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ABSTRACT 

Background: Heart failure (HF) is associated with chronic sympathetic activation. Renal 

denervation (RDN) aims to reduce sympathetic activity by ablating the renal sympathetic nerves. 

We investigated the effect of RDN in patients with chronic HF and concurrent renal dysfunction, 

in a prospective, multicenter, single-arm feasibility study. 

Methods and Results: Thirty-nine patients with chronic systolic HF (left ventricular ejection 

fraction [LVEF] <40%, New York Heart Association class II-III,) and renal impairment 

(estimated glomerular filtration rate [eGFR; assessed with Modification of Diet in Renal Disease 

equation] <75 mL/min/1.73 m2) on stable medical therapy were enrolled. Mean age was 65±11 

years; 62% had ischemic HF. The average number of ablations per patient was 13±3. No 

protocol-defined safety events were associated with the procedure. One subject experienced a 

renal artery occlusion that was possibly related to the denervation procedure. Statistically 

significant reductions in N-terminal prohormone brain natriuretic peptide (NT-proBNP; 

1530±1228 vs 1428±1844 ng/mL, P=0.006) and 120-minute glucose tolerance test (11.2±5.1 vs 

9.9±3.6, P=0.026) were seen at 12 months, but there was no significant change in LVEF (28±9% 

vs 29±11%, P=0.536), 6-minute walk test (384±96 vs 391±97 m, P=0.584), or eGFR (52.6±15.3 

vs 52.3±18.5 mL/min/1.73 m2, P=0.700).  

Conclusions: RDN was associated with reductions in NT-proBNP and the 120-minute glucose 

tolerance test in HF patients 12 months after RDN treatment. There was no deterioration in other 

indices of cardiac and renal function in this small feasibility study.  

 

Key Words: Sympathetic nervous system, chronic kidney disease, renal impairment. 
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HIGHLIGHTS 

 RDN was associated with reductions in NT-proBNP and the 120-minute glucose 

tolerance test in HF patients with renal dysfunction 12 months after treatment. 

 No deterioration in other indices of cardiac and renal function 12 months after RDN 

treatment was observed. 

 No serious adverse events were adjudicated as related to the device, procedure, or 

therapy. There was one renal artery occlusion that was possibly related to the denervation 

procedure.  

 

ABBREVIATIONS 

CKD = chronic kidney disease 

eGFR = estimated glomerular filtration rate 

HF = heart failure 

LVEF = left ventricular ejection fraction 

MRA = mineralocorticoid receptor antagonist 

MSNA = muscle sympathetic nerve activity 

NT-proBNP = N-terminal prohormone brain natriuretic peptide 

RDN = renal denervation 
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Heart failure (HF) and chronic kidney disease (CKD) represent a significant and growing global 

health issue. Excessive sympathetic nervous system activation is the main contributor to the 

development and progression of both disease states. By blocking the function of beta-adrenergic 

receptors, beta blockers shield the heart from the excessive sympathetic activation, allowing a 

later recovery of autonomic balance with major mortality benefits. However, alternative options 

are required to supplement current therapeutic regimens. Renal sympathetic denervation (RDN) 

reduces renal sympathetic activity by modulating the sympathetic reflexes to the kidney.1 Animal 

models of HF have shown that surgical RDN improves both ventricular and renal function.2 

Little is known about the effect of RDN in human HF3 or renal disease.4 We report 12-month 

outcomes from the first feasibility study of RDN in patients with both HF and renal 

insufficiency. The primary aims were to evaluate the safety of RDN with the Symplicity Flex™ 

catheter and to investigate the physiologic response to RDN for the treatment of HF and renal 

impairment. 

