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A B S T R A C T

Introduction: A systematic analysis of clinical trials was performed in order to assess the effectiveness and risks of
bilateral renal denervation (RDN) in patients with chronic heart failure with reduced ejection fraction (HFrEF).
Methods: A systematic review was conducted of all clinical trials exploring the effectiveness of RDN in patients
with HF who had reduced (<50%) EF. Primary outcomes were NYHA class, 6-min walk test, N-terminal pro-B-
type natriuretic peptide (NT-proBNP) levels, left ventricular ejection fraction (LVEF) and other cardiac parame-
ters including left ventricular end-systolic diameter (LVESD), left ventricular end-diastolic diameter (LVEDD), and
left atrium diameter (LAD). Secondary outcomes were systolic blood pressure (SBP), diastolic blood pressure
(DBP), heart rate (HR), glomerular filtration rate (GFR), and creatinine.
Results: Seven studies were included in this analysis. From baseline to 6 months after RDN, the pooled mean NYHA
class was decreased (mean difference [MD], -0.9; 95% confidence interval [CI], -1.6 to -0.2; P ¼ 0.018), the mean
6-min walk test was increased (MD, 79.5 m; 95% CI, 26.9 to 132.1; P ¼ 0.003), and the average NT-proBNP level
was decreased (MD, -520.6 pg/mL; 95% CI, -1128.4 to 87.2; P ¼ 0.093). Bilateral RDN increased the LVEF (MD,
5.7%; 95% CI, 1.6 to 9.6; P ¼ 0.004), decreased the LVESD (MD, -0.4 cm; 95% CI, -0.5 to -0.2; P < 0.001),
decreased the LVEDD (MD, -0.5 cm; 95% CI, -0.6 to -0.3; P < 0.001), and decreased the LAD (MD, -0.4 cm; 95%
CI, -0.8 to 0; P ¼ 0.045). In addition, RDN significantly decreased systolic BP (MD, -9.4 mmHg; 95% CI, -16.3 to
-2.4; P ¼ 0.008) and diastolic BP (MD, -4.9 mmHg; 95% CI, -9.5 to -0.4; P ¼ 0.033), and decreased HR (MD, -4.5
bpm; 95% CI, -8.2to -0.9; P ¼ 0.015). RDN did not significantly change GFR (MD, 7.9; 95% CI, -5.0 to 20.8; P ¼
0.230), or serum creatinine levels (MD, -7.2; 95% CI, -23.7 to 9.4; P ¼ 0.397).
Conclusion: Bilateral RDN appears safe and well-tolerated in patients with HF. RDN improved the signs and
symptoms of HF and slightly decreased systolic and diastolic BP without affecting renal function in the clinical
trials performed to date.
1. Introduction

Heart failure (HF) is a prevalent, widespread, and costly disease. Each
year in the United States, heart failure affects over 800,000 new patients,
contributes to more than 300,000 deaths, and costs 30 billion dollars [1].
The progressive pathophysiology of heart failure is characterized by
maladaptive sympatho-excitation which adversely affects the cardio-
vascular and renal systems. Endovascular renal denervation (RDN) is a
minimally invasive procedure that has been shown to effectively
decrease blood pressure (BP) in patients with refractory hypertension
ang).
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[2]. In addition, RDN has provided improvements in alleviating the
symptoms of HF by reducing sympathetic nerve activity and attenuating
adverse cardiac remodeling in both HF animal models and in patients [3,
4, 5, 6], suggesting that RDN is a promising approach for the manage-
ment of HF. Several clinical trials have been done to compare the effec-
tiveness of RDN in the treatment of chronic HF, suggesting that RDN
decreased N-terminal pro-B-type natriuretic peptide (NT-proBNP),
increased in left ventricular ejection fraction (LVEF), and improved ex-
ercise tolerance in patients with chronic HF in RDN group over 6-month
follow-up [4, 7]. Potential complications of RDN including renal artery
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stenosis or dissection, pseudoaneurysm at the femoral access site, and
bradycardia are not common but require a concern. Given the lack of
large clinical trials in HF patients, the relative benefits and safety of RDN
in this patient population remain uncertain. We therefore carried out a
systematic analysis of clinical trials in order to assess the efficacy and
risks of bilateral RDN in patients with chronic HF with reduced ejection
fraction (HFrEF).

2. Material and methods

2.1. Search strategy

This systematic review was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
[8] and the reporting Meta-Analyses of Observational Studies in Epide-
miology (MOOSE) [9].

