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Abstract

Objective. Renal sympathetic denervation (RDN) is one of the invasive treatment options for the
patients with hypertension (HTN) who are resistant to antihypertensive therapy (AHT). The short-term
efficacy of RDN has been proven in a number of randomized clinical trials, but remains controversial,
the data on its long-term efficacy are limited. The aim of our study was to evaluate the natural course
of HTN, to assess long-term major adverse cardiovascular events (MACE) and other outcomes, as well
as AHT efficacy and its features in patients with resistant HTN after bilateral RDN during extended
prospective follow-up. Design and methods. We included 22 patients with truly resistant HTN (median
57 y.o., 9 males), in whom RDN was performed during 2012-2015 in the clinical center of excellence.
We assessed initial and further (after 1 year and after > 5 years) clinical, laboratory and anthropometric
parameters, as well as detailed AHT history. Long-term MACE and other clinically significant outcomes
were recorded. At baseline and follow-up, the quality of life (QoL) was determined with the use of EQ-5D
questionnaire at all time points. Multiple linear regression was used to find possible predictors of the
efficacy of RDN. Results. A significant and sustained drop in office and ambulatory systolic blood
pressure (SBP) and diastolic blood pressure (DBP) was observed at 12 months after RDN compared
to baseline values (A —24 and —12 mm Hg, p < 0,005; A —10 and —7 mm Hg, p < 0,05, respectively).
There were 7 patients with office SBP on-target, and 12 patients were considered responders (A SBP
> 10 mm Hg). These numbers increased to 10 and 14 patients after > 5 years after RDN. A causal
relationship between changes in office SBP was found only for the baseline SBP (§ -0,6, p = 0,02).
No differences in the number of medications were noted during follow-up (4,4; 4,1 and 4,1 drugs, p =
0,41). During the follow-up 10 MACE occurred and 5 patients were diagnosed with various types of
cancer; there were no fatal outcomes. The QoL significantly improved a year after RDN (+9,7 points,
p = 0,01), however, a negative trend was observed in the next 5 years with return to reference level.
No association was observed between BP and QoL changes at two timepoints. Conclusions. The RDN
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shows a pronounced clinical effect in patients with resistant HTN up to 5 years, and is not accompanied
by an AHT intensification, but is not associated with QoL changes. The initial positive trend for QoL
completely harked back after 5 years which may be associated with the development of MACE.
The only predictor of RDN positive effect is baseline SBP level.
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Pesrome

