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ABSTRACT

BACKGROUND AND OBJECTIVES: Purpose of the study is the assessment of the effectiveness of renal
denervation with different types of catheters, as well as its long-term effects, in the patients with resistant

hypertension.

MATERIALS AND METHODS: This single-center prospective study included 81 patients who underwent a
renal denervation procedure using 2 types of catheters: monopolar and helical (Medtronic Inc., Minneapolis,
Minnesota, the USA) between 2015 and 2018. Baseline demographics, clinical, functional and laboratory
characteristics of the patients were assessed. A comparative analysis of the dynamics of office systolic and
diastolic blood pressure during 5 years of follow-up was carried out. The Kaplan—Meier method was used to
study the survival of the patients with resistant hypertension after renal denervation.

RESULTS: A total of 81 patients with a mean age of 57.79+9.87 years, of whom 37.04 % were men,

were included in the 2-stage study (first stage using monopolar catheters and second stage using spiral
catheters). At the time of inclusion, study participants were receiving an average of 4.5+1.4 antihypertensive
medications. In 36 (or 44.4 %), the procedure was performed using a monopolar catheter; in 45 (or 55.6 %),
a spiral catheter was used. There were no statistically significant differences between the two groups of the
patients. The analysis established statistically significant changes in the dynamics of office SBP and DBP (p
< 0.001) assessed 1, 2, 3, 4, and 5 years after the renal denervation procedure. The analysis demonstrated a
stability in the reduction of office SBP and DBP during the 5-year follow-up. The results of the study showed
that the median survival time was 1061 days from the beginning of follow-up (95% CI: 728.03 to 1 393.97
days); the median survival time in the monopolar catheter group was 777 days (95% ClI: 692.314 to 861.686)
and in the spiral catheter group 1 294 days (95% ClI: 713.079 to 1 874.921).

FINDINGS: Our results demonstrated the efficiency and safety of renal denervation in both short-term and
long-term follow-up using monopolar and spiral catheters in the treatment of uncontrolled hypertension with
combined antihypertensive therapy. The most significant is the demonstrated stability of the effect after the
procedure. In addition, the survival rate of the patients with resistant hypertension after the intervention has

been carried out (Tab. 2, Fig. 3, Ref. 22). Text in PDF www.elis.sk
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Introduction

Hypertension is the most common chronic noncommunicable
disease and the leading risk factor for disability and premature
mortality worldwide accounting for 10.8 million deaths (95% CI
9.51-12.1) or 19.2 % (16.9-21.3 %) (1). One of the most effective
management strategies is to achieve a target blood pressure (BP)
(2). According to SPRINT study results, reduction of systolic BP
(SBP) to the target level less than 120 mmHg reduces the prob-
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ability of death and severe complications of cardiovascular disease
(CVD) in the patients with hypertension, especially at high car-
diovascular risk (3). Resistant hypertension is one of the reasons
for the failure to achieve the target BP (4). The large prospective
study conducted in the UK demonstrated an increase in the in-
cidence of resistant AH from 0.93 to 2.07 per 100 patient-years
from 1996 to 2004 (5).

The technique of sympathetic denervation of the renal arter-
ies (RD), suggested in 2003 by H. Levin and M. Gelfand, can act
today as an additional, and sometimes alternative, method of un-
controlled hypertension treatment (6, 7).

The results of the first and certainly significant studies Sym-
plicity HTN-1 (8) and Symplicity HTN-2 (9) were of great im-
portance in determining the role of sympathetic denervation of the
renal arteries in uncontrolled hypertension treatment. The find-
ings have promoted the interest to study the role of sympathetic
nervous system in resistance genesis (10), and promoted catheter
techniques as one of the most perspective treatment approaches.
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In view of this, the results of Symplicity HTN-3 — the first sham-
controlled randomized study (11) showing no reliable advantage
in the reduction of office BP in the patients after renal denervation
in comparison with sham procedure were unexpected.

Akind of Renaissance of renal denervation is a series of SPY-
RAL Pivotal studies where the second generation of electrodes —
a spiral catheter — was used. The results of SPYRAL HTN-OFF
MED (12) showed a reliable effectiveness of the procedure in
comparison with sham intervention; thus, the difference in treat-
ment between the two groups for 24-hour SBP was —3.9 mmHg
(95% CI from —6.2 to —1.6).

Purpose of the study is the assessment of the effectiveness
of renal denervation with different types of catheters, as well as
its long-term effects, in the patients with resistant hypertension.