Studies that evaluated the effect of RDN in patients with HF published
before December 21, 2019, were identified using PubMed and EMBASE
databases, MEDLINE, and ClinicalTrials.gov. The following keywords
were used: renal denervation, renal sympathetic denervation and heart
failure. References of relevant articles were also reviewed for any addi-
tional studies. We searched for studies in any language in which adult
patients with HF received bilateral RDN.
2.2. Study selection

Studies that met each of the following criteria were included:

(1) the study assessed the effectiveness of RDN in patients with HF
who had reduced (<50%) EF.

(2) the outcomes included NYHA class, 6-min walk test, N-terminal
pro-B-type natriuretic peptide (NT-proBNP) levels, LVEF, left
ventricular end-systolic diameter (LVESD), left ventricular end-
diastolic diameter (LVEDD), and left atrium diameter (LAD),
heart rate (HR), systolic blood pressure (SBP), and diastolic blood
pressure (DBP), glomerular filtration rate (GFR), and creatinine.

(3) the duration of follow-up was at least 6 months.
2.3. Data extraction

Two reviewers (Zhiqiu Xia and Li Han) independently extracted data.
Any disagreement in opinion was resolved through discussion with all
investigators. The following data were extracted from the included
studies: publication year, methodology, number of patients, patient
population, intervention including drugs they received, and outcomes.

Primary outcomes were NYHA class, 6-min walk test, NT-proBNP
levels, LVEF and other cardiac parameters including LVESD, LVEDD,
and LAD. Secondary outcomes were HR, SBP, DBP, GFR, and creatinine.

NYHA class, 6-min walk test, NT-proBNP levels, LVEF, LVESD,
LVEDD, LAD, HR, SBP, DBP, GFR, and creatinine were treated as
continuous variables, of which mean differences (MDs) with 95% con-
fidence intervals (CIs) were calculated.

Using the formula shown in Chapter 7 of the Cochrane Handbook for
Systematic Reviews of interventions, we estimated the mean and vari-
ance of the trials in which only median, interquartile range (IQR), and
size were reported [10].
2.4. Quality assessment

The Newcastle-Ottawa Scale (NOS) was used to evaluate the quality
of the included studies [11]. Assessment scores of 0–3, 4–6, and 7–9 were
considered as poor, fair, and good, respectively. Disagreements were
resolved by consensus.
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2.5. Data analysis

To assess net changes in the same outcome, only the data of patients
that received renal denervation was extracted and calculated using a
random-effects model. All parameters and units were normalized for
comparison. Heterogeneity between studies was evaluated using a chi-
squared test, and a P value of <0.10 was indicative of significant het-
erogeneity. Data analyses were done with Comprehensive Meta-analysis
version 2.2. (Biostat Inc., Englewood, NJ)., and a P value of <0.05 was
considered as significant in the analysis.

3. Results

3.1. Eligible studies

The initial search retrieved 52 publications. After excluding dupli-
cates, 42 distinct articles were identified for title and abstract screen
(Figure 1). Of these, 30 articles were excluded, of which three were
studies about RDN for HF with preserved or normal EF, 22 were studies
about HTN, renal diseases or Parkinson's disease, four were studies not
mentioning RDN, and one was an animal study. Twelve studies were full-
text read for further evaluation. Five were excluded because of no
defined endpoints reported or incomplete study details. Therefore, seven
studies were included in this analysis (Table 1) [4, 7, 12, 13, 14, 15, 16].

3.2. Characteristics of studies included in the meta-analysis

The main characteristics of the included studies are summarized in
Table 1. All studies were published between 2013 to 2019. Patient
follow-up duration ranged from 6 to 24 months. There were three ran-
domized, control trials [4, 7, 13], one nonrandomized clinical trial [16],
and three single-arm trials [12, 14, 15].

3.3. Primary outcomes

3.3.1. NYHA class
Four trials evaluated the effect of RDN on NYHA class (Figure 2) [4, 7,

13, 15]. From baseline to 6 months after RDN, the pooled mean NYHA
class decreased by 0.9, consistent with an amelioration of heart failure
symptoms (MD, -0.9; 95% CI, -1.6 to -0.2; P ¼ 0.018).

3.3.2. Six-minute walk test
Five trials reported the effect of RDN on the 6-min walk test (Figure 2)

[4, 7, 13, 14, 15]. Four reported mean (SD) [4, 7, 14, 15], and one re-
ported median (IQR) [13]. The mean 6-min walk test was increased by
79.5 m (MD, 79.5 m; 95% CI, 26.9 to 132.1; P ¼ 0.003).

