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Resistant Introduction: Sympathetic renal denervation (RDN) was developed as a treatment for the man-

hypertension; agement of patients with resistant hypertension. This procedure may have a positive impact on

Renal denervation; hypertension-related target organ damage, particularly renal disease, but the evidence is still

Albuminuria; limited.

Blood pressure Objective: To assess the impact of RDN on the albumin-to-creatinine ratio (ACR) at 12-month
follow-up.

Methods and Results: From a single-center prospective registry including 65 patients with
resistant hypertension undergoing renal denervation, 31 patients with complete baseline and
12-month follow-up blood pressure (BP) measurements (both office and 24-h ambulatory blood
pressure monitoring [ABPM]) and ACR were included in the present study. Mean age was 65+
7 years, 52% were female, most (90%) had been diagnosed with hypertension for more than
10 years, 71% had type 2 diabetes and 33% had vascular disease in at least one territory. Mean
estimated glomerular filtration rate was 73.6+25.1 ml/min/1.73 m? and 15 patients (48%) had
an ACR >30 mg/g. After 12 months, 22 patients were considered BP responders (73%). ACR
decreased significantly from a median of 25.8 mg/g (interquartile range [IQR] 9.0-574.0 mg/g)
to 14.8 mg/g (IQR 4.5-61.0 mg/g, p=0.007). When the results were split according to systolic
BP responder status on ABPM, we found a significant reduction in responders (from 25.6 mg/g
[IQR 8.7-382.8 mg/g] to 15.9 mg/g [IQR 4.4-55.0 mg/g], p=0.009), and a nhumerical decrease in
the non-responder subgroup (from 165.0 mg/g [IQR 8.8-1423.5 mg/g] to 13.6 mg/dl [IQR 5.7-
1417.0 mg/g], p=0.345).

* Corresponding author.
E-mail address: paraujogoncalves@yahoo.co.uk (P. de AraGjo Gongalves).

http://dx.doi.org/10.1016/j.repc.2016.09.019
0870-2551/© 2017 Sociedade Portuguesa de Cardiologia. Published by Elsevier Espana, S.L.U. All rights reserved.


dx.doi.org/10.1016/j.repc.2016.09.019
http://www.revportcardiol.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.repc.2016.09.019&domain=pdf
mailto:paraujogoncalves@yahoo.co.uk
dx.doi.org/10.1016/j.repc.2016.09.019

344

H. Sousa et al.

PALAVRAS-CHAVE
Hipertensao arterial
resistente;
Desnervacao renal;
Albumindria;
Pressao arterial

Introduction

Conclusions: Besides significant reductions in blood pressure (both office and 24-h ABPM), renal
denervation was associated with a significant reduction in ACR, a recognized marker of target
organ damage.

© 2017 Sociedade Portuguesa de Cardiologia. Published by Elsevier Espana, S.L.U. All rights
reserved.

Racio albumina-creatinina aos 12 meses de seguimento apds desnervacao renal

Resumo

Introdugdo: A desnervacao simpatica renal (RDN) foi desenvolvida como uma forma de trata-
mento para os doentes com hipertensao arterial resistente (R-HTN). Este procedimento podera
ter um impacto favoravel nas lesdes de 6rgao alvo relacionadas com a hipertensao, nomeada-
mente a doenca renal, no entanto, a evidéncia disponivel ainda é escassa.

Objetivo: Avaliar o impacto da RDN no racio albumina-creatinina (ACR) aos 12 meses de segui-
mento apos RDN.

Métodos e resultados: Registo prospetivo de centro Unico incluindo 65 doentes com R-HTN sub-
metidos a RDN, dos quais 31 doentes com avaliacao basal e a um ano completa da pressao
arterial (na consulta e na monitorizacdo ambulatoria [ABPM]) e da ACR foram incluidos no pre-
sente estudo. A idade média foi de 6547 anos, 52% do sexo feminino. A maioria da populacao
tinha diagnédstico de HTN ha >10 anos, 71% tinha diabetes tipo 2 e 33% tinham doenca vas-
cular em pelo menos um territorio. A taxa de filtracdo glomerular estimada foi de 73,6+
25,1 ml/min/1,73 m? e 48% (15 doentes) tinham uma ACR>30 mg/g. Aos 12 meses de segui-
mento, 22 doentes foram considerados respondedores na pressao arterial (73%). A ACR teve
uma descida significativa de uma mediana de 25,8 mg/g (IQR 9,0-574,0 mg/g) para 14,8 mg/g
(IQR 4,5-61,0 mg/g, p=0,007). Quando os resultados foram divididos em subgrupos, de acordo
com o estado de respondedor a pressao arterial na ABPM, verificou-se uma reducéo significativa
nos respondedores (de 25,6 mg/g [IQR 8,7-382,8 mg/g] para 15,9 mg/g [IQR 4,4-55,0 mg/g],
p=0,009), e uma tendéncia no subgrupo de nao respondedores (de 165,0 mg/g [IQR 8,8-1423,5
mg/g] para 13,6 mg/dl [IQR 5,7-1417,0 mg/g], p=0,345).