 

Methods 

The Renal Denervation in Patients With Chronic Heart Failure & Renal Impairment (Symplicity 

HF, NCT01392196) feasibility trial was a prospective, multicenter, open-label, single-arm study 

that enrolled patients with chronic systolic HF and renal impairment. Inclusion criteria included 

left ventricular ejection fraction (LVEF) estimated by means of echocardiography, magnetic 

resonance, ventricular angiography <40%, New York Heart Association [NYHA] Class II-III, 

and renal impairment expressed by an estimated glomerular filtration rate (eGFR, assessed by 

means of the Modification of Diet in Renal Disease [MDRD] equation) of 30 to 75 mL/min/1.73 

m2. Unless intolerant, patients received optimal guideline-recommended doses of HF 
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medications. Exclusion criteria included hemodynamically significant renal artery stenosis, 

previous renal artery intervention, main renal artery <4 mm in diameter or <20 mm in treatable 

length, or multiple renal arteries in which the main renal artery was estimated to supply <75% of 

the kidney.  

RDN was performed using the Symplicity Flex single-electrode catheter system 

(Medtronic, Santa Rosa, California). The protocol mandated application of 4 to 6 treatments to 

each main renal artery, starting at the distal end and extending toward the ostium while rotating 

the tip of the catheter 90° between applications. A proctor was present at each case. Details of 

the denervation procedure have been previously described.1  

Renal artery duplex ultrasound and echocardiography outcomes were evaluated by core 

laboratories (VasCore and Mayo Echo Core Lab, respectively). Safety outcomes were 

determined by an independent clinical events committee, and an independent data monitoring 

safety committee evaluated safety throughout the trial. A proof-of-concept substudy investigated 

renal and cardiac norepinephrine spillover and muscle sympathetic nerve activity (MSNA) using 

microneurography; renal blood flow, using mercaptoacetyltriglycine nuclear imaging; and 

pulmonary wedge pressure, using a pulmonary catheter.5,6  

Institutional ethics approval and written informed consent from study subjects were 

obtained. The study complied with the Declaration of Helsinki.  

 

Statistical Analysis 

The trial was designed as a feasibility study to assess the safety and physiological consequences 

of RDN. The sample size (40) was chosen to minimize the number of subjects with chronic HF 

who were exposed to RDN while providing preliminary safety and performance information 
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before proceeding to a clinical trial. The substudy sample size was limited to 10 as it was a 

proof-of-concept investigation. Descriptive statistics were used because there were no powered 

primary or secondary endpoints or prespecified hypotheses. All initial analyses were performed 

according to the intention-to-treat principle. For patient characteristics, continuous parameters 

were summarized using mean, standard deviation, and number of values. Nominal parameters 

were summarized as counts and percentages. Ad hoc comparisons between baseline and 12-

month measurements were performed using the paired t test, the McNemar test, or the Wilcoxon 

signed rank test for non-normally distributed data, which were identified by use of the Shapiro-

Wilk test. P values <0.05 were considered statistically significant. Results for all patients with 

data available at each time point are presented. Paired data are also reported for measures with 

statistically significant differences between baseline and 12-month values. Measures of 

sympathetic activity were summarized using mean, standard deviation, and number of values at 

baseline, 6 months, and 12 months. Because of the limited number of patients in this substudy, 

no comparisons are reported. Analyses were performed using SAS software version 9.1 or later 

(SAS Institute, Cary, North Carolina). 

 

Results 

Study patient population  

A total of 39 subjects, from 8 study sites located in Europe and Australia, were included in the 

analysis. The 12-month follow-up results of all these 39 subjects were available for reporting 

data in the present study. The mean age was 65±11 years; 87% were male. Sixty-two percent had 

ischemic heart failure. The mean body mass index (BMI) of all subjects was 31±6 kg/m². The 

majority of subjects were New York Heart Association (NYHA) class II (68%) and the 
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remaining were NYHA III (32%); mean LVEF was 28±9%. Approximately half of the subjects 

had a history of myocardial infarction (51%) or implantable cardioverter-defibrillator/cardiac 

resynchronization therapy devices (49%), 54% of the subjects had renal insufficiency (eGFR 

<60), and 51% had diabetes mellitus type 2. 

 

Renal Denervation Procedure 

Bilateral renal nerve ablation was performed per protocol in all subjects; 4 to 20 radiofrequency 

ablation treatments per patient were performed (mean 13±3).  