Materials and methods

This prospective study included 81 patients with resistant
hypertension, who were hospitalized in the Department of Car-
diology of University Hospital of NCJSC “Semey Medical Uni-
versity” (the Republic of Kazakhstan) during the period from
2015 to 2018. The study was conducted in accordance with the
Declaration of Helsinki, the study protocol
was approved by the local ethical commit-
tee. All the participants signed a voluntary

by means of aortography of the abdominal aorta using a PigTail
5 Fr diagnostic catheter. For all RDN procedures, a Sherpa 6 Fr.
guidewire renal catheter and a 0.014 hydrophilic coronary guide-
wire were used. Renal denervation procedures were performed
using 2 types of catheters — monopolar Symplicity Renal Dener-
vation System Catheter (Medtronic Inc., Minneapolis, Minne-
sota, the USA) and spiral Symplicity Spyral Renal Denervation
System Catheter (Medtronic Inc., Minneapolis, Minnesota, the
USA). In each case at least 8 ablations were performed in each
renal artery. The study did not involve blind randomization for
the use of a particular type of catheter; patients were included in
the groups as the catheters were modified. In this study by ana-
logy with previously published studies (13) the patients in whom
BP reduction of 10 mmHg or more was achieved were consi-
dered as responders.

In each case there were performed routine investigations in-
cluding office blood pressure registration by Korotkoff method,
laboratory tests (clinical blood test, urinalysis, biochemical blood
test with analysis of lipid spectrum, glucose). In addition, we in-
vestigated the renal filtration function by serum creatinine level,
calculation of glomerular filtration rate (GFR) according to CKD-
EPI formula, 2011 (14). Repeated assessment was performed on
the 7th day, then after 1, 2, 3, 4 and 5 years.

Tab. 1. General clinical characteristics of patients.

informed consent. The study used the ESC

definition of.resi.st.ant hyper.tension, which  Indication All patients ?:g::t):r(’)l;g caﬂizzil 45 p
refers to the 1n.ab111ty to achieve target SBP Age, years 57792987 55332906 59.769.99 0.044°
or DBP, despite the recommended treat- Women, n (%) 51(63%) 20 (55.6%) 31(69.9%) 0217¢
ment tactics, i.e., lifestyle modification and  Diabetes mellitus type 2, n (%) 23 (28.4%) 9 (25%) 14 31.1%) 0.720¢
the use of optimal or maximum tolerated Chronic ischemic heart disease, n (%) 30 (37%) 14 (38.9%) 16 (35.6%) 0.758¢
. p Previous myocardial infarction, n (%) 20 (24.7%) 11 (30.6%) 9 (20%) 0.403¢
doses of three or more drugs, including a2/ e a o ) 8(9.9%) 2(5.6%) 6(133%)  0290¢
diuretic (2) All the patients were takmg at Stroke, n (%) 12 (14.8%) 7 (19.4%) 5(11.1%) 0.354¢
least 3 antihypertensive drugs before renal  Postponed revascularization, n (%) 19 (23.5%) 8 (22.2%) 11 (24.4%) 0.815¢
denervation. Secondary forms ofhyperten- Office SBP, mmHg 190 (140;240) 180 (160;240) 190 (140;240)  0.588"
sion were excluded during selection. Other ~ Office DBP. mmHg 100 (80; 140)  100(80;130) 100 (80; 140)  0.666"
. .. . Heart rate, beats per minute 69 (46; 110) 69 (46; 100) 70 (50; 110) 0.444°
exclusion criteria were an acute myocardial 1 5\ onicylar ejection fraction, % 63 (37;77) 63 (51;77) 63(37;69)  0.238
infarction and acute cerebral circulation  Creatinine, pmol /I 121(53;250)  121(53;169)  121(70;250)  0.342
disorder 6 months before the procedure,  GFR, MlI/min/1.73m’ 59 (24; 116) 59 (26; 116) 59 (24; 102) 0.137°
a defined renal artery pathology (hemody- Blood glucose, mmol/l 57(34;132) 6.05(34;132) 53(3.5;12.8) 0.183"
namically significant renal artery stenosis thal chqlesterol, mmol/l 5@3;9.7) 5(3.6;6.2) 5(3.0,9.7) 0.612°
. ’ Triglycerides, mmol/l 2.14(0.8; 6) 2.14(0.8;4.4) 2.14 (1.03; 6) 0.945°
fibromuscular dysplasia). Haemoglobin, g/l 1393+£17.15  142.64£14.64 13681449  0.126°
Renal denervation procedure was per-  Urine protein, g/l 0(0; 1.984) 0(0; 0.99) 0(0; 1.984) 0.713°
formed using Siemens Artiz Zee angio-  Leftrenal artery, cm 4.8 (4, 6) 4.805 (4; 6) 4.805(4;6)  0451°
graphic unit (Germany). Premedication nght renal artery, cm 5.29(3;7) 5.144 (4; 6) 5.288 (3; 7) 0.2°
was performed 30—40 minutes before the Recel.ved' tl.lerap Y
intervention. In all the cases RD was per- ACE inhibitor /ARA, n (%) 76 (93.8%) 35(97.2%) 41 (91.1%) 0.375¢
. Beta-blockers, n (%) 43 (53.1%) 21 (58.3%) 22(489%)  0.397¢
formed by right or left transfemoral access.  Diyretics, n (%) 73 (90.1%) 31 (86.1%) 42 (93.3%) 0.279¢
After local anesthesia with 0.5 % Novo-  Calcium channel blockers, n (%) 47 (58%) 20 (55.6%) 27 (60%) 0.687¢
caine or 2 % Lidocaine solution, we per- Aldosterone antagonists, 23 (28.4%) 14 (38.9%) 9 (20%) 0.104¢
. - Agonists imidazoline receptors, n (%) 36 (44.4%) 13 (36.1%) 23 (51.1%) 0.177¢
formed an arterial puncture according to Other drug, n (%) 5(6.2%) 4(11.1%) 1 (22%) 0.166¢

