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ABSTRACT

Cardiac resynchronization therapy (CRT) reduces the morbidity and mortality in advanced heart failure
(HF) in about two-thirds of the patients. Approximately one-third of the patients do not respond to
CRT. The overactivity of sympathetic nervous system is associated with advanced HF and deteriorates
the hemodynamic state. We tested the hypothesis that controlling sympathetic overactivity by renal
denervation (RDN) could be beneficial in nonresponders for CRT. In our HeartF-RDN study
(ClinalTrials.gov. NCT02638324), RDN could not reverse the progression of HF in subjects with New
York Heart Association Classification (NYHA) lll-IV stage symptoms.

Introduction

Heart failure (HF) is a pathophysiological state where heart
dysfunction causes symptoms and signs of inadequate blood
flow and oxygen delivery to metabolizing tissues. The preva-
lence of HF in developed countries is increasing with age
and varies from 1-2% in the whole population to over 10%
in the group of >85years old [1]. The annual mortality is
strongly related to disease severity being about 7% in
chronic stable HF [2]. Medication and device therapy aim
to retard or prevent worsening of HF and improve sur-
vival [3].

Cardiac resynchronization therapy (CRT) is shown to
reduce morbidity and mortality in patients with ejection
fraction (EF) <35%, wide QRS complex > 150 ms with left
bundle branch block morphology [4]. However, HF does
not improve in about one-third of the patients [5].
Moreover, elevated sympathetic tone is present in HF and is
associated with excess mortality [6-8]. Renal denervation
(RDN) controls sympathetic overactivity [9], but its effect
on the prognosis of CRT non-responder is poorly studied
[10]. Thus, we aimed to examine RDN as a supportive treat-
ment of severe HF.

Materials and methods

The HeartF-RDN is a single-center open-labeled study con-
ducted between September 2014 and June 2018 in the dis-
trict of Vaasa Central Hospital in Finland. Based on
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literature and power analysis, we aimed to recruit 40
patients [11-13]. The study was prematurely terminated
because of the recruiting difficulties caused by restrictions of
denervation in clinical use at the completion date.

The patient population consisted of 11 severely diseased
adult patients with New York Heart Association
Classification (NYHA) III or ambulatory NYHA IV symp-
toms despite guideline-based CRT implantation [14]
between the years 2009-2015. In 50% of patients, CRT was
combined with a defibrillator. The etiology of HF was dila-
tative cardiomyopathy (CM) in six patients, ischemic CM in
three patients, and hypertrophic CM in one patient. Eight
patients had atrial fibrillation and seven diabetes. All
patients used conventional guideline-based maximal toler-
ated medicine therapy. The criteria for non-responder for
CRT was defined by the presence of NYHA III-IV symp-
toms despite optimal medical therapy, unchanged or wors-
ened EF after CRT, and 6-minute walking test (6MWT)
under 440 meters with dyspnea as a walking limiting symp-
tom. The patients with unstable HF and lack of co-oper-
ation were excluded from the study.

Patients were randomized 1:1 according to wait list com-
parison [15,16]. The first group received RDN after enroll-
ment visit and the second group six months after
enrollment. The second group served as a control group for
the first group during the first six months of the study.
After enrollment, one patient from the second group with-
drew his informed consent. Thereby, the number of patients
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were six in the experimental group and four in the wait list
control group.

At every study visit, patients were examined, and two-
dimensional transthoracic ultrasound was performed. The
quality of life was measured with the Finnish version of the
validated EQ-5D test [17]. Basic laboratory tests, electrocar-
diogram and 6MWT were scheduled. Patients were followed
up every third month during the first year, and every sixth
month thereafter.

Renal denervation

RDN was performed using the quadripolar second gener-
ation ablation catheter Spyral® (Medtronic, Dublin, Republic
of Ireland) primarily via femoral artery, or alternatively, via
brachial artery. Ablations were performed at the main renal
arteries and the accessory renal arteries and side branches
with a minimal lumen diameter of 4 mm. Patients received
sedation and analgesics when needed. If the subject was on
warfarin, the international normalized ratio had to be at
therapeutic level during RDN, whereas direct oral anticoa-
gulants were discontinued 24h before and after RDN. The
patients who did not use either anticoagulant received low
molecular weight heparin during RDN, and one month
antithrombotic medication after RDN.

