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REFRACTORY AND RESISTANT HYPERTENSION

IN PATIENTS WITH TYPE 2 DIABETES MELLITUS:

DIFFERENT RESPONSE TO RENAL DENERVATION

To compare the antihypertensive effectivity of renal denervation in patients with diabetes mellitus
(DM) and associated refractory arterial hypertension (rfAH) (treated with S or more classes of
antihypertensive drugs, including a thiazide diuretic and a mineralocorticoid receptor antagonist) and

This interventional study with renal denervation included 18 DM patients with rfAH and 40 DM
patients with ucAH; 16 and 36 of them, respectively, completed the study in 6 months. At baseline,
patients were sex- and age-matched. Study methods included measurement of office blood pressure
(BP; systolic/diastolic BP, SBP/DBP); outpatient BP monitoring; evaluation of kidney function
(estimated glomerular filtration rate by the CKD-EPI formula); diurnal diuresis volume; diurnal
urinary excretion of albumin, potassium and sodium; diurnal excretion of metanephrines and
normetanephrines; and plasmalevels of glucose and glycated hemoglobin, aldosterone, and active renin.
Patients were instructed about maintaining compliance with their antihypertensive and hypoglycemic

At baseline, patients of both groups were comparable by BP and major clinical indexes, except for
higher values of nocturnal SBP variability (p<0.05) in patients with rfAH. At 6 months following renal
denervation, both groups displayed significant decreases in office and average daily SBP and also in
the «load>» with increased mean diurnal SBP. However, the decrease in average daily SBP was almost
4 times greater in the rfAH group than in the ucAH group (- 19.9 and -5.1 mm Hg, respectively,
p=0.02). Moreover, 81% of patients in the rfAH group responded to the intervention (average daily
SBP decrease >10 mm Hg) while the number of responders in the ucAH group was considerably
smaller (42%; p=0.02). In patients with rfAH, renal denervation was associated with a significant
decrease in pulse BP and nocturnal SBP variability and with the increase in diurnal diuresis. No other
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rterial hypertension (AH) is the most common
Acardiovascular disease and significantly increases
cardiovascular mortality [1]. The rate of AH con-
tinues to grow in the Russian population and now
exceeds 40% [2]. The prognosis for resistant arterial
hypertension (RAH) is particularly unfavorable [3].
In 2012, the term <«hard-to-treat AH,» previously
considered synonymous with RAH, was proposed
to denote an extreme phenotype of uncontrolled AH
[4]. According to the new nomenclature, hard-to-treat
AH is characterized by the loss of antihypertensive
efficacy and inability to control blood pressure (BP)
despite taking antihypertensive drugs of five or more
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classes, including long-acting thiazide diuretics (TD)
and mineralocorticoid receptor antagonists (MCRA)
[4-6], which is associated with an even higher risk
of cardiovascular complications [4-10]. Hard-to-treat
AH and uncontrolled RAH are considered to differ
in etiopathogenesis. For example, the mechanism
of uncontrolled RAH depends on volume and is
associated with fluid delay, and hard-to-treat AH
is most likely of neurogenic etiology and is caused
by excessive sympathetic hyperactivity [S, 6, 8, 9].
According to the previous research, carbohydrate
disorders are associated with an increased tone of the
sympathetic branch of the autonomic nervous system,
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and patients with concomitant diabetes mellitus (DM)
and AH have the highest sympathetic activity [11],
which explains the frequent combination of DM and
RAH [3].

The ever-increasing incidence of DM [12] does not
suggest a positive outlook for improving BP control
in the coming decades. The discovery of the role of
renal nerves in the mechanism of BP increase, however,
has expanded the possibilities of antihypertensive
treatment, with renal denervation a promising new
therapeutic option. At the same time, it should be
acknowledged that this procedure has been found
ineffective in almost 30% of patients [13-16], and it is
unclear which patients can get the most benefit from
renal denervation.

This study is based on the hypothesis that, if hard-
to-treat AH does have a predominantly neurogenic
etiology, sympathetic renal denervation in such
patients should be accompanied by a greater decrease
in BP than in uncontrolled RAH. Moreover, in the
context of the close association of hard-to-treat AH and
DM with sympathetic hyperactivation, patients with
such a combination may be the best candidates for the
intervention.

Objective

To compare the antihypertensive efficacy of renal
denervation in patients with DM with hard-to-treat AH
and uncontrolled RAH.