the Seldinger method with a 6 Fr intro-
ducer. Visualization of the renal arteries
was performed in the anteroposterior view

*— Parametric criteria: Student’s test, M = SD (mean + standard deviation); ®*— Nonparametric criteria: Mann-
Whitney U-test, Me (IQR) (median (interquartile range)); min and max values, *— y2 Pearson, - Fisher test,
¢— correction for continuity
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Fig. 1. Analysis of SBP dynamics depending on the type of catheter.

Statistical analysis

Statistical processing of the data was performed using SPSS
20.0 software. Quantitative data were assessed for their corre-
spondence to the normal distribution using the Kolmogorov-
Smirnov criterion. Quantitative measures with a normal distri-
bution were described with arithmetic mean (M) and standard
deviations (SD), 95% confidence interval (95% CI) limits; Stu-
dent’s test for independent samples was used for comparison.
If there was no normal distribution, quantitative data were de-
scribed using the median (Me), minimum and maximum values.
Comparison of the two groups for a quantitative data whose dis-
tribution differed from normal was performed using the Mann-
Whitney U-test. Categorical data were described with absolute
values and percentages, and Pearson’s 32, continuity correction,
and Fisher’s test were used to identify relationships between
nominal variables. When comparing three or more dependent
populations whose distribution differed from normal, the non-
parametric Friedman criterion with a posteriori comparison
using the Conover-Iman criterion with Holm correction was
used. Patient survival function was assessed by the Kaplan-
Meier method. One-factor Cox regression analysis was used
to estimate the factors associated with 5-year survival. Differ-
ences between compared variables were considered significant
at p <0.05.

Results

General characteristics

The present study included 81 patients whose mean age was
57.79 £ 9.87 years, with a maximum and minimum of 77 and
34 years, respectively. Among them, there were 30 (37.04 %)
men (mean age 57.79 £ 9.78) and 51 (62.96 %) women (mean
age 59.71 + 9.4 years), with men being statistically significantly
younger (p = 0.022). 28.4 % of patients had type 2 diabetes mel-
litus (DM), coronary heart disease was registered in 37 %, in-
cluding 24.7 % who had had a myocardial infarction at the time
of the inclusion in the study.
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Fig. 2. Analysis of DBP dynamics depending on the type of catheter.
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Fig. 3. Survival of patients with resistant hypertension depending on
the type of catheter.

Renal denervation procedure was performed using 2 types of
catheters — monopolar (36 or 44.4 %) and spiral (45 or 55.6 %).
The main clinical and demographic parameters did not differ in
the two groups. At baseline, the patients received the average of
4.5 + 1.4 antihypertensive medications. Importantly, more than
90 % received ACE inhibitors or angiotensin receptor antagonist
in combination with diuretics and beta-adrenoblockers or calcium
antagonists. However, only 28.4 % were taking mineralocorticoid
receptor antagonists, with 44.4 % of the patients receiving moxo-
nidine as their 4th drug. This can be explained by the lack of recom-
mendations for the widespread use of spironolactone in the treat-
ment of resistant hypertension at the time of the study initiation.
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Tab. 2. Cox regression results to predict 5-year survival.

