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Abstract
Aim: We evaluated the effectiveness of the renal sympathetic denervation (RSD) in diastolic heat and renal functions, in resistant hypertensive CKD patients.
Methods and results: Data were obtained at baseline and monthly until 6th month of follow-up. Twenty-six out of the 45 patients had LVH and nineteen did not 
present LVH. The LV mass index decreased from 123.70 ± 38.44 g/m2 at baseline to 106.50 ± 31.88 g/m2 at the 6th month after RSD, P<0.0001. The comparison 
between baseline and the 6th month post RSD showed that the mitral valve E deceleration time shortened from 242.40 ± 45.11 ms to 214.50 ± 36.40 ms (P<0.0001), 
and a significant reduction in the isovolumic relaxation time (IVRT) was noted from 126.10 ± 26.56 ms to 107.80 ± 24.53 ms (P<0.0001). Tissue Doppler imaging 
revealed a significant reduction in the ratio of mitral inflow velocity to annular relaxation velocity (lateral E/e’), a marker of LV diastolic filling pressure, significantly 
decreased from 9.49 ± 2.57 at baseline to 6.88 ± 1.96 at the 6th month post procedure (P<0.0001). When the variation between baseline and the 6th month post RSD in 
LVH patients and non LVH patients were compared to the same parameters: mitral valve E deceleration time (-29.65 ± 15.80 ms and -25.53 ± 20.04 ms, respectively, 
P=0.4439), the IVRT (-20.00 ± 13.78 ms and -16.05 ± 12.65 ms, respectively, P=0.3316), and mitral valve lateral E/e’ ratio (-2.82 ± 1.21 and -2.32 ± 1.27, respectively, 
P=0.1900) no significant difference was found. 
Conclusion: The RSD showed an improvement of diastolic echocardiographic parameters in LVH and non LVH CKD refractory hypertensive patients. 
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Introduction
There is a progressive increase in the prevalence of left ventricular 

hypertrophy (LVH) when the estimated glomerular filtration rate 
(eGFR) decreases [1-4]. In addition, among participants with 
more advanced kidney disease on dialysis, magnetic resonance 
imaging (MRI) with contrast demonstrates a diffuse pattern image 
with gadolinium uptake suggestive of fibrosis and non-ischemic 
cardiomyopathy [5]. Nowadays, the ratio of early diastolic mitral inflow 
velocity to early diastolic mitral annulus velocity (E/e′ ratio) is used for 
the evaluation of left ventricular filling pressure, and it has been used as 
a marker to diagnose diastolic heart failure (HF) [6,7]. In hypertensive 
patients with elevated E/e′ ratio the annual mortality rate is 10% and 
the ratio is considered to be a prognostic factor for the development 
of cardiovascular disease (CVD) [8]. Diastolic HF is an important 
factor that increases mortality related to the cardiovascular system in 
patients with chronic kidney disease (CKD) whose extent of kidney 
function deterioration differs [9]. As a non-invasive method to allow 
early assessment, the E/e’ ratio estimated by tissue Doppler imaging 
can predict mortality and cardiovascular events in CKD patients with 
diastolic dysfunction.

Sympathetic hyperactivity is well known to increase cardiovascular 

risk in CKD patients, and is a hallmark of essential hypertensive state 
that occurs early in the clinical course of the disease [10-12]. In CKD, 
the sympathetic hyperactivity seems to be expressed at the earliest 
clinical stage of the disease, showing a direct relationship with the 
severity of the condition of renal impairment [13-17]. The interruption 
of sympathetic hyperactivity and feedback of the renin-angiotensin-
aldosterone system cycle may be beneficial for this population. Based on 
these pathophysiological mechanisms, renal sympathetic denervation 
(RSD) in CKD patients with resistant hypertension may change left 
ventricular mass and diastolic parameters, being effective in preventing 
the evolution to diastolic heart failure. 
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current Brazilian Society of Cardiology guidelines and of the current 
European Society of Cardiology guidelines, for the management 
of arterial hypertension [23,24]. Patients had previously been 
screened for secondary forms of hypertension according to current 
guidelines [23,24]. All the patients underwent history and physical 
examination, and the antihypertensive medication was reviewed. The 
BP measurements were performed in the stand, sitting, and supine 
positions on at least two subsequent visits in both arms. Patients 
also were submitted to blood sampling for entire blood count and 
biochemistry (including serum creatinine to estimate GFR). Urine 
samples were obtained for determination of albuminuria, protein, and 
creatinine. Twenty-four-hour ambulatory blood pressure monitoring 
(ABPM), echocardiogram, and Echo Doppler evaluation of the 
anatomy of the renal arteries of patients were also performed.