PanmouacroTHas abnanusi CHMIaTHYECKUX MOYEUHBIX HepBOB (peHanbHas nenepsaiys (P/1)) — onun
13 HanboJIee U3BECTHBIX MOIX0I0B MHBA3UBHOTO JICUSHUS TPYIHO KOHTPOIMPYEMO apTepuaibHON TH-
nepren3uu (Al'). Kparkocpounas s dexruBHOCTh Pl Obla OKa3aHa B psifie paHIOMU3UPOBAHHBIX HC-
CIIeIOBAHMH, HO JI0 CHX ITOp OCTAETCS MPEAMETOM JTUCKYCCH, TOT/Ia KaK OTJaeHHbIE 3 (EKTHl H3yUEeHBI
HenocTaro4Ho. Llesib HacToOAIIErO MeCae 0BAHNS COCTOSIIA B OLIEHKE TeUEHUS 3a00J1€BaHNs, pETUCTpa-
IIUH OT/IAJICHHBIX CepIedHO-COCYNUCThIX ocnokHeHn# (CCO) u UHBIX UCXOJIOB, a TAKKE IPPEKTUBHOCTH
u o0bema aHTHrunepTeH3uBHoM Tepanuu (Al'T) npu [umUTensHOM HAOMIOCHUH TTAIEHTOB C PE3UCTEeHT-
Hoit AT, mpommenmux npoueaypy aByxcroponneii PI[. Marepuanabl u MeToasbl. B nccienoBanue Obiin
BKJIIOUEHBI 22 MAIMEeHTa ¢ UICTUHHO pe3ucTeHTHOM Al (Meanana Bo3pacta 57 JeT, 9 My»K4KH), KOTOPbIM
B iepuon ¢ 2012-2015 ronoB Oblna BeimonHeHa P/I B sxcnieptHOM nieHTpe. [IpoBoaunacs 6a3oBast u 1u-
Hamuueckas (depe3 1 rox u yepes3 > 5 J1eT) oleHKa KIMHUKO-Ta00paTOPHBIX M aHTPOIIOMETPUYECKUX
XapaKTePUCTUK, PETUCTPUPOBAIUCH 00BEM U JIeTalIbHbBIN xapakTep npuHumaemoit AI'T, a Takxke otaneH-
Hple CCO u uHBIe KIIMHIYECKHE UCXO/bl. Bo Bcex Toukax ObLIIO MPOBEAEHO aHKETHPOBAHHE TAlIMEHTOB
¢ orpocuukoM EQ-5D st onpenenenns 6azoBoro kadectsa xxu3au (KXK) u ero nuHamuku. Beut BeIMoHeH
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HOATPYIIOBOM aHAIN3 B 3aBUCHUMOCTH OT JOCTIHIKEHUS LIEJIEBOT0 apTepHaibHOro nasinenus (AJl) u ciy-
yupmmrxcst CCO. MHOecTBeHHas IMHEWHas perpeccus Oblila HCIOIb30BaHa /ISl TOMCKa BO3MOXKHBIX
npeaukTopoB 3¢ dexruBHocTU P/I. PedyabTarel. Uepes 12 mecsues nocne P/ Habmronanocs 3HaunMoe
u ycroitunBoe camxkenue oprucuoro AJl (OAl) u 24-uacoBoro cuctomudeckoro AJl (CAJl) u nuacronu-
gyeckoro AJl (JIAJl) mo cpaBHEHHUIO ¢ UCXOMHBIMU TToKazaTensiMu (A —24 u —2 mm pr. cT., p < 0,005; A—-10
1 —7 MM PT. cT., p < 0,05 cootBeTcTBEHHO). Y 7 MarmeHToB ObL10 3adukcupoBaHo 1eneBoe oprcHoe CAJl, a
12 manueHToB cuuTaiuch «pecrnonaepammu» (cHuwkenne CAJl 6onee yem Ha 10 MM pT. cT.). B TOuke 0OT-
nanenHoro Haomonenust OAJl octaBanoch 3HAYUTENTLHO HUXKE UCXOIHOTO, HO HE OTJIIMYAJIOCh OT 12-Me-
CSIYHBIX pe3ynbTaroB (A—1 u —5 MM pT. cT., p > 0,05). Uepes 5 ner u Gonee 10 nanueHTOB HAXOAUIHUCH
B 1iesieBoM auana3zone CAJl u 14 mornu ObITh IPU3HAHBI PECIIOHIEPAMHU Ha BMEHIAaTeNIbCTBO. 13 Bcex
BKJIIOUEHHBIX B PETPECCUOHHYIO MOZIETb KOBapUaT MPUYUHHO-CIIEICTBEHHAs CBA3b U3MEHEHUS O(HC-
Horo CAJ] Obina HaiiieHa TONbKO AJis ero ucxoaHoro mokasarens (B —0,6, p = 0,02). Ha Bcex sramax
HaOMI0CHUs HE OBUIO OTMEUYEHO OTJIIMYHI B 00beMe U OTIeNbHBIX arTepHax HazHaueHHOH AT (4,4;
4,1 u 4,1 npenapara, p = 0,41). B Teuenue cpoka HaOmoaeHus mpousonuio 10 cepaedHo-coCyIucThIX
COOBITHH, U y 5 TAIIMEHTOB JJOKYMEHTHUPOBAH TOT WJIM MHOM OHKOJIOTHYECKUH MPOIECC; JTETAIBHBIX
ucxoioB He Obu10. YpoBeHb KJK cran 3naunTensHo Boimie ciycts 1 rog mocne P/I (+9,7 6anna, p =
0,01), onHako ¢ Te4eHHEM BpeMEHHU HaOMIOAANUCh OTpULIATEeIbHASI TUHAMMKA U BO3BpAIlCHUE Oaliib-
Hol onieHkH KOK k ncxonHoii, npu atom acconuanuu quHaMuku A/l ¢ namenennsamu KK kak epes 1,
TaK U 4yepe3 5 u Oonee et HaleHo He ObUT0. 3akiarouenne. [Iporenypa P/l BbI3bIBaeT BhIpaKEHHBIH
U [IPOJUICHHBIN KIMHUYECKUH 3 PeKT y MmarueHToB ¢ pe3ucTeHTHoil A’ B Teuenue 5 u Oosee JieT, KOTo-
phlit He conpoBoxaeTcst uHTeHcupukarmeinr AI'T. IIpu stom KK, nmes nepBoHauanbHO MO3UTUBHYIO
JTUHAMUKY, TIPU JJTUTEIbHOM HAOMIONEHUH HE YITyUIIaeTCsl, YTO MOXKET OBbITh CBA3aHO C Pa3BUBAIOLIH-
mucst CCO. EqMHCTBEHHBIM MTPEIMKTOPOM HETTOCPEICTBEHHOTO M OTAAJICHHOTO Y (eKTa sBIseTCs uc-

XOIHbIN ypoBeHb opucHoro CAJL.

KiroueBnble ciioBa: apTepualibHasd TUICPTCH3UA, pC3UCTCHTHAA apTCPUAJIbHAA THIICPTCH3USA, PC-
HaJIbHasA JCHCPpBALIUA, aHTUTUIICPTCH3UBHAA TCPAlnA, KAUCCTBO KU3HU, JJIIUTCIBHOC Ha6J'II-O,[leHI/IC,

CCPACTYHO-COCYAUCTBIC OCIIOKHCHNSA, NCXOAbL
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Introduction

Current epidemiological data indicate a
continuing increase in the number of adults with
persistently high blood pressure (BP) across the
globe. This allows one to speak of hypertension
(HTN) as the largest epidemic ever known to
mankind [1]. According to expert opinion, the
total number of hypertensive patients will reach
1.5 billion by 2025 but already exceeds 1 billion.
Up to 30 % of them do not reach the target blood
pressure (BP) despite the ongoing therapeutic
interventions thus denoting the category of
resistant to antihypertensive therapy (AHT)
[2, 3].