3.3.3. NT-proBNP levels
Three trials reported the changes of NT-proBNP levels after RDN

(Figure 2) [4, 7, 13], of which two reported mean (SD) [4, 7], and one
reported median (IQR) [13]. The average NT-proBNP level was
decreased by 520.6 pg/mL (MD, -520.6 pg/mL; 95% CI, -1128.4 to 87.2;
P ¼ 0.093). Two trials reported the changes of BNP levels. Dai et al
observed that BNP level in the RDN group dropped from 629 � 131
pg/mL to 460� 69 pg/mL at 24 h after denervation procedure [16]. Gao
et al study demonstrated that BNP was decreased to 661.2 � 368.2
pg/mL from 300.0 � 249.3 pg/mL at 6 months after RDN [15].

3.3.4. Echocardiography
Six out of seven studies evaluated the effect of RDN on LVEF

(Figure 3) [4, 7, 13, 14, 15, 16]. The combined data showed that RDN
increased LVEF by 5.7% (MD, 5.7%; 95% CI, 1.6 to 9.6; P¼ 0.004). Three
studies evaluated the effect of RDN on LVESD [7, 14, 15]. The combined
data showed that RDN significantly decreased the LVESD by 0.4 cm (MD,
-0.4 cm; 95% CI, -0.5 to -0.2; P< 0.001). Four studies evaluated the effect
of RDN on LVEDD [4, 7, 14, 15]. The combined data showed that RDN

http://ClinicalTrials.gov


Figure 1. Flowchart of the literature search.
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significantly decreased the LVEDD by 0.5 cm (MD, -0.5 cm; 95% CI, -0.6
to -0.3; P < 0.001).

Three studies evaluated the effect of RDN on LAD [4, 14, 15]. The
combined data showed that the renal denervation significantly decreased
the LAD by 0.4 cm (MD, -0.4 cm; 95% CI, -0.8 to 0; P ¼ 0.045).
3.4. Secondary outcomes

3.4.1. Blood pressure (BP) and heart rate (HR)
All the seven included studies monitored BP changes. Hopper et al

evaluated BP at 12 months after RDN showing that there was no signif-
icant BP change from baseline [12]. Dai et al monitored BP at 24 h after
RDN demonstrating that there are no BP changes in the RDN group
compared with baseline [16]. The changes of BP at 6 months following
RDN were examined in five studies (Figure 4) [4, 7, 13, 14, 15]. The
analysis demonstrated that RDN significantly decreased systolic BP by
9.4 mmHg (MD, -9.4 mmHg; 95% CI, -16.3 to -2.4; P ¼ 0.008) and dia-
stolic BP by 4.9 mmHg (MD, -4.9 mmHg; 95% CI, -9.5 to -0.4; P¼ 0.033).
Four trials included changes of HR as an outcome of interest [4, 13, 14,
15], showing that RDN was associated with a reduction in HR (MD, -4.5
bpm; 95% CI, -8.2to -0.9; P ¼ 0.015).

3.4.2. GFR and creatinine
All seven studies reported GFR or creatinine and no study reported

both parameters. Two trials evaluated the effect of RDN on GFR at 6
months following RDN (Figure 5) [4, 13]. The analysis did not demon-
strate a statistically significant effect of RDN on GFR from baseline to
6-month post-RDN (MD, 7.9; 95% CI, -5.0 to 20.8; P ¼ 0.230). Hopper et
al demonstrated that there was no significant change in GFR at12 months
following RDN [12]. Two trials reported the effect of RDN on serum
creatinine levels [14, 15]. Similarly, mean creatinine levels did not
change 6 months after RDN (MD, -7.2; 95% CI, -23.7 to 9.4; P ¼ 0.397).
Dai et al showed creatinine levels didn't change significantly at 24 h after
RDN [16].

3.4.3. Medicine titration and readmission
No study reported severe adverse events during ablation procedure

and follow-up periods. Three included studies reported down titration of
loop diuretics in RDN group [4, 14, 15]. Chen et al reported that the use
of loops in RDN group was decreased compared with control group at 6
months after RDN from 46.7% at baseline to 23.3% in RDN group at 6
months post RDN [4]. Gao et al observed that six patients reduced or
3

discontinued use of loop diuretics, and the use of and angiotensin re-
ceptor blockers (ARBs) were also decreased [15]. Davies et al reported
that four patients reduced or stopped loop diuretics in RND group due to
improvement of peripheral edema [14].

Dai et al reported that two patients in RDN group were readmitted
due to worsening heart failure with mean hospital stay of 5 � 3 days,
while eight patients were readmitted due to worsening heart failure with
mean hospital stay of 9 � 5 days in the control group [16]. In Dro _zd _z
study, three patients in RDN group and two in control group were
readmitted for decompensation of heart failure during 12 months of
follow-up, while whereas during 24 months of follow-up, four patients in
RDN group and five patients in control group were readmitted during 24
months of follow-up [13]. Hopper et al reported 12 hospitalizations due
to decompensated HF in eight patients during 12 months of follow-up
[12].

