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Abstract: This study aimed to investigate the clinical feasibility and effects of percutaneous renal sympathetic nerve
radiofrequency ablation in patients with heart failure. A total of 20 patients with heart failure were enrolled, aged
from 47 to 75 years (63+10 years). They were divided into the standard therapy (n = 10), and renal nerve radiofre-
quency ablation groups (n = 10). There were 15 males and 5 female patients, including 8 ischemic cardiomyopathy,
8 dilated cardiomyopathy, and 8 hypertensive cardiopathy. All of the patients met the criteria of New York Heart As-
sociation classes IlI-IV cardiac function. Patients with diabetes and renal failure were excluded. Percutaneous renal
sympathetic nerve radiofrequency ablation was performed on the renal artery wall under X-ray guidance. Serum
electrolytes, neurohormones, and 24 h urine volume were recorded 24 h before and after the operation. Echocar-
diograms were performed to obtain left ventricular ejection fraction at baseline and 6 months. Heart rate, blood
pressure, symptoms of dyspnea and edema were also monitored. After renal nerve ablation, 24 h urine volume
was increased, while neurohormone levels were decreased compared with those of pre-operation and standard
therapy. No obvious change in heart rate or blood pressure was recorded. Symptoms of heart failure were improved
in patients after the operation. No complications were recorded in the study. Percutaneous renal sympathetic nerve
radiofrequency ablation may be a feasible, safe, and effective treatment for the patients with severe congestive

heart failure.
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Introduction

Heart failure, which is also called cardiac insuf-
ficiency or congestive heart failure, is a compli-
cated clinical syndrome. This syndrome results
from continuous injury acting on the heart,
such as hypertension, ischemia, and athero-
sclerosis. Heart failure is the ultimate outcome
of all types of heart diseases and is the main
cause of death. After the first damage occurs, it
aggravates the course of myocardial remodel-
ing gradually by increasing neuroendocrine fac-
tors and cytokines [1]. At the same time, the
injured myocardium releases more neuroendo-
crine factors and cytokines, which harm normal
myocardium [2, 3]. This process can become a
vicious circle. The renin-angiotensin-aldoste-
rone system (RAAS) and the sympathetic ner-
vous system play an important part in the

course of myocardial remodeling [4]. The sym-
pathetic nervous system, as well as the RAAS,
becomes over-activated because of develop-
ment of heart failure. Angiotensin-converting
enzyme inhibitors, B-blockers, and aldosterone
receptor antagonists are basic drugs in guide-
lines for chronic heart failure [5]. Most patients
with heart failure present with signs and symp-
toms of acute fluid retention. Diuretics are one
of the most common drugs prescribed in heart
failure treatment, and they can remove overlord
fluid volume in congestive heart-failure patients.
These patients are initially sensitive to diuretic
therapy. An increase in renal sympathetic nerve
activity subsequently results in an increase in
renal vascular resistance and renin levels, as
well as retention of sodium and water [6].
Progression of congestive heart failure (CHF)
and chronic use of diuretics could lead to diuret-
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Table 1. Baseline clinical characteristics in the two groups

ers (ARBs), or [-blockers

were taken by these patients

Standard Renal nerve
Clinical characteristics therapy group ablation group P value for at least one month.
(n=10) (n = 10) Patients with diabetes and
Mean age (mean + SD, years) 6445 63+10 0.909 chronic renal insufficiency
Gender (male/female, n) 7/3 8/2 0.343 Wer.e excluded.. _The _20
Heart rate (mean = SD, bpm) 7914 80+7 0.759 patients We_re divided into
MAP (mmHg) 9514101 1003+121 0309 WO groups: the standard
. therapy group (n = 10) and
24 h urine volume (mean + SD, ml) 12354217 1145+153 0.244 .

] the renal radiofrequency
Hemoglobin (mean + SD, Hb/L) 127+8.34 125.2+10.6 0.578 ablation group (n = 10). The
Creatinine(mean = SD, ymol/L) 106.5£13.1  105.2+12.2 0.809 two groups had the same
BNP(mean + SD, pg/L) 577.5£92.2 628.9+131.4 0.373 drug treatment during the
Medication (%) hospitalization period, such

Loop diuretic 100 100 1.00 as loop diuretics, digoxin,
Spirolactone 100 90 0.343 and nitrates. The renal radio-
ACEI/ARB 70 80 0.678 frequency ablation group had
B-blocker 20 40 0.168 renal radio frequency abla-

Note: P < 0.05 is considered statistically significant.

ic resistance. A previous study showed that
renal sympathetic nerve activity is related to
diuretic resistance [7]. Recent experiments
have been performed to treat heart failure by
decreasing renal sympathetic nerve activity [8].