selected model (95% CI 0.0001-0.470, p

=0.024).
95% CI fi B

Indicator B (SE) z D el R

Lower Exp B Upper . .
Age, years —5.838 (2.594) 0 0.003 0.470 0.024 Discussion
Stroke ~14.83 (7.81) 0.001 1.01 1.611 0.058
Diabetes mellitus type 2 -88.402 (63665) 0.0001 0.0001 6.301 0.165 The Study demonstrated that renal de-
SBP, mmHg 0.836 (0.554) 0.778 2.306 6.836 0.132 L .

t ffect fe treatment

Creatinine, pmol/l 23.588(3.279) 0001 0028  17.084 0274 nervation is an effective and safe treatmen
GFR 0.372 (1.118) 0.077 0.690 6.172 0.740 for uncontrolled hypertension; the long-
Albuminuria 76.225 (81.379)  0.0001 127 2.366 0.349 term maintenance of the obtained effect is

B — regression coefficient, SE — standard error, CI — confidence interval

The general clinical characteristics of the patients participating in
the study are presented in Table 1.

Blood pressure dynamics

The baseline office SBP was 190 (IQR 100; 140, 240) mmHg,
BP 100 (IQR 60; 80, 140) mmHg. There were no differences be-
tween the baseline BP levels between the two groups (p = 0.588
for SBP and p = 0.666 for DBP). The analysis established statis-
tically significant changes in the dynamics of office SBP (Fig. 1)
and DBP (Fig. 2) (p <0.001) assessed 1, 2, 3, 4 and 5 years after
the renal denervation procedure. Immediate intervention results
obtained on day 7 demonstrated statistically significant differ-
ences for SBP (140 mmHg in group 1 and 130 mmHg in group
2, p = 0.024). There were no significant changes depending on
the type of catheter used in the dynamics of SBP (p (1st year) =
0.673; p (2nd year) = 0.405; p (3rd year) = 0.618; p (4th year)
= 0.082; p (5th years) = 0.153) and DBP (p (Ist year) = 0.805;
p (2nd year) = 0.849; p (3rd year) = 0.206; p (4th year) = 0.116;
p (5th years) = 0.028).

The presented analysis demonstrated a stability in the reduc-
tion of office SBP and DBP during the 5-year follow-up.

Survival

Survival of the patients with resistant hypertension, who under-
went renal denervation was assessed by the Kaplan—Meier method.
We studied the occurrence of major adverse cardiovascular events
(MACE, i.e., heart attack, stroke, and death from cardiovascular
disease) S years after the intervention. The analysis showed that
the median survival time was 1 061 days from the start of follow-
up (95% CI: 728.03 to 1 393.97 days). The analysis also showed
a longer period in the onset of MACE in the group of the patients
in whom a spiral catheter was used during the procedure (Fig. 3).
Thus, the median survival time in the monopolar catheter group
was 777 days (95% CI: 692.314 to 861.686), in the spiral catheter
group 1294 days (95% CI: 713.079 to 1874.921).

During the 5-year follow-up, MACE was reported in 11 pa-
tients (13.6 %), among whom 9 patients developed stroke, result-
ing in death in 7 cases (8.6 %), and 2 patients (2.5 %) had an acute
myocardial infarction.

To assess the factors associated with 5-year survival, one-way
Cox regression analysis was used (Tab. 2). The result showed
that only age had a statistically significant predictive value in the

remarkable (Median SBP and DBP after 1

and 5 years 143/80 and 147/86 mmHg, re-

spectively, p = 0.0001). It is worth noting a

peculiarity of this observation design, where
patients received multicomponent antihypertensive therapy before
the study (on average, patients received 4.5 + 1.4 drugs), further
correction of taken drugs was performed as needed (ON MED
design). At the same time, the volume and individual components
of the therapy did not change significantly during the follow-up.
The general characteristics of the patients, who took part in our
work corresponded to those in previously conducted large studies,
including randomized ones (8, 9, 12).

One of the peculiarities of the presented results is a comparison
of two technical aspects of the procedure, namely the use of first-
and second-generation catheters (unipolar and spiral catheters).

Our results are comparable to those published in the period,
when interest in this procedure was growing (8, 9). For example,
the results of the Symplicity HTN-1 study demonstrated a 27/17
mmHg decrease in office BP 1 year after the intervention (p =0.026
for SBP and p = 0.027 for DBP) (8). However, this study used 1*
generation catheters, and there was no randomization of the pa-
tients. In the Symplicity HTN-1 study, the safety of the procedure
was convincingly demonstrated in our work as well.