4. Discussion

This meta-analysis showed that RDN significantly improved the
symptoms of HFrEF as evidenced by decreases in NYHA class and
increased 6-min walk distances. This meta-analysis also showed echo-
cardiographic improvements in left ventricular function (LVEF, LVESD)
and congestion (LAD, LVEDD) after RDN, suggesting that these echo-
cardiographic improvements could drive symptomatic improvement.
Moreover, renal denervation decreased systolic and diastolic BP as well
as HR without affecting renal function.

Renal denervation was originally performed to treat patients with
resistant hypertension. Initial clinical studies showed that RDN was
efficient in decreasing BP in patients with hypertension [2, 17], which
was however not supported by the observations from the Symplicity
HTN-3 study [18]. Subsequently, several trials (DENERHTN, SPYRAL
HTN-OFF MED, RADIANCE-HTN SOLO, and SPYRAL HTN-ON MED)
demonstrated that RDN deceased BP more in comparison with sham
regardless of pharmacotherapy use [19, 20, 21, 22]. A recent
meta-analysis of RCTs showed that RDN provides significant but modest
reduction in ambulatory and office blood pressure in patients with hy-
pertension [23]. Chronic heart failure (CHF) has also been proposed as
another indication of RDN. A major problem in the development of HF is
excessive sympatho-excitation that promotes cardiac dysfunction and
affects other important organs such as the kidneys. In the setting of CHF,
renal spinal afferents are sensitized and provide increased input to the
central nervous system causing excessive sympathetic outflow to the



Table 1. Main characteristics of included studies.

No Study Country Design No. of
Patients

Pt condition Age, Mean (SD), y Males, % NYHA
class

EF Catheter type Follow-up
duration
and drop-off

NOS
score

RDN Control RDN Control

1 Gao et al
(2019)

China Single-center, RCT
Randomization
method: random
envelope

60 Chronic systolic HF (65.0%
hypertension, 58.3% coronal heart
disease, 11.7% atrial fibrillation, and
25% type 2 diabetes)

59.0 (12.1) 61.3 (11.1) 83.3 73.0 II-III <40% Stockert EP Shuttle
radiofrequency
generator (Johnson &
Johnson Medical)

6 months No
drop-off

9

2 Dro _zd _z et
al (2019)

Poland Open-label, RCT
Randomization
method: coin toss

20 Adult HF patients despite optimal
medical treatment and
resynchronization therapy (60%
ischemic cardiomyopathy, and 40%
dilated cardiomyopathy of unknown
etiology)

75.0
(65.0–81.0)

71.0
(70.0–76.0)

80.0 70.0 II-III <35% Symplicity catheter
(Medtronic)

24 months
No drop-off

9

3 Chen et
al (2017)

China Single center, open
label, RCT
Randomization
method: not
mentioned

60 CHF (25% hypertension, 57%
cardiomyopathy, 18% ischemic
cardiomyopathy).

48.5 (8.4) 50.5 (7.7) 73.30 80.0 ll-lV �40% Thermocool catheter
(Biosense Webster)

6 months No
drop-off

9

4 Gao et al
(2017)

China Open label, single-arm
study

14 CHF (29% hypertension, 14% dilated
cardiomyopathy, 57% coronary artery
disease).

69.6 (5.7) N/A 85.7 N/A III-IV <45% Stockert EP Shuttle
radiofrequency
generator (Johnson &
Johnson Medical)

6 months No
drop-off

6

5 Hopper
et al
(2017)

8 study sites
in Europe
and
Australia

Multi-center, open-
label, single-arm study

39 Chronic systolic HF and renal
impairment (62% ischemic heart
failure)

65 (11) N/A 87.0 N/A II-III <40% Symplicity Flex single-
electrode catheter
system (Medtronic)

12 months
One death
by 12
months

6

6 Dai et al
(2015)

China Single center, open
label, CT

20 CHF (40% dilated cardiomyopathy,
40% ischemic cardiomyopathy, 20%
hypertensive cardiopathy).

63 (10) 64 (5) 80.0 70.0 III-IV <40% NR 6 months No
drop-off

9

7 Davies et
al (2013)

UK Open-label, single-arm
study

7 CHF (71% ischemic HF, 29% unknown
etiology)

69 (7) N/A 71.4 N/A III-IV <40% Symplicity catheter
(Medtronic)