Conclusdo: Para além da descida significativa da pressao arterial (quer na consulta quer na
monitorizacdo ambulatdria de 24 h), a desnervacao renal associou-se a uma reducéo significativa
da ACR, um reconhecido marcador de lesao de drgdo alvo na hipertensao arterial.

© 2017 Sociedade Portuguesa de Cardiologia. Publicado por Elsevier Espana, S.L.U. Todos os
direitos reservados.

effect of RDN on proteinuria is still limited and results are
conflicting.'?'3 The aim of the present study was to assess
the impact of RDN on the albumin-to-creatinine ratio (ACR)

Cardiovascular disease is the leading cause of morbidity and
mortality in developed countries and hypertension is one of
its most important risk factors.’ Some hypertensive patients
have drug-resistant hypertension and are at a higher risk
of events.>® Besides clinical events, assessment of target
organ damage can provide earlier insights into the biologi-
cal impact of hypertension. For several years, albuminuria
has been recognized as an indicator of cardiovascular risk,
although the pathophysiology behind this association is still
not fully understood.*-®

In recent years sympathetic renal denervation (RDN) has
been developed as a treatment for the management of
patients with resistant hypertension”® and it may have a
positive impact on hypertension-related target organ dam-
age. An example is recently published reports of reductions
in left ventricular hypertrophy after RDN.°~"" The kidney is
also an important organ in this context, but evidence on the

at 12-month follow-up.

Methods
Study design and patient population

From a single-center prospective registry including
318 patients with resistant hypertension referred for RDN
between July 2011 and April 2015, we included for the
purpose of the present study 31 patients with complete
information on blood pressure (BP) measurements (both
office and 24-h ambulatory blood pressure monitoring
[ABPM]) at baseline and 12 months, transthoracic echocar-
diogram and renal function (creatinine clearance and ACR),
out of 65 patients who were considered good candidates
and underwent RDN (Figure 1).
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Patients referred for RDN between 2011 and 2015 (n=318)
Observed in an outpatient hypertension clinic

Excluded from RDN (n=253):

-BP controlled after dose/drug changes (n=139)
-Secondary cause of hypertension (n=31)

[ -Unsuitable renal anatomy (n=22)

-eGFR <30 ml/min/1.73 m? (n=85)

-Patient refusal/other (n=41)

Underwent RDN
(n=65)

Complete one-year follow-up available
(n=31)
(with ABPM and ACR)

Figure 1  Flowchart of patient selection. Of the total num-
ber of patients observed in an outpatient hypertension clinic
(n=318), 253 were excluded for various reasons (see main text)
and 65 underwent renal denervation. Of these 65, complete
12-month follow-up with ambulatory blood pressure monitor-
ing and transthoracic echocardiographic data were available in
31 patients. ABPM: 24-h ambulatory blood pressure monitoring;
ACR: albumin-to-creatinine ratio; BP: blood pressure; eGFR:
estimated glomerular filtration rate; RDN: renal denervation.

The details of this patient population have been pre-
viously described.'"'* Briefly, all patients who underwent
RDN were aged over 18 years, with persistent office systolic
blood pressure (SBP) above 160 mmHg even after optimal
antihypertensive therapy (at least three drugs, including a
diuretic). Before RDN all patients were studied for secondary
causes of hypertension and visited regularly (for at least six
weeks) in order to ensure drug regime optimization and full
compliance with medical treatment.

Demographic, clinical, anthropometric, laboratory and
procedural data were recorded and stored in a dedicated
database and written informed consent was obtained from
all patients. The study was approved by the ethics com-
mittee of Hospital de Santa Cruz and Nova Medical School,
Lisbon, Portugal.

Blood pressure measurement and definition
of responders

Office BP readings were measured in a seated position, after
a 5 min rest (in accordance with the European guidelines for
the management of arterial hypertension), using an Omron
HEM-907 semiautomatic oscillometric sphygmomanometer
(Omron Healthcare, USA).

At baseline, before RDN, BP measurements were taken in
both arms and the arm with the higher BP was selected for all
subsequent readings. The mean of three measurements was
used for analysis. An ABM monitor (Spacelabs Healthcare,
USA) was used for 24-h ABPM assessment.