The natural course of resistant HTN signifi-
cantly worse in prognosis when compared with
sustained uncontrolled HTN because the risk of
cardiovascular mortality and morbidity multiplies.
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Great hopes for overcoming AHT resistance were
associated with the introduction of renal sympathet-
ic denervation (using radiofrequency or ultrasound
energy, as well as application of an alcohol) [4].
To date, the most common and well-studied
technology is radiofrequency ablation of sympa-
thetic renal nerves (so-called renal denervation,
RD), although the results of the studies are quite
ambiguous [5]. The initial optimism of experts on
this procedure [6] was replaced by the deep disap-
pointment the results of a randomized trial (RCT)
Symplicity HTN-3 (Renal Denervation in Patients
with Uncontrolled Hypertension) were published,
which did not demonstrate the advantages of RD
over sham procedure after 6 months in terms of
reducing average 24-hour systolic blood pressure
(SBP) [7]. A careful analysis of the reasons for
such serious disagreements in the results of the first
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two generations of Symplicity HTN RCTs with
the third one, posed a number of questions for the
researchers regarding the design (need for liable
adherence assessment, obligatory sham control),
periprocedural aspects (e.g. incompetence of op-
erators in some medical centers), technical flaws
of RD systems [8, 9].

Today we are witnessing a new era of RCTs
with an emphasis on stricter inclusion and selec-
tion criteria, on the use of multipolar electrodes
with distal exposures (SPYRAL HTN OFF-MED
Pivotal, SPYRAL HTN ON-MED). To date there
are mostly the immediate and short-term (from 6
to 12 months of follow-up) RD results presented
in the scientific literature [10—12]. Anecdotal data
available on 24-36 months of follow-up [13-15].
Furthermore, the majority of research cases report
only clinical efficacy, while other indicators (i.e.
health-related quality of life, HRQoL), and on long-
term hard outcomes remain underreported, albeit
they are of special interest in the conceptual frame-
work of value-based medicine [16].

The results of a meta-analysis of 6 RCTs [17]
recommend the use of RD as a crucial intervention,
but only for scientific purposes in clinical trials
(albeit large ones) [18].

The aim of this study is to assess the course
of the disease, to record long-term major adverse
cardiovascular events (MACEs) and other hard
outcomes, to evaluate efficacy of AHT in long-
term follow-up of patients with resistant HTN who
underwent bilateral RD.

Methods and design

This was an open-label prospective observa-
tional single-center single-arm study.

Patients with apparent resistant HTN were
screened in at the Almazov National Medical Re-
search Centre in 2012-2015. Inclusion/exclusion
criteria were the following: age from 20 to 65 years;
confirmed true resistant HTN (SBP > 140 and / or
diastolic blood pressure (DBP) > 90 mm Hg de-
spite taking > 3 antihypertensive drugs in adequate
doses, including a diuretic; secondary HTN had
to be excluded); absence of CKD >G3b; satisfac-
tory renal artery anatomy; absence of significant
concomitant pathology (e.g., clinically-significant
cardiovascular diseases, active oncological process
of any localization in the previous 5 years, any sys-
temic connective tissue disease).

First stage (before the RD procedure): anamn-
eses morbi and vitae were collected, concomitant
diseases were recorded, a clinical and laboratory
study was carried out: measurement of office BP
and heart rate (HR) in accordance with the current
2018 ESC/ESH Guidelines [19] with a validated
device Omron M3 Expert (Omron HealthCare,
Kyoto, Japan); ambulatory BP monitoring (ABPM)
using the SpaceLabs Medical device (SpaceLabs
HealthCare, Snoqualmie, WA, USA) according to
the standard methodology [20]; laboratory tests
including fasting glucose, total cholesterol, serum
creatinine with eGFR (CKD-EPI) calculation. Pa-
tients were offered to fill out the generic HRQoL
questionnaire — EuroQoL- 5D-5L (EQ-5D) avail-
able fully in Russian [21].

The procedural aspects of the implementation
of the RD have been provided in detail elsewhere
[22]. Briefly, after performing direct renal angiog-
raphy through the femoral artery, a unipolar RD
catheter (Symplicity, Medtronic Inc., Mountain
View, Canada) was inserted alternately into the
renal arteries with an introducer sheath to deliver
8W energy from the distal end (renal artery bifur-
cation) to the proximal (renal artery ostium) in a
spiral, with a spatial step of 5 mm under temper-
ature control (target temperature range at the end
of the electrode 40-75 °C). A maximum of 8 ap-
plications were performed in each renal artery to
ensure complete destruction of the nerve plexuses
in the vascular adventitia. The average duration of
the RD procedure and the time of fluoroscopy was
40 (35;45) minutes. After the RD procedure, the
patients were observed in the cardiological ward
for an average of 3 days (2; 5), then they were dis-
charged with general recommendations and specif-
ically on antihypertensive therapy (AHT).

Second stage: after 12 months patients were
invited to visit Centre, which consisted of clinical
and laboratory examination (same as baseline). The
AHT was assessed and corrected by the researcher
if necessary.