6 months No
drop-off

6
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Figure 2. Effects of renal denervation on NYHA class, 6-min walk test, and N-terminal pro-B-type natriuretic peptide (NT-proBNP) levels.
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heart, the kidneys, and the peripheral vasculature. Activation of renal
efferent nerves leads to increased renal vascular resistance and activation
of the renin-angiotensin-aldosterone system contributing to sodium and
water retention [24]. RDN, by reducing both afferent and efferent renal
nerve activity, can affect global sympathetic tone and volume status [25].
Several animal experiments have shown that RDN improves cardiac
function, decreases ventricular arrythmia and ameliorates renal damage,
suggesting beneficial effects of RDN in chronic HF [26, 27]. However,
whether RDN is effective in treating patients with chronic HF is still
unclear. Our study shows that RDN significantly improved symptoms
related to HF, suggesting an improvement in the quality of life. The
possible mechanism is RDN suppresses sympathetic tone and the
renin-angiotensin-aldosterone system, leading to the amelioration of
cardiac fibrosis and improvement cardiac contractility.

Our study reviewed two potential safety endpoints: hemodynamics
and renal function. Our study suggests that bilateral RDN slightly
decreased systolic and diastolic BP as well as HR in chronic HF; therefore,
hemodynamics should be taken into consideration prior to and after the
5

RDN procedure as hypotension and bradycardia may further compromise
perfusion in these vulnerable patients. In addition, renal denervation has
been shown to improve renal function in patients with chronic kidney
diseases [28]. Our analysis suggests that RDN neither harms nor ame-
liorates renal function in HFrEF patients. Several other included studies
reported electrolytes including sodium, potassium and BUN levels;
however, whether RDN improved renal function in the setting of HFrEF
requires future studies.

The current studies have several limitations. One major limitation of
current studies is the small sample sizes of the included studies. In
addition, the clinical profiles of the patients from included studies varied.
Ages of patients may have effects on outcomes of patients that receive
RDN. One study that included relatively young patients (mean age was
47.6) and one study that included old patients (mean age was 65) both
showed that heart failure patients benefited from RDN at 12-month
follow-up. However, the association between age and other clinical fea-
tures and outcomes based on the small numbers of trials and heteroge-
neities among different studies is unclear. Second, the RDN procedure



Figure 3. Effects of renal denervation on left ventricular ejection fraction (LVEF), left ventricular end-systolic diameter (LVESD), left ventricular end-diastolic
diameter (LVEDD), and left atrium diameter (LAD).
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Figure 4. Effects of renal denervation on systolic blood pressure (SBP), diastolic blood pressure (DBP), and heart rate (HR).
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varies considerably due to high intrinsic procedural variability, inter-
ventionist and center experience, and catheter technology. In the
included studies, details concerning the denervation procedure including
the number of ablation points, the sites of denervation, the catheter
types, and the operator experience were not extensively described. Liu et
al used renal nerve stimulation to identify the nerve-enriched areas
during RDN in order to improve the efficacy of the procedure in a dog
model of hypertension, indicating that renal nerve stimulation could
serve as a useful guide to locate the optimal ablation targets [29]. In
addition, a recent study carried out in rabbits and pigs suggests that a
transfer function analysis of the coupling between renal blood flow and
BP on a beat by beat basis may be used as an endpoint in determining the
completeness of RDN during the procedure [30]. Additionally, none of
the studies used hard endpoints like mortality, death from cardiovascular
causes, or heart failure admissions that drive changes in the standard of
care for heart failure patients. Furthermore, it is not known yet how long
following diagnosis of CHF that RDN should be initiated. Geng et al.
demonstrated that patients in early-stage HF could benefit more from
7

RDN, however, the appropriate time point to initiate RDN treatment in
HF patients still requires future investigation. [31],There are limited RCT
trials that focused on the effect of renal denervation. Most trials were
observational, single-armed studies, or nonrandomized clinical trial.
Large, multicenter, sham-controlled randomized trials with
gold-standard endpoints are needed to definitively test the therapeutic
potential of catheter-based RDN in chronic HF patients.

5. Conclusion

Based on a modest number of human trials, bilateral RDN appears
safe and well-tolerated in patients with HFrEF. RDN improved the signs
and symptoms of HF and slightly decreased systolic and diastolic BP
without affecting renal function in the clinical trials performed to date.
More comprehensive studies need to be carried out to evaluate the
extent to which this therapy is additive or replaces current medical
therapy. Furthermore, studies in patients with HFpEF will need to be
evaluated.



Figure 5. Effects of renal denervation on glomerular filtration rate (GFR), and creatinine.
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