Patients with a decrease of 10 mmHg or more in office
SBP or of 2 mmHg or more in 24-h ABPM SBP at 12-month
follow-up were considered to be BP responders to RDN.'"">

Renal function and albuminuria measurement

Creatinine clearance was estimated using the Chronic Kid-
ney Disease Epidemiology Collaboration (CKD-EPI) formula.
Albuminuria was obtained in spot urine and measured
using the ACR, expressed in mg/g, which is equivalent to
24-h albumin excretion in mg/day. ACR values were acquired
before RDN (at baseline) and at 12-month follow-up.

Renal denervation procedure

RDN procedures were performed using mild anesthesia
(propofol and remifentanil) for sedation and pain con-
trol. An activated clotting time of 250-300 s was obtained
with unfractionated heparin. After femoral artery access,
abdominal aortography and selective renal artery angiogra-
phy were performed to confirm anatomic eligibility. In all
cases, the femoral access site was closed using a sealing
device (Angio-Seal®, St. Jude Medical, USA).

Denervation was performed using the following radiofre-
quency systems: Symplicity® (n=25), EnligHTN® (n=4) and
OneShot”® (n=2), in accordance with standard techniques.

Statistical analysis

Continuous variables are reported as mean =+ standard devi-
ation. Normality was tested with the Kolmogorov-Smirnov
test and/or visual assessment of a Q-Q plot. Normally dis-
tributed variables were compared between baseline and
12-month follow-up using a paired Student’s t test, or a
Wilcoxon matched-pairs test if not normally distributed.
Discrete variables are expressed as frequencies and percent-
ages. Statistical comparisons of characteristics at baseline
and at follow-up were performed using the chi-square test
or Fisher’s exact test, as appropriate, for categorical varia-
bles and the paired Student’s t test for continuous variables.
A two-tailed p value <0.05 was considered as statistically
significant.

SPSS® version 21.0 (IBM SPSS Inc, Chicago, IL) was used
for data processing and statistical analysis.

Results
Patient characteristics

A total of 318 patients were observed in an outpa-
tient hypertension clinic between 2011 and 2015. Of
these, 253 were excluded due to: (a) BP control being
achieved after dose and/or drug changes (n=139); (b) a
secondary cause of hypertension (n=31); (c) renal anatomy
considered unsuitable for RDN on computed tomography
angiography; (d) estimated glomerular filtration rate (eGFR)
<30 ml/min/1.73 m?; (e) patient refusal after discussion of
the expected benefits and risks. A total of 65 patients were
considered good candidates and underwent RDN. Of these,
the first 31 with complete data on blood and urine samples,
office BP and 24-h ABPM, and transthoracic echocardiogram
at both baseline and 12-month follow-up were included in
the present analysis (Figure 1). Data on left ventricular mass
and function have been reported elsewhere.!
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Table 1 Baseline characteristics and renal denervation
procedures.

Demographic and clinical variables

Age (years) 65+7
Male (%) 15 (48.4)
Caucasian (%) 31 (100)
Weight (kg) 86+16
Height (m) 1.65+0.1
BMI (kg/m?) 31.8+£5.5
Obesity (%) 21 (67.7)
Atrial fibrillation (%) 1(3.2)
Previous stroke (%) 2 (6.5)
Type 2 diabetes (%) 22 (71)
Dyslipidemia (%) 21 (67.7)
Smoking (%) 1(3.2)
Sleep apnea (%) 5(19.1)
eGFR (ml/min/1.73 m?) 76.4+24.7
CKD (%) 5(16.1)
Hypertension >10 years (%) 28 (90.3)
Coronary artery disease (%) 10 (32.3)
Any vascular disease (%) 11 (35.5)
RDN procedure
Mean no. of RF applications, right renal 5.1+1.3
artery
Mean no. of RF applications, left renal 5.7+1.1
artery
Mean no. of RF applications per patient 10.8+2.3

BMI: body mass index; CKD: chronic kidney disease (eGFR
<60 ml/min/1.73 m?2); eGFR: estimated glomerular filtration
rate; RDN: renal denervation; RF: radiofrequency.

Mean age was 6547 years, all patients were Caucasian
and 48% (n=14) were male. Regarding cardiovascular risk fac-
tors, 71% had type 2 diabetes, 68% were obese (mean body
mass index 32+6 kg/m?), 68% had dyslipidemia and only
one patient was an active smoker. Ten patients (33%) had
manifestations of vascular disease (mainly coronary artery
disease). Mean eGFR was 76.4+24.7 ml/min/1.73 m? and
five patients had chronic kidney disease (eGFR <60 ml/min/
1.73 m?) (Table 1). At baseline, median ACR was 25.8
(interquartile range [IQR] 9.0-574.0) and 15 (48%) patients
had ACR >30 mg/g.

