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Abstract
Purpose To investigate the effects of renal denervation (RDN) on left ventricular (LV) mass, myocardial strain and diastolic 
function in patients with treatment-resistant arterial hypertension by cardiac magnet resonance imaging on a 12-month 
follow-up.
Materials and methods Sixteen patients (38% female) were examined before and 12 months after RDN. LV morphology 
and strain were analyzed. Diastolic function was determined by early (EPFR) and atrial peak filling rates (APFR) derived 
from differential volume–time-curve analysis. Clinical visits included 24-h ambulant blood pressure monitoring (ABPM).
Results Twelve months after RDN LV mass decreased from 80 ± 21 g/m2 to 74 ± 20 g/m2 (P < 0.05). Global radial (35 ± 12% 
vs. 41 ± 10%, P < 0.05) and longitudinal strain improved (− 15 ± 4% vs. − 17 ± 3%, P < 0.05). Global circumferential strain 
(− 16 ± 5% vs. − 18 ± 4%, P = 0.12) remained unchanged. The parameter of diastolic LV function PFRR (EPFR/APFR) 
improved following RDN (0.9 ± 0.4 vs. 1.1 ± 0.5, P < 0.05). Individual changes of LV mass were associated with an increase 
of EPFR (r = − 0.54, P < 0.05) and a reduction of APFR by trend (r = 0.45, P = 0.08). Systolic ABPM showed a decrease by 
trend (152 mmHg vs. 148 mmHg, P = 0.08).
Conclusions After RDN we observed a reduction of LV mass, improvement of global strain and diastolic function.

Keywords Renal denervation · Arterial hypertension · Left ventricular hypertrophy · Myocardial strain · Diastolic heart 
failure

Abbreviations
ABPM  Ambulant blood pressure monitoring
APFR  Atrial peak filling rate
BSA  Body surface area

BMI  Body mass index
CMR  Cardiac magnetic resonance
EF  Ejection fraction
EPFR  Early peak filling rate
FT-CMR  Feature-tracking cardiac magnetic 

resonance
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LVH  Left ventricular hypertrophy
NT-proBNP  N-terminal pro-brain natriuretic peptide
PFRR  Peak filling rate ratio
RV  Right ventricle

Introduction

Arterial hypertension (AHT) is worldwide one of the lead-
ing risk factors for death and morbidity [1]. Furthermore, 
chronic AHT can lead to cerebral, cardiac, renal, and vas-
cular end-organ damage including left ventricular (LV) 
hypertrophy and diastolic dysfunction [2]. LV hypertrophy 
is not only the expression of myocardial effort, but rather 
predictive of increased risk of heart failure [3, 4] and an 
independent risk factor for cardiovascular morbidity and 
mortality [5, 6]. Accordingly, reduction of LV hypertrophy 
by antihypertensive therapy is associated with improved 
cardiovascular outcome [7–9]. Beside lifestyle changes and 
pharmacological therapy the bilateral catheter-based radiof-
requency ablation of renal nerves (renal denervation, RDN) 
can be an additional approach for antihypertensive strategy 
under certain conditions [10]. Indeed, the SYMPLICITY 
HTN-3 trial created doubts about the effect of RDN on blood 
pressure reduction [10]. However, these results should be 
evaluated carefully considering its potential limitations 
such as low experience of most interventionalists and a 
short run-in period after drug adaptation [11]. Latest results 
of the sham-controlled SPYRAL HTN-OFF MED study 
clearly demonstrated the blood pressure-lowering efficacy 
of RDN [12]. The majority of data demonstrate a decrease 
of blood pressure in patients with resistant AHT treated by 
RDN without relevant side effects [12, 13]. There is broad 
echocardiographic evidence for additional reduction of LV 
hypertrophy after RDN [14–16]. To date, only few studies 
have confirmed short-term beneficial effects of RDN on LV 
hypertrophy by cardiac magnet resonance imaging (CMR) 
in a 6-month follow-up [17–20]. The only study investigat-
ing the effect of RDN by CMR up to 12 months after the 
procedure has demonstrated a statistically insignificant trend 
for LV mass reduction [21].

