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Pe3ancTeHTHaTa Ha NeyeHe XMNEPTOHMS, UMK HAKPATKO — Pe3nCTeHTHaTa xunepToHus (PX), ce onpeaens Kato NoBULLEHO
apTepuanHo HansraHe (AH), BbNpeku NeyYeHneTo ¢ Tpu NpaBUHO [O3MPaHN aHTUXUNEPTEH3NBHN MEMKAMEHTa, NoHe
€IMHUAT OT KOUTO € AMypeTuK. Pe3ncTeHTHaTa XunepToHUs e CBbp3aHa C MOBULLEHA YECTOTa Ha HEXENaHW Cbpaey-
HO-Cb0BM CbOUTHS, GBOPeyHa yBpeaa u noeuweHa cMbpTHOCT. OCHOBHOTO NeyeHue Ha naumeHTn ¢ PX ce 6asupa Ha
MaKCUMU3NpaHe Ha [03UTe Ha aHTUXWUNEPTEH3VNBHU MeAUKaMEHTH OT pa3nuyHu rpynu u fobaBsHe Ha MeaUKaMEHTU C
[OMbMBALLM Ce MEXaHU3MU Ha [leicTBure. Bbnpeku koMOUHMPAHOTO NeYeHNe, BKMOYBALLO MHOXECTBO aHTUXUNEPTEH3NB-
HU MeJMKaMEHTI, Manka, HO CbLUECTBEHA rpyna NaLMeHTH 0CTaBaT C HEKOHTPONMpaHa X1NepTeH3us, KOeTo NoaYepTaBa
HeobXoAMMOCTTa OT HaMWpaHe U NpunaraHe B MpakTWKaTa Ha HOBW Tepanuu 3a MoHWXaBaHe Ha BUCcokoTo AH. Toau
nperneg 06o6LLaBa TeKyLLUTe 3HaHUS 3a NeyeHre Ha PX, C akLeHT BbpXy HOBM TepaneBTUYHM CTpaTEriu 3a nocTuraHe
Ha ONMTUMareH KOHTPOM Ha KPBbBHOTO HansraHe.
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Treatment-resistant hypertension, or resistant hypertension (RH), is defined as arterial hypertension (AH) despite treatment
with three properly dosed antihypertensive drugs, at least one of which is a diuretic. Resistant hypertension is associated
with an increased incidence of adverse cardiovascular events, renal impairment, and increased mortality. The main
treatment of patients with RH is based on maximizing doses of antihypertensive drugs from different groups and adding
drugs with complementary mechanisms of action. Despite the combination treatment involving multiple antihypertensive
drugs, a small but significant group of patients remains with uncontrolled hypertension, emphasizing the need to find and
put into practice new therapies to lower high arterial blood pressure (BP). Among these new methods of treatment, the
most promising is the renal sympathetic denervation, showing positive results with the second generation devices. This
review summarizes current knowledge about the treatment of RH, with an emphasis on new therapeutic strategies to
achieve optimal blood pressure control.

resistant hypertension, combination therapy, renal sympathetic denervation

Dr. Aleksandra Cherneva, Cardiology Department and Intensive Cardiac Unit, University Multiprofile Hospital for Active
Treatment “Acibadem City Clinic — Cardiovascular center”, ,Okolovrasten Pyt* No 127, 1700 Sofia, Bulgaria,
Phone: +359889928670; email: aleksandra_cherneva@abv.bg



PesucteHTHa XUNEepTOHUA. C'beeMeHHI/I MEeTOoan Ha ne4vyeHne

11

BbBEOQEHMUE

ApTepuanHata xuneptoHus (AX) 3acara npubnman-
TenHo 75 MrH. Bb3pacTHy nHamsnam B CALLL 1 noseye ot
1 Mnpa. oywm B CBETOBEH Mallab 1 npeacraensiBa oc-
HOBHa MpMYMHA 3a OKOSO 9 MITH. CMBPTHM Cryyasi BCka
roguHa [1]. Bunpekun 4e MHOXEeCTBO KIMHUYHW NpoyyBa-
HWS Nokas3BaT ehKacHOCTTa Ha aHTUXMMNEPTEH3NBHUTE
MeaVKaMEeHTN OTHOCHO MOHWXaBaHe Ha apTepuarnHoTo
HansaraHe (AH) 1 HamansiBaHe Ha CMBbPTHOCTTA, MHOMO
XUNEPTOHULIM He yCnsiBaT Aa nocTurHar npuuenHoto AH
N Ce NpeBpbLUAT B OCHOBEH TepaneBTUYEH NPobnem u
npeav3BMKaTENCcTBO 3a TEXHUTE nekyBaLun nekapm [69].

Cnope KNMHWYHOTO PBKOBOACTBO Ha EBponen-
CKOTO [PYXECTBO 3a XWUMNEPTOHUSI KaTO pe3UCTEHTHA
xunepTtoHus (PX) ce onpepenst uamepsaHeTto Ha AH >
140/90 mm Hg Bbnpekn agekBaTHUSA HaYMH Ha XMBOT
N NedyeHne ¢ noBeye OT 3 aHTUXMNEPTEH3VMBHU MearKa-
MEHTa B MbifHa 4033, MOHE edVH OT KOMUTO € AWNYPETUK
[44]. AmMepukaHckaTa cbpaeyHa acoumaums paswmpsiea
aeduHMumsTa, Kato BKMYBA B Ta3w rpyna v nauueH-
TUTE C MEOUKaMEHTO3HO ,KOHTpONMpaHa” pe3ncTeHTHa
XUNEPTOHUS C U3KIMIOYUTENHO BMCOKO MEOUKaMEHTO3HO
HaToBapBaHe, T.e. HEOOXOAMMOCTTa OT Tepanus C YeTu-
py UK noBeye aHTUXUMEPTEH3UBHN MefuKaMeHTa 3a
nocturaHe Ha TapretHute ctorHocTtu [11]. LUmutupaHata
YyecToTa Ha pasnpocTtpaHeHne Ha PX Bapupa ot 9-27%
N ce yBenuyaea npes nocnegHute gecetunetns [69].
BaxxHO e fa ce oThenexu, Ye KNMHUYHUTE NPoyYBaHUSs
Jokasgart, Yye PX e cBbp3aHa CbC 3HaYUTENHO NOBULLEH
PUCK OT CbpAEYHO-CbAOBU CbOUTUA, GbOpeYHa Hegoc-
TaTb4YyHOCT U CMBPT NpK 3acerHatute ot PX nauneHTun.
EOHo OT ronemute paHOoMU3NpaHy NpoyYBaHns MoKa-
3a, Yye nporHo3ara npu naumeHtTn ¢ PX e cBbp3aHa ¢
MOBWLLEH PUCK OT 3aCTOWMHA CbpAeYHa HE4OCTaTbYHOCT,
WHCYNT, CbpAE4YHO-Cb0BM 3ab0naBaHus, KpaeH cTaamn
Ha 6bOpeYHa HeJoCTaTbYHOCT M CMBPTHOCT MO BCUYKM
npuunHu [47]. lMNMpuBmMaHaTa pesncTeHTHa Ha feyeHue
xunepTtoHus (MPX) ce onpegens Kato HEKOHTporupa-
Ha XMNEPTOHMS, BbMPEKM M3NOM3BaHETO Ha = 3 Knaca
AHTUXUMNEPTEH3NBHN MEANKAMEHTU, NI KOHTPOMMpaHa
XUNEPTOHUS, KOraTo Ce KOHTpOmnupa ¢ 2 4 knaca aHTuxu-
NepTeH3MBHU MeauKaMeHTU. Manko ca gaHHuTe B nn-
TepaTypaTta 3a Bpb3kata mexay NPX n nsxoga ot cbp-
JedHo-cbaoBuTe 3abonsisaHns (CC3). B npoy4BaHeTo
ALLHAT ca aHanuaupaHu gaHHu npu 14 684 yyacTtHu-
un, 3a Aa ce onpegenu Bpbakata mexay MPX (n = 1870)
N KopoHapHa 6onecT Ha cbpueto (KBC), nHeynT, npu-
YMHUTE 3a CMBPTHOCT, CbpAeYvHa HegoctaTbyHOCT (CH),
nepudepHa aptepuanHa 6onect (MAB) u kpaeH cTagui
Ha 6bbpeyHo 3abonsasaHe (KCB3). MPX ce onpegens
kato AH, koeTo He e B TapreTHu ctonHoctn (CAH/OAH
= 140/90 mm Hg) BbNpekn NpunoxeHWeTo Ha = 3 knaca
AHTUXUMNEPTEH3UBHN MEOMKAMEHTU, UM MOCTUraHe Ha
npuuenHn cTonHocTn Ha AH mpu npuem Ha = 4 knaca

INTRODUCTION

Arterial hypertension (AH) affects approximately
75 million adult individuals in the United States and
more than one billion people worldwide and is the
leading cause of approximately 9 million deaths
each year [1]. Although numerous clinical studies
have demonstrated the efficacy of antihypertensive
drugs in reducing BP and reducing mortality, many
hypertensive subjects failed to achieve targeted
BP and become a major therapeutic problem and
challenge for their physicians [69].

According to the clinical guidelines of the
European Society of Hypertension, RH is defined as
BP above140/90mmHg despite adequate lifestyle and
treatment with more than 3 full-dose antihypertensive
drugs, at least one of which is a diuretic [44]. The
American Heart Association expands the definition
to include patients with drug-controlled, RH with
extremely high drug burden, ie. the need for therapy
with four or more antihypertensive drugs to achieve
the target values [11]. The reported prevalence rate
of RH ranges from 9-27% and has increased in recent
decades [69]. It is important to note that clinical
studies have demonstrated that RH is associated
with a significantly increased risk of cardiovascular
events, renal failure, and death in patients affected
by RH. A large randomized trial showed that
prognosis in patients with RH was associated with
an increased risk of congestive heart failure, stroke,
cardiovascular disease, end-stage renal failure and
all-cause mortality [47]. Apparent treatment-resistant
hypertension (aTRH) is defined as uncontrolled
hypertension despite the use of = 3 antihypertensive
medication classes or controlled hypertension while
treated with = 4 antihypertensive medication classes.
Relevant data are available on the association
between aTRH and cardiovascular disease (CVD)
outcomes. In Antihypertensive and Lipid-Lowering
Treatment to Prevent Heart Attack Trial (ALLHAT) was
analyzed data on 14 684 participants to determine the
association between aTRH (n = 1870) with coronary
heart disease (CHD), stroke, all-cause mortality,
heart failure (HF), peripheral artery disease (PAD),
and end-stage renal disease (ESRD). The aTRH
was defined as blood pressure above the therapeutic
target (systolic/diastolic blood pressure = 140/90
mm Hg) while taking = 3 classes of antihypertensive
medication or taking = 4 classes of antihypertensive
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AHTUXUMNEPTEH3NBHN MeLMKaMEHTU MO BpemMe Ha npo-
cnegasaHeto B ALLHAT. M3nonsBaHeTo Ha ANypeTuK
He e 6uno Heobxogum kputepuii. CpeaHata Bb3pacT
(SD) Ha yyacTHuumTe cbe (n = 1870) n 6e3 MPX (n =
12 814) e cboTtBeTHO 66,6 (7,5) 1 66,3 (7,4) rognHn. B
CpaBHeHMe C y4dacTHuuute 6e3 MPX, yyacTHuuuTte C
MPX ca no-4ecTo TbMHOKOXW, MMAT MO-BUCOK MHAOEKC
Ha TernecHa maca, no-HMCKka CTOMHOCT Ha rnomepyrnHa
dunTpaums, No-BeposiTHO € ga umat 3 unu nesoka-
MepHa xmnepTpodurs n ca Bunm Ha aHTUXMNEPTEH3MBHA
Tepanua npean paHgommsaumsTta B ALLHAT. TPX oc-
TaBa CBbp3aHa C MOBKMLLEHA YeCTOoTa 3a BCAKa egHa oT
CMOMeHaTuTe MNo-rope KpamHm Toukn. KoedunumneHtute
Ha 3abonsiemocT ot KBC, kombuHupaH KbBC, KoMOUHK-
paHo CC3, CH n KCB3 ca no-B1coku cpeq MHOUBMAWTE,
kouto umat MNPX ¢ AH B npuuenHu ctonHoctu. Cbluo
Taka, yyactHuumute c NPX 1 AH, koeTo He e B npuuen-
HW CTOMHOCTW, MMaT MNO-BUCOKA YECTOTa Ha MbPBUYHUTE
KparHu uenu B cpaBHeHue ¢ nHamesuam 6e3 MNPX. Yyac-
THUUuTe ¢ MNMPX n HenocTuraHe Ha NpULEnHU CTOMHOCTU
Ha AH MMaT noBuLLIEHa YeCTOTa 3a BCUYKM MbPBUYHMU
KparHn Toukn ocseH lMAB. ALLHAT un3cnegsa nonau-
Te€ OT amITIOgUMNVH, NIM3NHOMPUI U LOKCA303UH CNPSIMO
xnoptannaoH Bbpxy CC3 u ObOpeyvHOTO 3acsraHe.
MMpunaraHeTo Ha aHTUXUNEPTEH3MBHUTE MeOMKaAMEH-
M 3a KoHTpon Ha AH B ALLHAT cnegsa npotokon 3a
TUTPyBaHe Ha fo3aTa u fobaBsiHe Ha HOBU MeaVKaMeH-
TW NPWU HEMOCTUraHe Ha NPUUENHN CTOMHOCTM Ha AH.
MeavkameHTUTE OT BTOpa M TpeTa NIMHNS Ha NeYeHue,
KOWUTO ce mpeanuceat npu yyacTHULMTE, HenocTurallim
TapreTHM CToMHOCTM Ha AH, ca aTteHonon, pe3epnuH n
KNOHUAWH (NMUHMA 2) 1 xuapanasuH (nuHns 3). Bbnpe-
KM 4Ye aHTaroHUCTbT Ha angoCTEPOHOBUS peLenTop
MOXe Aa Obae npeanucaH kato MegukaMeHT OT Tpeta
NVHWA Ha fnevYeHne, TOW He € YeCTO npunaraH u ca He-
06XxoaMMn OOMbIHUTENHM U3CneaBaHus 3a ToBa Aanu
Ton HamansBa pucka oT CC3 n 6bbpeyHo 3abonsiBaHe
cpea naumeHTu ¢ MNPX. B HacToAWOoTO npoy4yBaHe, Yec-
ToTtaTta Ha KbBC, kombuHupaHu KBC, kombmHuparu CC3,
CH n KCB3 e no-Bucoka cpef nogrpynara WHAMBUAM
¢ MNMPX u TapretHu ctomHoctn Ha AH (T.e. CAH < 140
unm OAH < 90 mm Hg) B cpaBHeHwue ¢ nHamsmanTte 6es
MPX. Bucokarta 3abonsemocTt, cebp3aHa ¢ PX, noa-
yepTaBa 3HAYEHUETO Ha MAEHTUMULMPAHETO Ha Te3n
naumeHTn ¢ NPX 1 npunaraHe Ha NPaBUHOTO fleYeHne
[47]. CkOpOLUHO HaAMbLXHO PETPOCMNEKTUBHO KOXOPTHO
npoyysBaHe, BkrtouBawo 470 386 naumeHTn Ha Kaiser
Permanente, noTBbpan Te€3M NonynaumoHHu gaHHu [59].

PUCKOBU ®AKTOPU U MEXAHU3MMU
HA Bb3HUKBAHE HA PESUCTEHTHA
XUNEPTOHUA

TouHuTe MexaHusmu, OTroBopHM 3a PX, octaear
HECUIyPHU 1 BEPOSATHO Ca MHOrodakTopHu. Pruckosute

medication with blood pressure at goal during the
ALLHAT study. The use of a diuretic was not required
to meet the definition of aTRH. The mean age (SD)
of participants with (n = 1870) and without aTRH
(n =12 814) was 66.6 (7.5) and 66.3 (7.4) years,
respectively. Compared with their counterparts
without aTRH, participants with aTRH were more
likely to be black, had a higher body mass index,
lower estimated glomerular filtration rate, were more
likely to have DM or left ventricular hypertrophy, and
been on antihypertensive medication before ALLHAT
randomization. ATRH remained associated with an
increased HR for each outcome. The incidence rates of
CHD, combined CHD, combined CVD, HF, and ESRD
were higher among individuals who had aTRH with
BP at goal. Also, participants with aTRH and BP not
at goal had a higher incidence rate of each outcome
when compared with individuals without aTRH. Those
with aTRH and whose BP was not at goal had an
increased HR for each outcome except PAD. ALLHAT
was designed to test the benefits of amlodipine,
lisinopril, and doxazosin versus chlorthalidone on
CVD and renal outcomes. Management of BP in
ALLHAT followed a protocol for dose titration and
the addition of medications for participants with BP
not at goal. Importantly, the second and third step
agents to be prescribed for participants with BP, not
at goal in ALLHAT were atenolol, reserpine, and
clonidine (step 2) and hydralazine (step 3). Although
an aldosterone receptor antagonist was allowed to
be prescribed as an open-label step 3 agent, it was
not commonly used and the authors commented that
whether it reduces CVD and renal disease risk among
patients with aTRH should be investigated in the
future. In this study, the crude incidence rates of CHD,
combined CHD, combined CVD, HF, and ESRD were
each higher among the subset of individuals with aTRH
and BP at goal (ie, SBP < 140 or a DBP < 90 mm Hg)
versus no aTRH. The high morbidity associated with
aTRH highlights the importance of identification and
appropriate management of patients with aTRH [47]. A
recent retrospective cohort study of Kaiser Permanente
involving 470 386 patients confirmed these data [59].