Table 2  Antihypertensive medication.

Most patients (90%) had known hypertension for at
least 10 years and were treated at baseline with a mean
of 5.8 anti-hypertensive drugs, corresponding to a mean of
5.5 different drug classes. Of note, 74% were treated with
spironolactone. Details on antihypertensive medication at
baseline and follow-up are presented in Table 2.

Blood pressure control

Mean office SBP and diastolic BP (DBP) at baseline were
176+24 mmHg and 90+14 mmHg, respectively, and mean
heart rate was 73+11 bpm. On 24-h ABPM, mean SBP and
DBP were 150+20 mmHg and 83+10 mmHg, respectively
(Table 3).

At 12-month follow-up mean SBP had decreased from
176+24 to 149+13 mmHg (p<0.001) and DBP from 90+14
to 79+11 mmHg (p<0.001). These changes were consistent
with the results of 24-h ABPM, in which mean SBP decreased
from 150+20 to 132+14 mmHg (p<0.001) and mean
DBP from 83+10 to 74+9 mmHg (p=0.001). At 12-month
follow-up, 71% of patients were considered office SBP
responders and 84% were considered ABPM SBP responders
(Table 3). During this period there was also a reduction in
the number of antihypertensive drugs and classes taken;
the number of drugs decreased from 5.8+1.1 to 5.0+1.2
(p=0.002) and drug classes from 5.5+0.9 to 4.9+1.1
(p=0.02) (Table 2).

Changes in albumin-to-creatinine ratio after renal
denervation and relation with blood pressure
control

At baseline, median ACR was 25.8 mg/g (IQR 9.0-574.0
mg/g) and 48.4% of patients (n=15) had an ACR >30 mg/g.
We found a significant reduction at 12-month follow-up to a
median of 14.8 mg/g (IQR 4.5-61.0 mg/g, p=0.007) (Table 3).

Interestingly, we also found a significant reduction in the
percentage of patients with ACR >30 mg/g between base-
line and 12-month follow-up (Figure 2). Considering patients
with any ACR reduction as ACR responders, 77.4% (n=24) of
patients were ACR responders. The distribution of patients
across the different classes of urinary albumin excretion also
demonstrated a favorable effect (Figure 3).

Baseline 12 months p

Mean no. of antihypertensive drugs 5.8+1.1 5.0+1.2 0.002
Mean no. of drug classes 5.5+0.9 4.9+1.1 0.015
ACE inhibitors 19 (61.3) 17 (54.8) 0.688
ARBs (%) 19 (61.3) 18 (58.1) 1.0

Beta-blockers (%) 26 (83.9) 27 (87.1) 1.0

Calcium channel blockers (%) 30 (96.8) 21 (67.7) 0.012
Diuretics (%) 27 (87.1) 24 (77.4) 0.727
Spironolactone (%) 23 (74.2) 26 (83.9) 0.453
Sympatholytics (%) 22 (71) 19 (61.3) 0.508
Aliskiren 4 (12.9) 0 0.046

ACE: angiotensin-converting enzyme; ARB: angiotensin receptor blockers.
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Table 3 Blood pressure, heart rate and albumin-to-creatinine ratio before and 12 months after renal denervation.
Baseline 12 months p

Office SBP (mmHg) 176+24 149413 <0.001
Office DBP (mmHg) 90+14 79+11 <0.001
Heart rate (bpm) 73411 70411 0.261
ABPM SBP (mmHg) 150420 132+14 <0.001
ABPM DBP (mmHg) 83+10 7419 <0.001
ABPM pulse pressure (mmHg) 67+18 58+13 0.001
ABPM mean BP (mmHg) 10549 95.3+8.4 <0.001
ABPM heart rate (bpm) 67.6+9.1 65.5+9.5 0.090
ABPM SBP responders® (%) - 26 (83.9) -
Office SBP responders® (%) - 22 (71) -
eGFR (ml/min/1.73 m?) 73.6+25.1 72.5+25.1 0.711
ACR (mg/g) 25.8 (9.0-574.0) 14.8 (4.5-61.0) 0.007
ACR in ABPM BP responders (mg/g) 25.6 (8.7-382.8) 15.9 (4.4-55.0) 0.009
ACR in ABPM BP non-responders (mg/g) 165.0 (8.8-1423.5) 13.6 (5.7-1417.0) 0.345
ACR in ABPM dippers (mg/g) 20.8 (6.8-290.0) 9.4 (3.7-41.1) 0.028
ACR in ABPM non-dippers (mg/g) 62.3 (9.1-852.3) 20.8 (9.3-197.1) 0.096
ACR in diabetic patients (mg/g) 48.9 (9.1-1116.3) 23.1 (4.3-123.8) 0.028
ACR in non-diabetic patients (mg/g) 25.4 (5.2-68.6) 10.9 (3.4-20.8) 0.066

ABPM: 24-h ambulatory blood pressure; ACR: albumin to creatinine ratio; BP: blood pressure; bpm: beats per minute; DBP: diastolic
blood pressure; eGFR: estimated glomerular filtration rate; SBP: systolic blood pressure.