The third stage was performed in 2020 after the
onset of 5 years from the date of the RD for the
last of the patients enrolled (2015). It was carried
out in the form of telehealth interaction between
the researcher and the patient using a telephone
survey; the receipt of medical documentation in
electronic form for the past period was carried out
using a previously developed telehealth platform
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[16]. The following information was recorded:
office BP values which were recorded at the last
in-person medical appointment; cardiovascular
events (myocardial infarction, unstable angina
pectoris, acute cerebrovascular accident, atrial
fibrillation, clinical manifestations of peripheral
atherosclerosis except carotid sites). Moreover,
the de novo cancer-related diseases with their
sites were recorded.

Adherence to AHT at each visit was assessed
based on standard interviews conducted with pa-
tients.

Statistical analysis

Continuous variables were presented as means
and standard deviation (SD) or median (Me) with
interquartile ranges (IQR) or minimum/maximum
ratios where applicable. The distribution of the
variables was tested via Kolmogorov-Smirnov
Z-test. Between-group and within-group differ-
ences in continuous variables were tested using
Student’s t-test or Wilcoxon-Mann-Whitney test,
according to the type of a distribution. The Fried-
man F-test and the Kendall W-test were used to
assess differences for related samples at more
than two time points. Categorial variables were
presented as counts and percentages and com-
pared between groups using y2-test. Changes in
medications between baseline and follow-up were
compared with McNemar’s test. Missing values
were excluded from the analysis.

Multivariable linear regression analysis per-
formed to assess independent correlates of the
change in office SBP at 12 months and > 5 years
of follow-up. The following baseline character-
istics were considered for regression model: age,
sex, BMI, baseline office SBP, presence/absence
of diabetes mellitus and/or dyslipidemia, baseline
number of antihypertensive medications. Only co-
variates with a univariate p < 0.2 were considered
in the multivariate model. Multivariable predictors
were then determined from these covariates using
a stepwise selection method with entry/stay signif-
icance levels of 0.1/0.1.

A two-tailed p-value <0.05 was considered sta-
tistically significant. Analyses were performed
using SPSS Statistics version 23.0 (IBM Corp.,
Armonk, NY, USA).

The study was conducted in according to ICH-
GCP and Declaration of Helsinki principles (2013
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revision). The study protocol was approved by the
local Ethics Committee. Written informed consent
was obtained from all participants prior to enroll-
ment.

Results

Overall, 101 patients were screened of which
77 patients were excluded for various reasons (Fig-
ure 1): BP on-target after AHT adjustment, comor-
bidity, unsatisfactory renal anatomy.

The average duration of the screening period
was 8 = 2 weeks. We included 24 patients, two of
whom withdrew their informed consent before the
RD was performed. The remaining 22 patients (me-
dian age 57 y.o0., 9 males) underwent RD procedure.
The perioperative period was silent for all patients
and without serious complications. Specifically,
there were no renal artery dissection wall and/or
contrast-induced acute kidney injury. Rare adverse
events related to the formation of a subcutaneous
hematoma in the puncture site of the femoral artery
which resolved without sequelae.

All patients received the baseline-like AHT
at discharge after RD. On average, patients were
recommended to take 4.4 medications on average
(from 3 to 7).Three patients did not receive diu-
retic therapy due to its unsatisfactory subjective
tolerance and concomitant uncontolled diabetes
mellitus. In these patients, diuretic therapy was
replaced by maximally tolerated doses of other
drugs (centrally acting drugs/a-adrenergic block-
ers/peripheral vasodilators).

During the first 12 months, we noted a signifi-
cant decrease in office SBP and DBP (—24 mmHg
95% CI [-37;-12], p=0.001 and —12 mmHg 95 %
CI[-19; 4], p = 0.004, respectively). This was also
true and for the mean daytime SBP and DBP (10
mmHg 95% CI [-19; —1], p=0.033- and —7-mmHg
95% CI [-14; -0, 5], p = 0.038, respectively).
At 1 year after RD, 7 patients had reached the tar-
get office SBP (<140 mmHg) and 4 of them had
office SBP below 130 mmHg. Nevertheless, there
were 12 responders (significant clinical response
to the RD procedure, indicated as a decrease in
office SBP by > 10 mmHg) by the end of the first
12 months. We noticed a significant improvement
in HRQoL at 12 months compared to the base-
line (+9.7 points, 95% CI [1.7; 17.7], p = 0.01).
The latter did not correlate with the dynamics of
office SBP (p = 0.46).
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Figure 1. Study design
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The first patient underwent RD in 2012, the last
procedure is dated October 2015. Thus, the median
duration of long-term follow-up of patients was 6
years (from 5 to 8 years).

At the extended follow-up compared with the
baseline values (n = 22), the average levels of office
SBP and DBP remained noticeably lower. Howev-
er, compared with the indicators achieved after 12
months (n = 19), in the 5-year office SBP and DBP
values did not change (-1 mm Hg, 95% CI [-12;
I1], p=0.862 and — 5 mm Hg, 95% CI [-11; 1],
p =0.127, respectively), Figure 2.

Based on the data from the repeated office BP
measurement, it was noted that 10 patients reached
the target SBP (<140 mm Hg). Fourteen patients

were recognized as “responders”, since the decrease
in office SBP exceeded 10 mm Hg.

After 12 months and after 5 years, there was
no significant change in the number of prescribed
antihypertensives (4.1 at both time points, p> 0.05).