To evaluate the true effects of RSD on BP and additional measures, 
baseline medication was unchanged for at least 3 months before renal 
nerve ablation and treatment was maintained at follow-up. The patients 
were instructed not to change the medications and dosages after the 
procedure unless clinically indicated. Drug records and adherence of 
each patient were comprehensively reviewed and documented at each 
visit.

All the patients received i.v. sodium bicarbonate (3 mL/kg) and 
0.9% saline for 1 h, as prophylaxis for attenuation of iodinated contrast 
media-associated nephrotoxicity [25,26]. The procedures were 
performed in the catheterization laboratory with direct visualization 
using fluoroscopy and radiopaque contrast. In several cases, we also 
used three-dimensional mapping system EnSite Velocity (St. Jude 
Medical, St. Paul, Minnesota, USA) for the construction of renal 
arteries and aorta anatomy, as well as for radiofrequency application in 
the selected sites. Under the supervision of an anesthesiologist, patients 
were pretreated with diazepam or midazolam. Catheterization of the 
femoral artery by the standard Seldinger technique was performed after 
s.c. injection of local anesthetic in the inguinal region. A 12-Fr valved 
sheath was introduced into this artery and unfractionated heparin 
was administered as i.v. bolus, targeting an activated coagulation time 
(ACT) > 250 s in the first 10 min. During the procedure, the ACT 
targeted range was 250-350 s. Subsequently, using an 11-F steerable 
long sheath (Agilis®, St. Jude Medical, St. Paul, Minnesota, USA) by 
the standard “over the wire” technique, an angiogram of the aorta and 
renal arteries were performed, and the 7-Fr ablation catheter with open 
irrigated tip was inserted (AlCath Flux extra Gold Full Circle 2708; 
VascoMed GmbH, Binzen, Germany or Therapy™ Cool Path™, St. Jude 
Medical, St. Paul, Minnesota, USA) inside the renal artery, allowing 
the delivery of RF energy to the renal artery innervation. Because the 
application of RF is usually very painful, fentanyl was intravenously 
administered before the procedure. Radiofrequency applications were 
performed within the main stem of the renal arteries, bilaterally, with 
a series of applications with 8W power, 60 s duration each, with an 
irrigation flow rate of 17 mL/min, aiming > 4 RF applications per renal 
artery, according to their length. These points ablated were made with 
at least 5 mm distance between them and moving the catheter from 
the distal to the proximal in circumferential manner. The number of 
lesions per artery was chosen based on the artery length measurement 
by baseline angiography. For arteries, shorter than 20 mm, a minimum 
of four lesions were applied, and for every increase in 5 mm length one 
additional lesion was provided. After the procedure, the anatomy of 
the renal arteries was checked by angiography to assess whether there 
were any complications during the procedure. At the end of procedure, 
patients were submitted to another infusion of sodium bicarbonate (1 
mL/kg/h) for 6 h [25,26]. 

Methods
In this study, we conducted a prospective, longitudinal study in 45 

patients with refractory hypertension and CKD stages 2, 3, and 4 who 
underwent percutaneous RSD. The Committee of Ethics in Research of 
the Medical School of Universidad Federal Fluminense approved the 
study and an informed consent was signed by all patients.

Study subjects

This study was conducted in the state of Rio de Janeiro, Brazil as 
a partnership of Universidade Federal Fluminense and the Hospital 
Regional Darcy Vargas. Patients were recruited from June 2011 to 
February 2015 and were derived from the university hospital and the 
public health network of the county. Patients who had the combination 
of the following criteria were consecutively enrolled: (i) office systolic 
blood pressure ≥160 mmHg (or ≥150 mmHg for patients with type 
2 diabetes mellitus), confirmed by multiple measurements, despite 
treatment with non-pharmacological measures and use of at least three 
antihypertensive drugs (including a diuretic) on maximally tolerated 
doses or confirmed intolerance to medications; (ii) glomerular filtration 
rate estimated by the CKD-EPI (Chronic Kidney Disease Epidemiology 
Collaboration) equation, eGFR [18] between 15 and 89 mL/min/1.73 
m2 (patients with eGFR>60 mL/min/1.73m2 were required to have 
microalbuminuria); and (iii) age from 18 to 70 years.