@ Decrease of 2 mmHg between baseline ABPM SBP and at 12 months.

b Decrease of 10 mmHg between baseline office SBP and at 12 months.

When the results were split according to ABPM SBP
responder status, we found a significant reduction in
responders (from 25.6 mg/g [IQR 8.7-382.8 mg/g] to
15.9 mg/g [IQR 4.4-55.0 mg/g], p=0.009), and a numer-
ical decrease in non-responders (from 165.0 mg/g [IQR
8.8-1423.5 mg/g] to 13.6 mg/dl [IQR 5.7-1417.0 mg/g],
p=0.345), probably due to the small nhumber of patients in
this subgroup (Table 3 and Figure 4). The same analysis was

performed according to dipper status and the results were
similar, with a significant reduction in patients with dipper
status on baseline ABPM (Table 3 and Figure 5).

With regard to diabetic status, patients with diabetes had
a higher median baseline ACR and showed a statistically sig-
nificant decrease (from 48.9 mg/g [IQR 9.1-1116.3 mg/g]
to 23.1 mg/g [IQR 4.3-123.8 mg/g], p=0.028); there was
also a numerical decrease in ACR in non-diabetic patients

80 p=0.711
73.6 725
70
60 p=0.023
50 48.4
40
p=0.007 323
30
258
20
14.8
10
0
ACR (mg/g) % patients with ACR >30 mg/g eGFR (ml/min/1.73 m?)

M Baseline

12-month follow-up

Figure 2 Values of albumin-to-creatinine ratio and estimated glomerular filtration rate at 12 months after renal denervation.
There was a significant reduction in the median values of ACR and the percentage of patients with ACR >30 mg/g, without significant
changes in eGFR. ACR: albumin-to-creatinine ratio; eGFR: estimated glomerular filtration rate.
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Baseline

12-month follow-up

= ACR >300 mg/g = ACR 30-300 mg/g =Normal

Figure 3 Percentages of patients in the different albumin-
to-creatinine ratio subgroups. There was a numerical decrease
in the percentage of patients with an ACR >300 mg/g and
an increase in patients with normal urinary albumin excretion
between baseline and 12-month follow-up. ACR: albumin-to-
creatinine ratio.

(from 25.4 mg/g (IQR 5.3-68.6 mg/g) to 10.9 mg/dl (IQR
3.4-20.8 mg/g), p=0.066), probably also due to the small
patient sample in this subgroup (n=9) (Table 3 and Figure 6).

Safety

There were four vascular access complications: three
hematomas and one femoral pseudoaneurysm. No significant
changes in eGFR were seen (Table 3 and Figure 2).

180
ACR

(mg/g) 160
140
120

100

60 p=0.009

20 - 15.9
0

Discussion

The main findings of our study are: (1) RDN was associ-
ated with a significant BP reduction at 12-month follow-up;
(2) there was a significant decrease in median ACR, with-
out significant changes in eGFR, and a significant reduction
in the percentage of patients with ACR >30 mg/g between
baseline and 12-month follow-up; (3) the reduction in ACR
was observed in both BP responders and non-responders.

Although the initial results with catheter-based RDN
were very promising,”®'® the most recent and largest
randomized trial, SYMPLICITY HTN-3," failed to meet its
primary efficacy endpoint, raising doubts about the real
biological effect of this treatment. The unexpected nega-
tive results of HTN-3 have been extensively discussed and
many possible reasons have been put forward, both clin-
ical (mainly related to patient selection) and technical
(procedure-related, particularly the number and pattern of
radiofrequency applications).” Another possible factor is
how the efficacy of RDN is currently measured, and exam-
ining target organ damage may provide a better assessment
than BP values. In line with this are the recent results in
LV mass and function after RDN, for which several groups
have published positive results at six-month follow-up based
on both transthoracic echocardiography'"'® and cardiac
magnetic resonance imaging (MRI).'® Our group recently
reported a significant reduction in left ventricular mass at
12-month follow-up, without correlation with changes in sys-
tolic ABPM. ™"

