggesting a role for the re-
nin–angiotensin–aldosterone system in the pathogenesis of
AF has been provided previously [25–27]. Angiotensin II
can increase atrial pressure, promote atrial fibrosis, and mod-
ulate ion channels, all of which are involved in structural and
electrical remodeling of the atria, resulting in AF [25]. In
addition, polymorphisms in genes encoding components of
this pathway have been linked to the development of AF [26].

The addition of RSD to PVI had a positive impact on
AF recurrence. Once PVI was achieved, the dominant

Table 5 Echocardiographic parameters at 6 months after procedures

Parameters No CKD CKD CKD All P value

PVI P (vs. baseline) PVI P (vs. baseline) PVI + RSD P (vs. baseline)

N 101 96 39 –

Indexed left atrial volume (mL/m2) 31.6 ± 7.0a 0.2352 41.5 ± 7.9a 0.1984 36.1 ± 5.0a 0.0331 <0.0100

IST (mm) 9.8 ± 2.4 0.3456 9.9 ± 2.1 0.0328 8.9 ± 1.6b 0.8242 0.0435

LVPWT (mm) 9.6 ± 1.4 0.0070 10.0 ± 1.2 0.0005 9.3 ± 1.4c 0.5855 0.0117

LVEF, Simpson (%) 69.3 ± 8.0 0.3873 67.4 ± 9.2 0.5172 70.5 ± 7.2 0.0492 0.1019

LVEDD (mm) 46.0 ± 5.0 0.3759 47.2 ± 5.8 0.2061 44.2 ± 4.9d 0.0090 0.0119

LVESD (mm) 31.3 ± 6.4 0.3643 32.4 ± 8.8 0.6809 29.1 ± 3.6e 0.1315 0.0539

LV mass index (g/m2) 93.5 ± 20.0 0.6780 95.0 ± 17.9 0.8792 82.1 ± 17.5f 0.0047 0.0012

Values are mean ± SD

CKD chronic kidney disease, IST interventricular septum thickness, LV left ventricular, LVEDD left ventricular end-diastolic diameter, LVEF left
ventricular ejection fraction, LVESD left ventricular end-systolic diameter, LVPWT left ventricular posterior wall thickness, PVI pulmonary veins
isolation, RSD renal sympathetic denervation
aP < 0.01 for each group compared with other groups
bP = 0.0415 for CKD (PVI) vs. CKD (PVI + RSD)
cP = 0.0158 for CKD (PVI) vs. CKD (PVI + RSD)
dP = 0.0093 for CKD (PVI) vs. CKD (PVI + RSD)
eP = 0.0421 for CKD (PVI) vs. CKD (PVI + RSD)
fP = 0.0041 and P = 0.0011 for CKD (PVI + RSD) vs no CKD (PVI) and CKD (PVI), respectively.

Fig. 1 Kaplan–Meier curves depicting recurrences of paroxysmal atrial
fibrillation (AF) following pulmonary vein isolation (PVI) alone or PVI
combined with renal sympathetic denervation (RSD), subdivided
according to the presence or absence of chronic kidney disease (CKD)

Fig. 2 Comparison between CKD patients at stages 2, 3, and 4 with
regard to recurrence of AF after PVI alone or PVI combined with RSD
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initiating source was eliminated. As the patients in our
study were individuals with controlled hypertension, we
believe that overactivity of both the sympathetic ner-
vous system and the feedback loop of the renin–angio-
tensin–aldosterone system were reduced in the subjects
without CKD. However, in CKD patients with substan-
tial pathology in the atrial substrate, additional interven-
tion might be required to maximize the antiarrhythmic
response, given that the normalized LA volume was
significantly higher in CKD than in non-CKD patients
at baseline. We consider that atrial remodeling caused
by CKD may contribute to the higher incidence of AF
recurrence in patients with CKD than in those without.
The PVI in patients without CKD resulted in a reduc-
tion in the posterior wall thickness (PWT) 6 months
postprocedure and a reduction in both the IST and
PWT in those with CKD. However, PVI + RSD resulted
in an improvement in additional parameters in CKD
patients, including normalized LA volume, LVEF,
LVEDD, and LV mass index. Six months after PVI +
RSD, almost all echocardiographic parameters in CKD
patients were superior to those in patients who
underwent PVI, as previously reported [28, 29].

We believe that during follow-up, AF recurrence was
higher in CKD patients who underwent PVI than in those
without CKD subjected to PVI or those with CKD who
underwent PVI + RSD (38.46 %), because of the sympathetic
hyperactivity inherent to CKD. As expected, there was no
difference in AF recurrence between patients without CKD
subjected to PVI and patients with CKD who underwent
PVI + RSD, suggesting that RSD can suppress sympathetic
overactivity and the associated arrhythmogenic foci.
Moreover, subjects with stage 4 CKD who underwent PVI
alone were more likely to redevelop AF than were those
who underwent PVI + RSD, further reinforcing the hypothesis
that RSD can suppress sympathetic hyperactivity and the
resulting arrhythmogenic activity.

4.1 Study limitations

Although our data show an independent contribution of RSD
to reduce AF recurrence in patients with controlled hyperten-
sion and CKD, our patient cohort was small, which could be
seen as a limitation. To our knowledge, however, the present
series is the first to address the efficacy of percutaneous renal
artery denervation in patients with concurrent controlled hy-
pertension, CKD, and AF.

The presence of AF hampers measurement of LV ejection
fraction because of tachycardia and beat-to-beat (i.e., R-to-R)
LV filling variability. Our measurements could have been less
precise because we did not use a three-dimensional single-beat
ultrasound system. In addition, the use of Doppler echocardi-
ography to assess damage in the renal arteries might also be

seen as less than ideal. However, early complications due to
the RF applications were excluded by angiography performed
at the end of the procedure. Any other method, such as mag-
netic resonance angiography, computed tomographic angiog-
raphy, or further angiography of the renal arteries, could ex-
pose patients to additional undesirable toxic insults. Carbon
dioxide angiography is not available at our institution.

More precise methods of eGFR assessment, such as
cystatin C or iothalamate measurement, should be used in
future studies to further evaluate our findings concerning the
effects of RSD on the eGFR, especially considering that only
one serum creatinine measurement was performed at each
time point of the study. Neuromuscular sympathetic activity
could also be measured, which would contribute greatly to the
assessment of the degree of sympathetic blockade.

5 Conclusions

We have shown that PVI + RSD is a safe combination and
appears to be superior to PVI alone in the treatment of parox-
ysmal AF in CKD patients, especially in the most advanced
stages of CKD. Furthermore, RSD can also improve renal
function and some cardiac parameters in these patients.
Although encouraging, our data are preliminary and need to
be validated in a large population over a longer follow-up
period. However, PVI + RSD is a potentially valuable combi-
nation therapy for incorporation into future clinical practice.
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