Exclusion criteria were pregnancy, valvular heart disease with 
significant hemodynamic consequences; use of warfarin, stenotic 
valvular heart disease for which the reduction in blood pressure (BP) 
could be dangerous; acute myocardial infarction, unstable angina, 
stroke, or transitory ischemic attack within the previous 6 months; 
Reno vascular anomalies (including renal artery stenosis, angioplasty 
with or without stenting, or double or multiple main arteries in the 
same kidney); and diabetes mellitus type 1 or other secondary cause 
for hypertension.

All patients involved in this study were already treated for 
hypertension for at least a year. Baseline medication was unchanged 
for at least 3 months before renal nerve ablation.

Transthoracic echocardiography

Transthoracic echocardiography was performed at baseline and 
at the 6th month of follow-up using a GE ultrasound system (Vivid I, 
General Electric, Frankfurt, Germany) equipped with a multifrequency 
transducer and tissue Doppler imaging software according to the 
Guidelines of the American Society of Echocardiography [15]. Data 
were analyzed and interpreted by 2 experienced echocardiographers.

The left ventricular (LV) mass was calculated from LV linear 
dimensions using the Devereux formula [19,20]. LV mass was indexed 
to the body surface area [19,21], as indicated. LVH was considered 
present when the LV mass exceeded 115 g/m2 for men and 95 g/m2 for 
women [19]. 

The diastolic parameters were evaluated accordingly the 
recommendations for the evaluation of left ventricular diastolic 
function by echocardiography, described by Nagueh et al. [22].

Study procedures and assessment

In this study, we treated 45 patients (26 men and 19 women) 
with CKD (stages 2, 3, and 4), and grade 2 and 3 systemic arterial 
hypertensions. Patients underwent a complete medical history and 
physical examination. Hypertension was diagnosed on the basis of the 
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After the procedure, patients remained hospitalized for a period 
of 24 h in a ward. The follow-up was performed weekly for the first 
month and monthly from the second to the sixth month. In every visit 
to the office, BP was measured after standing for 10 min in both upper 
limbs in sitting and supine positions, being considered for the study the 
mean of four measures. For every change in patient position (standing, 
sitting, and supine), there was a pause of 5 min. Samples were collected 
for blood and urine tests to monitoring the variables on the 1, 3, and 6th 
months. Ambulatory blood pressure monitoring was performed on the 
first, third, and sixth month after the procedure to evaluate the BP and 
effectiveness of RSD. Echo Doppler was also performed to evaluate the 
anatomy of the renal arteries of patients, at first and sixth month after 
the RSD. Echocardiogram was performed 6 months’ post procedure. 
The following variables were monitored during the follow-up period: 
echocardiographic parameters, systolic and diastolic BP, number, and 
doses of antihypertensive medications, eGFR, and albuminuria.

Statistical analysis

The results were expressed as mean and standard deviation (mean 
± SD) of the mean in case of normal distribution and as the median 
with inter-quartile range otherwise. Statistical tests were all two-sided. 
Comparisons between two-paired values were performed by the paired 
t-test in case of Gaussian distribution or, alternatively, by the Wilcoxon 
test. Comparisons between more than two-paired values were 
performed by ANOVA for repeated measures or with Kruskal-Wallis 
ANOVA as appropriate complemented by a post hoc test. Frequencies 
were compared with x2 test. P-values<0.05 were considered significant. 
Correlations between two variables were performed by Pearson in case 
of Gaussian distribution or, alternatively, with the Spearman correlation 
test. All statistical analysis was performed using the program Graph 
Pad Prism v 6.0 (Graph pad software, La Jolla, CA, USA).