 

Safety Data 

One death (2.6%, cardiovascular related) and 1 myocardial infarction (2.6%) had occurred by 12 

months. There were 12 hospitalizations for decompensated HF in 8 patients (20.5%). One subject 

experienced a renal artery occlusion evident on a nuclear flow scan that did not meet the protocol 

definition of stenosis due to absence of a confirmatory renal angiogram. Six subjects (15.4%) 

had a rise in creatinine of 25% to 50%. No other major adverse events were observed. 

 

Cardiac and Renal Physiologic Response 

Statistically significant reductions in NT-proBNP and glucose tolerance at 120 minutes were 

seen at 12 months; however, other markers of change in cardiac function did not reach statistical 

significance (Table 1). No changes in renal physiologic response were observed at 12 months 

compared with baseline (Table 1, Figure 1). There were no changes observed in 6-minute walk 

distance, quality of life, body mass index, or glycemic control (Table 1). A reduction in use of 

mineralocorticoid receptor antagonists was seen (67% to 55%, P=0.046).  
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Figure 1: Change in eGFR from baseline through 12 months of follow-up.  
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Table 1: Baseline characteristics and 12-month outcomes 

 Baseline 

(N=39) 

12 Months 

(N=38) 

12-Month Change 

(N=38) 

 

P vs Baseline 

Body mass index, kg/m2 31±6 31±6 0.1±1.5 0.673a 

Heart rate, bpm 69±10 69±9 -0.1±9.6 0.972a

Office blood pressure, mmHg 

Systolic 

Diastolic 

 

123±20 

75±12 

 

122±19 

74±11 

 

-1±18 

-1±12 

 

0.669b 

0.323b 

Medication use     

ACEi/ARB 92% 87% -6% 0.157c 

Beta-blocker 97% 97% 0% NAc 

MRA 67% 55% -11% 0.046c 

Functional tests     

6-min walk test, m 384±96 (N=39) 391±97 (N=34) -6±60 (N=34) 0.584a 

MLHF score 1.7±1.1 (N=38) 1.6±1.1 (N=38) -0.2±0.6 (N=37) 0.160b 

Blood/serum tests     
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NT-proBNP, ng/L 1899±1818 (N=29) 1466±1782 (N=29) -102±1006 (N=27) 0.006b,d 

Fasting c-peptide, nmol/L 1.9±1.0 (N=21) 1.8±0.9 (N=19) 0.2±0.9 (N=15) 0.361a 

Fasting glucose levels, 

mmol/L 

6.7±2.6 (N=32) 7.0±2.7 (N=37) 0.2±2.3 (N=31) 0.271b 

Glucose tolerance teste 

0 min 

60 min 

120 min  

 

6.5±2.1 (N=32) 

11.8±4.0 (N=26) 

11.2±5.1 (N=29) 

 

6.2±1.7 (N=30) 

11.5±3.4 (N=21) 

9.9±3.6 (N=25) 

 

-0.3±1.4 (N=25) 

0.5±2.9 (N=18) 

0.5±2.0 (N=21) 

 

0.538b 

0.799b 

0.026b,f 

Hemoglobin A1c, % 6.4±1.1 (N=38) 6.5±1.4 (N=32) 0.1±0.9 (N=32) 0.377b 

Renal function     

eGFR, mL/min/1.73 m2 52.6±15.3 (N=39) 52.3±18.5 (N=38) -0.6±9.9 (N=38) 0.700a 

Echocardiographic results     

LVEF, % 28±9 (N=34) 29±11 (N=37) 1±9 (N=33) 0.536b 

LV mass, g 290±100 (N=27) 269±107 (N=28) -17±86 (N=24) 0.274b 

Interventricular septal 

thickness at diastole, mm 

10.1±2.6 (N=27) 9.2±2.1 (N=31) -0.6±2.2 (N=25) 0.208b 
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24-h urine studies 

Creatinine, mmol/24 h 

Creatinine clearance, mL/s 

Protein, g/L 

 