RISK FACTORS AND MECHANISMS
OF DEVELOPING RESISTANT
HYPERTENSION

The exact mechanisms responsible for RH
remain uncertain and may be multifactorial. Risk
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dakTopn 3a PX BKnoYBaT NOBULLEH CUMMATMKYCOB TO-
HYC, 3aTNTbCTsIBaHE, MbXKW MOS, HanpeaHana Bb3pacT,
ahpoamMepuKkaHCKM Npomn3xomd, VHCYNIMHOBA PE3NCTEHT-
HOCT, NOBULLEH XpaHUTENEH NPMUeM Ha HaTpuii, 6bOpey-
Ha OucdyHKLUMSA, 0B6CTPYKTUBHA CbHHA arnHest U BCUYKK
CbCTOSIHUS, CBbP3aHM C NoBULLEHA 3a4pbKKa Ha TEYHO-
ctn. CepunHn n3amepBaH1s Ha XxemogMHaMmumkaTa, Cbao-
BaTa PE3NCTEHTHOCT M peHTreHorpadcko nscneosaHe
Ha Topakca npu naumeHTn ¢ PX nokaseart, ye PX yecto e
CBbp3aHa C TopakarHa XvMnepBorieMnsi JokaszaHa peHT-
reHorpadocku — dhakT, NoOAKpensLY Te3aTa 3a NoBULLIEHUS
CKpPUT BbTPECHAOB 00EM KaTo eHa OT NpeanocTaBKkiTe
3a nekapcTBeHaTa pesncteHTHocT npu PX [65]. Joba-
BSIHETO Ha aHTaroHWCTM Ha MWHEPAarOKOPTUKOMOHUTE
peuentopu (AMP) npu nauueHTtn ¢ PX yecto Bogn 4o
HamansiBaHe Ha 0BGeMHOTO MpeToBapBaHe W MOBWLLE-
HoTO AH, noakpensankn TBbPAEHUETO, Ye 3agbpKaHe-
TO Ha TEYHOCTM € eOMH OT OCHOBHUTE dhakTopu 3a PX
[53]. OceeH TOBa, MegukameHTo3HaTa Grnokaga Ha pe-
HVH-aHrMoTeH3nHoBaTa cuctema (PAC) Moxe YacTUyHO
[a JornpuHacs 3a yBenuyaBaHe Ha “4yBCTBUTENHOCTTA
KbM rotBapcka con”’. CblLUo Taka € YCTaHOBEHO, Ye HU-
BOTO Ha Kanusa mogynvpa edekta Ha HaTpusa OTHOCHO
nosuwasaHe Ha AH, Tbin KaTo HeroBaTa JobaBKka KbM
XPaHUTENMHUSA PEXMM MOXe Oa Hamanu YyBCTBUTEN-
HOCTTa KbM HaTpPWUA KakTO MpK HOpMarsHo, Taka 1 npu
Br1coko AH [4]. NoBULLEHUAT CUMNATUKYCOB TOHYC MOXe
[a gonpuHece CbLLECTBEHO 3a Hsakon doopmu Ha PX. B
€[HO CKOpOLWHO npoyyBaHe, Dudenbostel n kon. ycra-
HOBMXa NOBULLEHWN 24-4aCOBM HMBA Ha HOPMETaHEPUH
B ypvHaTa npu naumeHT ¢ HeKoHTponupaHa PX, koe-
TO npeanonara, 4e To3u NoB1LIEH CUMNATUKYCOB TOHYC
MoXxe fa 6bae peanHo OTFTOBOPEH 3a Heycrnexa Ha aHTu-
XMNepTEH3NBHOTO neyeHne [18].

AkTyanHu noaxoam 3a neveHue Ha PX

KakTto npu Bcu4kn hopMKn Ha KOMMIEKCHA XUnep-
TOHUS, MbPBOHAYaANHUTE CTBLMKU MPU NaUUEHTUTE C
PX TpsiGBa goa NnoTBbpAAT AMarHosarta u ga OTXBbpnAT
€BEHTYyarnHo HanMyne Ha SOMbAHUTENHN KOHTPONUpYy-
eMmn caktopu, Bogelwim oo PX. KpabrbneH kambk B
neyeHneTo Ha PX octaBa nbpBOHAYanHOTO fe4YeHne ¢
KOMOWHUPAHETO Ha TpUTE NEKapCTBEHN CpeacTea, oT
MbpBa NMHUSA 3a fleYeHne, B MakCMMarnHo Torepupa-
Ha po3a — A — C — D (“A” e nHxnbutop Ha aHrnmoTeH-
3MH-KOHBEPTUPALLNS €H3UM UNN aHTMOTEH3MH-peLen-
TopeH 6rokep (ARB), “C” e Grnokep Ha kanuuesuTe
kaHanu, a “D” — Tnasna-nogobeH anypetuk). Mpu He
[OCTUraHe Ha TapreTHU cTonHocTn Ha AH ¢ meguka-
MEHTUTE OT MbpBa NIMHUS Ha NeYeHne, cTbnanoobpas-
HO ce gobaBsa MeaouKaMeHT OT cnefBaliuTe NUHUK Ha
nevyeHuwe ¢ TUTpUpaHe Ha gosarta um (guarpama 1).

HenpuabpxaHeTo KbM TepaneBTU4HaTa Meauka-
MEHTO3Ha cxema (HaMarneH KbMMnianbHC) € BaxkHa Npu-
4YnMHa 3a “NceBAOPE3VNCTEHTHOCT” Npu naumeHTn ¢ PX n

factors for RH include increased sympathetic
tone, obesity, male sex, elderly, African American
descendence, insulin resistance, increased sodium
intake, renal dysfunction, obstructive sleep apnea,
and all conditions associated with increased fluid
retention. Serial measurements of hemodynamics,
vascular resistance, and radiographic examination
of the thorax in patients with RH indicate that it is
often associated with thoracic hypervolemia proven
radiographically, a fact supporting the thesis of
increased latent intravascular volume as one of the
prerequisites for drug resistance treatment [65].
Accordingly, adding to mineralocorticoid receptor
(MCR) antagonists in patients with RH often leads
to a decrease in volume congestion and elevated
BP, supporting the issue that fluid retention is one of
the major factors for RH [53]. Also, the medication
blockade of the renin-angiotensin system (RAS)
may partially contribute to an increase in “sensitivity
to cooking salt”. Also, potassium levels have
been shown to modulate the effect of sodium on
increasing BP, as its supplement to the diet may
reduce sodium sensitivity in both normal and high
BP [4] Increased sympathetic activity can contribute
significantly to some forms of RH. In a recent study,
Dudenbostel and colleagues found increased 24-
hour urine normetanephrine levels in patients with
uncontrolled RH, suggesting that this increased
sympathetic activity may be responsible for the
failure of antihypertensive treatment [18].

Current approaches to treat RH

As with all forms of complex hypertension, initial
steps in patients with RH should confirm the diagnosis
and reject any additional controllable factors leading
to it. A milestone in the treatment of RH remains the
initial three-drug regimen at the maximum tolerated
doses: A+C+D (where ,A“is an angiotensin-converting
enzyme inhibitor or angiotensin-receptor blocker
(ARB), ,C" is a calcium channel blocker, and ,D“ is
a thiazide-like diuretic). It is the so-called first-line
treatment. If there is a failure to reach target values of
BP with it, then you can add in a stepwise approach,
drugs from the other lines of treatment and titrating
the dose (see Diagram 1).

Failure to adhere to the therapeutic drug regimen
(reduced “compliance”) is an important cause of
‘pseudoresistance” in patients with RH and may
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Crtonka 1/ Step 1

Waknoueane wanu4mero Ka: / Exclude:

1) flommnunTenKH KOHTPONHPYEMM hakTopk, Bogeu Ao PX: / ONTHMHU3MPaHa MeAWKAMEMTOIHA TEPANUA ¢ TPH Nexap-
Other contrallable factors leading to RH: CTEEHN CP L PHpaKa go3a: |
— HeH SRR KN e NS / Hamanen npuevf Ha cfm (<2400 mg gu.) / Optimize the three-drug regimen at maximum folerated
: Ensure low sodium diet (< 2400 mg/d) doses:
Medication nonadherence
3ppasocnoBeH HAYMH Ha KNBOT: | Mepaa nuuis 3a nevedne: A + C + D (A" e wwmburop
— HeflocTaTbuHy 4031 Ha aHTMXMNEPTEH3NBHUTE z 3
Healthy lifestyle: Ha PTHRALLT EHIUM WITH
MEAMKaMEHTH (TEpanesTiyHa U AHarHoCTHYHA fm =
vHepuKA) / Insufficient doses of antinypertensive =264 HeNpeKLCHaT CbH / b o P (ARB), =
drugs (therapeutic and diagnostic inertia) 2 6 hours uninterrupted sleep O - T b THE (oL,
e J MHLANAMAL MNW XMApoXNopTHasG) [
~ MceBOPEINETEHTHOCT" (TEXHHHECKH HENPABIITHO LIRS We RHETIE R Firstline treatment: A + C + D ('A"is an
M3MEPEHD AH, XWNEPTOHWA Ha BANaTa NpecTunka'’) / Dietary pattern

converfing enzyme inhibitor or angictensin-receptor blocker

"Psieudo_fesistance’ (Eee:hnit_:allny incomectly measured - Halfliiﬁ AB3HE Ha TenecHa maca/ {ARB), C"is:a calcium channel blocksr, and "0 is a thiazide-
BP; “White Coat Hypertension™) Weight loss like diuretic indapamide or hy iazi
2) Nupawyss hakropu k 3aGonAsaKne, KOUTO MoraT ga goBe- — PefoBHa ABUraTenHa akTueHocT / NB: npu nauuexTi ¢ ymepexo u Texxo GuBpeuno
AAT R0 BTOPW-HA, PEIMCTETHA Ha nesenne AX (*1)/ Regular physical activity ca 6 Te puypeTAUM |

Primary factors and diseases that can lead to secondary

NB: In patients with moderate and severe kidney disease,
treatment-resistant AH (*1)

only mesenteric diuretics.

HenocTuraHe TapreTHn CTOMHOCTH Ha AH Failure to reach target values of BP
Ctbnka 2 / Step 2
Hobagane Ha AHTAroHNET Ha Te p pr (AMP) kaTo P cpegcTEo o7 PTa MUKHAA HA HL oH (*2) unn P
Mineralocorticoid receptor (MCR) antagonist adding as a fourth-line t: spil (*2) or epl
HenocTuraHe TapreTHN CTOMHOCTH Ha AH Failure to reach target values of BP
Ctbnka 3/ Step 3
pKM NepCHCTUPALWA CHMNATHKYCOBA CEBPLXaKTMEHOCT: In persistent sympathetic overactivity:
* JoSasRHe Ha: = Add:
= Antha-finokepi (QoKca30auH) — Alpha-blockers (doxazosin)
— Bera-b pi b p 1, METONRONO; — Beta-block T bi 1ol

ﬂ] MeTa NHHKA Ha NeveHue

i EEpTOY P Fifth line treatment
— KomBusmpanu "anda w Gera™Bnokepy (xapseunon) = Combined ,alpha and beta™blockers {carvedilol)

* Mp# npoTHEONOKasanke 3a npuem Ha Geta-Gnokep — goBassue Ha: » If beta-blockers are contraindicated add::
= LleHTpans0 AeRCTRAILM aNda-aroHMCTI (KNOHMGKH) T A e - C_enlra\ alph:-.!-agonms (c\cmfﬂine) ] ) Sithy like redlnent
= [upexTHn atopu p — Direct vasodilators (hydralazine, minoxidil) !
NB: pegnua cTpakiHK edekTi NE: several side effects
HenocTUraHe TapreTHW CTOMHOCTH Ha AH Failure to reach target values of BP
Ctenka 4/ Step 4

Hozu dhapmaxonorusuu crpareruu: | Novel pharmacological strategies:
* QoGasswKe Ha ARNI (caxyGuTpun/sancapTan) KeM HEKOW OT OCTAHANKTE AHTUXWNEPTEHIMEKK MESWKIMERTH, KOWTO Ca MopBEa NWHUA Ha W3Gop Npw nevenneTo Ha AX
+ Adding ARNI (sacubitrile/valsartan) to any of the other antihypertensive drugs that are the first line of choice in the treatment of arterial hypertension.

HenocTuraHe TapreTHU CTOWHOCTH Ha AH Failure to reach target values of BP
Ctenka 5/ Step 5
Tepanuw 3a xunepTounA, Bazupanu Ha yetpoieTaa: Device-based hypertension therapies:
* [NepkyTaHHa PEHANHE CHMMBTIKYCOBA NEHEPBALIMA = Percutanecus renal sympathetic denervation
* KapoTupHa BapopeUsnTOpHa CTUMYNELUMA — AMNNSHTHPAHE HE BTOPD NOKONEHME JHUMATEPANEH RAPOTUEH * Carotid b p ion - imp 1 of a second-g unilateral carotid
cTumynatop (Barostim-neo™) ("3) stimulator (Barostm-neo ™)_ (*3)
» MepryTarHo cu31aRaKe Ha Weohembpanes apTepuoseHodeH WHT (Anastomotic Coupler If, Rox Medical) « Percutaneous ileofamoral arteriovenous shuni (Anastomotic Coupler II, Rox Medical)
* YcTpoitcTaa 33 eH10BACKYNAPHAE MONWDHKALWA Ka KAPOTUAHOTO TeNLE * Devices for endovascular modification of the carotid body

(*1) KoapkTtauus Ha aoprtaTta; O6cTpykTBHa CbHHa anHes; bBbbpeyHa apTepranHa cTeHo3a (peHoBasanHa XunepToHns); bpbpeyHo napeHxum-
Ho 3abonsiBaHe; PeoxpomouuTom; CUHAPOM Ha KbLUmHT; MbpBUYEH XMMNepangocTepoHn3bM; XUNoTMpeonamsbm U XunepTupeonansbm; Xunep-
Kanumemusa n MbpBUYeH xunepnapaTtvpeonan3bM; BpogeHa Hanob0opeyHa xvnepnnasus; Akpomeranus; JlekapcTBeHOMHAYLPpaHa XMnepToHns
(HCIBC, nmyHocynpecuBH/ MeaMKaMeHTW, HasanHn AeKOHrecTaHT 1 ap.); lNepopanHu KoHTpauenTuBM 1 3aMeCTUTENHO XOPMOHArHO Neve-
Hue; Texka ynotpeba Ha ankoxon, ToTioHeBu uaaenus. (*2) Mpu naumeHTn ¢ eGFR 2 45 mg/min 1 nnasmeHn KOHUEHTpaummn Ha kanus < 4.5
mmol/l. (*3) Bce owe He e onobpeH ot FDA 3a neveHue Ha nauneHtu ¢ PX.

Ouarpama 1. AnroputbM 3a noBegeHne Npu pe3ancTeHTHa apTepuanHa XMnepToHus

(*1) Coarctation of the aorta; Obstructive sleep apnea; Stenosis of the renal artery (Renovascular hypertension); Renal parenchymal disease;
Pheochromocytoma; Cushing’s syndrome; Primary hyperaldosteronism; Hypothyroidism and hyperthyroidism; Hypercalcemia and primary
hyperparathyroidism; Congenital adrenal hyperplasia; Acromegaly; Drug-induced hypertension (NSAIDs, immunosuppressive drugs, nasal
decongestants, etc.); Oral contraceptives and hormone replacement therapy; Heavy use of alcohol, tobacco. (*2) In patients with eGFR = 45 ml
min and plasma potassium concentrations < 4.5 mmol/l. (*3) Not yet approved by the FDA for the treatment of patients with RH.

Diagram 1. Algorithm for management of resistant hypertension
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MoXe fa 6bae danwmeBo MHTEPNPETUPAHO KaTo pe3nc-
TEHTHOCT KbM fnevyeHneTo. B HeoTgaBHaLLHO Npoy4YBaHe
HEMbITHO NPUABbPXXAHE UK MbIHO HENpuAbpXXaHe e yc-
TaHoBeHO npu 53% OT nauneHTUTe ¢ 0BEKTUBHO HEKOH-
TponupaHa xunepTtoHus [33]. o cbLUMsA HaumH, oueHKa
Ha KOMMNnamsiHca Ype3 M3MepBaHe Ha NekapcTBeHUTe
KOHLIEHTpaLUN Ha W3MNON3BaHUTE aHTUXUNEPTEH3NBHU
MeOUKaMEeHTU 4pe3 CepymMeH aHanu3 uaeHtuduumpa
23% 4acTU4HO U 24% NbIHO HenpUabPXKaHe KbM Tap-
reTHata Tepanus npv naumeHtn ¢ PX [62]. HieaTa Ha
AH ce 3anucBaTt No-TOYHO U MO-0BEKTMBHO Ype3 aBTo-
MaTun3mpaHo 24-4acoBo amMOyraTOpHO MOHUTOpUpaHe
Ha AH (AMAH), koeTo ocurypsiBa no-TodHa MporHo3a
3a CbpOeYHO-CbAOBUS PUCK B CPaBHEHWE C OUCHU-
Te U3MepBaHMS U MO3BOMSBAa MOEHTUDULMPAHETO Ha
nauneHTn ¢ mogen Ha AX, Npu KOWTO CTOMHOCTUTE Ha
AH npes HowTa ce 3ana3Bar BUCOKM (Taka HapeveHuTe
nHamemnan “non dippers”, T.e. nauneHTn, npn komto AH
He HamansiBa unu Hamansea ¢ no-manko ot 10% npes
HOLLHUTE YacoBe B CpaBHEHWE C JHEBHUTE CTOMHOCTM).
Tosn mogen Ha AX ce cBbp3Ba C MO-BUCOK KMMHUYEH
PYCK, BMOLLEHa NPOrHo3a 1 BTOPUYHa xmunepToHns [29].
MbpBMYHM hakTopy M 3abonsiBaHMS, KOMTO MoraTt Ada
[oBefaTt 0O BTOPMYHA, PE3UCTEHTHA Ha fevYeHne, Xu-
NepToHMS ca OTpaseHu B TEKCTa nof auarpama 1.
Hawmat ekmn (c onut ot noseye ot 200 nepkyTaHHK
WHTEPBEHLMM Ha peHanHa aptepus npes nocnegHute 10
roavHM) UMa U3KIMHYUTENHO MO3UTUBEH OMUT CbC CTEH-
TUpaHe Ha 6bOpeYHa apTepusa NpY NAUMEHTU CbC CyOTO-
TanHa u TotanHa 6vbpeyHa cTeHo3a U YCTaHOBEHW BUCO-
KV HMBa Ha Nra3MeHa peHMHOBA aKTUBHOCT (T.€. JoKa3aH
MeXaHu3bM Ha BasopeHarnHa xvneptoHus) [29].