The aim of this study was to investigate the effects of 
RDN on LV mass, myocardial strain and diastolic function 
in patients with treatment-resistant arterial hypertension by 
CMR on a 12-month follow-up.

Methods

Study population

Patients with resistant AHT were screened for additional 
treatment with catheter-based RDN at a single institution. 

The study was approved by the local ethics committee and 
complied with the Declaration of Helsinki. All patients par-
ticipated voluntarily and gave their written informed con-
sent. According to current guidelines, resistant AHT was 
defined as blood pressure > 140/90 mmHg despite the intake 
of at least three antihypertensive drugs including a diuretic 
[2]. Eligible for RDN were patients with systolic office blood 
pressure > 160 mmHg despite optimal medical therapy at its 
maximum tolerable dosage and after exclusion of secondary 
forms of AHT. Main exclusion criteria were estimated glo-
merular filtration rate (eGFR) < 30 ml/min/1.73 m2, signifi-
cant stenosis and prior stenting or dilatation of renal arter-
ies, myocardial infarction < 6 months before RDN, diabetes 
mellitus type 1 and persisting atrial fibrillation. Following 
an interdisciplinary discussion by a cardiologist, electro-
physiologist, nephrologist, and radiologist bilateral RDN 
was performed in 56 patients (Supplemental Figure E1). 
The SymplicityTM Renal Denervation System (Medtronic, 
Dublin, Ireland) was used for RDN as described previously 
[22]. In short, a standard protocol via femoral access was 
followed [23]. The denervation was performed bilaterally 
aiming for a maximum number of ablation points and abla-
tion in main branch arteries. 16 patients had a baseline and 
a 12-month follow-up CMR and were included in the cur-
rent study. Additionally, the patients underwent office and 
24-h ambulant blood pressure monitoring (ABPM) as well 
as blood sampling at the same time points.

CMR protocol

CMR was performed on a 1.5 T scanner equipped with a 
5-channel cardiac-phased array receiver coil (Achieva, 
Philips Medical Systems, Best, the Netherlands) 4 ± 11 days 
before the RDN procedure. The CMR protocol included 
standard ECG-triggered steady-state free-precession cine 
CMR (25 phases of the cardiac cycle) in short axis for 
volumetry of the LV and right ventricle (RV) and myocar-
dial mass measurement with the following typical imaging 
parameters: acquired voxel size 1.98 × 1.80 × 6 mm3, recon-
structed voxel size 1.36 × 1.36 × 6 mm3, gap 4 mm, 9–10 
slices for full LV coverage, echo time = 1.67 ms, time to 
repetition = 3.34 ms, flip angle = 60°, parallel acquisition 
technique = SENSE (factor 2).

CMR data analysis

Two observers, who were blinded to the timing of CMR, 
independently and blindly analyzed each CMR using the 
cvi42 software (Circle Cardiovascular Imaging Inc., Calgary, 
Alberta, Canada). CMR-derived cardiac volumes and myo-
cardial mass were indexed to the subject’s calculated body 
surface area (BSA) and are given as the mean of the two 
observers’ measurements. The equation 0.20247 × height 
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(m)0.725 × weight (kg)0.425 was used to determine the BSA 
[24]. Endo- and epicardial borders of LV and RV were 
manually delineated on short-axis cine images to measure 
cardiac volumes and mass [25]. LV mass was determined 
in end-diastole. Trabeculae and papillary muscles were 
included in the ventricular volumes and excluded from the 
myocardial mass for reproducibility.

LV strain was analyzed with cine CMR images using Seg-
ment feature-tracking software version 2.1.R.6108 (Med-
viso, Lund, Sweden). This software analyzes myocardial 
strain by computing interframe deformation fields using an 
endocardial tracking strategy based on non-rigid image reg-
istration [26]. Global peak systolic radial (RS), longitudinal 
(LS) and circumferential (CS) LV strains were measured 
on three long-axis and three short-axis cine slices. Endo- 
and epicardial contours on end-diastolic images were auto-
matically propagated by the software throughout the cardiac 
cycle generating myocardial strain [26].