The HRQoL level (according to proxy inter-
view) did not significantly differ from the base-
line (-3.8 points, 95 % CI [-14.0; 6.5], p=0.37)
values at the 5-year follow-up, although there
was an obvious decrease in comparison with 12
months data (—13.8 points 95 % CI [-25.0; -2.7],
p=0.02).

During the long-term follow-up period, 10
patients had MACEs (the average time to first
MACE4+2.5 years) and 5 patients had cancer (time
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BASELINE CHARACTERISTICS

Table 1

Parameter Value
Age (years old), (Me, Q1;Q3) 57 (51; 65)
Males (n) 9
Anamnesis of HTN at the time of RD (years) (Me, Q1;Q3) 21 (13; 30)
Diabetes mellitus (n) 7
Dyslipidemia (n) 20
Obesity(n) 11
BMI (kg/m2) 30.7+4.8
Office SBP (mmHg) 165 +23
Office SBP (mmHg) 95+ 19
HR (bpm) 74+ 11
24-h SBP (mmHg) 157 +£20
24-h DBP (mmHg) 91+17
Daytime SBP (mmHg) 161+ 19
Daytime DBP (mmHg) 95 +17
Nighttime SBP (mmHg) 148 + 24
Nighttime DBP (mmHg) 77 +£24
EQ-5D (points of 100) 66 + 19
Serum creatinine (umol/L) 79.3+£24.5
e¢GFR (CKD-EPI), ml/min/1,73m? 85.1+17.8
Fasting glucose (mmol/L) 62+1.0
Total cholesterol (mmol/L) 54+1.1
Antihypertensive therapy
Number of AHT (n), (Me, min-max) 4.4 (3-7)
ACE inhibitors 9
Angiotensin receptor blockers (n) 11
Diuretics (n) 20
B-blockers (n) 16
Calcium channel blockers (n) 19
Centrally acting agents (n) 13
Aldosterone antagonists (n) 3
a- adrenergic blockers (n) 5
Vasodilating agents (n) 1
Concomitant therapy
Statins (n) 11
Aspirin (n) 16
Note: the variable “age” is presented as Me with an IQR, and AHT as Me and extreme (min-max) values. Other variables are
presented as M + SD.
324

2021




Original article / OpuruaajapHas CTaTha

ANTIHYPERTENSIVE MEDICATION CHANGES fule2
IN PATIENTS THROUGHOUT FOLLOW-UP
Parameter Bas_eline 12 nlonths =5 Xears p-value
(n=22) n=19) (n=22)
Number of AHT (Me, Min-Max) 44(3-7) | 4.12-7) 4.1 (1-06) 0.409
Guideline directed AHT (n) 13 14 14 0.774
ACE inhibitors (n) 9 10 5 0.289
Angiotensin receptor blockers (n) 11 6 15 0.125
Receiving maximally tolerated doses of iIRAAS (n) 13 9 10 0.453
Thiazide diuretics (n) 14 11 13 0.739
Loop diuretics (n) 5 7 4 0.705
B-blockers (n) 16 13 14 0.625
Calcium channel blockers (n) 19 17 18 0.987
Aldosterone antagonists (n) 3 1 5 0.625
Centrally-acting agents (n) 13 10 11 0.934
a- adrenergic blockers (n) 5 1 2 0.453
Vasodilating agents (n) 1 2 1 1.00
Concomitant therapy
Statins (n) 11 13 11 1.00
Aspirin (n) 16 17 11 0.344

Note: Extended follow-up versus baseline using the McNemar’s test for categorical variables and the paired t-test for number of

anti-hypertensive medications.

to diagnose 3.2+1.8 years) (Table 3). It should be
noted that both MACEs and/or oncological pro-
cesses did not lead to permanent disability.

In a subgroup analysis, there was a signif-
icant decrease in office SBP values in patients
with controlled HTN (vs. peers with office SBP >
140/90 mmHg) (Table 4). In the other subgroup
analysis of patients according to MACEs, there
were no differences between the clinical and de-
mographic baseline and their dynamic variables
at all. Nevertheless, patients without MACEs
were characterized by mild HTN, smaller AHT
burden, and a positive HRQoL changes when
compared with those who have suffered any CV
events (Table 5). Differences in the decrease in
office SBP among patients with baseline isolat-
ed systolic HTN and persistent systolic-diastolic
HTN (A SBP -3 mm Hg versus —30 mm Hg after
5 years or more) were also not statistically sig-
nificant (p = 0.051). Again, no association was

-

found between the dynamics in office SBP and
EQ-5D points (p = 0.624).

Baseline SBP was the only initial variable that
was considered as a possible predictor for the SBP
drop after 5 years of RD based on the results of
multiple regression analysis (Table 6).

Discussion

In this study we have shown that RD is a clini-
cally effective intervention in 12 months, and this
effect persists for a longer period (from 5 years and
beyond) while the volume and individual patterns
of AHT do not significantly change over time.