Another approach to monitoring hypertension-related
target organ damage is to calculate ACR, a recognized
marker which has been linked to cardiovascular outcomes
in several studies on hypertension.*® Ott et al."” found
a significant reduction in ACR at six-month follow-up in
59 patients with resistant hypertension (mean 24-h ABPM
SBP 156 mmHg, treated with a mean of 5.5 antihypertensive

p=0.345
165

13.6

BP responders

BP non-responders

mBaseline

12-month follow-up

Figure 4 Values of albumin-to-creatinine ratio at 12 months after renal denervation in 24-h ambulatory blood pressure monitoring
responder subgroups. There was a significant reduction in median ACR in the BP responder subgroup, and a numerical decrease in
non-responders. ACR: albumin-to-creatinine ratio; BP: blood pressure.
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70
ACR

(mg/g)
60

50

40

p=0.028
30

20.8
20

10 9.4

p=0.096

20.8

Dippers

Non-dippers

mBaseline

12-month follow-up

Figure 5

Values of albumin-to-creatinine ratio at 12 months after renal denervation according to dipper status on 24-h ambulatory

blood pressure monitoring. There was a significant reduction in median ACR in the dipper subgroup, and a numerical decrease in

non-dippers. ACR: albumin-to-creatinine ratio.

drugs). In contrast with the latter study, we also included
patients with normal (<30 mg/g) baseline ACR and therefore
our median values are lower that those reported by Ott et al.
Of note, even among this mixed population of different ACR
baseline profiles, half of whom had normal urinary albumin
excretion (51.6% with ACR <30 mg/dl), the mean age
(65 years), baseline ABPM SBP (150 mmHg) and mean num-
ber of drugs (5.8) were very similar to the study by Ott et al.
Our study also included a higher percentage of patients with
type 2 diabetes (71%, compared to 51% in Ott et al.’s study).
In another recently published single-center study, Verloop

60
ACR

(mg/g) p=0.028

50 48.9
40
30

231

20

et al.” failed to demonstrate any significant decrease in
either LV mass (by cardiac MRI) or urinary albumin excre-
tion, and found only a modest impact on blood pressure.
These results are in contrast with previous studies and our
results, and may have been due to differences in patient
populations. In the study by Verloop et al.,'* the mean age
was lower (58 years) and so was the mean number of drugs
(4, as opposed to 5.5 in Ott et al. and 5.8 in our study).
Other important differences are the much lower prevalence
of diabetes (only 15%) and the fact that the authors did not
exclude patients with eGFR <45 ml/min/1.73 mZ.

p=0.066

Diabetes

No diabetes

| = Baseline

12-month follow-up |

Figure 6 Values of albumin-to-creatinine ratio at 12 months after renal denervation according to diabetic status. There was a
significant reduction in median ACR in patients with diabetes, and a numerical decrease in the smaller subgroup of patients without

diabetes. ACR: albumin-to-creatinine ratio.
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One interesting observation in our study is the fact that
the reduction in ACR was also found in BP non-responders,
although this did not reach statistical significance, prob-
ably due to the small size of this patient subgroup. This
raises the question of whether RDN, by reducing sympa-
thetic hyperactivity, might have a positive direct effect on
glomerular endothelial function independent of the hemo-
dynamic effect derived from blood pressure reduction, since
there is a close association between urinary albumin excre-
tion and glomerular endothelium dysfunction and glycocalyx
loss.>?? These two factors may be modulated by autonomic
nervous system tone and, in theory, this positive impact
on endothelial physiology could be linked to the expected
decrease in overall cardiovascular risk that is the ultimate
goal of RDN. On the other hand, endothelial dysfunction is
only one of several effects of increased sympathetic activ-
ity, a common denominator in cardiovascular and renal
pathophysiology.?' Finally, the ACR reduction seen in our
study should be interpreted in the context of the high car-
diovascular risk of patients with resistant hypertension,?>
and this reduction is expected to help to lower this risk,
although no prospective studies have been published on the
prognostic impact of RDN on clinical outcomes.

Limitations

The present study has some limitations that should be men-
tioned: (1) it is a single-center prospective registry with a
small sample size; (2) the physicians following patients after
RDN were not blinded, although the most important out-
come measurements (24-h ABPM and ACR) were performed
by cardiac and laboratory technicians unaware of treatment
status; (3) there was no control group or sham procedure;
(4) changes were made in antihypertensive therapy during
follow-up, which could have influenced reductions in blood
pressure and ACR (but the mean number of drugs actually
decreased during follow-up, which could lead to underesti-
mation of the benefit of RDN in this daily practice setting).