Diastolic function was assessed with a dedicated soft-
ware  (CMRtools®, Cambs, UK) as previously reported [27]. 
Briefly, LV 3D volumetry was performed by delineation of 
the LV endocardial borders in end-systolic, end-diastolic, 
and mid-diastolic short axis views (Fig. 1). Trabeculae and 
papillary muscles were excluded from the LV cavity and 
the 3D volumetry allowed the construction of time–volume 
curves from all time frames of the cardiac cycle. The differ-
ential time–volume curve of LV results in three peaks char-
acterized by the systolic peak contraction rate, the diastolic 
early peak filling rate (EPFR) and the atrial peak filling rate 
(APFR) (Fig. 2) [27]. EPFR and APFR assessed by CMR 
reflect the early (E) and atrial (A) transmitral peak filling 
velocities determined by echocardiography (Fig. 2) [27]. In 

Fig. 1  3D volumetry of the left 
ventricle illustrating delineation 
of endocardial borders (yellow) 
during diastole (a) and systole 
(b). Endocardial borders were 
assessed for all slices and all 
cardiac phases in short axis ori-
entation. The analysis software 
generates a 3D wire model of 
the left ventricle (c). The mitral 
valve descent was taken into 
account by tracking the mitral 
valve plane in two-chamber and 
four-chamber views

Fig. 2  Temporal (25 phases, dashed line) and differentiated (squares, 
solid line) LV volume of a patient with resistant hypertension ana-
lyzed by standard LV volumetry excluding trabeculae and papillary 
muscles from the LV cavity before (a) and after (b) renal denervation 
procedure. Temporal differentiation of the LV volume curve (squares, 
left axis) is characterized by the early peak filling rate (EPFR) and the 
atrial peak filling rate (APFR) during diastole. EPFR increased and 
APFR decreased after RDN
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correspondence to the echocardiographic E/A ratio, the peak 
filling rate ratio (PFRR = EPFR/APFR) is the equivalent to 
characterizing diastolic filling patterns using CMR and the 
two parameters have been previously shown to correlate in 
normal subjects and in patients with cardiomyopathy [27, 
28].

Statistical analysis

Continuous variables are described by mean ± standard 
deviation. Categorical variables are presented as absolute 
numbers and percentages. Bland–Altman analysis was used 
to determine agreement between the two investigators [29]. 
The intraclass correlation coefficient was calculated to ana-
lyze the interrater reliability. Differences were compared 
using a paired two-tailed t test for continuous variables and 
Fisher’s exact test comparisons of categorical variables. 
Correlations were computed using the Pearson correlation 
coefficient. A P value < 0.05 was considered statistically sig-
nificant. All analyses were performed using GraphPad Prism 
version 6.00 (GraphPad Software, San Diego, CA, USA) 
and SPSS for Windows, version 21.0 (IBM SPSS Statistics, 
Armonk, NY, USA).

Results

Patient demographics

Baseline demographics of the study population are shown 
in Table 1. Mean systolic office blood pressure was elevated 
with 168 ± 17 mmHg despite the intake of 5.1 ± 1.4 anti-
hypertensive drugs at baseline (Table 1). All patients were 
under therapy with a diuretic. The majority of patients addi-
tionally received ACE (angiotensin-converting enzyme) 
inhibitors or Angiotensin II receptor blockers (ARBs) (75%), 
moxonidine or clonidine (81%), beta-blockers (81%), and 
calcium antagonists (63%). The intake of aldosterone antag-
onists was less (31%) and only a minority of patients were 
under therapy with direct renin inhibitors (13%) (Table 1). 
There were no differences in demographics, prevalence of 
classical cardiovascular risk factors, and the total amount of 
antihypertensive drugs between patients with baseline CMR 
only and those with CMR at baseline and on a 12-month 
follow-up. Only the intake of moxonidine or clonidine was 
more frequent in the group with CMR follow-up (Supple-
mental Table E1).