In the current study, we designed a therapy to
treat CHF, which has been used for treatment
of hypertension in the past few years. In this
study, we aimed to investigate the effect of
blocking renal sympathetic nerve activity in
patients with chronic refractory heart failure by
radiofrequency ablation in local sympathetic
nerves, and the result was encouraging.

Methods
Patient selection

Twenty hospitalized patients were enrolled
between June and November 2013 with chron-
ic refractory CHF (Eight patients had dilated
cardiomyopathy, eight had ischemic cardiomy-
opathy, and four had hypertensive cardiopa-
thy). All of them had symptoms and signs of
dyspnea and edema, with cardiac function
between classes llI-IV in the New York Heart
Association cardiac function grade. The
patients were confirmed as having cardiac
enlargement by echocardiography and a left
ventricular ejection fraction (LVEF) < 40%.
Diuretics, angiotensin-converting enzyme in-
hibitors (ACEls), angiotensin Il receptor block-
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tion as well as drug treat-
ment. There was no differ-
ence for the baseline clinical
characteristics in the two groups (Table 1). The
Southeast University committee approved the
study. Oral and written informed consent were
obtained from all patients. The mean follow-up
period was 6 months. The endpoints of this
study were death and rehospitalization because
of worsening heart failure. This study was con-
ducted in accordance with the declaration of
Helsinki. This study was conducted with approv-
al from the Ethics Committee of Southeast
University. Written informed consent was
obtained from all participants.

Renal nerve radiofrequency ablation proce-
dure

The experiment was performed in a cardiology
catheter room. After local anesthesia, femoral
artery puncture was performed in the patients.
A radiofrequency ablation electrode was then
placed into the renal artery through the femoral
artery. Local radiofrequency ablation was per-
formed on the renal artery wall under X-ray
guidance. Renal artery angiography was re-
quired before and after ablation to investigate
contraindications and complications (Figure 1).
Ablation was performed at four to six points in
different positions of the renal artery wall, and
the treatment time lasted for 2 min at each
point. The ablation power was 8-12J. After
ablation was finished, the ablation electrode
was pulled out and the puncture point was
bandaged.
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Figure 1. Renal artery angiography and renal denervation by radiofrequency ablation. A: Renal artery angiography in
the left kidney; B: Radiofrequency ablation on the left renal artery wall under X-ray guidance.

Laboratory analyses

Twenty-four-hour total urine volume, blood
pressure, and heart rate were measured before
and 24 h after the renal nerve ablation.
Additionally, neuroendocrine hormones includ-
ing renin, aldosterone, angiotensin Il, B-type
natriuretic peptides (BNP), adrenalin, dopa-
mine and noradrenalin were measured in each
patient’s blood sample. Plasma electrolytes
and creatinine levels were measured by stan-
dard laboratory methods. Plasma neuroendo-
crine hormones were detected by radioimmu-
noassay. Changes in symptoms of heart failure
such as dyspnea and edema were also
observed.

Echocardiography

Transthoracic echocardiographic examinations
including two dimensional color flow and pulsed
Doppler using a 2.5-3.5 MHz transducer were
underwent in all of the patients. LVEF, fractional
shortening (FS) and the diameter of left ventri-
cle were under measured by echocardiography
before and 24 hours after ablation and 6
months later.

Major adverse cardiovascular events (MACE)

The average follow-up period for each patient
was 6 months. Information on cardiac function
and MACE were recorded from the outpatient
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service or telephone interview after ablation.
LVEF, FS, and the diameter of the left ventricle
were measured by echocardiography at 6th
months after ablation. Echocardiographic eval-
uation was performed by the same specialist
before and after renal nerve ablation. BNP lev-
els and renal artery color Doppler were also
needed during the interview. MACE were
defined as death or rehospitalization owing to
aggravated heart failure.

Statistical analysis

Statistical analysis was performed with the
SPSS v 13.0 (SPSS Inc. USA). All of the data are
expressed as mean +* standard deviation (SD).
Continuous variables between the two groups
and between baseline and post-procedure
were compared by unpaired or paired Student’s
t test as appropriate. P < 0.05 was considered
statistically significant.

Results

No complications, such as arrhythmia, oliguria,
or renal artery dissection, occurred in the
patients who received renal nerve ablation.