Material and methods

A prospective interventional study of renal
denervation included 18 patients with hard-to-treat
AH and 40 patients with uncontrolled RAH with
concomitant type 2 DM hospitalized at the Research
Institute for Cardiology at Tomsk National Research
Medical Center from 2010 to 2018. The criterion for
hard-to-treat AH was the documented 6-month absence
of BP control despite the use of antihypertensive
drugs of five or more classes, including long-acting
TDs and MCRAs. Uncontrolled RAH included the
absence of BP control despite the use of three to
four classes of antihypertensive drugs, including
long-acting TDs. Patients with pseudoresistance
and secondary forms of AH were excluded from the
study. Additional exclusion criteria were renal artery
diameter >3 mm, HbAlc >10%, estimated glomerular
filtration (eGFR) <30 mL/min/1.73 m?

pregnancy, >12-month history of acute vascular

rate

complications, unstable angina, chronic heart failure
higher than the New York Heart Association (NYHA)
functional class II, severe peripheral atherosclerosis,
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type 1 DM, severe concomitant diseases, drug
therapy affecting BP (nonsteroidal anti-inflammatory
drugs, sympathomimetics, oral contraceptives, etc.).
Treatment adherence was assessed according to patient
survey.

The study design is shown in Figure 1. A total of
16 patients with hard-to-treat AH and 36 patients
with uncontrolled RAH completed follow-up. Clinical
investigations, office BP measurements, ambulatory BP
monitoring (ABPM), and laboratory tests were carried
out at baseline and after 6 months of follow-up. Patients
were instructed to follow antihypertensive and sugar-
lowering therapy throughout the study.

Systolic and diastolic blood pressure (SBP/DBP)
was measured following the standard technique.
ABPM was carried out using the ABPM-04 and BpLab
computer systems. Blood samples were collected from
the median cubital vein using the standard technique
in the morning after 12-hour fasting. Blood glucose
levels were determined by an enzyme (glucose oxidase)
method using standard BIOCON kits, and HbA1c was
measured using ionic exchange with the BIOCON
kits. Plasma levels of active renin were measured
using the IBL International kits by enzyme-linked
immunoelectrodiffusion essay (ELIZA); aldosterone
levels were determined using the DBC kits. Twenty-
four-hour albumin excretion was quantified using
immunoturbidimetry and an FP-900 semi-automatic
biochemical analyzer with standard RANDOX and

Figure 1. Study flowchart

| Screening | | Patients with RAH associated with type 2 DM (n=81) |

Excluded (n=7)
RA stenosis (n=5)
RA atherosclerosis (n=2)

| Patients with type 2 DM with true RAH (n=74) |

¥ L
| Uncontrolled RAH (n=52) | | Hard-to-treat AH (n=52) |

Refusal L L Refusal
(n=11) (n=4)
: Inclusion :
Included (n=41) in the interventional | Included (n=18
« Renal denervation (n=40) study Renal denervation (n=18)
« RA anomaly (n=1)

6-month follow-up (n=16)
Lost to follow-up (n=2

+ Inability to travel
to the center (n=2)

!

Included in the analysis (n=16) |

6-month follow-up (n=36)

Lost to follow-up (n=4)
« Inability to travel
to the center (n=1

« Withdrawal of the consent (n=3)

| Included in the analysis (n=36)

n, number of observations; RAH, resistant
arterial hypertension; DM, diabetes mellitus;
RA, renal arteries; AH, arterial hypertension.
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ORGenTecDiagnostika kits. Potassium and sodium
ions in 24-hour urine collection were quantified using a
Konelab automatic biochemical analyzer. Methanefrin
and normethanefrin in 24-hour urine collection were
determined by ELIZA with the IBL International kits.
The CKD-EPI formula was used to calculate eGFR.

Sympathetic renal denervation was performed using
three types of catheters:

« 1) Symplicity Fleh4F with Symplicity TM G2

Generator — 9 patients with hard-to-treat AH and

18 patients with uncontrolled RAH, with a mean of

13+1.8 ablations per patient
. 2) Standard electrophysiologic system (MarinR

SF catheter with ATAKR-II generator) — 6 patients

with hard-to-treat AH and 19 patients with

uncontrolled RAH; 6-8 bilateral RF applications in

the end-electrode temperature control mode (50—

60°C)

« 3) Symplicity Spyral catheters — 3 patients in each
group

Given the absence of differences in fundamental
design features and the similar physical impact, the
analysis was expected to produce correct results. The
study is registered at ClinicalTrials.gov (NCT02667912
and NCT01499810).