In this work we have shown the effectiveness in reducing office
SBP and DBP in using 2nd generation catheters, so in 45 patients
the procedure was performed with a spiral catheter. In this group
we managed to achieve a stability in the dynamics of SBP and
DBP during 5 years of follow-up (Median SBP and DBP after 1
and 5 years 143/80 and 147/86 mmHg, respectively, p = 0.0001).
The last large randomized SPYRAL HTN-ON study (15) also
showed a reduction in SBP after 36 months —18.7 mmHg, 95%
CI 16.6-3.3; p=0.0039). The data we obtained can be compared
to the results of this study.

A separate task of our study was to investigate the survival rate
of'the patients with uncontrolled hypertension after renal denerva-
tion in terms of its impact on the development of NSCLC, such as
MACE (i.e., acute myocardial infarction, stroke and death from
cardiovascular causes) (16). According to the available data, re-
sistant hypertension is associated with an increased risk of adverse
cardiovascular events. For example, in one registry of 205,750
patients with hypertension, the risk of cardiovascular complica-
tions was higher among those with drug-resistant therapy with
(HR 1.47, 95% CI 1.33-1.62) (17). In addition, one large cohort
study (n = 470 386 patients) examined the relationship of resis-
tant hypertension with the risk of developing major cardiovascular
diseases. Thus, a significant relationship was determined between
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the resistant hypertension and overall mortality (HR 1.06, 95%
CI 1.03-1.08), coronary heart disease (HR 1.24, 95% CI1.20-1.
28), heart failure (HR 1.46, 95% CI 1.40—1.52), cerebrovascular
complications (HR 1.14, 95% CI 1.10-1.19), and end-stage re-
nal disease (HR 1.32, 95% CI 1.27-1.37) (18). In our study, the
survival function of the patients assessed by the Kaplan-Meier
method showed that the median survival with spiral catheters was
1 294 days (95% CI: 713.079 to 1874.921), which was 517 days
longer than in the monopolar catheter group (777 days, 95% CI:
692.314 to 861.686).

The result of distant consequences of resistant hypertension
is very important; it has been demonstrated that 13.6 % of the pa-
tients after renal denervation developed stroke, acute myocardial
infarction and death from cardiovascular causes. However, a limi-
ted number of studies are devoted to this issue. Thus, it is worth
noting the results of the Global SYMPLICITY Registry (19), which
included 2 237 patients, who underwent a renal denervation using
a flexible unipolar catheter. In this registry study, after 3 years,
4.1 % (or 59) of the patients had a fatal outcome and 3.2 % (or 47)
of the patients had a stroke.

A limited number of studies have examined the effects of the
renal denervation procedure among persons of Asian race. Selected
results are based on SYMPLICITY registry subanalysis data (20,
21). Among the Asian population, renal denervation was shown
to reduce SBP and DBP by —26.7 + 18.5,-30.1 £ 21.6, and —32.5
+ 18.8 mm Hg after 12, 24, and 36 months, respectively (21). On
this basis, a major international consensus has suggested Asian
race as a possible predictor of response to intervention (22). In our
study, there was a predominance of Asian race (57 or 70.4 %). At
the same time, there were no significant differences in SBP and
DBP dynamics.

However, it should be recognized that our study has certain
significant limitations, which should be considered, when assess-
ing the results. Firstly, based on the design, there was no sham
intervention group (sham-control), as well as randomization proce-
dure that was adopted in the recent published studies (11, 12, 15).

Also, very important is the fact that the final analysis reflected
the results of office BP measurement only, the indicators of daily
BP monitoring were not available at each stage of the analysis.
Although Korotkoff blood pressure measurement is the gold stan-
dard, in modern studies, the main endpoint of effectiveness was
the mean daily BP (12, 15).

Conclusion

The results of our study demonstrated the efficiency and safety
of renal denervation with both monopolar and spiral catheters in
the treatment of uncontrolled hypertension during a combined an-
tihypertensive therapy. The most significant is the demonstrated
stability of the effect after the procedure was carried out, as well
as the survival of the patients with resistant hypertension after the
intervention. The analysis revealed that only age can act as a pre-
dictor of the development of adverse events in the patients after
sympathetic denervation of the renal arteries.
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Learning points

1. The analysis established the changes in the dynamics of office
SBP and DBP assessed 1, 2, 3, 4, and 5 years after the renal
denervation procedure.

2. The analysis demonstrated a stability in the reduction of office
SBP and DBP during the 5-year follow-up.

3. The analysis also showed a longer period in the onset of MACE
in the group of patients in whom a spiral catheter was used dur-
ing the procedure.
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