The results of the very first study called SYM-
PLICITY HTN-1 [14] testified to the indisputable
effect of the RD on office SBP and DBP. With in-
crease in follow-up, the proportion of responders
with also went up (from 69 % after 1 month to 93 %
after 36 months after the RD). At the same time,
the number of medications did not change signif-
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Figure 2. The changes in office blood pressure after renal denervation
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Table 3

Type of outcome

MACEs

Any of MACE

Unstable angina

Myocardial infarction

Stroke

Atrial fibrillation

Low extremity arterial disease

— N DN = | =

Cancer

Any of cancer-related diseases

Site: breast

Site: gaster

Site: large bowel

Site: uterus

—_ N | = = | N
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COMPARISON OF CLINICAL AND DEMOGRAPHIC fuble
CHARACTERISTICS AND EFFICACY PARAMETERS ACCORDING TO
THE FACT OF BP CONTROL IN 5 OR MORE YEARS AFTER RD PROCEDURE
Office SBP Office SBP
Parameter on target not on target p

(n=10) (n=12) value
Age (years old) (Me) 55 57 0,603
BMI (kg/m?) 29,6 =3,0 31,7+5.8 0,127
Baseline office SBP (mmHg) 167 £ 22 164 £24 0,891
A office SBP > 5 years (mmHg) —40 £ 23 0,6 +24 0,001*
Baseline 24-h SBP (mmHg) 151 +18 163 £21 0,811
Baseline HRQoL (points EQ-5D) 63,7177 67,9+21,.2 0,424
HRQoL > 5 years (points EQ-5D) 61,0+ 16,1 64,6 +11,7 0,568
A HRQoL (A points EQ-5D) > 5 years —4,2+19,1 -3,4+249 0,61
Diabetes mellitus (n) 7 5 0,278
Dyslipidemia (n) 9 11 0,893
Number of AHT at baseline (Me) 4,2 4,6 0,623
Number of AHT > 5 years (Me) 3,7 4,6 0,173

9 <.

Note: variables “age”,
continuous variables are indicated as M + SD.

the number of AHT taken at baseline and after > 5 years” are indicated as Me, the values of the remaining

The indicated levels of differences in age and the number of AHT taken were assessed using the Mann-Whitney U-test, the rest
of the variables were compared with each other using the Student's t-test

icantly, making up an average of 5 drugs (from
1 to 7) at baseline and after 3 years. In our study
the dynamics of AHT remained unchanged. In the
SYMPLICITY HTN-1, the proportion of patients
taking diuretics in the cohort also did not reach
100 %. The number of patients who received guide-
line-directed medical therapy (a diuretic, a RAAS
inhibitor, and a calcium channel antagonist) — also
remained unclear.

By the way the SYMPLICITY HTN-1 research-
ers have demonstrated the safety of RD in terms
of adverse renal events. Among the undesirable
events, 3 complications associated with arterial ac-
cess were found. The SYMPLICITY HTN-2 study
[23] reported one case of hematoma at the vascular
access site, one case of renal artery dissection, 2
cases of delayed acute renal injury, and 15 cases of
HTN-related hospitalizations over a three-year fol-
low-up. All these cases were successfully resolved,
but hemodynamically significant renal artery ste-
nosis was subsequently detected in 4 patients. In

our study, there were no clinically significant com-
plications perioperatively and within 12-month of
intensive observation.

Krum H. et al. (2014) reported 3 deaths not
related to the RD procedure among the patients
included in the study: one case of myocardial in-
farction 6 days after the intervention, 1 sudden
cardiac death at 18 months, and 1 respiratory and
circulatory arrest 24 months after surgery [14].
In our study we did not record fatal outcomes.

Only a small number of original studies in Rus-
sian are devoted to the use of RD in the treatment
of resistant HTN. Anyway, all of them consistently
demonstrate effectiveness of this intervention in
reducing office and 24-hour BP values for 6—12
months and up to 5 years. Pilot study of Danilov
NM et al. (2012) on the monthly effectiveness of
RD in 5 patients opened the way for Russian re-
search in the area [24].

According to Agaeva R.A. et al. (2018), 14%
of patients who underwent RD with unipolar elec-
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Table 5

CLINICAL AND DEMOGRAPHIC PARAMETERS
AND EFFICACY OF THE INTERVENTION DEPENDING ON
THE S5-YEAR OUTCOME STATUS AFTER RENAL DENERVATION

Parameter MACE No MACE p

(n=10) n=12) value
Age (years old) (Me) 58 55 0.722
BMI (kg/m?) 29.6+3.0 31.7+5.8 0.628
Baseline office SBP (mmHg) 167 +£21.9 164 +24.0 0.821
A office SBP >5 years (mmHg) -7 £30 —28+29 0.180
Baseline 24-h SBP (mmHg) 164 +22 151+ 17 0.180
Baseline HRQoL (points EQ-5D) 69.1 £19.1 63.5 £20.1 0.370
HRQoL >5 years (points EQ-5D) 60.5+15.9 65+11.8 0.468
A HRQoL (A points EQ-5D) >5 years -102+27.3 +1.5+15.7 0.095
Diabetes mellitus (n) 3 4 0.868
Dyslipidemia (n) 9 11 0.893
Number of AHT at baseline (Me) 4.2 4.6 0.345
Number of AHT =5 years (Me) 4.7 3.6 0.099

CEINTS

Note: variables “age”,
continuous variables are indicated as M + SD.

the number of AHT taken at baseline and after >5 years” are indicated as Me, the values of the remaining

The indicated levels of differences in age and the number of AHT taken were assessed using the Mann-Whitney U-test, the rest
of the variables were compared with each other using the Student's t-test.