Results
Baseline characteristics of patients

General features of the 45 patients are listed in Table 1. Twenty-two 
out of the 45 patients were on stage 2 of CKD, sixteen on stage 3, and 
seven on stage 4. The mean systolic/diastolic arterial pressure was 180 ± 
17/109 ± 12 mmHg. Patients were taking an average of 4.7 ± 1.2 classes 
of antihypertensive drugs. Twenty-six out of the 45 patients had LVH 

and nineteen did not present LVH.

Efficacy in blood pressure reduction, changes in 
antihypertensive medications and in renal function after the 
procedure 

These changes (∆) between baseline and 6 months after RSD in 
office BP, 24-h ABPM, number of antihypertensive drugs, percentage 
of medication use by class (Table 2), creatinine values, eGFR and 
albumin:creatinine ratio (ACR) in overall patients, LVH patients and 
non LVH patients can be better appreciated in Table 3.

Changes of echocardiographic parameters

Besides, the LV mass index decreased from 123.70 ± 38.44 g/m2 at 
baseline to 106.50 ± 31.88 g/m2 at the 6th month after RSD, P<0.0001. 
The regression of LV mass in patients who underwent RSD was 
accompanied by an improvement of diastolic functional parameters. 
The comparison between baseline and the 6th month post RSD showed 
that the mitral valve E deceleration time (Figure 1A) shortened from 
242.40 ± 45.11 ms to 214.50 ± 36.40 ms (P<0.0001), and a significant 
reduction in the isovolumic relaxation time (IVRT) (Figure 1B) was 
noted from 126.10 ± 26.56 ms to 107.80 ± 24.53 ms (P<0.0001). Tissue 
Doppler imaging revealed a significant reduction in the mitral valve E 
Vmax from 76.96 ± 21.77 cm/s to 71.21 ± 20.70 cm/s (P<0.0001), in 
the mitral valve A Vmax from 81.82 ± 20.24 cm/s to 71.64 ± 19.70 cm/s 
(P<0.0001), in the mitral valve E/A ratio from 0.94 ± 0.09 to 0.10 ± 0.16 
(P=0.0007), an increase of the diastolic relaxation velocity of the lateral 
mitral annulus measured by the mitral valve lateral e’ from 8.16 ± 0.95 
cm/s to 10.42 ± 1.16 cm/s (P<0.0001). Furthermore, the ratio of mitral 
inflow velocity to annular relaxation velocity (lateral E/e’), a marker of 
LV diastolic filling pressure, significantly decreased from 9.49 ± 2.57 at 
baseline to 6.88 ± 1.96 at the 6th month post procedure (P<0.0001), as 
shown in Figure 1C. The number of patients (%) with normal LV filling 
pressures, i.e., an E/e’ ratio ≤ 8, increased from 18 (40%) at baseline to 
31 (69%) at 6 months after the RSD, whereas the percentage of patients 
with increased LV filling pressures based on the E/e’ ratio (E/e’ ratio 
≥12) declined from 12 (27%) at baseline to 0 (0%) at the 6th month of 
follow-up [22]. Consistent with a pronounced reduction in LV filling 
pressures by RSD, left atrial diameter (LAD) significantly decreased 
from 40.87 ± 5.91 mm at baseline to 38.53 ± 6.10 mm at the 6th month 
post procedure, P<0.0001, as shown in Figure 2. Thirty-six patients 

Overall LVH Non LVH           P value 
LVH vs. Non LVH

N 45 26 19
Age (years) 53.9 ± 11.3 56.4 ± 10.5 50.4 ± 11.4 0.0751
Body mass index, kg/m2 30.2 ± 4.3 29.8 ± 4.0 30.9 ± 4.0 0.4038
Male sex (%) 26 (58%) 14 (54%) 11 (58%) 1.0000
Ethnicity (white) (%) 35(78%) 18(69%) 17(89%) 0.1536
Coronary artery disease (%) 6(13%) 2(8%) 4(21%) 0.3768
Atrial fibrilation (%) 2(4%) 2(8%) 0(0%) 0.5010
Stroke (%) 6(13%) 6(23%) 0(0%) 0.0316
Type 2 diabetes (%) 15(33%) 11(42%) 4(21%) 0.2027
Number of antihypertensives 4.7 ± 1.2 4.7 ± 1.1 4.6 ± 1.3 0.4047
eGFR, mL/min/1.73 m2 (CKD-EPI) 57.3 ± 22.0 53.8 ± 22.0 62.1 ± 21.5 0.2269
Stages of CKD
2 22(49%) 11(42.3%) 11(57.9%) 0.3726
3 16(35.5%) 10(38.4%) 6(31.6%) 0.7565
4 7(15.5%) 5(19.3%) 2(10.5%) 0.6808
Office blood pressure, mmHg 180 ± 17/109 ± 12 181 ± 19/106 ± 11 179 ± 16/114 ± 13 0.6291/0.0257`

a Mean ± SD; eGFR. Estimated glomerular filtration rate; LVH, left ventricular hypotrophy; N, number of patients