UHTeH3nduumpaHe Ha TepanuaTta npu PX

[MpoMeHM B HaYMHA Ha XXMBOT, BOAELLM A0 peayKums
Ha TenecHOTO Termno, pedoBHa uanyecka akTUBHOCT,
KOHCYMUpaHe Ha XpaHa C HUCKO CbAbpXaHWe Ha Mas-
HVHW 1 HATPUA, CNpaHe Ha TIOTIOHOMYLLEHETO N Hama-
nsiBaHe Ha Npuema Ha ankoxos 3agbiHKUTeNnHo Tpsibea
[a ca BKNioYeHy B TepaneBTuYHMA noaxos npu PX (gna-
rpama 1). AHTUXUNepPTEH3NBHaTa fiekapcTBeHa Tepanusi
npu PX TpaAbsa ga e HacoyeHa KbM ONTMMU3MPaHEe Ha
[osata u/unum NnpurnoxXeHNETo Ha KOMOUHaLMK OT Mean-
KaMEeHTM, KOMUTO perynupar pasfnuyHu usnonormdHm
MbTULLLIA, BKIOYEHN B MaToreHe3ara Ha XMnepToHusiTa.
Ha guarpama 1 npegnarame akTtyaneH NOAXOA 3a MHU-
LmpaHe 1 npogbirkaBaHe Ha fiedyeHmeTto npu PX.

lNMoTeHUunanHn HOBM Hacoku 3a Tepanus Ha PX

HaTpynBawu ce gokasatenctsa nokaseart, Ye Bb-
NPeKn CTPUKTHOTO NpUabpXKaHe KbM MHTEH3UBHOTO aH-
TUXUNEPTEH3MBHO fle4eHne, YyacT OT naumneHtute ¢ PX
He nocTuraT 3agoBonuTeneH KoHTpon Ha AH. B petpoc-
nekTMBeH aHanu3 Ha 304 naumeHTn ¢ PX Acelajado et
al. koHcTaTtupar, ye 29 (9,5%) ocTaBaT pedpakTepHu

be falsely interpreted as treatment resistance. In
a recent study, incomplete adherence or complete
non-adherence was found in 53% of patients with
objectively uncontrolled hypertension [33]. Similarly,
evaluation of compliance by measuring the drug
concentrations of antihypertensive drugs used by
serum analysis identified 23% partial and 24%
complete non-adherence to targeted therapy in
patients with RH [62]. BP levels are recorded more
accurately and more objectively through automated
24-hour Ambulatory Monitoring Arterial Pressure
(AMAP), which provides a more accurate prediction of
cardiovascular risk compared to office measurements,
and allows the identification of patients with AH model,
in which the values of BP at night are maintained
high (so-called “non-dippers” individuals, ie patients
in whom BP does not decrease or decrease by less
than 10% at night compared to daytime values). This
pattern of AH is associated with higher clinical risk,
impaired prognosis and secondary hypertension
[29]. Primary factors and diseases that may lead
to secondary, treatment-resistant hypertension are
written in the text under diagram 1.

Our team (with experience of more than 200
percutaneous renal artery interventions in the last 10
years) has a good experience with renal artery stenting
in patients with subtotal and total renal stenosis and
high levels of plasma renin activity established (ie,
proven mechanism of renovascular hypertension) [29].

Intensification of therapy for RH

Changes in lifestyle leading to weight loss, regular
physical activity, consumption of low fat and sodium
foods, smoking cessation and reduced alcohol intake
must all be included in the therapeutic approach for
RH (see Diagram 1). Antihypertensive drug therapy
for RH should be aimed at optimizing the dose and/or
administration of combinations of drugs that regulate
the various physiological pathways involved in the
pathogenesis of hypertension. In diagram 1 above,
we propose an up-to-date approach to initiating and
continuing the treatment of RH.

Potential new regimens of treatment for RH.

Accumulated evidence indicates that, despite
strict adherence to intensive antihypertensive
treatment, some patients with RH do not achieve
satisfactory BP control. In a retrospective analysis
of 304 patients with RH, Acelajado et al. found that
29 (9.5%) remained refractory to treatment despite
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KbM Fle4EHNETO, BBMPEKM MakcMMarHa KoMOrHupaHa
aHTuxunepteHsmBHa Tepanusa [3]. Mo cbma HayuH,
npocnekTuBeH aHanna Ha 559 naumeHTn ¢ PX nokas-
Ba, 4Ye 15 (2,6%) OT nauneHTMTe ca UManm HEKOHTPO-
nupaHo AH, Bbnpekn neyeHNeTo ¢ noeseve OT 5 knaca
aHTUXMNepTeH3uBHU cpeacrtaa [18].

B onut ga ce ngeHTumumpa MexaHusmbT, OTro-
BOPEH 3a ronsimata nponopuus Ha nauneHTuTe B Npo-
y4YBaHMsITa, KOMTO OCTaBaT C HEKOHTPONUPAHO BUCOKO
AH, Kjeldsen n kon. nsnonsesat HenyGnukyBaHa npegu
ToBa MHAOPMAUMS OT MOHUTOPMHIA Ha KIWHUYHUTE
n3nutBanna 3a PX [39]. Te ycrtaHoBsiBaT, 4e “Tepa-
neBTUYHA MHepumnsa” (HEBb3MOXHOCT WM HeXenaHue
4a ce 3arno4He, 3acunm Unv NpoMeHu Tepanusita npu
NauMeHTN C XUNEPTOHWS) € eaHa OT OCHOBHUTE NpUYn-
HW 3a HegocTuUraHe Ha uenuTe Ha AH B npoy4yBaHuATa.
Mo cblmsa Ha4YMH QnarHocTuyHata nHepums (Heycnex
UIn HexXernaHue 3a TbpPCeHe M YCTaHOBsIBAHE Ha OC-
HOBHaTa NpU4YMHa 3a PE3UCTEHTHA XUMEPTOHUS) MOXEe
Aa 6bae oTroBopHa 3a No-fnowwmns KoHTporn Ha AH, Tbi
KaTo neyeHneTo Ha PX e no-ehekTMBHO, ako e npoBe-
OEHO NPaBUITHO TApreTHO Nle4eHNne OTHOCHO OCHOBHMS
MEXaHn3bM, MO KOMTO Bb3HMKBA XMNepToHusTa [61].

MIMeHHO akTbT, Yye 3HauuTernHa 4act OT nauu-
€HTUTE He ycnsaBaT ga nocturHat npuvuenHoto AH ¢
YCTaHOBEHUTE AHTUXMNEPTEH3MBHM MeOUKaAMEHTU W
ycunusita 3a nogobpsiBaHe Ha Ha4YMHa Ha XXMBOT U Ha-
MarnsiBaHe Ha pucka npv naumeHTuTe ¢ PX, nogkpens
noTeHUManHa porns 3a BbBeXaaHe Ha HOBW Tepanuun un
cTpaternn (hapmMakonormyHn U UHTEPBEHLMOHANMHW) B
KNWHUYHAaTa npakTuka (guarpama 1).

Tepanunte 3a XunepToHUA, 6asumpaHu Ha yc-
TponcTBa (kapotugHa GapopeLenTtopHa CTMMynauums
— NencCMEeNKbP U CTEHT; peHarHa geHepBauus; cb3na-
BaHe Ha apTepuoBeHO3Ha (PMCTyna; YCTPOMUCTBA 3a €H-
AoBackynapHa Mogndukaumsi Ha KapoTMaHOTO Tenue),
MMmaT BCe OLLEe HUCBK KMac Ha MHAMKaums nopaaum ToBa,
Yye MOBEYETO OT THAX Ca BCe OLle BbB (pasa Ha U3NuT-
BaHWS U He ca JoKasanu HambfHO NpeaBuaum edekT
Npu LWMPOK Kpbr OT naumeHTn. OCHOBaHUsITa 3a peHarn-
Ha [eHepBauus ca CBbp3aHu CbC 3HAYEHWETO Ha BNU-
SAHUSITA Ha CMMMNAaTMKycoBaTa HEpBHa cCUCTEMa BbPXY
ObOpeyvHo-cbaoBaTa PE3NUCTEHTHOCT, O0CBOGOXAaBaHe-
TO Ha PeHWH 1 HaTpuesaTta peabcopbums, NoBULLEHMS
CYMMATUKYCOB TOHYC B 6GbOpeunTe 1 Apyru opraHn npm
XUNEPTEH3VBHM NaLMeHTH 1 NPecopHns edekT Ha ade-
PEHTHUTE OBbOPEYHN BnakHa, OOKYMEHTUpPaH Mpu eKc-
nepumeHTanHn XmBoTHU. BbpeyHaTa geHepBaums Ha
fasata Ha MepkyTaHHO BbBEAEH KaTeTbp, WM3MON3Ball
paanopeKBEHTEH TOK, yNTPa3BYK UMW nepusBackynap-
HO VHXeKTMpaHe Ha HEeBPOTOKCMYHU CpeacTBa, KaTo
arnkoxos, € BbBedeHa KaTo BapuaHT Ha MWHMMAIHO
WHBa3UBHO fe4eHne Npu NauMeHTU C pe3aUcTeHTHA Xu-
nepToHns. Hsikornko o6cepBaLMOHHU NPOyYBaHUSA U
HaUMOHaNHM U MEeXOyHapO4HU PEerncTpu nogkpenuxa

maximum combination antihypertensive therapy
[3]. Similarly, a prospective analysis of 559 patients
with RH indicated that 15 (2.6%) of the patients had
uncontrolled BP despite treatment with more than 5
classes of antihypertensive agents [18].

Inanattempttoidentifythe mechanismresponsible
for the large proportion of patients in studies that
remain with uncontrolled high BP, Kjeldsen, and
colleagues used previously unpublished data from
the monitoring of clinical trials on RH [39]. They found
that “therapeutic inertia” (inability or unwillingness
to initiate, intensify, or change therapy in patients
with hypertension) was one of the main reasons
for the lack of BP goals in the studies. Similarly,
diagnostic inertia (failure or unwillingness to search
for and identify the underlying cause of RH) may be
responsible for the poorer control of BP, since the
treatment of it is more effective if properly targeted
treatment is performed on the main mechanism by
which hypertension occurs [61].

It is the fact that a significant proportion of patients
fail to achieve the targeted BP with established
antihypertensive drugs and efforts to improve lifestyles
and reduce risk in patients with RH support a potential
role for the introduction of new therapies and strategies
(pharmacological and interventional) in clinical practice
(see Diagram 1).

Device-based hypertension therapies (carotid
baroreceptor stimulation — pacemaker and stent; renal
denervation; arteriovenous fistula formation; devices
for endovascular modification of the carotid body) still
have a low class of indication because most of them
are still under investigation and have not shown a
fully predictable effect in a wide range of patients. The
reasons to include renal sympathetic denervation are
based on the proven effects of the sympathetic nervous
system on renal vascular resistance, renin release and
sodium reabsorption, increased sympathetic tone in
the kidney and other organs in hypertensive patients,
and the pressor effect of afferent fibers documented
in experimental animals. Renal denervation based
on a percutaneously inserted catheter using
radiofrequency, ultrasound, or perivascular injection
of neurotoxic agents, such as alcohol, has been
used as a minimally invasive treatment option in
patients with RH. Several observational studies and
national and international registries have supported
the antihypertensive efficacy of renal denervation
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aHTMXUMNEPTEH3NBHaTa ehMKaCHOCT Ha peHanHaTa ge-
HepBauus, AoKNadBaHa MbPBOHAYanHoO B NpOyYBaHus-
Ta Symplicity HTN-1 n HTN-2. HabniogaBaHa e peny-
KUMS Ha cumnaTMKycoBaTa aKTUBHOCT Cried peHarHa
neHepBaums. Bbunpekn toBa aBe RCTs ¢ KOHTposHa
rpyna, BKMwouyBalla MMmuTauuoHHa npouenypa (sham),
He ca ycrnenu ga noTBbpAsaT NPeBb3X0ACTBOTO Ha pe-
HanHaTa [eHepBauusi B CPaBHEHME C UMUTALMOHHATA
npoueaypa no oTHOLLEHUe Ha NoHmxaBaHeTo Ha AH, HO
ca noTebpAnnM 6esonacHocTTa Ha npoueayparta. [pyro
RCT, nanutBaHeto DENERHTN (Renal Denervation for
Hypertension), nokasa npeBb3XOACTBO Ha peHanHarta
JeHepBauus B KOMOMHaLusA ¢ onTMMuanpaHa capma-
KoTepanus CrnpsMO u3onupaHaTta dapMakoTepanus.
OueHkata Ha edmKacHOCTTa Ha peHanHaTta geHepBa-
Unsi NpefcTaensBa Npeav3BUKaTencTBo, 3aLloTo Mpo-
uenypara TpsibBa fa 6bae npunaraHa cpeq nonynaums
C BUCOKa BEpPOATHOCT 3a OTroBop Ha AH, T.e. cbBpe-
MEHHO MPEeLM3BUKATENICTBO € Aa Ce OTKpue rpynarta
Ha noTeHumanHuTe ,pucnoHgepu. Mima ceugertencrea,
nokasealliy, 4Ye u3onvpaHaTa CUCTOINHA XWUMepTOHUS,
XapakTtepusvpalla ce ¢ noBuLeHa aopTHa PUTMAHOCT,
€ CBbp3aHa C OrpaHMYeH OTrOBOP KbM peHarnHa geHep-
Bauusi n bapopeLenTopHa CTMMynauums.

basupaulaTta ce Ha yCcTponcTBa Tepanus npu xmnep-
TOHWSI, KbM KOSITO Ce OTHacsi peHarnHarta geHepBauus
(RDN), e 6bp30 pasBuBalla ce obnact. Heobxogumu
ca oue NpoyyYBaHUst C UMUTALMOHHWU KOHTPOSTHWU Tpy-
nu, Npegu aa Moxe Aa 6bae npenopbyaHo 3a PyTUHHO
rnevyeHne Ha xunepToHusTa. Bbnpekn Yye HacTosLOTO,
oT 2018 r., KNMHNUYHO PBKOBOACTBO 3a NoBeAeHue npu
AX HamansBa mHgukauuuTe 3a npunoxeHne Ha RDN
B KMMHUYHaTa npakTuka, MMa HOBWU JaHHW, KOUTO Ae-
MOHCTpMpaT nonsaTta OT Hes, U MoraTt da gosefar Ao
noByvLIaBaHe Ha MHOANKALMNTE 3a NPUNOXEHNeTo n [9].

HoBU ®APMAKONOIMMYHU CTPATEIrNun

ArOHUCTM Ha HaTPUYPETUYHU NenTUAU

HaTtpuypeTnyHata nentmgHa cuctema, KosTo ce
CbCTOM OT HEBPOXOPMOHMW, CUHTE3MPAHU OT CbpPLETO,
MO3bKa M APYrM OpraHu, urpae BaXkHa pons B pery-
naumata Ha AH n 6anaHca TEYHOCTU-ENEKTPONUTH.
YoBeLlkn peKOMOMHaHTEH aTpuaneH U MO3bYeH Ha-
TpuypetnveH nentug (ANP u BNP, cboTBeTHO) ca
0000OpEHN B HSAKOMKO CTPaHM 3a JieYeHne Ha Cbpaed-
Ha HeQoCTaTbYHOCT Bb3 OCHOBA Ha TAXHATa Mnorsa u
XeMOLMHAMUNYHN ePeKTU, BKITIOYMTENHO apTepuanHa u
BEHO3Ha gunaTauus, NoBuLLEeHa eKCKpeLmsi Ha HaTpun
N MNOTUCKaHe Ha PEHUH-aHrMOTEH3MH-angoCTePOH U
CUMMNaTUKyCcOBa HepBHa cucteMa. BaxeH e hakTbT, e
Te3n nentugm perynupat AH 1 TeYHUS eneKkTponuTeH
©anaHc u Te Morat ga urpasaTt pons Kato TepaneBTUYeH
areHT B Obaelle.

reported initially in the Simplicity HTN-1 and HTN-2
studies. The reduction of sympathetic activity after
renal denervation has been observed. After the above
mentioned two positive trials with a control group
incorporating the sham procedure failed to confirm
the superiority of renal denervation compared to the
simulation procedure for lowering BP but confirmed
the safety of the procedure. Soon after the HTN-3,
another RCT, the DENERHTN (Renal Denervation
for Hypertension) trial, demonstrated the superiority
of renal denervation in combination with optimized
pharmacotherapy over isolated pharmacotherapy.
Assessing the efficacy of renal denervation is
challenging because the procedure should be applied
to a population with a high probability of BP response,
i.e. it is a modern challenge to find a group of
potential “responders”. There is evidence to suggest
that isolated systolic hypertension, characterized by
increased aortic rigidity, is associated with a limited
response to renal denervation and baroreceptor
stimulation.