Table 6

MULTIVARIABLE PREDICTORS OF BASELINE CHARACTERISTICS CORRELATED
WITH CHANGES IN OFFICE SBP AFTER >5 YEARS AFTER RD PROCEDURE

Covariates p estimate (95% CI) p-value
Sex —-0,9 (-36; 25) 0,7
Age 0,1 (-2,1; 1,7) 0,8
BMI 0,01 (-4; 4) 0,97
Baseline office SBP -0,6 (-1,5;-0,2) 0,02%*
Diabetes mellitus —0,3 (-42; 38) 0,9
Dyslipidemia 0,1 (=75; 57) 0,8
Baseline number of AHT medications 0,3 (-6,5;21) 0,3

trode achieved the target BP values after 3 years
comparing to 33 % on-target with a multipolar elec-
trode after 1 year [25]. In our single-arm group, no
differences were noted in the effectiveness of RD
between males and females. On the contrary, the re-
sults of study conducted by Gapon L.1I. et al. (2017)
demonstrated intersex differences: both SBP and
DBP decreased more noticeably in females [26].
Results of long-term observation made by Gly-
bochko P. V. et al. (2018) [27] show that the number
of medications dramatically decreases over time

328

(from baseline of 4.6 drugs to 3.1 after 5 years after
RD) and the level of office SBP and DBP progres-
sively decreased more pronounced than even in the
first year after the completion of the RD (p <0.05).
The researchers demonstrated that the indicators
of the filtration function of the kidneys did not sig-
nificantly change in the long-term follow-up and
after 5 years the dynamics was —9.5 ml/min/1.73
m?, which was associated with age-related chang-
es. In our study, the eGFR indicator was assessed
only after 1 year (that is, after the end of the active
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observation period) and was not quantified further,
but the qualitative analysis (patient survey) showed
that none of the 22 operated patients had any sig-
nificant adverse renal events.

The Global SYMPLICITY Registry (Global
proSpective registrY for sympathetic renalL den-
ervatlon in seleCted Indicators Through 3 Years
Registry) [15] included 2237 patients who under-
went RD with a flexible unipolar catheter electrode.
The results of a 3-year follow-up were analyzed
in 1742 patients. The volume and natural course
of AHT are close to those described for patients in
our study. The patients received 4 medications, as
well as the participants in the Registry.

It is not entirely clear from the Registry data
in how many patients the RD procedure was ef-
fective. The intragroup variance of BP indicators
after the intervention suggests that not all patients
have adequate BP decrease after the intervention.
Subgroup analysis suggests that the magnitude of
BP reduction was stronger in patients with severe
HTN than in patients with “apparent” resistance
and lower baseline office SBP. In our study, we
also tried to subdivide patients according to some
specific characteristics (target BP or MACEs) but
this separation was futile. There are also Registry
data available on the responders for the performed
procedure: in 85 % of patients, office SBP decreased
by more than 10 mm Hg and in 68 % it decreased
by more than 20 mm Hg. When studying possible
predictors of RD success, a set of found parame-
ters is reported, but the initial SBP level is pres-
ent at all time points, being the most stable of all
the others (sex, age, antihypertensive medication
classes). In our study we also have detected that
baseline SBP only the baseline variable to predict
further SBP drop at 5 years. Early data from the
Global Registry [28] suggested that isolated sys-
tolic HTN may be one of the predictors of RD
failure (the hypothesis of high vascular stiffness
and low arterial compliance), and patients with
this form of the disease were even excluded from
the second wave of RCTs but this hypothesis was
not confirmed in the following [29]. In our study,
there was only a tendency for a less pronounced
response in patients with isolated systolic HTN
compared to the rest of the patients, without sta-
tistical significance (p = 0.051).

We specifically aimed to assess the dynam-
ics of HRQoL after RD. It is of special interest

because barely a small number of studies brush-
es against this problem in hypertensive patients.
Lambert G. W. et al. [30] noted that 6 months after
the procedure HRQoL (assessed by MOS SF-36
and Beck Depression Inventory) improved signif-
icantly, both in terms of overall vitality and in the
emotional, social, and mental domains. Long-term
HRQoL results were described in one of the Rus-
sian studies [27]: in 14 patients the EQ-5D score
12 months after RD increased by an average of
20 points but then it decreased by 6 points in the
next 5 years. Neither study found an association
between the magnitude of BP reduction after RD
and changes in HRQoL (irrespectively of the ques-
tionnaire being used).

In our study we have observed an obvious pos-
itive trend in the EQ-5D score 12 months after the
RD. However, there was a significant drop in the
HRQOoL to the baseline between the second and
the third stage of the trial. Within the framework
of this small study, one can only assume the asso-
ciation of such a recession 1) gradual increase in
the number MACEs and cancer-related illnesses;
2) lack of close medical supervision in the center
of excellence from after 12 months. These assump-
tions require confirmation in larger longitudinal
studies; also it is worth mentioning that a more
accurate assessment of a HRQoL can be obtained
using disease-specific questionnaires [31].

Limitations

It must be acknowledged that our research has
certain limitations which should be considered.