10.8±4.8 (N=30) 

1.5±1.7 (N=23) 

0.1±0.2 (N=32) 

 

12.5±6.7 (N=28) 

1.5±1.6 (N=29) 

2.2±10.1 (N=35) 

 

1.4±6.7 (N=28) 

-0.4±1.7 (N=20) 

2.4±10.9 (N=30) 

 

0.633b 

0.268b 

0.684b 

Baseline and 12-month analyses included all data available at each time point for each parameter; N values are 

provided within the body of the table. Twelve-month change and P value calculations included only patients with 

data available at both baseline and 12 months. 

aP value calculated using the paired t test. 

bP value calculated using the Wilcoxon signed rank test.  

cP value calculated using the McNemar test. 

dMean baseline and 12-month NT-proBNP values of the patients includes in the paired analysis (N=27) were 

1530±1228 and 1428±1844, respectively. 

eBlood glucose level was tested 120 min after fast oral intake of 75 g glucose. 

fMean baseline and 12-month 120-min glucose tolerance values of the patients in the paired analysis (N=21) were 

9.8±4.5 and 10.3±3.6, respectively.  
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ACEi/ARB, angiotensin-converting enzyme inhibitors/angiotensin receptor blockers; EF, ejection fraction; eGFR, 

estimated glomerular filtration rate; LV, left ventricular; MLHF, Minnesota Living With Heart Failure questionnaire; 

MRA, mineralocorticoid receptor antagonists; NT-proBNP, N-terminal prohormone brain natriuretic peptide. 

 

Sympathetic Activity 

The 6-month change in renal and cardiac norepinephrine spillover was -243±306 and -8±17, respectively. The 6- and 12-month 

changes in MSNA were -10±11 bursts/min and -5±4 bursts/min, respectively (Table 2).  
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Table 2: Sympathetic activity at baseline, 6 months, and 12 months 

 Baseline 6 

Months 

6-Month change 12 Months 12-Month 

change 

Renal NE spillover, ng/min 515±209 

(N=6) 

277±92 

(N=5) 

-243±306 

(N=5) 

322±45 

(N=2) 

-48±188 

(N=2) 

Cardiac NE spillover, 

ng/min 

31±11 

(N=5) 

25±19 

(N=4) 

-8±17 

(N=4) 

30±2 

(N=2) 

-10±9 

(N=2) 

MSNA, bursts/min 59±8 

(N=5) 

50±18 

(N=5) 

-10±11 

(N=5) 

55±11 

(N=5) 

-5±4 

(N=5) 

MSNA, bursts/100 

heartbeats 

89±17 

(N=5) 

76±29 

(N=5) 

-12±12 

(N=5) 

84±20 

(N=5) 

-5±6 

(N=5) 

Analyses included all patients at each time point for each parameter; N values are provided within the body of the 

table. NE, norepinephrine; MSNA, muscle sympathetic nerve activity. 
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DISCUSSION 

We present a prospective, single-arm feasibility study of RDN therapy in patients with systolic 

HF and renal dysfunction. The RDN procedure appears to be safe and well tolerated. Statistically 

significant reductions in NT-proBNP and 120-minute glucose tolerance were seen. No other 

significant changes in indices of cardiac or renal function were demonstrated following RDN at 

1-year follow-up. No serious adverse events were adjudicated as related to the device, procedure, 

or therapy.  

The serious adverse events observed in this trial likely reflect the severity of HF in these 

patients. Elevated NT-proBNP is an independent predictor of mortality in HF,7 and death, 

myocardial infarction, and HF hospitalization are not unexpected in this group; however, RDN 

as a contributor cannot be excluded. The renal artery occlusion observed in 1 subject may relate 

to the RDN procedure, to progression of pre-existing atherosclerosis, occlusion from cardiac or 

vascular emboli, and/or thrombosis due to the hypercoagulable state. Rates of renal artery 

stenosis in other studies with this system have been low,8 and this is the first report of renal 

artery occlusion.  