Changes in urine volume, plasma neuroendo-
crine hormones and cardiac function

Compared with standard therapy group, the
24-hour urine volume was significantly higher in
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Table 2. Biochemical and physiological parameters in Levels of plasma renin, aldosterone,
renal nerve ablation group and Standard therapy group angiotensin Il, BNP, dopamine, nor-
Renal nerve Standard adrenalin, and adrenalin were signifi-
Variables ablation group  therapy group cantly lower in the renal radiofrequency
HR (beat/min) alglation therapy group when compared
Baseline 8047 7045 with the standard therapy grgup. .These
24 hours 7816 7944 neurohormones were also significantly
- - lower after radiofrequency ablation
MAP(mmHg) therapy when compared to baseline val-
Baseline 100.3+12.1 95.1£10.1 ues. There was no difference in heart
24 hours 98.1+14.1 97.3+13.7 rate or mean arterial pressure between
24-hour urine volume (ml) the two groups at baseline and 24 hours
Baseline 12354217 11454155 after surgery. The symptoms of heart
24 hours 1505+220#,* 11354142 failure such as dyspnea and edema
Creatinine (umol/L) were significantly improved. After oper-
Baseline 105.2412.2 106.5+13.1 ation, LVEF was significantly increased
24 hours 106.3+14.5* 105.3+12.0 in renal nerve ablation group (Table 2).
NYHA class Changes in cardiac function, BNP and
Baseline 2.840.5 +0.4 MACE at 6 month
24 hours 2.0+£0.44#,* +0.5
LVEF% At the 6-months’ follow-up, LVEF, FS,
Baseline 38+3 3842 and the diameter of the left ventricle in
24 hours 43+3#,* 38+3 the radiofrequency ablation therapy
Plasma renin (ug/(Lxh)) group were significantly higher than
) those in the standard therapy group.
Baseline 4.19+1.14 4.21+0.85 L
Plasma BNP levels were significantly
24 hours 2.59+1.18#,* 4.17+0.87 lower in the radiofrequency ablation
Plasma ATII (ug/L) therapy group than those in the stan-
Baseline 141.19+17.78 139.27+4.58 dard therapy group. There was no sig-
24 hours 87.75+15.79#,* 137.27+20.38 nificant difference in LVEF or BNP in the
Plasma ALD (ng/L) standard therapy group in 6 months. No
Baseline 150.03+26.54  164.20+11.17 renal arterial stenosis found by B-type
24 hours 107.36+15.194,* 162.15¢21.33 ultrasonic in the radiofrequency abla-

Plasma BNP(pg/mL)

tion therapy group. In the radiofrequen-
cy ablation therapy group, two patients

Baseline 629+131 577+92 . .
4 hours 460+60#,* 561478 W(?re readmitted for yvorsenmg hear.t
failure, and the mean time for the hospi-
Plasma DA (pg/ml) tal stay was 5+3 days. However, in the
Baseline 72.23+15.80  66.93+14.32 standard therapy group, the number of
24 hours 51.51+11.69#,*  64.91+14.67 readmission for worsening heart failure
Plasma adrenaline (pg/ml) was eight, and the average time for hos-
Baseline 76.84+13.94 44.96+7.53 pital stay was 945 days, which was lon-
24 hours 44.96+7.534#,* ger compared with radiofrequency abla-
Plasma NE (pg/ml) tion therapy group (Table 3).
Baseline 238.91+52.06 236.96+40.01 . .
Discussion
24 hours 162.80+33.68#,* 231.89+40.73
Note: #P < 0.01 vs. baseline; *P < 0.01 vs. standard therapy. HR: heart Our study showed that percutaneous

rate; MAP: mean arterial blood pressure; LVEF: left ventricular ejection
fraction; ATIIl: angiotensin II; ALD: aldosterone; BNP: brain natriuretic
peptide; DA: dopamine; NE: noradrenalin; Data are means + SD.

renal sympathetic nerve radiofrequency
ablation was safe and effective for a
small sample of patients with chronic
refractory heart failure. The major find-

radiofrequency ablation group 24 hours after ings of the present study were that 24 hours
radiofrequency ablation therapy (P < 0.05). after renal nerve radiofrequency ablation, daily
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Table 3. Changes in cardiac function, BNP and
at 6 month follow-up

MACE

sympathetic nervous system plays an
important in the progress and long-term

Renal nerve Standard

prognosis of CHF. Therefore, lowering sym-
pathetic nerve activity is important for the

Clinical characteristics blockade therapy P values
LVEF (mean + SD, %) 4543 3814 0.001
FS (mean * SD, %) 24+2 19+2 0.001
LV (mean + SD, cm) 6.0+0.3 6.7+0.4  0.007
BNP (mean = SD, pg/ml) 424+141 6041185 0.001
MACE (%) 20% 80% 0.024

therapy of advanced CHF [12]. In 2004, a
large clinical trial (MOXCON), which low-
ered activity of sympathetic nerves in the
whole body in patients with CHF, failed
because of increasing mortality in patients
[13]. In this trial, plasma noradrenalin lev-