Blood pressure and laboratory parameters

There was no difference in systolic office blood pressure 
at baseline (168 ± 17 mmHg) vs. 12 months after RDN 
(170 ± 41 mmHg, P = 0.98). Diastolic blood pressure also 

remained unchanged (Table 2). 24-hour ABPM showed 
a trend for decrease in daytime systolic blood pressure 
(150 ± 21 mmHg vs. 145 ± 23 mmHg; P = 0.08). The num-
ber of antihypertensive medications did not differ over time 
(5.1 ± 1.2 vs. 4.6 ± 1.2, P = 0.16). There was no change in 
renal function (indicated by serum creatinine and cystatin C) 
or N-terminal pro-brain natriuretic peptide 12 months after 
RDN (Table 2). There were no differences in blood pres-
sure and laboratory parameters between patients with only 
a baseline CMR and patients with complete CMR follow-up 
as shown in Supplemental Table E2.

Reproducibility of LV mass and end‑diastolic volume 
measurements

Bland–Altman analysis revealed very good reproducibility 
of LV mass and end-diastolic volume measurements with 
high interobserver agreement, without systematic over- or 
underestimation and narrow absolute and relative limits of 
agreement (Table 3 and Fig. 3).

Table 1  Demographics and drug therapy of patients with treatment-
resistant arterial hypertension

Continuous variables are described by mean ± standard deviation. 
Categorical variables are presented as absolute and relative frequen-
cies
ACE angiotensin-converting enzyme, ARB angiotensin II receptor 
blockers, BMI body mass index, BSA body surface area

Baseline (n = 16)

Demographics
 Age, years 64 ± 10
 Female, % 6 (38)
 Weight, kg 90 ± 12
 Height, m 1.76 ± 0.09
 BMI, kg/m2 29 ± 4
 BSA,  m2 2.06 ± 0.17

Risk factors
 Coronary artery disease, % 4 (25)
 Ischemic stroke, % 3 (19)
 Type 2 diabetes, % 7 (44)
 Smoker, % 2 (13)
 Hypercholesterolemia, % 9 (56)

Antihypertensive medications
 Number of antihypertensive drugs 5.1 ± 1.2
 Diuretics, % 16 (100)
 ACE inhibitors/ARBs, % 12 (75)
 Moxonidine or Clonidine, % 13 (81)
 Beta blockers, % 13 (81)
 Calcium channel blockers, % 10 (63)
 Aldosterone antagonists, % 5 (31)
 Direct renin inhibitors, % 2 (13)
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Cardiac mass, volumes, and function after RDN

12 months following RDN BSA-indexed LV mass decreased 
compared to baseline (80 ± 21  g/m2 vs. 74 ± 20  g/m2; 
P < 0.05) as shown in Table 4. Indexed LV end-diastolic vol-
ume (P = 0.82), end-systolic volume (P = 0.09), stroke vol-
ume (P = 0.48) and ejection fraction (P = 0.19) did not differ 
between baseline and follow-up CMR (Table 4). Indexed 
RV end-diastolic volume (P = 0.97), end-systolic volume 
(P = 0.45), stroke volume (P = 0.61) and ejection fraction 
(P = 0.65) also remained unchanged (Table 4). LV ejection 
fraction was slightly higher in patients with only a base-
line CMR than in patients with complete CMR follow-up 

(62 ± 8% vs. 59 ± 13%, P < 0.05), but all other CMR param-
eters of morphology and function were similar as shown in 
Supplemental Table E3.

FT‑CMR LV strain analysis and correlation with LV 
mass

Global radial (35 ± 12% vs. 41 ± 10%, P < 0.05) and longi-
tudinal strain (− 15 ± 4% vs. − 17 ± 3%, P < 0.05) improved 
12 months after RDN (Table 4). Global circumferential 
strain (− 16 ± 5% vs. − 18 ± 4%, P = 0.12) did not change 
significantly. Indexed LV mass 12 months after RDN cor-
related significantly with global longitudinal strain (r = 0.60, 
P < 0.05), but not with global radial (r = − 0.32, P = 0.23) 
and circumferential strain (r = 0.12, P = 0.66). Radial strain 
was higher in patients with only a baseline CMR than in 
patients with complete CMR follow-up (45 ± 12% vs. 
35 ± 12%, P < 0.05), but the values of longitudinal and cir-
cumferential strain were similar as shown in Supplemental 
Table E3.