The main evaluation criterion (primary endpoint)
of the renal denervation efficacy was reduction of the
mean 24-hour SBP. Depending on a decrease in the
mean 24-hour SBP, patients were retrospectively
divided into two groups: responders (those with
a decrease in BP of 10 mmHg or more) and non-
responders (those with a lower decrease). Additional
evaluation criteria (secondary endpoints) of efficacy
were decreases in other ABPM parameters and office
BP values, and changes in laboratory measurements.

The safety of the intervention was monitored
by laboratory tests, renal Doppler sonography, and
magnetic resonance imaging of the kidneys and renal
arteries.

The study was approved by the Biomedical Ethics
Committee of the Research Institute for Cardiology
of the Tomsk National Research Medical Center.
All patients signed informed consent before being
included in the study.

The statistical analysis of findings was carried
out using the Statistica 10.0 suite for Windows. The
normality of variable distribution was evaluated
using the Shapiro-Wilk test. Continuous variables are
represented as the mean and the standard deviation
(M+SD) or as the mean and 95% confidence interval
in the
absence of normal distribution, as the median and

to estimate the intervention effect, and
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Table 1. Clinical characteristics of patients

Hard-to- Uncon-
Parameter treat AH trolled RAH p
(n=18) (n=40)

Clinical data

Age, years 59.1£7.9 60.3+8.2  0.61
Female 10 (SS) 25 (63) 0.62
BMI, kg/m? 35.6+6.8 34.7£6.4  0.61
Duration of AH, years 19.3£10 24.319.9 0.08
Duration of DM, years 8.1%5.1 8.916.4 0.62
CKD stage I1I 4(22.2) 11(27.5)  0.67
Albuminuria (30-300 mg/day) 7(39) 18 (4S) 0.66
HbAlc, % 7.2%1.1 7.1£1.4 0.92
Basal glucose level, mmol/L 8.4+2.2 8.5+2.6 0.96
LVH 18 (100) 36 (90) 0.32
CAD 13(72) 23 (58) 0.32
BP parameters

Office* SBP, mmHg 170.8+22.1 169.7£16.2 0.84
Office* DBP, mmHg 90+18.8 89.4+13.3  0.89
SBP 24-hour, mmHg 160+18.1 155.3£14.2 0.29
DBP 24-hour, nmHg 80.7t12.4  81.5+12.4  0.84
Office* HR, bpm 69.3£9.5  70.2£10.6  0.77
HR 24-hour, bpm 64.8+12.1 66.4+10.8  0.60
SBP load 24-hour, % 89.2+13.5 84.4+13.6 0.5
DBP load 24-hour, % 41£32.6 36.1+£30.4  0.60
SBP daytime, mmHg 164.1£19.8 158.4x15.1 0.24
DBP daytime, mmHg 85.6£14.9  84.7+12.8  0.82
SBP load, daytime, % 83.3£21.3 79.5+18 0.48
DBP load, daytime, % 38.3+34.7 37£32.6 0.9
SBP nighttime, mmHg 152.3+17.6 149.6£16.2  0.57
DBP nighttime, mmHg 73.3£13.1 74.7+12.5  0.70
SBP load, nighttime, % 94.3£10.8 94.6+11.1  0.92
DBP load, nighttime, % 33.4+£27.7 40£36.3 0.50
SDgyp 24-hour, mmHg 18.4£S 17.4£4.9 0.45
SDy,p 24-hour, mmHg 13.343.6 12431 020
SDgyp daytime, mmHg 17.7+4.6 17.4+4.7 0.79
SDyp daytime, mmHg 12.7£3.6 11.4+3.5 0.20
SDggp nighttime, mmHg 15.7+3.5 13.2+44  0.04
SDypp nighttime, mmHg 9.8£3.4 9.6£2.8 0.75
SD,x 24-hour, bpm 7.243.2 742.8 0.84
SD,y daytime, bpm 7.3+3.4 6.7+2.7 0.49
SDyg nighttime, bpm 4.3+1.7 4.712.3 0.47
SBP 24-hour index, % 7.2+£8.4 5.4+7.8 0.43

Data are presented as the mean and standard deviation (M+SD)
or the absolute and relative values (n (%)). * —measured by a
physician. AH, arterial hypertension; RAH, resistant arterial
hypertension; BMI, body mass index; DM, diabetes mellitus;
CKD, chronic kidney disease; HbAlc, glycated hemoglobin;
LVH, left ventricular hypertrophy; CAD, coronary artery disease;
BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic
blood pressure; HR, heart rate; 24 hour, mean 24-hour values;
SD, standard deviation (variability).
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Table 2. Characteristics

of sugar-lowering and antihypertensive therapy

Hard-to- ItJrncl:lo 1(11-
Parameter treat AH oce p
(n=18) RAH
(n=40)