Note: LVEF: left ventricular ejection fraction; BNP: brain natriuretic
peptide; MACE: major adverse cardiovascular event; FS: fraction

shortening; LV: left ventricular diameter.

urine output was significantly higher, and plas-
ma renin, angiotensin Il, aldosterone, BNP,
dopamine, adrenaline, and noradrenaline lev-
els, as well as symptoms of dyspnea and
edema, were significantly lower in the radiofre-
quency ablation group compared with baseline
values and the standard therapy group. Blood
pressure and heart rate were not significantly
different after ablation between the two groups.
No complications, such as renal arterial steno-
sis, renal arterial dissection, or femoral artery
pseudoaneurysm, were found in the ablation
group. Moreover, the rate of MACE and plasma
BNP levels were significantly lower, while LVEF
was significantly higher, in the radiofrequency
ablation group than in the standard therapy
group during follow-up (mean 180 days).

CHF is a complicated clinical syndrome, which
results from many types of heart diseases. The
mechanism of CHF is related to neurohormonal
activation, including increased sympathetic
tone and activation of the RAAS [9], which
leads to worsening of left ventricular function
by increasing ventricular pre- and after-load.
Excessively activated sympathetic nerves,
especially an increase in activity of renal sym-
pathetic nerves, may aggravate renal vascular
resistance, activate the RAAS, increase renin
levels and retention of sodium and water, and
ultimately lead to diuretic resistance [10].
Diuretic resistance is independently related to
the rate of death and fatal heart failure. The
risk of diuretic insensitivity increases with the
development of heart failure and use of long
term diuretics. The superfluous liquid volume
within the body cannot be effectively removed
from the body because of diuretic resistance,
which consequently makes heart failure diffi-
cult to control [11]. As a result, activation of the
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els were reduced by more than 50%.
Therefore, scientists have focused on low-
ering local sympathetic activity to treat
CHF.

Renal sympathetic nerves play an important
part in increasing sympathetic activity of the
whole body in CHF [14]. Impulses are transmit-
ted through the afferent nerves to the hypothal-
amus, and this causes a reflex through the
afferent nerves to increase sympathetic activi-
ty [15]. This increase in sympathetic activity
contributes to increased peripheral vascular
resistance and vascular remodeling, as well as
left ventricular remodeling and dysfunction.
Therefore, treating CHF by blocking renal sym-
pathetic nerve may be effective [16]. Recently,
our study group tested the effects of blocking
renal sympathetic nerve activity in patients
with CHF by a single percutaneous injection of
local anesthetic under guidance by computed
tomography [17]. This technique has success-
fully been used to block drug resistant flank
pain in patients with loin pain and hematuria
syndrome. In the studies, after renal nerve
blockade, 24 h urine volume was significantly
increased, while plasma aldosterone, BNP,
renin, angiotensin Il, and atrial natriuretic pep-
tide levels, as well as dyspnea and edema,
were significantly reduced in the renal nerve
blockade group compared with baseline and
the standard therapy group. Additionally, the
rate of MACE and plasma BNP levels was sig-
nificantly lower during 3 to 12 months of follow-
up However, anesthetic may act only temporar-
ily, and the effects in this study could not last
for a long time. Therefore, researchers need to
find a new method which is safer, more effec-
tive, and can last for a long time, even
permanently.

Catheter-based renal denervation may be a
useful method, because it could reduce sympa-
thetic outflow and blood pressure [18]. Since
the first nerve radiofrequency ablation opera-
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tion by Krum on hypertension-resistant patients
[19], this technique has cured thousands of
patients in the past few years. Many patients
with hypertension have benefited from this
operation [20, 21]. Though a blind trial with
sham control didn’t show a significant reduc-
tion of blood pressure in patients with resistant
hypertension by renal nerve radiofrequency
ablation [22], it cannot deny the effect of renal
denervation by renal-artery radiofrequency
ablation. Sympathetic nerve activity was signifi-
cantly reduced and left ventricular function was
improved in some reports on nerve radiofre-
quency ablation [23]. However, there are few
reports on renal denervation in CHF patients.
Only a few research institutes are devoted to
studying this issue. Therefore, we designed the
current experiment to investigate the effects of
renal sympathetic nerve radiofrequency abla-
tion in severe heart failure.

Conclusion

In our study with a small sample of patients, we
found that diuretic resistance in patients with
refractory heart failure was relieved after renal
nerve radiofrequency ablation. No complica-
tions were found during and after the opera-
tion. In conclusion, renal nerve radiofrequency
ablation is a safe and effective treatment strat-
egy for patients with refractory heart failure
and diuretic resistance. Larger studies are
needed to confirm the effects of this strategy.
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