Device-based therapy for hypertension, and
especially renal denervation (RDN) is a rapidly
developing area. More studies with sham control
groups and using second-generation devices for RDN
were recently conducted and published with very
positive results. Although the current ESC guideline
does not recommend to use routinely RDN in clinical
practice, there is new evidence that demonstrates its
usefulness and may lead to upgrading the indications
for RDN [9].

NOVEL PHARMACOLOGICAL STRATEGIES

Natriuretic peptide agonists

The natriuretic peptide system, which consists
of neurohormones synthesized by the heart, brain,
and other organs, plays an important role in the
regulation of BP and fluid-electrolyte balance. Human
recombinant atrial and brain natriuretic peptides (ANP
and BNP, respectively) have been approved in several
countries for the treatment of heart failure based
on their benefit and hemodynamic effects, including
arterial and venous dilation, increased sodium
excretion, and renin suppression of renin-aldosterone
and the sympathetic nervous system. Important is the
fact that these peptides regulate BP and electrolyte
balance and they may play a role as a therapeutic
agent in the future.
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AHTUXUNepTeH3MBeH edeKT Ha cakyouTpun/
BancapTtaH (EHTpecTO)

CakybuTpun/BancaptaH € NbpBUAT NpeacTaBuTen
OT Kraca — aHMMOTEH3WH-peLenTopeH HeNpUIn3vHoB
nHxnbutop (ARNI), koiTo nomyyaBa ogobpeHue oT
US Food and Drug Administration (FDA) n European
Medicines Agency (EMA) kaTo MmegukameHT Ha NbpBu
n36op 3a neveHne Ha cbpaeyHa HegocTtaTbyHoCT (CH)
C HMcka nomneHa yHKUMS Ha ngsata kamepa. [1o
BPEME Ha KMWHUYHUTE WU3NUTBAHWS MPU NauneHTUTe
cbc CH, KakTo 1 Npu He3aBUCMMUTE NPOYYBaHUS NpuU
naumeHTn ¢ AX, cakybutpun/BancaptaH 4eMOHCTpMpa
©e3onacHoOCT 1 ePUKacHOCT MO OTHOLUEHME Ha MOHU-
XaBaHe CToMHocTuTe Ha AH, KoeTo ro npaeu obelua-
Ball, aHTUXMNEPTEH3NUBEH MEAVNKAMEHT.

Korato ce usuncksa ynotpeba Ha noBeye OT €4uH Me-
OVIKAMEHT, M3MON3BaHWTE aHTUXUMNEPTEH3VNBHM areHTu
TpsiOBa Aa MMaT OoMbrBaLl, ce MeXaHU3bM Ha AeNCTBUE
[24]. CakybuTtpun/BancaptaH € KOMOMHMPaH HOB Mean-
KameHT, konMTo cbabpxka APB (BancaptaH) v Henpu-
NU3NHOB WHXMOUTOP (cakybuTpwun), ogobpeH ot FDA
n EMA 3a neuyeHne Ha nauueHtn cbc CH n HamaneHa
cucTornHa dyHKUmMs Ha nssata kamepa (HFrEF) [19, 21].
Bce owe HeogobpeH 3a nevenne Ha AX, cakyoutpun/
BaricapTaH ce uscrnegBa B MHOXECTBO KITMHWUYHU NPOyY-
BaHUSA 32 aHTUXUMNEPTEH3NBHUS My ePekT, KaTo 4EMOH-
cTpupa KakTo 6e3onacHoOCT, Taka 1 edmkacHocT npu AX.
BnaronpuaTtHuTe edbekTn Ha cakybuTpuni/BancapTtaH 3a
neveHve Ha AX ca CBbp3aHu C MHXMOUPAHETO Ha KaTa-
Oonuama Ha HaTpUypeTUIHUTE NEeNTUAN OT HEMPUIU3NH
1 BriokMpaHe Ha aHrmoTeH3unH — Il, BogeLum o cuctemHa
Basogunartauud, Hatpuypesa u guypesa [26].

MpocnektuBHO cpaBHsBaHe Ha ARNI ¢ APB B npo-
yuBaHeTo PARAMOUNT nokasBa, 4e npu 301 naumeHTn
cbe CH n 3anasena ®UJIK (heart failure with preserved
ejection fraction — HFpEF), nedvHupaHa kato cucron-
Ha (PyHKLUMSA Ha naBaTta kamepa Hag 45%, cakybuTtpun/
BaricaptaH noHmxasa AH B no-ronsima cTeneH, oTKorKo-
TO BancapTtaH. ABTOp/TE Ha NPOY4YBaHETO 3aknioyaBar,
Yye CrnocobHOCTTa Ha cakybuTpwun/BancapTaH 3HaunTern-
HO Oa HamarnsBa CcToMHocTUTe Ha AH npu nauneHTu ¢
HFpEF moxe ga nomorHe fa ce Hopmanuaupa xemogu-
HaMWUYHUAT OTrOBOP M Aa Nogodpu NpusHaLmTe 1 cumn-
TOMUTE Ha CbpAeYHa HegocTaTbyHoCT [31, 60].

Maunentute ¢ HFrEF cbwo nmat curimdumkaHTHO
HamansiBaHe Ha AX Mpu usnonssaHe Ha cakyoutpun/
BancaptaH. lNpocnekTnBHOTO cpaBHsABaHe Ha ARNI ¢
APB B npoy4ysaHeTo PARADIGM-HF, B KO€TO ca BKt0-
yeHun 8442 naumentn ¢ HFrEF, pednHnpana kato cuc-
TonHa byHKuMs Ha nseata kamepa nog 40%, nokas-
Ba, Ye cakybuTpun/BancaptaH Hamanssa CUCTONHOTO
apTepuanHo HansraHe 3Ha4MTerHO noBeye OT eHana-
npun. ABTopute 3akrntodasar, Yye naumeHTute ¢ HFrEF
N N3XOAHO HUCKO cUCTONHO AH Lie nmart nonsu ot npu-
NOXEHMETO Ha cakybuTpun/sancaptaH He3aBMCUMO OT
yBeNnuMYeHus puck ot xmnotoHus [10].

An antihypertensive effect of Sacubitril/
Valsartan (Entresto)

Sacubitril/Valsartan is the first-class Angiotensin-
Receptor NePrilizine Inhibitor (ARNI), which has
received approval from the US Food and Drug
Administration (FDA) and the European Medicines
Agency (EMA) as the first-choice drug for the
treatment of heart failure with reduced function of the
left ventricle. In clinical trials in patients with heart
failure, as well as in independent studies in patients
with AH, sacubitril/valsartan has demonstrated safety
and efficacy in reducing BP, making it a promising
antihypertensive drug.

When more than one drug is required, the used
antihypertensive agents must have a complementary
mechanism of action [24]. Sacubitril/valsartan is a
combined new drug that contains ARB (valsartan)
and a neprilysin inhibitor (sacubitril) approved by
the FDA and EMA for the treatment of patients
with heart failure and reduced left ventricular
systolic function (HFrEF) [19, 21]. Not yet approved
for the treatment of AH, sacubitril/valsartan has
been studied in several clinical studies for its
antihypertensive effect, demonstrating both the
safety and efficacy of treatment. The beneficial
effects of sacubitril/valsartan for the treatment
of AH have been associated with the inhibition of
catabolism of natriuretic peptides by neprilysin and
the blocking of angiotensin-ll leading to systemic
vasodilation, natriuresis and diuresis [26].

A prospective comparison of ARNI with ARB in
the PARAMOUNT study shows that in 301 patients
with heart failure and preserved ejection fraction
(HFpEF), defined as left ventricular systolic function
over 45%, sacubitril/valsartan lowers BP more than
valsartan. The study’s investigators concluded that
the ability of sacubitrile/valsartan to significantly
reduce BP levels in patients with HFpEF might
help to normalize the hemodynamic response and
improve the signs and symptoms of heart failure
[31, 60].

Patients with HFrEF and AH also have a
significant decrease in BP using sacubitrile/
valsartan. A prospective comparison of ARNI with
ARB in the PARADIGM-HF study, which included
8442 patients with HFrEF, defined as left ventricular
systolic function under 40%, showed that sacubitril/
valsartan reduced systolic BP more significantly than
enalapril. [10].
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lMoHmxKaBalLMTe apTepuanHoTo HansraHe edekTn
Ha cakybutpun/BancapTaH npu nauneHtn ¢ AX ca us-
crefBaHu KakTo CaMOCTOSITENHO, Taka U B KOMOMHauus
C Opyrv aHTUXUNEPTEH3NBHU MeaukaMmeHTu. Hackopo
nybnvkyBaHo uscnegBaHe no tasyn Tema Ha Cheung
MU cbaBT. onucea 376 naumMeHTU CbC cuUcTonHo AH
= 145 mm Hg n < 180 mm Hg, kouTo nony4asaT unu
cakybutpun/sancaptaH B gosa 200 mg egHokpaTHO
OHeBHO unu onmMecaptaH 20 mg egHOKPaTHO AHEBHO.
CakybuTpun/BancaptaH noka3Ba MNPEBb3XOACTBO MO
OTHOLLEHME Ha NOHMXaBaHe KaKTo Ha 24 yaca ambyrna-
TOPHO U3MepPeHOoTO cucTornHo AH, Taka 1 Ha 0UCHOTO
cuctonHo AH oT M3XoQHOTO 3a Cpok OT 8 cegMmuum B
CpaBHEHWe C onmecapTaH. YecTtotata Ha CTpaHWUYHU
HexenaHu edekTn e cxodHa B ABETe rpynu ¢ npeob-
nagBaHe OCHOBHO Ha rmaBobonue 1 rnaBo3amManBaHe
[15]. Mpoy4uBaHeTo Ha Supasyndh 1 kon. cbLLOo nscnen-
Ba noHwkaBawmTe AH edekTn Ha cakybuTpun/san-
captaH 200 mg egHokpaTHO AHeBHO (n = 296), kaTo
M cpaBHsiBa C Te3n Ha onmMecaptaH 20 mg egHokpaT-
Ho gHeBHO, (N = 292) B npogbmkeHne Ha 14 cegmu-
LM, camo 4ye npu no-Bb3pacTHa nonynauus (M3xogHa
cpegHa Bb3pact 70.7 roguHm). Ha 10-ata cegmuua
OT npocrnegsaBaHeTo, nauymeHTnte ¢ AH > 140/90 mm
Hg nonyyaBaTt TuTpupaHe Ha gosaTta Ha cakyouTtpun/
BancaptaH oo 400 mg gHeBHO unu cboTBeTHO 40 mg
onmecapTaH gHeBHo. Ha 10-ta cegmuua, cakyoutpun/
BaricapTaH JeMOHCTpUpa NPeBL3XOACTBO MO OTHOLUE-
HWe Ha MoHWXaBaHe Ha cucTonHoTo AH B cpaBHeHWe
c onmecapTtaH (-22.71 mm Hg cnpsimo -16.11mm Hg; p
< 0.001). To3un ecpekT ce 3anassa o 14-ata cegmuua,
BBbMNPEKM Ye NOBEYETO NaLUMEHTIN B rpynaTa ¢ onMmecap-
TaH ca Nony4yunu noBuLIaBaLlo TUTpUpaHe Ha fos3ata
B TEYEHME Ha MpoyyBaHEeTO. HexenaHuTe CTpaHU4HM
edekTn ca Gunu egHakem B ABeTe rpynu [63].

MpoyyBaHeTo Ha Schmieder u kon. cpaBHsBa
Nno-BUCOKN 003N Ha cakybutpun/sancaptaH (400 mg
€[HOKpaTHO AHEBHO) M Ha onmecapTtaH (40 mg egHo-
KpaTHO gHeBHO) npu 114 nauneHTn ¢ AX (cpeaHo us-
xopgHo cuctonHo AH okono 155 mm Hg). B gonbnHeHune
KbM OLeHKaTa Ha noHwxkasaHe Ha AH ca npocnegsisa-
HU N NPpOMEHUTE B NeBOoKaMepHaTa maca. Hamansisa-
HETO Ha NneBOKamMepHaTa Maca e B no-rondma creneH
B rpynaTta Ha cakybuTpun/BancaptaH B CpaBHEHWE C
rpynarta Ha oriMecapTaH AOopu crnepj npupaBHsBaHE Ha
cuctonHoto AH. Pesyntatute He Gunm CcTtatucTuyecku
3Ha4yMMu Ha 12-aTta n 52-parta cegmumua oT NpoyyBaHe-
TOo. ABTOpUTE OTBENA3BAT, Ye cakybuTpun/BancapTtaH
MOXe [a MMa brnaronpusateH edekT Bbpxy MOHWXKaBa-
HETO Ha NeBOKamMepHaTa Maca, KOWTO € HE3aBWUCUM OT
NOoHWXaBaHeTo Ha cuctonHoto AH [58].

Izzo v kon. cpaBHsBaT cakybuTpun/BancaptaH 400
Mg eqHOKpaTHO AHEBHO ¢ BarncapTtaH 320 mg egHokpat-
HO OHEBHO C MoKaYvBaLLy ce J03U Ha CBODOAHMSI cakyou-
Tpun (50, 100, 200 unn 400 mg eaHOKpaTHO AHEBHO)

Blood pressure-lowering effects of sacubitrile/
valsartan in patients with AH have been studied both
alone and in combination with other antihypertensive
drugs. A recently published study on this topic by
Cheung et al described 376 patients with systolic
BP = 145 mm Hg and < 180 mm Hg receiving either
200 mg once daily sacubitrile/valsartan or 20 mg
once daily olmesartan. Sacubitrile/valsartan showed
superiority over olmesartan in reducing both 24-hour
outpatient systolic BP and office measured systolic
BP from baseline to 8 weeks follow-up. The incidence
of side effects was similar in the two groups with a
predominance of headache and dizziness [15]. The
study by Supasyndh and colleagues also tested the
BP-lowering effects of sacubitrile/valsartan 200mg
once daily (n = 296) by comparing them to those
of olmesartan 20mg once daily (N = 292) over 14
weeks, although in an older population (baseline
mean age 70.7 years). At 10 weeks of follow-up,
patients with BP > 140/90 mm Hg received titration of
the dose of sacubitrile/valsartan up to 400 mg daily
or 40 mg olmesartan daily respectively. At week 10,
sacubitrile/valsartan showed superiority in reducing
systolic BP over olmesartan (-22.71 mm Hg versus
-16.11 mm Hg; p < 0.001). This effect persisted until
14 weeks, although most patients in the olmesartan
group received increasing dose titration during the
study. Adverse side effects were the same in both
groups [63].

The study by Schmieder and colleagues compared
higher doses of sacubitrile/valsartan (400mg once
daily) and olmesartan (40 mg once daily) in 114 patients
with AH (mean baseline systolic BP of about 155
mm Hg). Changes in left ventricular mass were also
observed. The decrease in left ventricular mass was
more significant in the sacubitrile/valsartan group than
in the olmesartan group even after the equalization of
systolic BP. The results were not statistically significant
at 12 and 52 weeks of the study. The authors note that
sacubitrile/valsartan may have a beneficial effect on
lowering left ventricular mass, which is independent of
lowering systolic BP [58].

Izzo and colleagues compared sacubitrile/
valsartan 400mg once daily with valsartan 320 mg
once daily with increasing doses of free sacubitrile
(50, 100, 200 or 400 mg once daily) or placebo. At
the end of 8 weeks, sacubitrile/valsartan 400 mg once
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unu nnauebo. Ha kpas Ha 8-ata cegmuua, cakyouTtpun/
BancaptaH 400 mg egHOKpaTHO OHEBHO AEMOHCTpMpa
NPeBb3XOACTBO MO OTHOLLEHWE Ha MOHWXKaBaHe Ha CUc-
TONMHOTO OpUCHO namepeHoTo AH 1 cuctonHoTo 24-ya-
CcoBO ambynatopHo namepeHo AH B cpaBHeHue c Ban-
captaH 320 mg efgHokpaTHO aHeBHo [30].

Opyro npoyuysaHe oT 2017 r. cpaBHsABa cakybu-
Tpun/sancaptaH 200 mg egHoKpaTHO AHEBHO ¢ Aoba-
BEH KbM HEro amnoaunuH 5 mg eqHoKpaTHO OHEBHO C
MOHOTepanus ¢ amnoaunuH 5 mg egHOKpaTHO AHEB-
HO npu 251 asmaTckm nauneHtTn ¢ AX B npogbrikeHne
Ha 12 cegmuun. AMBynaTtopHoO MOHUTOpuUpaHoTo AH
(AMAH) gemoHcTpupa MNOHWXaBaHe Ha CUCTOJTHOTO
AH ¢ 13.9 mm Hg B rpynata Ha cakybuTpwun/BancapTaH
1 aMO4MNMH B CPABHEHNWE C rpynara Ha MoHoTepanums
¢ amnogunuH — 0.8 mm Hg (p < 0.001) [68].