Table 1. General features of patients at baseline.
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(80%) had decrease of LAD post procedure. Twenty-three LVH 
patients (88%) showed this reduction 6 months after RSD, while only 
thirteen non LVH patients (68%) presented this effect post procedure. 

When the variation (∆) between baseline and the 6th month post 
RSD in LVH patients and non LVH patients were compared to the 
same parameters: mitral valve E Vmax (-6.05 ± 9.72 cm/s and -5.32 
± 7.30 cm/s, respectively, P=0.7836), mitral valve A Vmax (-10.58 ± 

8.16 cm/s and -9.63 ± .10 cm/s, respectively, P=0.6874), mitral valve 
E/A ratio (0.06 ± 0.10 and 0.06 ± 0.14, respectively, P=0.9757), mitral 
valve E deceleration time (-29.65 ± 15.80 ms and -25.53 ± 20.04 ms, 
respectively, P=0.4439) (Figure 3A), the isovolumic relaxation time 
(-20.00 ± 13.78 ms and -16.05 ± 12.65 ms, respectively, P=0.3316) 
(Figure 3B), mitral valve lateral e’ (2.46 ± 0.95 ms and 2.00 ± 1.05 ms, 
respectively, P=0.1312), and mitral valve lateral E/e’ ratio (-2.82 ± 1.21 
and -2.32 ± 1.27, respectively, P=0.1900) (Figure 3C) no significant 
difference was found. There was no difference between the ∆ LAD 
at baseline and at the 6th month post RSD: -2.81 ± 2.43 mm in LVH 
patients and -1.68 ± 2.61 mm in non LVH patients, P=0.1448.

Analyzing the correlation between ∆ eGFR and ∆ mitral valve 
lateral E/e’ ratio we observed a positive significant value in overall 
patients (r=0.3151, P=0.0350), as shown in Figure 4A. However, 
separating groups in LVH (r=0.4037, P=0.0408,) and non LVH patients 
(r=0.4065, P=0.0842), only the first group presented a significant 

Types of antihypertensive agents Baseline, n=45 (%) 6th month, n=45 (%)
Diuretic 45 (100%) 36 (80%)
Aldosterone antagonist 15 (33%) 8 (18%)
Angiotensin-receptor blocker 38 (84%) 30 (67%)
ACE inhibitor 7 (16%) 4 (9%)
Direct renin inhibitor 3 (10%) 2 (7%)
β blocker 30 (67%) 25 (56%)
Calcium-channel blocker 41 (91%) 31 (69%)
Centrally acting sympatholytic 19 (42%) 8(18%)
Vasodilator 4 (13%) 0 (0%)
α-1 adrenergic blocker 1 (3%) 0 (0%)

ACE= angiotensin-converting enzyme.

Table 2. Medication use, by class, during the study.

Variable Overall (n=45) P value LVH (n=26) P value Non LVH (n=19) P value
Office Systolic BP, mmHg -43.4 ± 17.2a <0.0001 -40.9 ± 18.0 <0.0001 -46.7 ± 16.0 <0.0001
Office Diastolic BP, mmHg -19.2 ± 12.4a <0.0001 -15.8 ± 11.2 <0.0001 -23.9 ± 12.6 <0.0001
Systolic ABPM, mmHg -19.4 ± 10.6a <0.0001 -18.7 ± 10.1 <0.0001 -20.3 ± 11.4 <0.0001
Diastolic ABPM, mmHg -9.8 ± 10.7a <0.0001 -8.6 ± 10.7 0.0004 -11.4 ± 10.8 0.0002
Number of AH drugs -1.1 ± 1.2a <0.0001 -1.0 ± 1.2 0.0002 -1.3 ± 1.2 0.0003
Creatinine values, mg/dl -0.24 ± 0.25a <0.0001 -0.25 ± 0.31 0.0005 -0.24 ± 0.15 <0.0001
eGFR, ml/min/1.73m2 -15.7 ± 14.1a <0.0001 -13.5 ± 13.7 <0.0001 -18.7 ± 14.4 <0.0001
Albumin: creatinine ratio, mg/g -38.4b