Firstly, based on design, our study is sin-
gle-arm with no control group. Since only uni-
polar catheter was used in all the RD procedures,
a comparative analysis with other cohorts (from
the second generation of RCTs with multipolar or
ultrasound catheters [32]) sems to be irrelevant.
Secondly, the sample size of patients included in
the study was rather small, limiting the possibili-
ties for adequate statistical processing. One should
also make a point of the fact that out-of-office BP
(24-hour and home) was not evaluated albeit in
most modern RD trials, the main efficacy end-
point is the average ambulatory BP [33]. Finally,
there was no AHT standardization and no direct
adherence assessment.
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Conclusions

Our study demonstrated that in most patients
with resistant HTN office SBP and DBP decreased
significantly after RD procedure. This clinical ef-
fect was not accompanied by an increase in the
number and dosages of AHT or by changes in
HRQoL. The only baseline variable associated
with a greater reduction in office SBP was high-
er baseline SBP.

No differences were found in subgroup anal-
yses according to presence of MACEs and target
BP. At 12 months after RD there was an obvious
improvement in HRQoL, followed by restoring the
initial levels which is probably linked to MACEs
accumulation, as well as a decrease in the intensity
of medical follow-up over time.

Larger studies are needed focusing on long-term
follow-up of patients undergoing RD, with control
groups, standardization of therapy and control of
adherence.
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0000-0002-3176-0606, e-mail: emelyanov_iv(@almazovcentre.ru;

IOnuna FOnus CepreeBHa — MitaInii HayYHbIH COTPYAHUK
HayYHO-HCCIIe/JOBATEIbCKOH Tab0paTopuy maroreHes3a u Teparnnuu
apTepUalIbHON TUIEPTEH3MH HAayYHO-UCCIIEI0BATEILCKOTO OT/esa
aprepuanbHoil runeprensuu ®I'BY «HMULL um. B. A. Anmazosa»
Munznpasa Poccunn, e-mail: yudina_ys@almazovcentre.ru;

ITanapuna CBetnana AnekceeBHa — MJIAIINAN HAY4YHBIH CO-
TPYAHUK Hay4YHO-HCCIIEIOBATEIbCKOM JlabopaTopuy maroreHesa
U Teparyy apTepHaNbHON THIIePTEH3HN HayYHO-HCCIIeI0BaTeNb-
ckoro otnena aprepuanbHoil runeprensun ®I'bBY « HMULL um.
B. A. AnmazoBa» Mun3apasa Poccun, e-mail: panarina_sa@
almazovcentre.ru;

3BepeB [Imutpuil AHaTOILEBUY — KaHIUAAT MEIUIUHCKUX
HayK, BelyIHil HAyYHBIH COTPYIHHK, 3aBELyIOIINI HayIHO-HCCIIe-
JI0BaTeIIbCKOM T1aboparopueii HHTepBeHLMOHHOH xupyprun @T'BY
«HMMUL um. B. A. Anmazosa» Munszapasa Poccuu;

Asnonnna Haranest [eoprueBHa — Hay4HbBIH COTPYIHHUK Ha-
YYHO-HCCIIEI0BATEIBCKOH 1ab0paTopuy IaToreHe3a U Tepanuu
apTepUabHON THUITEPTEH3HH HAayYHO-UCCIIEI0BATEILCKOTO OT/ea
aprepuanbHoil runeprensun OI'bY «HMMUILL um. B. A. Anmaso-
Ba» Munsapasa Poccun, e-mail: avdonina ng@almazovcentre.ru;

331



Original article / OpurunaapHasa cTaTha

3Bapray Hanexxna DIBHHOBHA — KaHIUIAT MEIUIIMHCKUX
HayK, 3aMECTHUTEIb I'eHEePaIbHOIO JUPEKTOpa 1o paboTe ¢ peruno-
HaMH, CTapIINH HayYHbIH COTPYIHUK HAyYHO-HCCIICI0BATEIbCKOI
71a00paTOpUY IaTOreHe3a U Teparuy apTepHaIbHOI TUIIEPTeH3UH,
Hay4YHO-HCCJIE/IOBATEIIBCKOTO OT/IeNIa apTepHaIbHOIM IMIePTeH3NI
OI'BY «HMUIL] um. B. A. Anmazoa» Munszapasa Poccun, crap-
1M Hay4HBIN COTpYAHUK MIHCTUTYTa TpaHCIAMOHHON MEMUIIMHBI
VYuusepcurera U'TMO, ORCID: 0000-0001-6533-5950, e-mail:
zvartau_ne@almazovcentre.ru;

Konpanu Anekcannpa OneroBHa — JOKTOP MEAMIIMHCKUX
HayK, podeccop, YWICH-KOPPECIOHAeHT Poccuiickoil akaneMun
HayK, 3aMECTHUTEJIb ITeHEePaJIbHOIO IUPEKTOPA [0 HAay4HOi paboTe,
3aBeJlyIolasi Hay4HO-HCCIIeI0BaTeIbCKON Jlaboparopueil marore-
He3a M Teparuy apTepHaIbHON THIIePTEH3UN HAy4YHO-HCCIIeI0Ba-
TEJILCKOTrO OTAeNa aprepuanbHoil runeprensun OI'bY «HMUIL[
uMm. B. A. AnmazoBa» Munsapasa Poccun, nupekrop Mucrtutyra
TpaHcuauuoHHo meaunuubl Yausepcutera UTMO, ORCID:
0000—-0001-8169—7812, e-mail: konradi _ao@almazovcentre.ru.
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