Sugar-lowering therapy

Insulin therapy + OHGD 8(44) 11(27.5) 0.39
Nutrition therapy 2(11) s5(12.5) 088
Metformin 5(28) 12 (30) 0.86
Combination OHGD 3(17) 12 (30) 0.48
Antihypertensive therapy

Number of antihypertensive drugs ~ 5.5+0.5  3.9+0.8 <0.0001
Beta-blockers 18 (100) 29(73) = 0.01
ACE inhibitors/sartans 17 (94)  38(95) 0.93
Diuretics 18 (100) 40 (100) —
Calcium antagonists 17 (94) 29(73) 0.08
Spironolactone 18 (100) 5(13)  0.0000
Other 10(s6) 14(35) 0,14
« Imidazoline
receptor agonists 6(33%) 10(25%) 0,51

« Alpha-blockers 5(27%) 4(10%) 0,08

Data are expressed as the absolute and relative values, n (%).
AH, arterial hypertension; RAH, resistant arterial hypertension.;

OHGD, oral hypoglycemic drugs;

ACE, angiotensin-converting enzyme.

Figure 2. Changes in the office

and 24-hour BP in 6 months after renal denervation

A SBP, A PP, A SBP
A office SBP . 24-hour 24-hour load, 24-hour
I
-1.7
-5 [From2.1
-5.1 To -5.8]
[From 1.2
-104 To-13.5]*
-102 -106
(From -3.5 (From -1.5
-151 To-16.8]* To -20]
20 A8.S
' o | s
-21.3  [From -2.7 )
225 [From  To -27]* p=0.02 -22.8
-14.8 [From -9.7
To-291  pag To -35]*
[From 2.9 -
To 26.8) p=009
p=0.02

Hard-to-treat AH

B Uncontrolled RAH

AH, arterial hypertension; RAH, resistant arterial hypertension;
A, change; office SBP, systolic blood pressure measured

by the physician, mmHg; SBP 24-hour, mean 24-hour

systolic blood pressure, nmHg; PP 24-hour, mean 24-hour
pulse pressure, mmHg; SBP load 24-hour, increased mean

24-hour systolic blood pressure load. * - p < 0.05.
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the interquartile range (Me [25% percentile; 75%
percentile]). Categorical variables are expressed as the
absolute number and the percentage. The analysis was
performed depending on the treatment (intention-
to-treat). No additional analysis was performed to
reconstruct data of patients who did not complete the
study. The standard methods of descriptive statistics
were used, and differences in continuous variables
were determined in the independent samples (t-test,
Mann - Whitney U-test) and paired samples (t-test,
Wilcoxon W-test). The contingency tables (Pearson’s
chi-square or Fisher’s exact test with a two-tailed level
of significance) were used to analyze qualitative data.
The critical level of significance was p=0.0S5.

Results

As shown in Table 1, patients with hard-to-treat
AH and uncontrolled RAH were comparable in the
main baseline findings of the laboratory tests, clinical
investigations, and ABPM parameters except for
higher values of nighttime SBP variability in the group
of patients with hard-to-treat AH. Naturally, patients
with hard-to-treat AH took more antihypertensive
drugs, particularly attributable to more frequent use
of spironolactone (x?=22.3) and beta-blockers (x>=6.1)
(Table 2). The composition of sugar-lowering therapy
was comparable in the two groups, and all patients
used statins. Six months after renal denervation, a
statistically significant decrease in office and mean
24-hour SBP, as well as the elevated mean 24-hour
SBP «load,» was observed in both groups (Figure 2).
Changes in office SBP and elevated mean 24-hour SBP
«load> in the study groups were comparable, but the
decrease in the mean 24-hour SBP was almost four
times higher in patients with hard-to-treat AH than in
those with uncontrolled RAH. There were intergroup
differences in both the daytime and nighttime SBP
(Table 3). Moreover, patients with hard-to-treat AH,
unlike those with uncontrolled RAH, had a significant
decrease in pulse BP and nighttime SBP variability,
as well as a significant increase in 24-hour diuresis
(Figure 3). There were no significant changes in the
mean heart rate (HR) and 24-hour BP indices in both
groups.