(-76.4 to -23.4)
<0.0001 -42.2 

(-84.8 to -20.7)
<0.0026 -37.9

(-66.5 to -27.3)
0.0002

aMean ± SD; bMedian (Interquartile range); eGFR, estimated glomerular filtration rate; LVH, left ventricular hypertrophy; Δ, variation.

Table 3. Variation (Δ) of parameters between baseline and 6th month after renal sympathetic denervation.

Figure 1. (A) Mitral valve E deceleration time (ms), (B) isovolumic relaxation time 
(ms), and (C) mitral valve lateral E/e’ at baseline and 6 months after renal sympathetic 
denervation (n = 45). Values are presented as mean ± SD.

Figure 2. Left atrial diameter (mm) at baseline and 6 months after renal sympathetic 
denervation (n = 45). Values are presented as mean ± SD.
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correlation (Figure 4B and 4C, respectively). 

The ∆ mitral valve lateral E/e’ ratio compared among CKD stages 
2 (-2.27 ± 1.36), 3 (-2.91 ± 1.11) and 4 (-2.99 ± 1.01), did not show 
significant different (∆ mitral valve lateral E/e’ ratio in CKD 2 vs. 3, 
P=0.2608; (∆ mitral valve lateral E/e’ ratio in CKD 2 vs. 4, P=0.3731; 
and (∆ mitral valve lateral E/e’ ratio in CKD 3 vs. 4, P=0.9885), as 
shown in Figure 5.

Safety

From the 45 patients who underwent percutaneous RSD only one 
patient had bleeding requiring intervention at the puncture site of the 
femoral artery after the end of the procedure. The complication was 
adequately managed by mechanical compression, fluid infusion, and 
blood transfusion. Real-time renal artery imaging was performed to 
assess eventual structural changes related to the procedure. Some small 
focal irregularities of the renal arteries that were present during the 
procedure (possibly due to minor spasm or oedema) were no longer 
seen postoperatively. At months 1 and 6 after the procedure all the 
patients underwent a new Doppler scan of renal arteries without any 
evidence of stenosis or flow limitation.

Discussion
Chronic activation of the sympathetic nervous system is involved 

in the development and maintenance of arterial hypertension [27,28]. 
Furthermore, sympathetic over activity is a fundamental component of 
the signaling pathways altered in cardiac remodeling associated with 
hypertension [29,30].

As it is already known he control of BP reduces the rate of 
progression of CKD [31] and RSD is a powerful method for the 

control of resistant hypertension [32,33]. This procedure has also 
proved effective in controlling resistant hypertension even in patients 
with CKD. In two studies with a short follow-up period, the RSD 
was associated with increased eGFR [31,34,35] and the reduction of 
albuminuria [31,34,36]. Our data confirm the results of previous 
studies in relation to improving the office BP, 24-hour ABPM, number 
of antihypertensive drugs, creatinine values, eGFR and ACR, at the 6th 
month post procedure.

Several studies indicated a close relation between refractory 
hypertension and LVH, as well as LVH and diastolic dysfunction 
[37,38]. The presence of LVH is associated with an increased rate of 
cardiovascular events and death independent of other cardiovascular 

Figure 3. Variation (∆) between baseline and the 6th month post renal sympathetic denervation in LVH patients (n=26) and non LVH patients (n=19) were compared to the same parameters 
(A) Mitral valve E deceleration time (ms), (B) isovolumic relaxation time (ms), and (C) mitral valve lateral E/e’. Values are presented as mean±SD. LVH = left ventricular hypertrophy.

Figure 4. Correlation between the variation (Δ) of reduction mitral valve lateral E/e’ ratio at the 6th month and the variation (Δ) of change in estimated glomerular filtration rate (eGFR) in 
(A) all patients (n=45), (B) LVH patients (n=26), and (C) non LVH patients (n=19). LVH = left ventricular hypertrophy.