Mo-paHHKM NpoyyBaHMs BbpXy cakybuTpwun/Bancap-
TaH 3a ne4veHne Ha AX cpaBHsIBaT pasnM4yHNU KOMOUHW-
paHn UKCUpaHM JO3n NOMeXay TSX U C MOHoTepanus
¢ BancaptaH [28, 36, 37, 54]. BbB Bceko egHo OT TX,
KOMKOTO MO-BMCOKa € [o3ara Ha cakyouTtpun/sancap-
TaH, TOMKOBa MO-U3PA3EHO € MOHWXKaBaHETO Ha AH.
MpoyuBaHua cbc cakybuTpun/sancaptaH 400 mg ea-
HOKPaTHO AHEBHO OTYUTAT MOHMKaBaHE Ha CUCTOMNHOTO
AH mexgy 12.5 n 23.1 mm Hg [28, 36, 37, 54]. ma
ABE HOBM KIMMHUYHW MPOYYBaHWS, CpaBHSABALLM CaKybu-
Tpun/BancapTaH c oriMecapTaH Mpu fevyeHneTo Ha AX,
C MPOABIMKUTENHOCT 8 ceamuum, NogobHO Ha gpyruTe
nybrnvkyBaHu 0O MOMEHTa Npoy4YBaHust. [lemoHcTpupar
cpefHa npoMsiHa B cMcTonHoTo AH B nokow cbe cakyou-
Tpun/BancapTaH B AvanasoHa -18/-20 mm Hg [48, 49].

[okaTo cakybuTpun/BancapTtaH Bce oLle He e 040-
OpeH ot FDA n EMA 3a neyeHne Ha AX, HanuyHata
[0 MOMeHTa MHGOpMaLMs Nokasea, Ye MeaMkameHTbT
npeans3BuKBa KIMHUYHO 3HAYMMO MOHWXaBaHe Ha AH
npu naumeHTn ¢ AX. KombnHaumsita ¢ ARNI e HoBa B
MEAMUMHCKUS apMaMeHTapuym 3a fiedeHne Ha AX u
npegrnara KoMniemMeHTapeH MeEXaHN3bM Ha AENCTBUE,
Korato e 4o0aBeH KbM HSKOW OT OCTaHanuTe aHTUXu-
NnepTeH3NBHU MEAMKAMEHTU, KOUTO Ca MbpBa JINHWSA Ha
n3bop npu nedeHmeto Ha AX (kato ALLEW/APB, kanum-
€BWTe aHaTaroHUCTU, TMasngHUTe oUypeTuumn).

KapotugHa 6apopecpnekc-akTuBaLMOHHa Tepanus

Pondata Ha GapopeuenTopuTe Ha KapoTUOHUS CU-
HyC € fa oTkpuBaT nosuweHotTo AH 1 ga nsnpawlart um-
nyrncu Ha adhepeHTHM HEPBM KbM LieHTparnHaTta HepBHa
cucTemMa, KoATO yBenuyaBa napacuMnaTuKOBUSE TOHYC
1 HamansiBa edpepeHTHaTa CUMNaTUKOBa akTUBaLUns Ha
CbpLETO, KpPbBOHOCHUTE CboBe M ObOpeLunTe, KaTo B
KpanHa cMmeTka Hamansea AH. MNpegu nosedve ot 50 ro-
AvHun Carlsen et al. gemMoHCTpuparT, Ye enekTpuyeckara
CTMMYyNaLmnsa Ha KapoTUOHUS CUHYCOB HEpPB MOHWXaBa
AH npu MbXe, NOANOXEHN Ha XMPYPruyHa pesekuuns
Ha Tymopw Ha wusATta [14]. NocneasawmTe NnpoyysaHms

daily demonstrated superiority in reducing systolic
office-measured BP and systolic 24-hour ambulatory
measured BP compared with valsartan 320 mg once
daily [30].

Another 2017 study compared for 12-week
sacubitrile/valsartan 200mg once daily with added
amlodipine 5mg once daily and amlodipine 5mg once
daily in 251 Asian patients with AH. Outpatient monitored
BP (AMBP) showed a decrease in systolic BP of 13.9
mm Hg in the sacubitrile/valsartan and amlodipine
group compared to the amlodipine monotherapy group
- 0.8 mm Hg (p < 0.001) [68].

Earlier studies on sacubitrile/valsartan for the
treatment of AH compared different combined fixed
doses between them and with valsartan monotherapy
[28, 36, 37, 54]. In each of them, the higher the dose
of sacubitrile /valsartan was, the more pronounced
the decrease in BP. Studies with sacubitrile/valsartan
400mg once daily reported a decrease in systolic BP
between 12.5 and 23.1 mm Hg [28, 36, 37, 54]. There
are two novel clinical trials comparing sacubitrile/
valsartan with olmesartan in the treatment of AH that
last 8 weeks, similar to the other studies published
so far. Demonstrated an average change in systolic
BP at rest with sacubitrile/valsartan in the range -18/-
20 mm Hg [48, 49]. While sacubitrile/valsartan has
not yet been approved by the FDA and EMA for the
treatment of AH, the information available to date
indicates that the drug causes a clinically significant
decrease in BP in patients with AH. The combination
with ARNI is new to the medical armamentarium for
the treatment of AH and offers a complementary
mechanism of action when added to any of the other
antihypertensive drugs that are the first line of choice
in the treatment of AH (such as ACEI/ARB, calcium
antagonists, thiazide diuretics).

Carotid baroreflex activation therapy

The role of the carotid sinus baroreceptors is to
detect elevated BP and to send impulses through
afferent nerves to the central nervous system, which
increases parasympathetic tone and decreases
efferent sympathetic activation of the heart, blood
vessels, and kidney and therefore reducing BP.
More than 50 years ago, Carlsen et al. demonstrated
that electrical stimulation of the carotid sinus nerve
reduced BP in men undergoing surgical resection
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noTBbpXXKAaBaT edmuKacHocTTa Ha OGapopedunekcHaTta
aKkTMBauMs Ha KapoTuaHaTa cuctema npv naumeHTu ¢
PX. MNpe3 2001 r. ABYCTPaHHOTO XUPYPrUYHO UMMMaH-
TMpaHe Ha KapoTuaeH GapopeLenTopeH CTuMynartop
(Rheos®) ce nosiBu kaTo HOB NOAXOA 3a JledeHue Ha
nauneHtTy ¢ PX. KNnuHnM4HM nanuteaHusa B paHHa dasa
OeMOoHCcTpupaxa HamarneHue Ha AH npu naumeHTn ¢
Texxka PX ypes cumnartukoBaranHa mogynaums [57].
Obaue, NUNOTHOTO [OBOMHOCASANO, PaHOOMW3MPAHO,
NPOCMNEKTMBHO, MHOFOLIEHTPOBO, Mnauebo-KOHTPONu-
paHo npoy4BaHe ¢asa lll Rheos, npu 265 nauymeHTtn ¢
PX, He N3NbrHW KparHUTE TOYKM 3a eonKacHOCT 1 6es-
OMacHOCT Ha fleYyeHneTo npu nauneHTn ¢ PX, 6 meceua
cnep VIMMMaHTUpaHeTo, T kato 9% OT mauueHTuTe
ca pasBunu yBpexaaHe Ha nuueBusa Heps [8], kKoeTo
n3kntouBa ogobpeHuneto my ot FDA 3a neyeHuve Ha PX.
PaspaboTkaTta Ha BTOpPO MOKOMIEHME YHWUNaTepaneH
kapotngeH ctumynatop (Barostim-neo™) npegnara
HSAKOMKO MpeguMcTBa B CpaBHEHME CbC cucTemarta
Rheos®, BKMOUNTENHO NO-Marku XMpypruvHn paspesu,
Nno-MasbK PUCK OT yBpeXaaHe Ha LiepBUKanHuTe 1 nu-
LeBMN HEepBU, MO-KpaTKO BpeMe 3a Bb3CTaHOBSABaHE U
No-AbITbI XKMBOT Ha baTepusaTa, ¢ nogobHa aHTUXMNep-
TeH3MBHa edmkacHocT [25].

TPAHCKATETBbPHA BbEPEYHA CUMIMATU-
KYCOBA [IEHEPBALUS. 3APAXOAHE
HA UOEAITA U PA3BUTUE BbB BPEMETO

BbbpeyHaTa cuMmnaTvkycoBa HepBHa cucTema e
TepaneBTUYHa LeN 3a aHTUXUMNEPTEH3UBHO Jle4eHne
OT AeCeTUNeTNst Hacam, OTKaKTO XMpypruyHaTa cMmMna-
TekToMus e buna egnHcTBeHaTa edukacHa Tepanes-
TMYHA Bb3MOXHOCT 3a MaLMeHTU C eKCTPEMHO BMCOKO
apTepuanHo HandraHe. Pegvua gokasaTtencrea couyar,
ye XUMNepaKkTMBMPaAHETO Ha CMMMNaTMKycoBaTa HepBHa
cucTeMa urpae BaXkHa porsi B MHULMMPaAHETO M Noa-
ObpxaHeTo Ha AX 1 € edHa OT NPUYNHUTE 3a Nogabp-
XaHe Ha BMCoKo AH BbNpekn NpunoXeHWeTo Ha agek-
BaTHa aHTUXMNepTeH3nBHa Tepanus [22].

MpoyuyBaHMs BbPXY KMBOTHM M XOpa MOKa3eaT, Ye
yBENUYaBaHETO Ha CUMMNATUKYCOBUTE €ChEPEHTHN CUTHA-
nv (T.e. OT MO3bka kbM OGbLOpeumnTe) BoaM A0 6bLOpeyHa
BA30KOHCTPUKLMA U HaMansBaHe Ha 6bOpeYHns KpbBO-
TOK, YBENMYEHO 0CBODOOXKAABaHE HAa PEHUH U 3aObpXKaHe
Ha HaTpun [40, 70]. AdepeHTHUTE curHanm (T.e. oT Ob-
OpeuuTe KbM LEHTpanHarta HepBHa cUCTEMaA), KOUTO ce
yBenM4aBaT B YCroBusi Ha 6bOpeYHa ncxemus, yBpena
Ha 6bOPEYHNA NAPEHXMM M XMUMOKCKS, Bb3AENCTBAT Bbp-
Xy Ba30OMOTOPHMS LEeHTBP (nucleus tractus solitarii) B LieH-
TpanHata HepBHa CUCTEMa, KOETO BOAW A0 yBennyaBaHe
Ha ebepeHTHUTE curHanu Kbm 6L6peLn, cbpue 1 nepu-
depHn KpbBOHOCHU cbaose [13]. NoBuweHaTa cumna-
TUKYCOBa aKTMBHOCT MPWU NaUMEHTU C XUMEPTOHMS Urpae
pons B MOBULLEHA YECTOTa Ha yBpexaaHe Ha TapreTHU

of neck tumors [14]. Subsequent studies confirm
the efficacy of baroreflex activation of the carotid
system in patients with RH. In 2001 bilateral surgical
implantation of a carotid baroreceptor stimulator
(Rheos®) has emerged as a new approach for the
treatment of patients with RH. Early phase clinical
trials have demonstrated a decrease in BP in patients
with severe RH by sympathetic oscillatory modulation
[57]. However, the pilot double-blind, randomized,
prospective, multicenter, placebo-controlled Phase
[l Rheos trial in 265 patients with RH did not meet
the endpoints for treatment efficacy and safety in
patients with RH, 6 months after implantation, as
9% of patients have developed facial nerve damage
[8], which precludes FDA approval for treatment.
The development of a second-generation Unilateral
Carotid Stimulator (Barostim-neo™) offers several
advantages over the Rheos® system, including smaller
surgical incisions, less risk of cervical and facial nerve
damage, shorter recovery time, and longer battery life
with similar antihypertensive efficacy [25].

TRANSCATHETER RENAL SYMPATHETIC
DENERVATION. RISE, FALL AND
RESURRECTION OF RDN

The renal sympathetic nervous system has been
a therapeutic target for antihypertensive treatment
for decades since surgical sympathectomy has been
the only effective therapeutic option for patients with
extremely high blood pressure. Shred of evidence
indicate that hyperactivation of the sympathetic
nervous system plays an important role in the initiation
and maintenance of AH and is one of the reasons
for maintaining high BP despite the use of adequate
antihypertensive therapy [22].

Animal and human studies have shown that an
increase in sympathetic efferent signals (ie from the
brain to the kidney) leads to renal vasoconstriction
and a decrease in renal blood flow, increased
release of renin and sodium retention [40, 70].
Afferent signals (ie from the kidney to the central
nervous system), which increase in conditions of
renal ischemia, renal parenchyma damage and
hypoxia, affect the vasomotor center (Nucleus tractus
solitarii) in the central nervous system, leading
to an increase in efferents signals to the kidneys,
heart and peripheral blood vessels [13]. Increased
sympathetic activity in patients with hypertension
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opraHu, @ UMEHHO: pa3BUTUE Ha NEBOKaMeEpPHa XMNepTpo-
s, 3actonHa CH 1 nporpecrBHo 6b0peyHo yBpexaaHe
[45]. MocnegBalumTe NpoyyYBaHUs 3a peHarnHa geHepBa-
LMst MPY KMBOTHU, M3MOM3BaLLM XUPYPrUYHA U XUMUYHM
TEXHUKWN, MOMOTHa MO-HaTaTbK Aa Ce YCTaHOBW porsta
Ha CBPbXaKTMBMPAHETO Ha GLOPEYHUTE CMMMNATUKYCOBM
HepBu npu xuneptoHus [12, 38]. MNpegn MHOro roamHu,
Korato He 0s1xa HamnMyHu MHOro, UnM BbOOLLE HSIKAKBM,
ocobeHo 6e3onacHM MeavKamMeHTW 3a MOHWKaBaHe Ha
AH, 6sxa pasrnegaHy Bb3MOXHOCTM 3a NPUMOXEHNE Ha
KorougarnHa csipa 1 HaTpueB TrouunaHar [64]. MNpeaw no-
BeYe OT MOMOBUH BEK, €4Ha OT MarnKkoTO Bb3MOXHOCTM 3a
MOHWXaBaHe Ha HaMCTMHA PUCKOBO BUCOkKOTO AH Guna
XVpypruyHaTa npoueaypa — M3BbpLUBAHETO Ha TOpPaKo-
nymbanHa cumnatekToMus (Mpy KOATO CUMNAaTUKYyCOBU-
Te HepBHW CTBOJIOBE U CMITaHXHWKYCOBUTE HepBu GreaTt
npemaxHaTu), 3a NbpBuM MbT npeanoxeHa ot Brining
npe3 1923 r. [23]. Adson n Brown, npe3 1934 r., ca nbp-
BUTE, KOMTO M3BbLPLUBAT Onepaumsita, Kakto e onuncaHa.
C Ta3n npouenypa ce HagsBaT Aa npemaxHaTt cumnaTtu-
KycoBaTa MHepBaLuMs Ha AOCTaTbyHO apTepun, Mogudu-
LiMpankm no T03m Ha4MH apTepuanHuTe OTroBOpuy, BHUMA-
BalKM [a He 3acerHat HepBUTE Ha HaaObOpPeYHUTE Xrle-
31 1 ga ce OTCTPaHAT edpekTuTe Ha MHTPabooMUHaIHO
HanpexeHue [27]. Te NpaBaT ABYCTPaHHO BEHTparnHa na-
napoToMums, OT HMBO T6 A0 HMBO L2, npy Mnaga »keHa Ha
29 roguHU € paHHa 3rnoKavYecTBeHa XUMNEePTOHNUS, KOATO €
mmana Bucoko AH 3a Ham-manko 18 meceua. AH cnaga
ot 250/180 mm Hg go 170/120 mm Hg.

Hsikonko roamHu no-KbCHO 3anoyBaT Aa ce NosiBd-
BaT fiekapcTBa 3a noHwmkasaHe Ha AH, kaTto pesepnuH
npe3 1949 r., a B cpegata Ha 60-Te rogmHn Sir James
Black oTkpuBa nbpBusi 6eta-6rnokep (nponpaHonon).
C pasBuTMETO Ha GnokepuTe Ha KanuueBuUTe KaHamnu
npe3 70-te rognHn n ACE nHxmnbutopute (kantonpwmn)
npe3 80-Te roAvHN Ha MUHanNWsS BeK, Ce aBa XO4 Ha
edrKkacHUTE MegMKaMEHTO3HU CTpaTernm 3a KOHTPOr
Ha AX 1 onucaHWTe BUCOKOPUCKOBU XMPYPIUYHU WUH-
TEepBEHLMN Ca N30CTaBEHM.