CMR‑derived LV diastolic function analysis

12 months after RDN passive LV diastolic filling character-
ized by EPFR showed a trend for increase (144 ± 44 ml/s/
m2 vs. 156 ± 53 ml/s/m2; P = 0.18), but did not reach signifi-
cance (Table 4). The active left ventricular filling after atrial 
contraction characterized by APFR remained unchanged 
(170 ± 37  ml/s/m2 vs. 156 ± 42  ml/s/m2; P = 0.31). The 
global parameter of LV diastolic function PFRR (EPFR/
APFR) showed an increase from 0.9 ± 0.4 to 1.1 ± 0.5 
(P < 0.05; Table 4). Decrease of LV mass was associated 
with an increase in EPFR (r = − 0.54; P < 0.05; Fig. 4a). 
Also LV mass reduction and APFR were associated by 
trend (r = 0.45, P = 0.08; Fig. 4b). No association was found 
for changes in LV mass and PFRR (r = − 0.11, P = 0.68; 
Fig.  4c). Parameters of diastolic function were similar 
between the patients with only a baseline CMR and the 

Table 2  Blood pressure and laboratory parameters before and 
12 months following RDN

Continuous variables are described by mean ± standard deviation. 
Categorical variables are presented as absolute and relative frequen-
cies
ABPM ambulatory blood pressure monitoring, DBP diastolic blood 
pressure, eGFR estimated glomerular filtration rate by serum cystatin 
C levels, NT-proBNP N-terminal pro-brain natriuretic peptide, SBP 
systolic blood pressure

Baseline (n = 16) 12-month 
follow-up 
(n = 16)

P value

Blood pressure parameters
 Office SBP, mmHg 168 ± 17 170 ± 41 0.98
 Office DBP, mmHg 90 ± 16 90 ± 3 0.87
 ABPM SBP, mmHg 150 ± 21 145 ± 23 0.08
 ABPM DBP, mmHg 82 ± 14 80 ± 12 0.57

Laboratory parameters
 Serum creatinine, 

mg/dl
1.1 ± 0.3 1.1 ± 0.3 0.93

 Serum cystatin C, mg/l 1.0 ± 0.3 0.9 ± 0.3 0.97
 eGFR, ml × 1.73  m2/

min
86 ± 19 93 ± 20 0.82

 NT-proBNP, pg/ml 248 ± 220 235 ± 174 0.66

Table 3  Characteristic parameters of Bland–Altman analysis for baseline and follow-up LV mass and end-diastolic volume in 16 patients with 
treatment-resistant arterial hypertension following a RDN procedure

Baseline LV mass (g) Baseline LVEDV 
(ml)

Follow-up LV mass (g) Follow-up 
LVEDV 
(ml)

Mean ± SD 166 ± 48 148 ± 36 155 ± 48 152 ± 46
Absolute difference ± SD − 0.19 ± 2.9 1.1 ± 3.3 0.88 ± 3.6 0.25 ± 3.1
Relative difference ± SD − 0.12 ± 2.0 0.9 ± 2.2 0.37 ± 2.5 0.43 ± 2.5
Limits of agreement (absolute) − 6 and 6 − 5 and 8 − 11 and 13 − 6 and 6
Limits of agreement (relative) − 4 and 4 − 3 and 5 − 5 and 5 − 4 and 5
Intraclass correlation coefficient (r) 0.99 0.98 0.99 0.99
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patients with complete CMR follow-up as shown in Sup-
plemental Table E3.

Correlation of LV morphology and diastolic function

12 months after RDN, indexed LV mass was not associated 
with EPFR (r = − 0.11, P = 0.69), APFR (r = 0.39, P = 0.14) 
and PFRR (r = − 0.08, P = 0.76). Indexed LVEDV signifi-
cantly correlated with EPFRi (r = 0.63, P < 0.01) and APFRi 
(r = 0.49, P < 0.05), but not with PFRR (r = 0.22, P = 0.40).