Preclinical trials in animal models have suggested beneficial effects of RDN on HF 

associated with high sympathetic tone.9 Several prospective trials have shown reduced LV mass 

in non-selected hypertensive patients10,11 following RDN therapy, suggesting a potential benefit 

for HF patients. Trials of RDN in HF have had mixed results. Seven HF subjects studied using 

the same first-generation single-electrode RDN system had no change in LVEF at 6 months.3 A 

prospective, randomized single-center study of 25 HF patients with preserved EF12 did not detect 

improvements in endpoints compared with controls. However, a study in 60 HF patients with 

reduced EF found significant improvements in LVEF, 6-minute walk distance, NYHA class, and 
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NT-proBNP with RDN compared with controls.13 Few data exist on whether RDN confers 

benefits in patients with CKD. In 15 patients with stage 3 or 4 CKD (mean eGFR 31 

mL/min/1.73 m2), no significant alterations in kidney function were seen following the 

procedure.14  

Although statistically significant changes in markers of sympathetic response could not 

be reliably determined in the substudy because of the low number of patients, there was a 47% 

decrease in renal norepinephrine spillover, a 26% decrease in cardiac norepinephrine spillover, 

and a 17% reduction in MSNA bursts/min at 6 months. These changes may be potential signals 

of a sympatholytic effect of RDN that the study was not powered to detect.  

The 12-month clinical course for HF is usually one of decline15; thus, the lack of 

deterioration may suggest a clinical effect of RDN. A biochemical improvement in HF was 

observed 12 months following RDN in this study; however, the 7% reduction in NT-proBNP 

level at 12 months did not reach the 25% threshold currently regarded as a clinically meaningful 

improvement.16 The reduction in MSNA bursts/min values post-RDN is not dissimilar to that 

described by Hering et al.17 in hypertensive patients, perhaps suggesting that partial denervation 

may have been achieved.  

Conversely, the lack of changes in tested clinical variables might relate to insufficient 

extension of therapy delivery with the adopted RDN technique. In the SYMPLICITY protocol, 

the lesions were distributed only in the main renal artery from the ostium to the first major 

bifurcation, and no treatments were applied distal to the main bifurcation of the renal artery. 

Recent investigations have challenged the efficacy of this relatively conservative “first-

generation” therapy approach to consistently achieve appropriate nerve destruction,18,19 and there 

is now convincing data from human studies to indicate that distal artery and branch treatment 
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appears significantly more potent than main artery denervation.20,21A recent human cadaver 

histological analysis reported that the renal nerve fibers are much closer to the vessel lumen near 

the distal end of the main trunk of the renal artery, thereby making nerves in the proximal portion 

relatively less susceptible to radiofrequency energy damage as compared to the distal portion.18 

Unfortunately, there is no reliable method to assess the completeness of denervation in the 

catheterization laboratory. Confirmation of effective RDN has been tested by electrical 

stimulation of the renal artery target area before and after RDN,22 but confirmatory data that this 

test predicts success of denervation are unavailable.  

The major limitation of this trial is its small sample size. As this was a feasibility trial, it 

included no sham control group, which has been shown to be important in assessing RDN.8 The 

multielectrode Symplicity SpyralTM RDN catheter is currently being tested with sham controls in 

the SPYRAL HTN Global Clinical Trial Program (NCT02439749, NCT02439775), and a further 

trial in systolic HF is ongoing (NCT01639378). Additional studies may be warranted to evaluate 

the potential for RDN to provide benefit in patients with HF and/or renal dysfunction once an 

optimal RDN procedure is determined.  

 

Conclusion 

RDN was associated with small reductions in NT-proBNP and 120-minute glucose tolerance at 

12 months in patients with HF. There was no deterioration in other indices of cardiac or renal 

function following RDN. This was a small feasibility trial of patients with HF and renal 

dysfunction with limited data on physiological responses. No adverse events were adjudicated as 

related to RDN; however, 1 renal artery occlusion occurred that was possibly related to RDN.  
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