Statistics

Based on the existing literature [11,12,13], we calculated
that with a-error 0.05, 20 patients in each group would pro-
duce 80% power to find 45 meters difference in 6-minute
walking test (6MWT) with standard deviation 50 meters.
Repeated measures ANOVA was planned to be used to
evaluate long term effects of RDN. However, due to the
small sample size in our study, the data cannot be taken as
normally distributed, and the mean differences between two
groups at 6 months were calculated using Mann-Whitney
U-test. After six months, we revised the study protocol and
combined the groups. In the revised protocol, the time point
0 was when RDN was performed. Wilcoxon matched-pair
signed-rank was used to compare the statistical significance
of differences in results at different time points compared to
the screening visit. The revised primary end point was
6MWT at 24 months. The secondary endpoints were the
mortality rate, EF, and NT-proBNP at 24months. The
results are expressed as means with range. P-value < .05
was considered statistically significant. The statistical analy-
ses were performed using IBM SPSS Statistics for Windows
version 26 (Armonk, NY, USA).

Ethics

The study was approved by the Ethics Committee of the
Hospital District of Southwest Finland (ETMK:146/1801/
2013) and was conducted in accordance with the
Declaration of Helsinki. The registration number in

ClinicalTrials.gov. was NCT02638324. All patients gave a
written informed consent.

Results

The mean age of the study participants was 75 years (range
68-80years). All patients were men. The mean interval
between the implantation of CRT and RDN was 3.9 years.

Approximately 10 ablations per renal artery were deliv-
ered for each patient. Because of occlusion of right iliac
artery, RDN was successfully performed via brachial artery
in one patient nine months after enrollment. This patient’s
data have been calculated at different time points, counting
the data from the successful RDN. Two patients died during
the study, one from each group. The cause of death in both
cases was advanced HF. No immediate or late RDN-related
complications occurred.

As shown in the Table 1, the results in six months after
the screening visit did not show any difference between
the groups.

After combining the results of both groups, the RDN did
not affect primary or secondary endpoints at 6, 12 or
24 months. At 24 months, 6MWT was 73 meters shorter as
compared with the result at the screening visit being statis-
tically significant deterioration. Further, serum creatinine
increased significantly at 24 months. In addition, NT-
ProBNP tended to rise. The detailed results at 24 months
are presented in Table 2. The data at 12months are
not shown.

Discussion

According to the HeartF-RDN study, the subjects with
NYHA III-IV stage HF who are non-responders to CRT do
not benefit from RDN. Indeed, in our view, the deterior-
ation in 6MWT by 73 meters and the rising tendency of
serum creatinine and NT-ProBNP reflect the progression of
the disease despite RDN rather than a deleterious effect
of RDN.

A meta-analysis suggested that RDN may improve heart
dysfunction and exercise capacity in patients with NYHA II-
IV symptoms [18]. However, the only previous study evalu-
ating RDN in non-responders to CRT did not demonstrate
improvements in exercise capacity, EF or NT-ProBNP [10].
Notably, the patients in that study had NYHA II and III
symptoms, whereas in our study patients were
more morbid.

In our study, HF had lasted on average 14years before
the implantation of CRT, which may entail some survival
bias in our group. Speculatively, the results could have been
different if all evidence-based medicines had been up-
titrated to target dose, CRT been implanted, and RDN per-
formed in a shorter period.

The main limitation of our study is the small sample
size. However, analyzing groups apart at six months and
combining the groups in final analysis at 24 months showed



Table 1. Difference between the groups at six months.
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Treatment group at the
baseline (n=6)

Control group at the

baseline (n=4)

Treatment group six months
after RDN (n =6)

Control group at six
months (n =4)

Systolic blood 115 (100-130) 111 (90-135)
pressure (mmHg)

Diastolic blood 69 (56-80) 66 (60-70)
pressure (mmHg)

Heart rate (/min) 70 (60-77) 2 (70-77)

Body mass index (kg/m?) 28.5 (24.1-35.0) 29 7 (26.0-38.3)

6-minute walk test (m) 289 (187-394) 301 (268-335)

Quality of Life index (EQ-5D) 2 (50-90) 3 (20-86)

Global ejection fraction (%) 29 (22-34) 1 (20-41)

Left ventricular end-diastolic 72 (61-78) 72 (64-78)
diameter (mm)