Conclusions

In this single-center unblinded study of patients with resis-
tant hypertension undergoing RDN, we found a significant
reduction in both office BP and 24-h ABPM which was asso-
ciated with a significant decrease in median ACR, without
significant changes in eGFR. At 12-month follow-up, there
was a reduction in the percentage of patients with patho-
logical urinary albumin excretion, and this reduction was
independent of BP responder status.

Ethical disclosures

Protection of human and animal subjects. The authors
declare that no experiments were performed on humans or
animals for this study.

Confidentiality of data. The authors declare that no patient
data appear in this article.

Right to privacy and informed consent. The authors
declare that no patient data appear in this article.

Conflicts of interest

The authors have no conflicts of interest to declare.

References

10.

1.

12.

13.

14.

16.

17.

. Mancia G, Fagard R, Narkiewicz K, et al. 2013 ESH/ESC Guide-

lines for the management of arterial hypertension: the Task
Force for the management of arterial hypertension of the Euro-
pean Society of Hypertension (ESH) and of the European Society
of Cardiology (ESC). J Hypertens. 2013;31:1281-357.

. Calhoun DA, Jones D, Textor S, et al. Resistant hypertension:

diagnosis, evaluation, and treatment. A scientific statement
from the American Heart Association Professional Education
Committee of the Council for High Blood Pressure Research.
Hypertension. 2008;51:1403-19.

. Muiesan ML, Salvetti M, Rizzoni D, et al. Resistant hypertension

and target organ damage. Hypertens Res. 2013;36:485-91.

. Chronic Kidney Disease Prognosis ConsortiumMatsushita K,

van der Velde M, Astor B, et al. Association of estimated
glomerular filtration rate and albuminuria with all-cause and
cardiovascular mortality in general population cohorts: a col-
laborative meta-analysis. Lancet. 2010;375:2073-81.

. Satchell S. The role of the glomerular endothelium in albumin

handling. Nat Rev Nephrol. 2013;9:717-25.

. Waheed S, Matsushita K, Astor BC, et al. Combined association

of creatinine, albuminuria, and cystatin C with all-cause mor-
tality and cardiovascular and kidney outcomes. Clin J Am Soc
Nephrol. 2013;8:434-42.

. Krum H, Schlaich M, Whitbourn R, et al. Catheter-based renal

sympathetic denervation for resistant hypertension: a mul-
ticentre safety and proof-of-principle cohort study. Lancet.
2009;373:1275-81.

. Symplicity HTN-2 InvestigatorsEsler MD, Krum H, Sobotka PA,

et al. Renal sympathetic denervation in patients with
treatment-resistant hypertension (The Symplicity HTN-2 Trial):
a randomised controlled trial. Lancet. 2010;376:1903-9.

. Schirmer SH, Sayed MM, Reil JC, et al. Improvements in left

ventricular hypertrophy and diastolic function following renal
denervation: effects beyond blood pressure and heart rate
reduction. J Am Coll Cardiol. 2014;63:1916-23.

Mahfoud F, Urban D, Teller D, et al. Effect of renal denervation
on left ventricular mass and function in patients with resistant
hypertension: data from a multi-centre cardiovascular magnetic
resonance imaging trial. Eur Heart J. 2014;35:2224-31.

de Sousa Almeida M, de Araujo Goncalves P, Branco P, et al.
Impact of renal sympathetic denervation on left ventricu-
lar structure and function at 1-year follow-up. PLOS ONE.
2016;11:€0149855.

Ott C, Mahfoud F, Schmid A, et al. Improvement of albuminuria
after renal denervation. Int J Cardiol. 2014;173:311-5.
Verloop WL, Vink EE, Spiering W, et al. Effects of renal denerva-
tion on end organ damage in hypertensive patients. Eur J Prev
Cardiol. 2015;22:558-67.

Dores H, de Sousa Almeida M, de Araujo Goncalves P, et al. Renal
denervation in patients with resistant hypertension: six-month
results. Rev Port Cardiol. 2014;33:197-204.

. Bhatt DL, Kandzari DE, O’Neill WW, et al. A controlled trial

of renal denervation for resistant hypertension. N Engl J Med.
2014;370:1393-401.

Schlaich MP, Sobotka PA, Krum H, et al. Renal sympathetic-
nerve ablation for uncontrolled hypertension. N Engl J Med.
2009;361:932-4.