Figure 4 shows that most patients with hard-to-treat
AH responded to the intervention, whereas the number
of responses in the RAH group was significantly
lower. The changes in catecholamines, albumin, and
electrolytes in 24-hour urine collection, as well as e GFR
and the blood levels of renin and aldosterone, were not
statistically significant in either group (Table 4). The
number of antihypertensive drug classes remained the
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Table 3. Changes in ABPM parameters
6 months after renal denervation
Uncon-

trolled
RAH

Hard-to-

Parameter
treat AH

Difference P

ABPM parameters

ASBP office,
mmHg
ADBP
office,
mmHg
ASBP
daytime,
mmHg
ADBP
daytime,
mmHg
APP
daytime,
mmHg
ASBP
nighttime,
mmHg
ADBP
nighttime,
mmHg
APP
nighttime,
mmHg
ASDDBP
24-hour,
mmHg
ASDDBP
daytime,
mmHg
ASDDBP
nighttime,
mmHg
AHR
24-hour,
bpm
AHR
daytime,
bpm
AHR
nighttime,
bpm
ASBP
24-hour
index

29.6+15.7* 19.9+14.4* 9.7(-2.84-27.3) 0.30

12.3£18.1* 5.1+13.8* 7.2 (-4.11-16) 0.24

20.8+21.1* 7.1£19.8* 13.5(0.38-27.8) 0.03

9.1+13.3 5.2+12.8 6.3(-4.1-16.6) 0.37

10.0£10.2* 22+122  7.9(02-15.6)  0.04

19.4+17.3* 32+16  16.3(5.17-27.4) 0.005

76124 25+10.1  5.1(22-124) 0.16

9.2+13.5* 1.5+10.7  7.8(0.2-15.3)  0.04

0.3+4.8  0.215.1 0.1(-3.3-3.5) 095

34437 0353  -02(-3.6-32) 091

2.6+40 -03+56  3.7(04-7.0) 0.3

27483  0.849.4 1.9 (-4.3-82)  0.54

2.848.9  0.4+10.7  2.4(-4.6-9.5) 0.48

2.3+6.7 1(-4.8-6.7) 0.73

0.78+129 1.5+9.1  -0.7(-7.2-59)  0.83

Data are presented as the mean and standard deviation (M+SD)

or the mean and 95% confidence interval. ABPM, ambulatory blood
pressure monitoring; AH, arterial hypertension; RAH, resistant arterial
hypertension.; A, change; SBP, systolic blood pressure; DBP, diastolic
blood pressure; PP, pulse pressure; HR, heart rate; 24 hour, mean
24-hour values; SD, standard deviation (variability). * - p < 0.0S.

same (5.0+0.7 in patients with hard-to-treat AH and
3.9+0.9 in patients with uncontrolled RAH).

No one had intervention-related post-procedural
complications in our study. Two patients had hema-
toma due to femoral artery puncture, which resolved
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soon after surgery without complications. There
were no deteriorations of renal blood flow or visual
changes of renal arteries after the renal arteries
interventions.

Discussion

The major finding of the study was the identification
of a more significant decrease in the mean 24-hour SBP
after renal denervation in patients with DM and hard-
to-treat AH compared to patients with uncontrolled
RAH despite comparable changes in office SBP. Since
the mean 24-hour SBP is a more sensitive predictor
of the risk of cardiovascular complications than office
SBP [17, 18], these differences are of apparent clinical
significance.

In accordance with Wilder’s principle, it is known
that the higher the baseline BP level is, the more
apparent is the effect of the intervention [19]. However,
in our study, patients had comparable BP in both

Figure 3. Changes in 24-hour
diuresis 6 months after renal denervation

600, mL
Hard-to-treat AH
500+ B Uncontrolled RAH
400
[From 9.37 To 793.2]
400
300
2001 112,1
[From -156.9 To 381]
o _
0

AH, arterial hypertension; RAH, resistant arterial hypertension.

Figure 4. Response rate (%) 6 months after renal denervation

100 % B There
- is no response
80+
B There
601 is response
401
p=0.02
201

Uncontrolled RAH

Hard-to-treat AH

AH, arterial hypertension; RAH, resistant arterial hypertension.
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Table 4. Laboratory measurements at baseline and 6 months after denervation