Discussion

The current study analyzed the effects of RDN procedure on 
LV morphology and function in patients with treatment-resist-
ant arterial hypertension on a 12-month follow-up by CMR. 
First, we found a decline of LV myocardial mass 12 months 
after RDN, while the antihypertensive medication remained 
constant. Second, global radial and longitudinal strain 
increased after RDN and global circumferential strain did not 
change. Third, there was an increase of the peak filling rate 
ratio (PFRR) revealing an improvement of diastolic function.

Fig. 3  Schematic Bland–Altman graphs of baseline and follow-up 
variability of LV mass and end-diastolic LV volume measurements 
revealing good agreement between the two observers without sys-
tematic over- or underestimation, low relative differences and narrow 
limits of agreement

Table 4  CMR analysis of patients with treatment-resistant arterial 
hypertension before and 12 months following RDN

The P values in bold indicate statistical significance
Continuous variables are described by mean ± standard deviation. 
Categorical variables are presented as absolute and relative frequen-
cies
APFR atrial peak filling rate, HR heart rate, EPFR early peak filling 
rate, LA left atrial, LV left ventricular, LVEDV left ventricular end-
diastolic volume, LVESV left ventricular end-systolic volume, LVSV 
left ventricular stroke volume, RVEF right ventricular ejection frac-
tion, PFRR peak filling rate ratio, RV right ventricular, RVEDV right 
ventricular end-diastolic volume, RVESV right ventricular end-sys-
tolic volume, RVSV right ventricular stroke volume

Baseline (n = 16) 12-month 
follow-up 
(n = 16)

P value

CMR parameters
 HR, 1/min 67 ± 11 67 ± 11 0.96
 LV mass indexed, g/m2 80 ± 21 74 ± 20 < 0.05
 LVEDV indexed, ml/

m2
73 ± 15 73 ± 20 0.82

 LVESV indexed, ml/
m2

31 ± 14 28 ± 14 0.09

 LVSV indexed, ml/  m2 43 ± 11 45 ± 12 0.48
 LV ejection fraction, % 59 ± 13 63 ± 10 0.19
 RVEDV indexed, ml/

m2
67 ± 15 67 ± 18 0.97

 RVESV indexed, ml/
m2

25 ± 8 24 ± 7 0.45

 RVSV indexed, ml/m2 41 ± 10 43 ± 12 0.61
 RV ejection fraction, % 63 ± 9 64 ± 6 0.65

Global strain parameters
 Radial, % 35 ± 12 41 ± 10 < 0.05
 Longitudinal, % − 15 ± 4 − 17 ± 3 < 0.05
 Circumferential, % − 16 ± 5 − 18 ± 4 0.12

Diastolic function
 EPFR indexed, ml/s/m2 144 ± 44 156 ± 53 0.18
 APFR indexed, ml/s/

m2
170 ± 37 156 ± 42 0.31

 PFRR (EPFRi/APFRi) 0.9 ± 0.4 1.1 ± 0.5 < 0.05
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The observed reduction in LV mass is in concordance 
with echocardiographic studies at 6–12 months [15, 17, 30, 
31] and even up to 24-months follow-up after renal denerva-
tion [16]. LV mass decrease after RDN measured by CMR 
has been observed in studies with a maximum follow-up of 
6 months [17–20]. The only study providing CMR data at 
12 months showed only a trend of LV mass reduction [21]. 
The observed 8% decrease of indexed LV mass in our study 
is in the same range as described by other CMR studies 
at 6 months (reduction of 6–14%) [17–20] and superior to 
the assumed reduction after 12 months (3 ± 11%, P = 0.09) 
[21]. Most echocardiographic studies indicate improvement 

of diastolic function after RDN with divergent results of 
diastolic parameters [15, 16, 30, 31]. Others have not been 
able find differences in diastolic function over time [18]. 
Assessment of diastolic function by CMR has been shown 
to be at least complementary to echocardiography [32]. We 
observed an improvement of diastolic function by CMR after 
RDN procedure as indicated by the global parameter of LV 
diastolic function peak filling rate ratio (PFRR). Addition-
ally, improved passive diastolic filling pattern was associ-
ated with a decrease in LV mass. Mahfoud et al. reported 
indirect CMR evidence for diastolic function improvement 
after RDN based on an increase of circumferential strain in 
a subgroup of patients with contractile dysfunction (i.e., cir-
cumferential strain ≥  − 20 before RDN) [20]. In our cohort 
we also detected an improvement in myocardial contractil-
ity 12 months after RDN as measured by global radial and 
longitudinal strain, but the improvement of global circum-
ferential strain did not reach statistical significance.