Kandzari DE, Bhatt DL, Brar S, et al. Predictors of blood pres-
sure response in the SYMPLICITY HTN-3 trial. Eur Heart J.
2015;36:219-27.


http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0110
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0115
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0120
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0120
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0120
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0120
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0120
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0120
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0120
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0120
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0120
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0120
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0120
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0120
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0120
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0120
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0120
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0120
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0120
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0120
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0120
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0120
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0120
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0120
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0120
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0125
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0130
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0130
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0130
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0130
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0130
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0130
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0130
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0130
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0130
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0130
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0130
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0130
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0130
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0130
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0130
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0130
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0130
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0130
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0130
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0130
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0135
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0140
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0140
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0140
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0140
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0140
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0140
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0140
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0140
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0140
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0140
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0140
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0140
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0140
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0140
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0140
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0140
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0140
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0140
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0140
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0140
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0140
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0140
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0140
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0140
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0140
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0140
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0140
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0140
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0140
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0140
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0145
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0150
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0155
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0160
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0160
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0160
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0160
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0160
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0160
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0160
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0160
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0160
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0160
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0160
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0160
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0160
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0160
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0160
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0160
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0160
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0160
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0160
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0160
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0160
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0160
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0160
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0160
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0160
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0160
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0160
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0160
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0160
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0160
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0160
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0160
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0165
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0165
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0165
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0165
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0165
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0165
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0165
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0165
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0165
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0165
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0165
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0165
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0165
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0165
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0165
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0165
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0165
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0165
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0165
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0165
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0165
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0165
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0165
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0170
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0170
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0170
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0170
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0170
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0170
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0170
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0170
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0170
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0170
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0170
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0170
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0170
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0170
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0170
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0170
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0170
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0170
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0170
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0170
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0170
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0170
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0170
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0170
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0170
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0170
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0170
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0170
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0170
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0170
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0170
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0170
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0170
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0175
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0175
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0175
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0175
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0175
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0175
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0175
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0175
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0175
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0175
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0175
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0175
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0175
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0175
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0175
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0175
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0175
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0175
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0175
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0175
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0175
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0175
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0175
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0175
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0175
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0175
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0175
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0175
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0175
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0175
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0175
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0175
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0175
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0180
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0180
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0180
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0180
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0180
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0180
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0180
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0180
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0180
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0180
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0180
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0180
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0180
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0180
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0180
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0180
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0180
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0180
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0180
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0180
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0180
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0180
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0180
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0180
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0180
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0180
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0180
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0185
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0185
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0185
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0185
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0185
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0185
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0185
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0185
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0185
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0185
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0185
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0185
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0185
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0185
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0185
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0185
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0185
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0185
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0185
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0185
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0185
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0185
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0185
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0185
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0185
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0185
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0185
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0190
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0190
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0190
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0190
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0190
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0190
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0190
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0190
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0190
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0190
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0190
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0190
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0190
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0190
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0190
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0190
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0190
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0190
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0190
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0190
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0190
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0190
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0190
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0190
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0190
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0190
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0190
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0190

Albuminuria and renal denervation

351

18.

Brandt MC, Mahfoud F, Reda S, et al. Renal sympathetic denerva-
tion reduces left ventricular hypertrophy and improves cardiac
function in patients with resistant hypertension. J Am Coll Car-
diol. 2012;59:901-9.

. Ott C, Schmid A, Ditting T, et al. Renal denervation in a hyper-

tensive patient with end-stage renal disease and small arteries:
a direction for future research. J Clin Hypertens (Greenwich).
2012;14:799-801.

20.

21.

Salmon AH, Satchell SC. Endothelial glycocalyx dysfunction in
disease: albuminuria and increased microvascular permeability.
J Pathol. 2012;226:562-74.

Almeida Mde S, Goncalves Pde A, Oliveira El, et al. Renal
denervation for resistant hypertension. Rev Port Cardiol.
2015;34:125-35.


http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0195
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0200
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0205
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0205
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0205
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0205
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0205
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0205
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0205
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0205
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0205
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0205
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0205
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0205
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0205
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0205
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0205
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0205
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0205
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0205
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0205
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0205
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0205
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0205
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0205
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0210
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0210
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0210
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0210
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0210
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0210
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0210
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0210
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0210
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0210
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0210
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0210
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0210
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0210
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0210
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0210
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0210
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0210
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0210
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0210
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0210
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0210
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0210
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0210
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0210
http://refhub.elsevier.com/S0870-2551(17)30261-5/sbref0210

	Changes in albumin-to-creatinine ratio at 12-month follow-up in patients undergoing renal denervation
	Introduction
	Methods
	Study design and patient population
	Blood pressure measurement and definition of responders
	Renal function and albuminuria measurement
	Renal denervation procedure
	Statistical analysis

	Results
	Patient characteristics
	Blood pressure control
	Changes in albumin-to-creatinine ratio after renal denervation and relation with blood pressure control
	Safety

	Discussion
	Limitations
	Conclusions
	Ethical disclosures
	Protection of human and animal subjects
	Confidentiality of data
	Right to privacy and informed consent

	Conflicts of interest
	References