Hard-to-treat AH Uncontrolled RAH P
Parameter
To After To After P: P,
24-hour albumin excretion in urine, mg/day 21.7[16.9;110.5] 18.9[9.7;45.9] 33.5[9.8;63.25] 15.8[10.5;39.2] 0.50 0.2
eGFR, mL/min/1.73m? 78.1£22.7 78.4£19.6 71.9£20 67.8+17.9 0.97 043
Sodium excretion, mmol/day 159+100 150.1£76.4 127.2£53.9 137.9£59.0 0.79  0.53
Potassium excretion, mmol/day 35.7+18.4 32.6£12.8 41.2+22.4 34.849.6 0.61 0.22
Metanephrine excretion, mg/day 125.8+67.8 183.2£103.1 128.9+£72.7 131.4£1004  0.12  0.92
Normetanephrine excretion, mg/day 297.8+254.7 363.5+240.9 201.2+119.1 246.5+£140.6 0.50 0.21
Serum aldosterone, pg/mL 202.9+51.6 214.2+98.3 220.8492.4 228.3+99.8 0.75 0.79

Active plasma renin, pg/mL 16.3 [10.2; 69.6]

36.8[14.1;68] 44.8[16.9;82.8] 54.9[18.9;87.3] 1.0  0.17

Data are expressed as the mean and the standard deviations (M+DM) or the median and the interquartile range (Me [25% percentile;
75% percentile] ). AH, arterial hypertension; RAH, resistant arterial hypertension; eGFR, estimated glomerular filtration rate;
Py compared to baseline in a patient with hard-to-treat AH; p,, compared to baseline in patients with uncontrolled RAH.

groups; therefore, the greater decrease in BP in patients
with hard-to-treat AH could not be due to differences
in baseline BP values. Higher sympathetic activity
in hard-to-treat AH compared with uncontrolled
RAH may serve a pathophysiological justification
for a more significant antihypertensive effect of renal
denervation. We did not have the opportunity to
measure and compare sympathetic activity, but the
higher variability of nighttime SBP in patients with
hard-to-treat AH may be an indirect indicator of a
higher tone of the sympathetic vegetative nervous
system. For example, it has been previously found that
sympathetic hyperactivity, as well as environmental
factors, is associated with increased variability of
BP [20, 21]. Since external factors and psychosocial
stresses have less influence on the variability of
nighttime BP, this indicator may reflect the actual level
of sympathetic activity to a greater degree than daytime
BP. In the DENERHTN study, the increased variability
of nighttime SBP was the predictor of response to renal
denervation [22].

The more pronounced decrease in variability of
nighttime SBP and pulse BP in patients with hard-
to-treat AH in our study can confirm the more
pronounced sympatholytic and organoprotective
effects of renal denervation in patients with hard-
to-treat AH. The possible reason for the absence of
changes in variability of daytime SBP may be relatively
trivial, since the BP decrease after renal denervation
is accompanied by a general increase in well-being
[23], which increases a patient’s daily performance
and physical activity and can reduce the effect of
the decreased sympathetic influence on daytime BP
variability.
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Moreover, the examined patients with hard-to-treat
AH more often experienced a more severe sympatho-
adrenal blockade due to more frequent use of beta-
blockers. Nevertheless, the levels of BP and HR before
the intervention were comparable in both groups. This
may indirectly confirm higher baseline sympathetic
activity in hard-to-treat AH and the insufficiency of
drug therapy in suppressing it.

According to our findings, renal denervation was
accompanied by a significant increase in 24-hour
diuresis in patients with hard-to-treat AH over the
effect of previous diuretic therapy. This is likely due
to decreased sympathetic kidney activity and the
restoration of pressure diuresis, a natural mechanism of
lowering BP. There were no intergroup differences in
the baseline levels of catecholamines and their change
after renal denervation. The analysis of catecholamines
in urine may not always allow assessing global
sympathetic activity adequately. One of the reasons
for the lack of changes in renin and aldosterone levels
could be a short follow-up period in our study as, in
other studies, the decrease in the activity of these
hormones was observed not earlier than 1 year after the
intervention [24].

Despite the discussed relevance of comparing the
response to renal denervation in patients with hard-to-
treat AH and uncontrolled RAH [5-7], we could not
find similar studies, which did not allow for comparing
our findings with those of others.

Our study was limited by a small number of subjects,
assessment of treatment adherence from the survey,
inability to measure the rate of metanephrine and
normetanephrine coming into the blood from the
kidneys, and sympathetic muscle activity as indicators
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of renal and global sympathetic tone. However, these
issues may be subjects of future studies.

Conclusion

According to our findings, patients with diabetes
mellitus and hard-to-treat arterial hypertension may be
the best candidates for renal denervation, which may
hold the key to optimizing patient selection for this
procedure, with the predictably higher benefit of the

intervention.
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