Despite the observed effects on improved LV mass and 
diastolic function only a statistically not significant reduction 
in blood pressure could be found in the examined cohort. 
According to the literature, 1 year after RDN at least 30% 
of the patients can still be classified as non-responders for 
reduction in blood pressure [20, 23]. In the current study 
about 50% showed a decrease in systolic blood pressure by 
24-h ABPM of < 5 mmHg and could therefore be classified 
as non-responders. The reason for this higher rate of non-
responders is unclear. It might be influenced by the recruit-
ment of patients prior to RDN, but could also be due to 
the small sample size. Causal procedural factors seem to 
be unlikely since the mean number of ablation points was 
5.4 ± 1.4 for the right and 5.3 ± 1.4 for the left renal artery, 
which is slightly higher [33] or in the same range [15] as 
in previous RDN studies with significant blood pressure 
reduction.

Consistently, several studies confirmed a LV mass reduction 
after RDN independently from changes in blood pressure [15, 
16, 19–21, 30, 31]. It is well known that cardiac sympathetic 
activity is increased in hypertensive LVH [34] and diminished 
in patients after RDN independently from blood pressure [35]. 
Similar beneficial effects due to the reduction of the sympa-
thetic burden after RDN are also suspected for improved 
glucose metabolism [36], obstructive sleep apnea [37], heart 
failure [38], and cardiac arrhythmias [39]. This also seems to 
be due to a reduction of sympathetic activity [36–39]. Thus, a 
direct effect of RDN through a decrease in sympathetic activity 
on myocardial structure and function irrespective of the blood 
pressure reduction could be assumed in the current study. On 
the other hand, the majority of antihypertensive drug therapies 
also lead to a decrease in LV hypertrophy, improvement of 
diastolic function, and better prognosis due to the achievement 
of blood pressure goals [8, 40]. Thus, further and preferably 
sham-controlled studies are needed to discriminate the effect 

Fig. 4  Correlation of left ventricular mass changes (∆LV mass) 
before and 12 months after RDN with ∆EPFR (a), ∆APFR (b) and 
∆PFRR (c) alterations
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of blood pressure and sympathetic activity on LV hypertrophy 
as well as diastolic function to confirm a potential benefit of 
RDN beyond medical drug therapy.

Furthermore, since LV hypertrophy and diastolic dysfunc-
tion are two of the main consequences of hypertensive heart 
disease [41] and may lead to heart failure and worse prognosis 
[5, 6], the CMR-based detection of patients suffering from 
structural and functional impairment by hypertensive heart 
disease could be used to identify patients, who may benefit 
from a RDN procedure.

There are limitations inherent to the present study. First, 
the sample size is small and may therefore explain the lack of 
statistical significance for blood pressure reduction, diastolic 
LV filling patterns and global circumferential strain. How-
ever, due to the high accuracy, reproducibility and interob-
server agreement of CMR analyses, the main functional and 
structural results of our study seem to be conclusive. Second, 
this is an observational single-arm study. Thus, further studies 
should integrate a sham-procedure arm and may also investi-
gate potential improvement of prognosis in larger multi-center 
cohorts. Third, several patients were lost in follow-up. This 
could have lead to a potential bias within the study population. 
However, no relevant discrepancies were found in patients with 
baseline CMR only and those with baseline and 12-month 
follow-up CMR. Therefore, a relevant selection bias seems 
to be unlikely.

Conclusions

Renal denervation procedure may improve LV hypertrophy, 
global myocardial strain and diastolic function on a 12-month 
follow-up as assessed by CMR. These effects seem to be 
independent from blood pressure values. However, follow-up 
sham-controlled studies are warranted to confirm these obser-
vations and to analyze the long-term effects of reduced LV 
mass and improved myocardial strain and diastolic function in 
patients with treatment-resistant arterial hypertension.
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