W Taka, npe3 1950 r., xnpypruyHata 6u0peyHa ge-
HepBaUusi Ce OKasza BUCOKOE(EKTUBHO IleYeHue 3a
pe3nCTEHTHA XUMEPTOHUS, HO Mpoueaypata belle us-
OCTaBeHa Mopagu HenpuemnvMBO BUCOKM YECTOTWU Ha
CTpaHW4HM ehekTn KaTo nepmonepaTMBHa CMbPTHOCT,
ONCAYHKUMS Ha MUKOYHMS MEXyp W OpTOCTaTU3bM.
Hanocneabk, kapotugHata 6apopeuentopHa xupyp-
rmsa 3a PX nokasBa OKypaXuTernHu pesyntatu, HO ToBa
MoHacTosILLEeM OCTaBa XMpypruyHa npouegypa ¢ nu-
MUTUPAHO MPUITOXEHWE NPU €OUHWUYHU CryYan C eKc-
TpemHa PX [16]. EquH oT Han-o6ellaBaliuTe MeToam B
Ne4YEHNETO Ha PE3UCTEHTHA XUMEPTOHNS € Pa3BUTUETO
Ha nepkytaHHa RDN, 3a nbpBuM NbT AOKNazaBaHa npes
2009 r. ot Murray Esler, Markus Schlaich u kon. ot Uk-
ctutyTa bBelikbp B MenbbpH. [NauneHTsT, 3a KoroTo ce
Joknaaea, e uman Texka PX ¢ nonvopraHHa yBpeaa.

plays a role in the increased incidence of target organ
damage: development of left ventricular hypertrophy,
congestive heart failure, and progressive renal
impairment [45]. Subsequent studies of renal
denervation in animals using surgical and chemical
techniques have helped to further establish the role
of deactivation of the renal sympathetic nerves in
hypertension [12, 38]. Many years ago, when not
many, or even any, particularly safe medications for
lowering BP were available, options were considered
for the administration of colloidal sulfur and sodium
thiocyanate [64]. More than half a century ago,
one of the few options for lowering the truly risky
high BP was the surgical procedure — performing
a thoracolumbar sympathectomy (in which the
sympathetic nerve trunks and the splanchnic nerves
are removed), first proposed by Briining in 1923 [23].
Adson and Brown, in 1934, were the first to carry
out the operation as described. With this procedure,
they hoped to eliminate the sympathetic innervation
of renal arteries, thereby modifying the arterial
responses, taking care not to affect the nerves of
the adrenal glands and to eliminate the effects of
intrabdominal tension [27]. They perform bilateral
ventral laparotomy, from T6 to L2 level, in a young 29
years old woman with early malignant hypertension
who has had high blood pressure for at least 18
months. Her blood pressure drops from 250/180
mmHg to 170/120 mm Hg.

A few years later, blood pressure-lowering drugs
began to appear, such as reserpine in 1949, and in the
mid-1960s, Sir James Black discovered the first beta-
blocker (propranolol). With the development of calcium
channel blockers in the 1970s and ACE inhibitors
(captopril) in the 1980s, effective drug strategies for
the control of arterial hypertension came out and the
high-risk surgical interventions described earlier were
abandoned.

So, in 1950, despite surgical renal denervation
proved to be a highly effective treatment for resistant
hypertension, the procedure was abandoned due
to unacceptably high rates of side effects such as
perioperative mortality, bladder dysfunction, and
orthostatism. Recently, carotid baroreceptor surgery for
RH has shown encouraging results, but this currently
remains a limited-surgical procedure in isolated cases
with extreme RH [16]. One of the most promising
methods in the treatment of RH is the development of
percutaneous renal denervation (RDN), first reported in
2009 by Murray Esler, Markus Schlaich and colleagues
at the Baker Institute in Melbourne. The patient
reported having severe RH with multiple organ lesions
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Ton ce noagnara Ha nNepkyTaHHa pagnodpeKkBeHTHa
abnauusa Ha CMMMaTMKYCOBW HEpBU OKOMo ABeTe Ob-
OpeyHn apTepuu, KOETO AOBEXAA A0 HaMansiBaHe HU-
BOTO Ha HopenuHedpvH kakTo B 6bOpeLunTe, Taka 1 B
LANoOTO TAMO 1 oTcnabBaHe Ha MycKynHaTa cumnaTu-
KycOBa aKTUBHOCT [64].

Mpes3 nocnegHoOTO AeceTuneTue kateTbp-dasmpaHa-
Ta peHanHa apTepuanHa geHepsaums npngodu 6bp3o
nogkpena 3a neyexune Ha PX. RDN npegcraensiBa nHBa-
31BHa NMpoLeaypa, KOATO B MbpBOHAYaNHUTE NPOTOKONU
BKMoUBa 4-6 pagnodpeKkBHTHM abrnaunoHHM TOYKM B
npoKcvMarnHaTa unm cpegHarta 4acT Ha OBeTe OCHOBHU
ObOpEeYHN apTepun, KaTto ce U3Non3BaT eAUHNYHN eNnek-
TpogHu katetpu (Symplicity™) nog donyopockoncku
KOHTPOI - MPUIIOXKEHA 3a MbPBY MbT CEPUIHO NpKU Xopa
npe3 2007 r. kato 4acT oT npoyyBaHeto SYMPLICITY
HTN-1 [41]. ToBa OTKpMTO M3cneaBaHe 1 Nocnegpalo-
TO paHgomusmpaHo npoyysaHe SYMPLICITY HTN-2
OeMoHcTpupaxa GesonacHocTTa U edukacHocTTa Ha
Tasu MHTepsBeHUus npu naumeHTn ¢ PX [20]. Bbunpekn
TOBa, sham-KOHTPONMMPaHOTO paHOOMU3MPAHO MPOYyY-
BaHe SYMPLICITY HTN-3, koeto n3nonssa AAHM, He
ycnsa ga noTBbpaM 3HAYMTENHOTO HamanssaHe Ha AH,
oxnaxgankm eHTycvMasma 3a Tasu npoueaypa [7]. Mo
CbLLIOTO BPEME HAKOIMKO APYTY PaHOOMU3UPaHN KOHTPO-
nvpaHun Npoy4YBaHns He Nokasaxa 3Ha4YMMo pegyLmpaHe
Ha AH npu naumeHTn ¢ PX nekyBaHu ¢ 6bOpedHa ge-
HepBauWusi, B CpaBHeEHNE C OUKTMBHM NpoLeaypu (sham)
[17]. Post-hoc aHanua Ha aHaTOMW4HW U NpoLeaypHU
xapaktepuctukm B8 SYMPLICITY HTN-3 n metaaHanua
Ha MHOXeCTBO MO-Marku NpoyyBaHus Nnokasaxa, ye ge-
HepBauusiTa Ha gUCTanHUTE cermMeHTn Ha 6bbpevHaTa
apTepusa N NPUIIOXKEHNETO Ha NoBeYye OeHepBaLMOHHU
TOYKM BOOW [0 NMOBULLIABAHE Ha ycneBaemocTTa u 6pos
Ha NauMeHTUTe C yCreLleH KOHTPOI Ha XUMepToHMsATa B
CpaBHeHMWe C Ha4YanHaTa KoHcepBaTvBHa cTpaTterus, 6es
[a ce uHTeH3nduumpa MegukKaMeHTo3HaTa Tepanus.
TakvBa b6sxa u HawwuTe pesyntaTv, AoKa3aHu B CpaB-
HUTEMHO MpPOyYBaHe MeXay OBEe METOAMKM, @ UMEHHO:
paHHaTa MEeTOAMKa, NMpU KOSAITO ce M3BbpLUBa CMMNa-
TMKyCcOBa [eHepBauuMs MOCPEACTBOM MPUIIOXKEHME Ha
pagvodpekBeHTHa abnauust Ha 4o 5 ToYku, U To caMo
B obcera Ha npokcMmMarnHaTta OCHOBHa 6b0peyHa apTe-
pusa npean dudypkaumaTa u MHoOBaTUBHaTa METOAMKa,
3aKroyaBalla ce B NPUNOXEHNETO Ha no-ronsm 6pon
abnaumoHHn Toukn (mexay 10 u 12), npu ToBa 3agbn-
XKWTENHO BKIMIOYBALLM abrnaums Ha paskiioHeHUsiTa Ha
OocHoBHaTa G6b0OpeyHa apTepusi. CpaBHEHMETO MoOKasa,
ye pagmoyvecTOTHa OeHepBauus Ha OUCTarnHUs acnekT
N CErMEeHTHUTE pa3KrnoHeHus Ha GbbpevHaTa apTepus
MoXe fa 6bae no-eeKkTMBeH METO OT CTaHZapTHaTa
JeHepBaLmsi, KOETO MOXe a 0OSCHM HErOBUSA HEYCTEX B
SYMPLICITYHTN-3 npoy4yBaHe [50]. ®peHcKoTo npoyy-
BaHe DENERHTN nokasa ymepeHo no-go6bp KOHTpon

undergoing percutaneous radiofrequency ablation of
the sympathetic nerves around both renal arteries,
resulting in a decrease in norepinephrine levels both
in the body and throughout the body and decreasing of
the muscle sympathetic activity [64].

Over the last decade, catheter-based RDN has
gained rapid support for the treatment of RH. RDN
is a minimally invasive procedure, that in the original
protocols included 4-6 radiofrequency ablation points
in the proximal or middle part of the two major renal
arteries using single electrode catheters (Symplicity
™) under fluoroscopic control — first introduced in
humans in 2007 as part of the SYMPLICITY HTN-
1 study [41]. This open-label, non-controlled trial,
and subsequent randomized SYMPLICITY HTN-
2 trial demonstrated the safety and efficacy of this
intervention in patients with RH [20]. However, the
SYMPLICITY HTN-3 sham-controlled randomized
trial using AANM failed to confirm a significant
decrease in BP, cooling the enthusiasm for this
procedure [7]. At the same time, several other
randomized controlled trials have shown no significant
reduction in BP in patients with AH treated with renal
denervation compared with sham procedures [17].
A posthoc analysis of anatomical and procedural
features in SYMPLICITY HTN-3 and a meta-
analysis of numerous smaller studies have shown
that denervation of the distal segments of the renal
artery and the use of more denervation points leads
to an increase in the success rate and the number
of patients with successful control of hypertension
compared to the initial conservative strategy without
intensifying drug therapy. Our team conducted a
comparative study between two methods: the early
technique of performing sympathetic denervation by
applying radiofrequency ablation of up to 5 points,
and only within the proximal main renal artery before
the bifurcation and the innovative technique in the
application of a greater number of ablation points
(between 10 and 12), and involving ablation both
of the main artery and its branches (Y-pattern).
The comparison showed that radiofrequency
denervation of the distal aspect and segmental
branchings of the renal artery may be more effective
than standard denervation, which may explain its
failure in the SYMPLICITYHTN-3 study [50]. The
French DENERHTN study showed moderately better
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Ha AH npu gobaBsHe Ha ObOpeyHa AeHepBauust KbM
CTaHOapTU3MPaHO aHTUXMNEPTEH3NBHO NedeHune [5].

BbBexgaHeTo Ha BTOPO MOKOMEHWe MynTuaenek-
TpogeH kateTbp (Sypmility Spyral catheter) B HoBuTe
npoyYBaHusi 3a paguodpekBeHTHa abnaums npemax-
Ba HeJoCTaTbUMTE, KaToO rapaHTMpa U3BbplUBaHe Ha
4-kBagpaHTHa abnauus [35]. INMbpBOHaYanHUTe BUxXaa-
HUA ca Gunn BoAeHM OT uaesiTa, Ye KOMKOTO Mo-npo-
KCMMarHo ce M3BbpluBa abnauusata B peHanHarta ap-
Tepus (no-6nm3o fo aopTtata), TonkoBa no-gobpa ae-
HepBauus 61 ce nonyyuna, Tbi KaTo OT TaM MUHaBar
HepBUTE B TAXHaTa MbiiHa UAMOCT (T.e. BCUYKM BMakHa,
KaTo cHom). ToBa MPUHUMMHO € BSIPHO, HO CrneaBaLim
NpoyYBaHWsi MOKa3BaT, Ye B MpOKCMMarnHata 4yacT Ha
ObOpeyHaTa apTepusi HEpPBHUTE BrlakHa ca pasnosio-
)KEHN OTHOCUTENHO Mo-Aaned U paguodpPeKBEHTHUAT
UMMyNC He MOXe Aa M LOCTUrHe, JOKaTo B MO-AWC-
TanHuUTe yyYacTbLUM U Pa3KIOHEHNATA HEPBHUTE OKOH-
YaHuns ByKBanHO ca BKIIOYEHU B CTPyKTypaTa Ha aj-
BEHTMLMATA U Ca 3HAYMTENHO NO-ByNHepabunHu no
Tasu npuymHa. MMeHHo Tasn kombuHaums ot abnaums
Ha rnaBHaTa apTepus U HEMHUTE KIOHOBEe BMocnen-
CTBME Ce BbBexAa B abnauvoHHUTE NPOTOKONN Ha pa-
anodpekBeHTHaTa abnaums ¢ katetbp Spyral B CALL,
EBpona, Asctpanua n Asus [35].

B HacToswuTte nscnegsanus 3a RDN, kakBuTto ca
HTN OFF-MED 1 HTN ON-MED, ce nssbpLuBa nscnea-
BaHe Ha ypvHa M KPbB 3a KOHLEHTpauusl Ha aHTUXu-
nepTeH3BHUTE MeOUKaMEHTH, 3a A He ce No3BorsiBa
U3KpMBSIBaHe Ha pes3yntatute nopagu HenpuabpxaHe
kbM TepanusaTa [35]. B HTN OFF-MED ca BkntodeHu
nauneHTn, KOMTO He ca NpueManu aHTUXUNEPTEH3MB-
Ha Tepanusa npean BKIHOYBAHETO M OCTaBaTt b6e3 Taka-
Ba B 3-MeCe4YHusi nepuog Ha npocregsBaHe, B KOUTO
ca paHgomuaupaHu B cboTHoweHne 1:1 B gBe rpynu
— MauueHTun, Npu KOUTO Ce M3BbPLLBA AeHepBauus, U
MMUTaUNOHHA KOHTporHa rpyna [66]. B HTN ON-MED
nauMeHTUTe Npeam BKIYBAHETO M MO BPEME Ha 6-me-
CeYHUS nepuog Ha npocregsBaHe ca Ha MUHUMYM 1
N MakCUMyM 3 aHTUXMMNEPTEH3UBHM MeLMKaMeHTa U
CblLO Ca paHOOMU3MPaHWN B CbOTHOLWEHUe 1:1 — rpy-
na c nposexaaHe Ha AeHepBauus M UMUTALUOHHA
(,sham”) koHTponHa rpyna [34]. Pesyntatute ot HTN
OFF-MED, HTN ON-MED, kakto 1 B 6a3mpaHoTO Ha
ynTpa3syk geHepsauusi npoyyBaHe RADIANCE-HTN
SOLO, nokaseaT CTaTUCTUYECKM 3HAYMMO MO-ronsma
peaykumsa Ha cpegHuTe CTOMHOCTU Ha 24-4acoBOTO
am0ynaTopHO M3MepeHo cucTonHo AH B TpeTupaHute
¢ RDN naumeHTu B cpaBHeHME C NauneHTuTe B MMmnTa-
LumoHHuTe rpynu [6]. MNMpu yqactHuumte B HTN-3, KouTto
ca vMarnu no-ronsiMo MyricoBO HansiraHe, CbOTBETHO
NO-HUCKN CTOMHOCTWU Ha amacTtonHoto AH, ce otuuta
Nno-Manko MoHWXaBaHe Ha CTOMHOCTUTE Ha CMUCTOf-
HoTo AH cnen neHepBauus [43]. ToBa ce 0bsicHsBa ¢
dakTa, Ye npu Tasu rpyna nauueHTn ¢ purngHocT Ha

control of AH with the addition of RDN to standard
antihypertensive treatment [5].

The introduction of a second-generation multi-
electrode catheter (Symplicity Spyral catheter) in
the new radiofrequency ablation studies eliminates
the disadvantages of the early generation catheters
and ensuring 4-quadrant ablation, and in multiple
circumferential denervation points [35]. Initial thoughts
were driven by the idea that the more proximal the
ablation in the renal artery (the closer to the aorta), the
better the denervation would be, since the nerves in
their entirety (i.e. all fibers as a bundle). This is true in
principle, but subsequent studies showed that in the
proximal part of the renal artery, the nerve fibers are
located relatively farther away and the radiofrequency
impulse cannot reach them, whereas in the more distal
regions and branches the nerve endings are included
in the structure of the adventitia and are significantly
more vulnerable for this reason. It is this combination
of ablation of the main artery and its branches that
is subsequently introduced into the radiofrequency
ablation protocols with the Spyral catheter in the USA,
Europe, Australia and Asia [35].

In the present radiofrequency ablation studies,
such as HTN OFF-MED and HTN ON-MED, urine
and blood tests are conducted for the concentration
of antihypertensive drugs to avoid distortion of
results due to non-adherence to therapy [35]. HTN
OFF-MED includes patients who did not receive
antihypertensive therapy before enrollment and
remained unavailable for a 3-month follow-up period
in which they were randomized to a 1:1 ratio in two
groups- patients who received denervation and a
sham control group [66]. At HTN ON-MED, patients
were enrolled in a minimum of 1 and a maximum of 3
antihypertensive medications before the enrollment
and during the 6-month follow-up period and were
also randomized to a 1:1 ratio — denervation and
sham control group [34]. The results of HTN OFF-
MED, HTN ON-MED, as well as the ultrasound-
based denervation study RADIANCE-HTN SOLO,
show a statistically significant greater reduction in
mean 24-hour ambulatory measured systolic BP in
patients treated with renal denervation compared to
patients in imitation groups [6]. Participants in HTN-
3 who had higher pulse pressure, respectively, lower
diastolic BP values, reported a smaller decrease in
systolic BP values after denervation [43]. This is
explained by the fact that, in this group of patients
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apTepuanHuTe CbAoOBe, NMPOsiBABALLA Ce KIMHUYHO C
No-ronsiMo MyfICOBO HansiraHe, € Hanuue MexaHus3bm
Ha nokayBaHe Ha AH, KonTo no-cnabo ce noenusiBa
OT AeHepBauusaTa [55]. No-HoBUTE NpoTOKONM 3a pa-
OnodpekBEHTHA M yNTpasBykoBa abnaums ca 3anoxu-
N1 NHAWKaUKWs 3a NpuUnoXxeHue npu opucHoO N3MepeHo
OnacTonHo HansraHe MuHumym 90 mm Hg vnu muHu-
Mym 85 mm Hg npu 24 yaca ambynatopHO M3MepeHO
AH [46]. loknagute OT Te3n NOCneaHn KNMHUYHN Npo-
yuBaHusa 3a RDN nokassaT CTaTMCTMYECKU 3HAYMMO
No-rofisiMo HaMarneHue npu TpeTupaHnTe NaumeHTu B
cpaBHeHue ¢ sham rpynata no BCMYKM M3cnensaHu no-
KasaTenu 3a KOHTpon Ha AH.