Figure 5. Variation (∆) of mitral valve lateral E/e’ ratio between baseline and the 6th month 
post renal sympathetic denervation in CKD stage 2 (n=22), CKD stage 3 (n=16), and CKD 
stage 4 (n=7). Values are presented as mean±SD. CKD = chronic kidney disease.
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risk factors and, notably, independent of BP values [39-41]. 
Consistently, LVH regression was accompanied by favorable outcome 
[42,43]. In hypertensive patients with elevated E/e′ ratio the annual 
mortality rate is 10% and the ratio is considered to be a prognostic 
factor for the development of cardiovascular disease (CVD) [8]. 
Diastolic HF is an important factor that increases mortality related to 
the cardiovascular system in patients with CKD whose extent of kidney 
function deterioration differs [9].

Brandt et al. showed, in 2012, that besides the known effects on 
reducing blood pressure, RSD significantly reduced LV mass and 
improved diastolic function assessed by echocardiography, which may 
have important implications for prognosis in patients with resistant 
hypertension at high cardiovascular risk [44]. In 2014, Schirmer et al. 
reported that LV mass index decreased unrelated to HR at baseline (p 
for interaction = 0.471). The diastolic parameters E-wave deceleration 
time, isovolumetric relaxation time, and E’ wave velocity improved 
similarly in all terciles of systolic BP and heart rate (HR). Changes 
in LV mass and function were also unrelated to reduction in systolic 
BP or HR. Vascular compliance improved dependently on BP but 
independently of HR reduction [45]. These data corroborate our results, 
which show changes in LV mass index, mitral valve E deceleration 
time, IVRT, mitral valve E Vmax, mitral valve A Vmax, mitral valve 
E/A ratio, diastolic relaxation velocity of the lateral mitral annulus 
measured by the mitral valve lateral e’, the ratio of mitral inflow velocity 
to annular relaxation velocity (lateral E/e’), and LAD from baseline to 
6th month post RSD. We did not observe in our patients, 6 months’ 
post procedure, differences between LVH and non LVH patients in 
all parameters aforementioned, as well as, no difference was noted in 
the magnitude of the change in lateral E/e’ ratio in the different CKD 
stages studied. Recently, our group [46] reported the improvement in 
some echocardiographic parameters after RSD in 15 LVH resistant 
hypertensive CKD patients, suggesting that RSD in this kind of patients 
seems to be effective in reducing LVM. We also observed a significant 
correlation between ∆ LVM and ∆ eGFR in overall patients. Probably 
this is due to the significant correlation in LVH patients, once in non 
LVH patients no correlation was found. 

In conclusion RSD in addition to treating lesions in heart and 
kidneys also can treat changes in diastolic function, thereby preventing 
the development of diastolic heart failure. However, the LVH and the 
changes in aforementioned factors causing diastolic heart failure can 
lead to SCD in this population when it reaches the ESRD. These factors 
appear to be modifiable by the RSD, which would make us to think 
about this new tool in order to modify such factors risk, until now not 
modifiable. Although encouraging, our data are preliminary and need 
to be validated in a large population and in long term.

Study limitations
The relatively small sample of the study can be seen as a limitation. 

However, as far as we could know, the present series is the unique 
in the literature addressing percutaneous renal artery denervation 
in CKD patients and echocardiographic method. However, given 
the nature of the study, which is uncontrolled, our findings should 
be interpreted with caution. Furthermore, given the lack of other 
therapeutic options for resistant arterial hypertension, we are not able 
to compare the effects of RSD with other treatment strategies. The use 
of echo Doppler to assess damage in the renal arteries is in some way a 
limitation. However, early complications caused by the RF applications 
were excluded by angiography performed at the end of the procedure. 
Any other method, such as CT angiography, magnetic resonance 

angiography, or a new angiography of the renal arteries, could expose 
patients to additional undesirable toxic insults. Angiography using 
CO2 is not available in our service.

In addition, more precise methods of the assessment of GFR, 
such as cystatin C or iothalamate, should be used in future studies 
to confirm our finding regarding the effects of RSD upon the eGFR 
specially taking in consideration that only one measurement of serum 
creatinine was performed at each time point of the study.
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