Hemoglobin (g/L) 138 (115-150) 146 (105-172)

Erythrocytes (10'%/L) 4.8 (4.2-5.4) 6 (3.2-5.3)

Leukocytes (10%/L) 6.3 (4.6-8.4) 0 (3.9-10.9)

Thrombocytes (109/L) 178 (141-215) 171 (154-196)

B-type natriuretic peptide 4904 (1395-7959) 1517 (517-2874)
(ng/L)

Sodium (mmol/L) 141 (131-148) 139 (137-141)

Potassium (mmol/L) 3.9 (3.4-4.4) 4.1 (3.6-4.8)

Creatinine (umol/L) 132 (113-150) 116 (86-142)

113 (105-123)
66 (58-70)

69 (60-75)
28.9 (22.6-35.9)
274 (70-420)

63 (29-90)

26 (16-36)

74 (62-80)

131 (110-149)
4.4 (3.8-5.2)
6.6 (5.6-8.8)
176 (129-251)
4748 (793-9631)

142 (138-146)
4.1 (3.7-4.5)
126 (98-146)

0 (

28 9 (
330 (245-398)

0(

9 (

72 (

115 (93-148)
62 (57-74)

70-70)
24.0-36.8)

49-90)

24-38)

65-79)
146 100-174)

(
6 (3.
(34 10.1)
180 (129-221)
(

1589 (602-2566)

141 (136-143)
3.9 (3.6-4.3)
122 (92-192)

The results are expressed as means with (range). Mann-Whitney U-test was used to compare the statistical significance of differences between the groups and

was performed by using IBM SPSS Statistics for Windows version 26 (Armonk, NY, USA). None of the p-values was under statistically significance limit .05.

Table 2 Results in combined groups at six and 24 months.

Six months after renal

At the baseline (n=10) denervation (n=10)

24 months after renal
denervation (n=28)

p-value for difference
from baseline

p-value for difference
from baseline

Systolic blood
pressure (mmHg)

114 (93-148) 115 (92-163)

Diastolic blood 67 (56-80) 67 (55-82)
pressure (mmHg)
Heart rate (/min) 70 (60-77) 70 (60-75)

Body mass index 28.7 (24.0-36.8) 28.9 (22.6-35.9)

(kg/m?)
6-minute walk test (m)

305 (187-398) 283 (70-420)

Quality of Life index 64 (49-90) 59 (29-90)
(EQ-5D)

Global ejection 29 (22-38) 28 (16-36)
fraction (%)

Left ventricular end- 72 (61-79) 72 (61-80)

diastolic

diameter (mm)
Hemoglobin (g/L)
Erythrocytes (10'%/L)
Leucocytes (10°/L)
Thrombocytes (10%/L)
B-type natriuretic

peptide (ng/L)
Sodium (mmol/L)
Potassium (mmol/L)
Creatinine (umol/L)

141 (100-172)
4,7 (3.2-5.5)
6.7 (3.4-10.1)
178 (129-221)
3587 (602-7959)

128 (84-149)
4.2 (2.6-5.2)
6.7 (5.6-8.8)
195 (129-325)
3631 (457-9631)

141 (131-148)
3.9 (3.4-4.4)
128 (92-192)

142 (138-146)
4.0 (3.7-4.5)
123 (74-161)

95 111 (88-135) .55
.78 64 (57-80) 48
46 73 (70-79) .59
.59 27.2 (21.6-36.0) .78
31 232 (129-340) .01
74 55 (45-70) 73
.68 27 (20-39) 21
.39 72 (60-85) 44
.06 139 (113-168) 18
.01 7 (3.8-5.4) 326
.95 0 (4.8-10.2) 674
31 173 (147-239) 674
44 6499 (996-20714) .07
.80 141 (135-144) 14
51 4.1 (3.4-4.7) 21
.34 134 (98-173) .02

The results are expressed as means with (range). Wilcoxon matched-pair signed-rank was used to compare the statistical significance of differences and was per-

formed by using IBM SPSS Statistics for Windows version 26 (Armonk, NY, USA).

only a progression of the disease irrespective of the treat-
ment group.

Conclusion

In our study, RDN did not show benefit for patients with
severe heart failure (NYHA III and IV) who were non-res-
ponders to CRT.
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