B metaaHanua ot 2019 roa. Sardar [56] npeaoc-
TaBs fgaHHWTe oT 8 malwabHu npoy4qBaHus 3a RDN,
BKITHOYBALLM KAKTO TEXHOMOrMs OT MbpBa reHepauums
(BKIMIOYUTENHO U U3KITHOYUTENHO KPUTUKYBAHOTO Hey-
TpanHo npoyysaHe HTN-3), Taka u gaHHUTE OT Mpo-
yuBaHUSA C TEXHonorusi ot BTopa reHepaunda. O606-
LLleHUTe pe3ynTaTy nokasaxa CTaTUCTUYECKM 3HaYMMa
pasnuka B non3a Ha RDN B cpaBHeHWe C KOHTPONHUTE
rpynu, He3aBMCMMO OT HaNMYNETO NN OTCHLCTBUETO Ha
WHTEeH3ndULMpaHa MearKkaMmeHTo3Ha Tepanus.

Tesu pesyntaTu gaBaTt Hagexaa 3a e(pekTUBHO ne-
YyeHne He caMO Ha MaumeHTu ¢ gokasaHa PX, HO n Ha
NauMeHTn C yNopuTO HENpPUAbPXKaHe KbM NpeanmcaHa-
Ta MeaVkaMeHTO3Ha Tepanusi.

BbnrapckuAT ONUT C peHarnHa apTepuarnHa
OeHepBauus

MbpBaTa npouedypa MO peHanHa AeHepBauus
npv nauneHTt ¢ PX B bbnrapusa 6e nssbpeHa Ha 15
MapT 2012 r. ot ekun Ha MBo lMetpos [51]. OT nbp-
BUTE nauueHTn, Tpetupanu npes 2012 r. go 2014 r. B
Bovnrapus, 6ewwe HaTpynaH He ManbK MO3UTUBEH ONUT
C ussbpliBaHe Ha RDN c pasnuyHu BuaoBe kateTpu
[2]. B Hawwms nbpBOHaYaneH KInHUYeH onut Ge us-
non3BaH MOHOENEKTPOA 3a paguoyecToTHa KaTeTbp-
Ha abnauus (Symplicity Flex, Medtronic). NMpe3 cnea-
BalMTe 5 roanHM ¢ To3n moaen abnaunoHeH KaTeTbp
Hue n3ebpLunxmMe nosede ot 200 npouenypu 6e3 HUTO
€0HO ronsMo CbA0BO UMW KITMHUYHO yCrOXHEHue. Pe-
3yntaTtuTe OT cepusita npoyyBaHusa Symplicity (1 go 3)
HW Hakapaxa fga onTumu3npame npouegypara no pe-
HanHa geHepBauuvs C NPUOXKEHNETO Ha NoBeye oT 5
OeHepBaUNOHHM TOYKM 3a BCSAKa edHa peHanHa apre-
pUS 1 BKINIOYBAWKN Pa3KNOHEHUNATa Ha peHanHaTa ap-
Tepusi, a He caMo OCHOBHUSA cbf (Y-moaen 3a peHan-
Ha geHepBauus, Taka HapedeHus mogen “Y pattern”
3a MpUMOXeHMe Ha pagudpPeKBEHTHUTE ne3uun), U
[a 3anovyHeM fa uanonsBame LWagsly, cbAoB A0CTbN
(HuckonpoduneH 5 Fr untpopatocep ¢ aobmkmHa 90 cm
OT paagvaneH unu 6paxuaneH 4oCTbMN) PYTUHHO U Aa
CpaBHUM Ta3n MHOBATMBHA MeTOAMKa C HayanHarta
npunaraHa B cnoMmeHatute 3 npoy4saHuns. M3sbpLum-

with arterial vessel rigidity, manifesting clinically
with higher pulse pressure, there is a mechanism
for raising BP, which is less affected by denervation
[55]. Newer radiofrequency and ultrasound
ablation protocols have indicated an indication
for administration at an office-measured diastolic
pressure of at least 90 mm Hg or at least 85mmHg
at 24-hour outpatient BP [46]. The report from these
recent clinical studies on renal denervation shows a
statistically significant greater reduction in treated
patients compared to the sham group in all of the
BP control measures studied.

In a 2019 meta-analysis Sardar [56] provides
data from 8 large renal denervation studies including
both first-generation technology (including the highly-
criticized neutral HTN-3 trial) and second-generation
studies. Summary results showed a statistically
significant difference in favor of renal denervation
compared to controls, regardless of the presence or
absence of intensified drug therapy.

These results provide hope for effective treatment
not only of patients with proven RH but also for
patients with persistent non-adherence to prescribed
medication.

The Bulgarian experience with RDN

The first procedure for RDN in a patient with
resistant hypertension in Bulgaria was performed on
March 15, 2012, by a team of Ivo Petrov [51]. From
the first patients treated in 2012 to 2014, there has
been a small positive experience in RDN with different
types of catheters in Bulgaria [2]. In our initial clinical
experience, a mono-electrode for radiofrequency
catheter ablation (Symplicity Flex, Medtronic) was
used. Over the next 5 years, with this first generation
radiofrequency ablation catheter, we performed more
than 200 procedures without any major vascular or
clinical complications. The results of the Symplicity
series of studies (HTN-1 to 3) have led us to optimize
the renal denervation procedure by applying more
than 5 denervation points for each renal artery and
including the branches of the renal artery, not just
the primary vessel (representing so-called “Y pattern”
model for the application of radiofrequency lesions)
and to start using sparing vascular access (low profile
5 Fr radial or brachial access 90 cm) routinely and
compare this innovative technique with the initial
early technique typical with lower number ablation
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XMe MpOCMNeKTUBHA perncTpaunsi Ha nepunpouenyp-
HUTE pe3ynTatn U KIMHUYHUA edekT, KaTo M cpaBs-
HUXME C MUCTOpUYecKa KOHTpona OT MauuMeHTu, Tpe-
TMpaHU OT CbLUMSA €KUN No CTaHgapTHaTa npouenypa
(0o 5 peHepBaUMOHHM TOYKM CamMO Ha OCHOBHaTa pe-
HanHa apTepust U NPeanMHO ¢ bemopaneH JocTbn).
Mo TO3K HOB MPOTOKOS, CNOMEHATUAT MO- rope KaTte-
Tbp Gewwe nsnonssaH npu 39 nauneHtn ¢ PX, npuetn
B YMBAIJ ,Apxnbagem Cutn KnuHuk — CbpaeyHo-Cb-
0oB LeHTbp“ — Codmsa, 3a nepuoga siHyapu 2013 1. un
toHn 2016 r. u pesyntatute npu Tax 6sixa cpaBHEHU
C pesyntaTute Npv cTaHgapTHaTa rpyna. EHgoBacky-
napHaTa MeToAMKa BKMYBA U3LANO NEepPKyTaHeH Cb-
goB goctbn (5 oo 7 Fr) cbC cenekTMBHO KaHnmMpaHe
Ha ObOpeyHaTa apTepus nocnefoBaTenHO BOSCHO U
BMSIBO U U3BbPLUBAHETO Ha Cepust OT 2-MUHYTHU pa-
AnodpekBeHTHN abnaumm.

O6wo 80 (67%) OT nauMeHTUTe nony4YasBaT CTaH-
AaptHa abnauus, kato npu 39 (33%) e u3BbpLUeHa
moguduumpaHa Y-obpasHa abnauuda. Knacmnyeckuar
CbAOB AOCTBN Npes3 a. hemopanuc ce n3nonsea npu
68 (57%) naumeHTn, gokato npu 51 (43%) ce nsnonsea
a. bpaxunanuc. [eHepBaunsa npe3 GpaxmaneH JOCTbM
ce n3sbpwm npu 20 naumeHTn (25%) ot ctaHgapTHaTa
abnaumoHHa rpyna u npu 31 (79%) ot rpynarta ¢ mogu-
duumpaHa Y-obpasHa abnaumsa (tabn. 1).

Bbnpekun nuncarta Ha paHgomMu3auus, ABeTe CpaB-
HSABaHW IPynn He ce pasnuyasar gemorpadckm nomex-
Ay cu (Tabn. 2).

Mpn BCUYKM NaUMEHTU € MOCTUrHaTa ,TEXHUYECKM
ycrnelwHa“ peHanHa geHepBauus, aeduHUpaHa KaTo
Havi-Manko Tpu Nesnu (NONoXWUTENHU 3a KPUTEPUN M-
negaHc-temrnepartypa) B ABete ObbOpeyHn apTepun.
lpynaTta ¢ mogudmumpaHa Y-obpasHa abnaumsa nony-
YaBa 3Ha4YMTErNHO MoBeYe Ne3nn OT CTaHgapTHaTa rpy-
na (Ta6n. 3).

points (up to 5) per artery and involving only the main
branch, applied in these 3 early studies. We performed
prospective registration of the peri-procedural results
and the clinical effect, comparing them with historical
control of patients treated by the same team by the
standard procedure (up to 5 denervation points only
on the main renal artery and with femoral access).
According to this new protocol, the aforementioned
catheter was used in 39 patients with RH admitted to
the Hospital of Acibadem City Clinic - Cardiovascular
Center, Sofia for the period January 2013 and June
2016 and their results were compared with those of the
standard group. The endovascular technique involves
fully percutaneous vascular access (5 to 7 Fr.) with
selective cannulation of the renal artery sequentially to
the right and left, and performing a series of 2-minute
radiofrequency ablation per point.

A total of 80 (67%) patients received standard
ablation and 39 (33%) received a modified Y-pattern
ablation. Classic vascular access, through the femoral
artery, was used in 68 (57%) patients, while in 51
(43%) brachial approach was used. Brachial access
denervation was performed in 20 patients (25%) of the
standard ablation group and in 31 (79%) of the modified
Y-pattern ablation group (Table 1).

Despite the lack of randomization, the two
compared groups did not differ demographically from
each other (Table 2).

In all patients, “technically successful” RDN,
defined as at least three lesions (positive for
impedance-temperature criteria) in both renal arteries,
was achieved. The modified Y-pattern ablation group
received significantly more lesions than the standard
group (Table 3).

Ta6nuua 1. CbOoB A4OCTHLN NPU NpoBeXaaHe Ha AeHepBauusaTa

Table 1 Patient procedural characteristics

demMopaneH JoCcTbN BpaxuaneH goctbn O6wo
Femoral access Brachial access Total
CraHfgapTHa AeHepBauus
P p 60 20 80
Standard denervation
Y-obpasHa AeHepBaums
P peal 8 31 39
“Y-Pattern” denervation
O6uwo
68 51 119
Total
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Tabnuua 2. UsxoaHu aemorpad)cku AaHHU Ha nonynauusTa

Table 2. Baseline population demographics

Bcuyku CraHpapTHa abnauus Y-obpasHa abnauus
All Standard ablation Y-pattern ablation

N =119 N =80 N =39
BbapacT / Age 6013 60 + 14 60 £ 14
Mon (Mbxe) / Gender (male) 61 (51.3%) 37 (46.3%) 20 (51.3%)
Mon (»eHu) / Gender (female) 58 (48.7%) 43 (53.7%) 19 (48.7%)
BMI (kg/m?) 28+4 28+4 27+5
AHTUXMMNEPTEH3VNBHN MEANKaMEHTM
Antihypertensive medication classes 5609 5.7 £0.91 56£1.0
CepyMeH kpeaTuHuH (mmol/L) / Serum creatinine (umol/L) 158 + 173 167 + 193 140 £ 121
AH (mm Hg) / BP (mm Hg)
OducHo cuctonHo AH / Office systolic BP 170 £ 16 70 £17 169 £ 13
OducHo anactonHo AH / Office diastolic BP 94 +£10 93+10 96 + 91
24 yaca cuctonHo AH / 24-Hour systolic BP 163+ 18 162+ 19 168 £ 18
24 yaca gnactonHo AH / 24-Hour diastolic BP 88+8 88+8 88+8
[HeBHo cucTonHo AH / Daytime systolic BP 167 £ 18 166 £ 18 168 + 18
[HeBHo anactonHo AH / Daytime diastolic BP 92+8 92+8 92+9
HowHo cuctonHo AH / Night time systolic BP 160 £ 19 159 + 21 161+ 13
HowHo anactonHo AH / Night time diastolic BP 84 + 11 84 +11 83+ 10
AHamHesa 3a cbpaeyHo-cbAoBo 3abonasaHe (N %)
Cardiovascular disease history (N %)
KopoHapHa aptepuanHa 6onect / Coronary artery disease 54 (45) 34 (33) 51
WHeynT/TUA / Stroke/TIA 9 (8) 7 (9) 5
Xunepxonecteponemus / Hypercholesterolemia 66 (55) 47 (59) 49
HacTosiwo TtoTioHonyweHe / Current smoking 17 (14) 9(11) 21
XpoHuyHo 6b6peuHo 3abonsisaHe / CKD 24 (20) 18 (23) 15

Ta6bnuua 3. CpaBHeHue Mexay ABeTe rpynu B npoMsiHaTa Ha CbOTBeTHUTE NapamMeTpu Npu npocneasBaHe

Table 3. Between Group comparison of blood pressure and other parameters at follow-up

MpomsAHa B 0(pMCHO M3mMepeHOoTO CraHpapTHa P
Y-o6pasHa abnauusi
[AMacTorNHO apTepuanHo Hanarade (mm Hg) abnauusa (CtanpaptHa vs Y-06pa3Ha an6auus)
Change in office diastolic BP (mm Hg) Standart Y-pattern (Standart vs Y-pattern ablation)
1 mecel, / 1 Month -8.0+13.2 -9.8+85 0.49
3 meceua / 3 Months -6.3+6.9 -6.4+9.0 0.96
6 meceua / 6 Months -5.0+£9.0 -9.9+10.8 0.01
MNpomsaHa B amOynaTopHO NU3MEePEHOTO
[AWacTONHO apTepuanHo HansiraHe (mm Hg)
Change in ambulatory diastolic pressure (mm Hg)
24-Yaca / 24-Hour -52+84 -6.2+10.0 0.61
[lHeBHO / Daytime -3.2+94 -5.6 £ 10.0 0.24
HowyHo / Night time -76+84 -6.5+11.5 0.56
KnacoBe aHTUX1NepTeH3MBHU MeAnKaMeHTn
49+11 53+0.8 0.07
Antihypertensive medication classes
06w 6pow neanmn
12.0+3.0 20.4+3.9 < 0.001
Total number of lesions
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Hama ronemn HexenaHu cbOVUTUSA MO Bpeme Ha
npouedypara unu B NocTnpoLeaypH1s neprog no Bpe-
Me Ha XxocnuTanu3auusita. PeHanHata peHepBauums
[oBefe 00 3HAaYMTENHO HaMansiBaHe Ha CUCTOITHOTO U
OMacTonHoTo odmcHo namepeHo AH Ha 1-Bus, 3-tna n
6-1a MeceL, Ha npocreasiBaHe v B ABeTe rpynu (Tabn.
3, dour. 1).

HamanssaHeTto Ha AH, nsmepeHoO B nekapckus
kabuHet (unu ,ocmncHo AH), Ha 1-Bus Mecel e 3Ha-
YMTENMHO MO-rONIAIMO B rpynata Ha moguduumpaHaTa
Y-obpasHa abnauusa B CpaBHEHME CbC CTaHOapTHaTa
rpyrna v YncrneHo no-ronsamMo Ha 3-tna un 6-ua mecey,
(cbur. 1). Mo cbwMA HAYMH, HAMANSBaAHETO Ha AuacTo-
NHOTO OPUCHO n3mepeHo AH e no-ronamo B rpynara
Ha mogudmumpaHaTta Y-obpasHa abnauus, Bbnpeky ve
pasnukata goctura cratucTudecka 3HauMmocT camMo
npu 6-mecevHo npocneasBaHe (tabn. 3).

Ha 6-usa wmeceu oT npocregsBaHETO CPefHOTO
24-yacoBo ambynaTtopHo AH, OHEBHOTO U HOLLHOTO
CUCTOMHO U anacTtonHo AH, HamangaeaTt 3Ha4YMTENHO OT
N3X04HUTE HUBa U B ABeTe rpynu (Tabn. 3, dur. 2).

Kakto 6e noguyepTtaHo, cTpateryaTa 3a npunaraHe
Ha RDN un3BbH npokcMmariHaTa 4yacT Ha rnaBHaTta ap-
Tepusi Npom3xoXxaa OT YOBELLKN XUCTOMOMMYHN 1 aHa-
TOMUYHN U XKMBOTUHCKM MPEOKNMHUYHM MPOyYBaHuUs,
NnokassalliM, Ye pa3CTOSIHMETO Mexay fyMeHa Ha cbaa
N HULLKOBWUAHWTE peHarHn HEPBHU BMakHa e No-mMarko
B AuCTanHuTe obnactu, KOeTo npegnonara vye guctan-

1 Month

3 Months 6 Months

-20

Change in Office Systolic Blood Pressure {mmHg)

-5
P=0.041 m Standard ® Y-Pattern
[P < D.001 vs baseline for all]

Standard N{%)
Y-Pattern N(%)

74(93%)
32(82%)

79(99%)
37(95%)

®dwur. 1. MNpomsHa Ha N3X0AHOTO OOMCHO M3MEPEHO CUCTOIHO apTepu-
anHo HansiraHe Ha 1-Bu, 3-Tu 1 6-u Mecel, cnep abnauus 3a rpynata
CbC CTaHAapTHa abnaums u rpynata ¢ Y-obpasHa aeHepBauus. Tab-
nuuarta nokasea 6pos Ha NauneHTUTe, HaNMYHK 3a NpocrneasBaHe

Fig. 1 Change in Office Systolic Blood Pressure from baseline at 1,
3 and 6 months post-ablation for the Standard denervation subgroup
and the Y-Pattern denervation group. The inlaid table indicates the
number of patients available for follows up at the intermediate time
points

There were no major adverse events during
the procedure or the post-procedure period during
hospitalization. RDN resulted in a significant
decrease in systolic and diastolic office measured
BP at 1, 3 and 6 months of follow-up in both groups
(Table 3; Figure 1).

The decrease in BP measured in the doctor’s
office (or “office BP”) at month 1 was significantly
greater in the modified Y-ablation group compared
to the standard group and numerically greater on the
3rd and 6th. Month (Figure 1). Similarly, the decrease
in diastolic office measured BP was greater in the
modified Y-ablation group, although the difference
reached statistical significance only a 6-month follow-
up (Table 3).

In the 6th month of follow-up, the mean 24-hour
outpatient BP, day and night systolic and diastolic BP,
decreased significantly from baseline levels in both
groups (Table 3; Figure 2).

As emphasized, the strategy for the administration
of RDN beyond the proximal portion of the main artery
originates from human histological and anatomical and
animal preclinical studies showing that the distance
between the lumen of the vessel and the filamentous
renal nerve fibers is less in the distal areas, suggesting
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[P<0,01 vs baseline for all]

®ur. 2. NMpomsiHa B 24-4aCOBOTO, AHEBHOTO M HOLLHOTO CpeaHO aMby-
NaToOPHO M3MEPEHO CUCTOMHO apTepuarnHo HansiraHe Ha 6-usi Mecel|
cnen abnauus. HanuuHa e nHdgopmaums 3a 80 naumeHTn (100%) ot
rpynarta cbC cTaHgapTHa abnaums v 3a 33 nauneHTun (87%) ot rpyna-
Ta ¢ Y-obpasHa abnauus

Fig. 2. Change in 24-Hour, daytime and nighttime mean ambulatory
systolic blood pressure at 6 months post-ablation. Paired data were
available for 80 (100%) of the Standard group and 33 (87%) of the
Y-pattern group
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HUTE HepBW MoraT ga 6bAaT no-ysi3BMMU KbM paguo-
4YecToTHa eHeprus (cur. 3).

Hactoawuar aHanu3 e Haw-ronemMusat eavHUYeH
KNWHWYEH JoKnag 4O MOMEHTa 3a MPUITOXKEHMETO Ha
mogundumumpaHata Y-obpasHa MeTtoguka Ha abnaums
npu nepkyTaHHa ObOpeyHa OeHepBaLus, npunaraHa
npu xopa (cHumka 1).

Hawwute pesynTtatv nokaseart, Ye Ta3u cTpaTerus
e OesonacHa 1 Bogu OO MO-rONsIMO HaMmarnsiBaHe Ha
OPUCHOTO cucTornHO U 24 vaca msmepeHoto AMAH
B CpaBHEHMe CbC CTaHAapTHMsA nogxopn (dowur. 1, dowur.
2), KaKTo M o0 nogobpeHue B nokasaTenute 3a Bapu-
abunHoct Ha AH. JocTbnbT A0 AMCTanHaTa 4YacT Ha
peHanHaTta apTepusi Npoab/iKaBa A Ce YCbBbPLUEH-
CTBa Ype3 HacCKopo BbBeAeHaTa cuctema oT crieBallo
MOKOMNEHME C MYNTUENEKTPOOHN KAaTETPU C HAOJTBXKHO
Haco4YBaHe M Bb3MOXHOCT 3a €QHOBPEMEHHO Npuna-
raHe Ha 4YeTUpu reoOMeTPUYHO LMPKYMAEPEHTHO AUC-
neprupanm nesun (katetbp 3a RDN Symplicity Spiral).

Mpe3 2019 r. 6e nybnmMKyBaHO KIMHUYHOTO PBKO-
BOACTBO 3a PX Ha TalrBaHCKOTO Apy>KeCTBO No Kapauno-
norus, B KOETO HAWKNAT onut 6e unTnpaH n 6e NnocoyeH
KaTo efHO OT OCHOBaHMsATa 3a NoBMLIABAHE Ha UHOW-
kaumsta 3a RDN [67]. Tesan HOBU Npenopbku npegna-
rat npynaradHeto Ha RDN, nanonasalla TexHonorus 3a
abnauus OT BTOPO MOKOMEHWE, Mpu HAKOM nogbpaHu
rpynu naumeHTu, cnegsarku cbkpawleHneto RDNi2: R
3a PX (HekoHTponupaHo AH BbMpeku npunaraHeTo Ha
MaKcUMarnHo TonepvpaHy 0o3W Ha rnoBede OT 3 Kna-
Ca aHTUXUNEPTEH3NBHMU MeOUKaMEeHTW 3a fnoBeye OT

RENAL DENERVATION

that distal nerves may be more vulnerable to RF energy
(Figure 3).

This analysis is the largest single clinical report
to date for the application of the modified Y-pattern
ablation technique in percutaneous renal denervation
in humans (Photo 1).

Our results show that this strategy is safe and
leads to a greater reduction in office systolic and 24-
hour measured AMBP compared to the standard
approach (Fig. 1; Fig. 2), as well as an improvement
in BP variability indicators. Access to the distal part
of the renal artery continues to be enhanced by the
recently introduced next-generation system with multi-
electrode catheters with longitudinal guidance and the
ability to simultaneously administer four geometrically
circumferentially dispersed lesions (Symplicity Spiral
renal denervation catheter).

In 2019 The Clinical Guideline of the Taiwanese
Society of Cardiology’s Hypertension Resistance was
published, citing our experience and cited it as one
of the reasons for increasing the indication of renal
denervation [67]. These new guidelines advocate the
application of renal denervation strategy using second-
generation ablation technology in some selective
group of patients, following the acronym RDNi2: R for
Resistant (BP uncontrolled under maximally tolerated
doses of BP-lowering drugs of more than 3 classes

A Proximal B wmiddie C  oisal

dwur. 3. Pasnpefenenvie 1 NNbTHOCT HAa 6bOpPeYHNTE CMMMAaTKKYCOBW HEPBW. PasnpeneneHneTo Ha HEpPBHUTE BnakHa e cTpaTuuLMpaHo cro-
pen obLus 6poii (Bcsika 3eneHa Todka npeactaenssa 10 HEPBHY BiakHa), OTHOCUTENHUS BPOW KaTo NPOLIEHT HA CErMEHT U Pa3CTOSIHUETO OT fy-
MeHa B npokcumanHa (A), cpegHa (B) n auctanHa (C) obnact. MatouHuk: Mahfoud F., Edelman ER, Bohn M; Catheter — based renal denervation
is no simple matter: lessons to be learned from our anatomy?. J An Coll Cardiol. 2014 Aug 19; 64(7):644-6 [71]

Fig. 3. Distribution and density of renal sympathetic nerves. The nerve distribution was stratified according to the total number (each green dot
represents 10 nerve fibers), the relative number as a percentage of the segment, and the distance from the lumen in the proximal (A), middle (B)
and distal (C) regions. Source: Mahfoud F., Edelman ER, Bohn M; Catheter — based renal denervation is no simple matter: lessons to be learned

from our anatomy?. J An Coll Cardiol. 2014 Aug 19; 64(7):644-6 [71]
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mecel); D 3a yBpega (naumeHTU ¢ gokasaHa opraHHa
yBpeaa, npuumHeHa ot AX (LeneBu OpraHu: MO3bK,
Ccbpue, 04N, KPbBOHOCHM CbaoBe, 6b6peun); N 3a He-
npuabpXaHe (MaumeHTUn, KOUTO He Ce NMPUAbPXKAT KbM
TepanusaTa nopagu NUYHW NPeanoYnTaHns UK Hey-
nobceTBo, 3abpaesHe, gemeHumsa 1 ap.); | 3a HeTone-
PaHTHOCT (MauMeHTU C AokasaHa HermoHOCKMMOCT KbM
MeaMKaMeHTU 3a NoHwkaBaHe Ha AH unu cTtpaHuyHm
edeKkTn KaTo epeKkTunHa AUCHYHKUUS, acTeHUS, NOMK-
aneprvs); 2 3a BTOpMYHa npuyvHa (NauneHTw, neky-
BaHW noBeye OT 3 MeceLa, NMpU KOUTO BCE OLLEe He ce
nocTura KOHTpon Ha AH, unu Hanuumne Ha HeobpaTumm
NPUYMHK, KaTo 6bOPEYHO NapeHXMMHO 3abonsiBaHe).

[Mo-HaTaTbLWHOTO YCLBBLPLUEHCTBAHE Ha METOOU-
KaTa n cpegcTteaTa 3a AeHepBaums, No-NpeaBuauMnsaT
edeKkT 1 onpefensiHeTo Ha TOYHUTE TapreTHU rpynu
Ou TpsbBano ga Hanpaes MO-mManko MHBa3UBHUTE U
no-egekTnBHU metoam 3a RDN no-npuenekaTenHu u ¢
No-BMCOK KNnac UHAMKaLMS 3a NpUoXeHne npu naum-
eHTn ¢ PX [52].

B cblwoTO Bpeme, B MHOXECTBO MpOy4YBaHWs ce
TecTBa xunotesaTa 3a KOMMSIEMEHTAPHU MO3UTUBHMU
edeKTn OT peHarnHa cMMnaTuKycoBa AeHepBauus npu
NaToriorMyHM CbCTOSIHUS KaTO CbHHA anHesi, 3axapeH
avaberT, npeacbpaHo mbxaeHe, CH. NMpes BTopara no-
nosuHa Ha 2020 rog. ce oyakBaT pesyntaTtute OT Te3un
NPOyYBaHWsi, KAKTO 1N pe3ynTatuTe OT NMpOoyyYBaHUs 3a
RDN ¢ gpyrv (omanyHmn (ynTpassyk) U XUMUYHU areHTu
(amkoxon), MPUINOXEHW WHTpaNyMEeHHO unu nepuag-
BEHTULMAIHO.

CHumka 1. Y-ob6pasHa abnauums ¢ katetbp Simplicity

Photo 1. Y-pattern ablation with Simplicity catheter

for more than 1 month); D for Damage (patients with
proven hypertension-mediated target organ (brain,
heart, eye, blood vessels, kidney) damage); N for Non-
adherent (patients non-adherent to therapy because of
personal preference or inconvenience, forgetfulness,
dementia, etc.); | for Intolerance (patients with proven
medication intolerance or adverse events of BP
lowering like erectile disfunction, asthenia, polialergia);
2 for secondary cause (patients treated for more than
3 months with BP still uncontrolled, or irreversible
causes, such like a renal parenchymal disease).

The further refinement of the denervation
methodology, the more predictable effect and the
identification of the exact target groups should make
the less invasive and more effective denervation
methods more attractive and with a higher indication
for use in patients with RH [52].

At the same time, the hypothesis of complementary
positive effects of RDN in pathological conditions
such as sleep apnea, diabetes mellitus, atrial
fibrillation, heart failure, has been tested in numerous
studies. The results of these studies are expected
in the second half of 2020, as well as the results of
studies on renal sympathetic denervation with other
physical (ulirasound) and chemical agents (alcohol)
administered in the muscular layer of the artery or in
the periadventitial space.
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nPer UHTEPBEHLUMWOHAJIHN METOOUKU OTHER INTERVENTIONAL METHODS
lMNepkyTaHHO Cb3aaBaHe Ha unrogemoparseH apte- Percutaneous creation of an iliofemoral

PVOBEHO3EH LUBHT C MOMOLLTa Ha MepKyTaHHa CUCTe-
Ma 3a cb3gagBaHe Ha A-B aHactomosa (Anastomotic
Coupler Il; Rox Medical) moxe ga goege 0o npoabI-
XUTENHO HamanseaHe Ha cucteMHoTo AH npu nayunex-
TU C XUMNEPTOHUS U XPOHNYHA OBCTpyKTMBHA 6ernoapob-
Ha 6onecTt (XOBB) [52]. YcTaHOBEHO € HeBYCMMCIIEHO,
ye XMPYPrMYHOTO OTCTPaHsIBaHE Ha KapoTUOHOTO Tenue
(glomus caroticum) npu nauMeHTn ¢ pecnupaTopHu 3a-
bonsiBaHus, kaTto bpoHxmnanHa actma u XObb, Boan oo
3HaunTenHo HamanseaHe Ha AH. VIHTepecHo €, Yye eqHO
CKOPOLLHO Npoy4yBaHe MnokasBa, Ye OCBEH MogabpKaHe
Ha onTMManHu HuBa Ha AH, gombnHUTENeH edekT npu
[OBYCTPaHHOTO OTCTpaHsiBaHe Ha KapoTUOHOTO TerLe ce
OkasBa nocrneasawarta xunornukemus [42)]. MNpegcroat
OOMbIHUTENHM NMPOYYBaHMS B Ta3n nocoka.

Juan Carlos Parodi n kon. ot bonHuua TpuHupag B
BbyeHoc Aiipec, ApxeHTunHa, npe3 2014 r., npeacrtaBat
NPOCNEKTMBHO, PaHOOMM3NPAHO, MHOFOLEHTPOBO W3-
cnefBaHe, M3BbpPLUBAKM MO BPEME Ha OTKpUTa XUPYp-
MMYHa KopeKLmMs Ha aHeBpM3ma Ha abgomMuHanHaTa aop-
Ta ¥ UNNaYHNTE apTepUn U XMpypruiHa AeHepBaumus Ha
peHanHuTe apTepun, Kato ce Bb3Mosn3eaT OT bnunsocTTa
Ha ObOpeyHMTE apTepuMn KbM XUPYPrMYHOTO More Mo
BpEME Ha OTKpuTa orepauusa 3a aopTHa aHeBpusMa 1
OKIy3MBHU 3abonsiBaHMs Ha aopTaTta U UnuavHuTe ap-
Tepuu. PesyntaTtuTe nokaseart, Ye MeToabT MOXe Aa Mno-
MOTHE Ha NauMeHTUTe Aa KOHTPoNMpar XMnepToHusTa u
ITOKO3HMSA TonepaHc, 6e3 aa nobassi 3HauMTenHa 3abo-
NAemMocCT 1 BpeMe B onepaumoHHaTa 3ana [32].

3AKNIOYEHUA U NEPCNEKTUBU

YCTaHOBEHO €, Ye CblLEeCTBeHa YacT OT xopaTa C Xu-
NepPTOHMSI Ca PE3UCTEHTHM Ha NleYeHre, U ToBa Ce NPeBPb-
La B 3HaYMM MeOUKO-coLmaneH u dpapmako-MKoHoMuYe-
Ckv Npobnem. HenpyabpxaHETO KbM MeAVKaMeHTO3HaTa
Tepanusi, HeycnewwHoTO pasro3HaBaHe W Jiekapckata u
naumneHTckaTa MHepumst ” ocTaBaT OCHOBHM MPUHYMHU 33
HeJoCTMraHe Ha LiennTe Ha TepanusTa B KIMHUYHWTE Npo-
yyBaHus npy naumeHTn ¢ PX. CbLuo Taka e BakHO da ce
OLIeHM HeobXoAMMOCTTa OT MO-UHAMBMOYanM3npaH MOHM-
TOpWHT Ha AH 1 ycTaHOBSIBaHE HanNMYMETO Ha CbMbTCTBA-
LM 3abonsiBAHUS KaTo MHCYMT UMM MPEXOOHN NCXEMUYHM
ataky, KOUTO MoraT LOMbIIHUTENHO [a Bb3NpenaTcTear
edMKacHOTO fieveHne Ha naumeHTm ¢ PX.

MbpBOHaYanHaTa KIMHWYHA OLeHKa, BKIYBaLLa
ambynaTopHO MoHuTOopupaHe Ha AH, e OT peluasaLlo
3Ha4YeHue 3a NoTBbPXXAAaBaHe Ha anarHosata PX, kakto n
NMOEeHTUULMPAHETO N TPETUPAHETO Ha BTOPUYHUTE NpU-
ynHn. apmakonornyHata Tepanus Tpsabsa ga ce oky-
cupa BbpXy ONTMMU3MPaHe Ha J03UTE Ha aHTUXMMNEPTEH-
3MBHUTE MEOVKaMEHTU U Oo0aBsiHE Ha MeOMKaMEHTU C

arteriovenous shunt with the help of a percutaneous
system for the creation of AV-anastomosis (Anastomotic
Coupler 1I; Rox Medical) can lead to a prolonged
reduction of systemic BP in patients with hypertension
and chronic obstructive pulmonary disease [52]. It has
been unequivocally established that surgical removal
of the carotid body (glomus caroticum) in patients
with respiratory diseases such as bronchial asthma
and chronic obstructive pulmonary disease results in
a significant decrease in BP. Interestingly, a recent
study indicates that, in addition to maintaining optimal
BP levels, an additional effect on bilateral carotid
body removal is subsequent hypoglycemia [42]. More
studies are ahead in this direction.

Juan Carlos Parodi and colleagues at Trinidad
Hospital in Buenos Aires, Argentina, in 2014,
presented a prospective, randomized, multicenter
study performed as part of open surgical correction
of abdominal aortic aneurysm (AAA) and iliac arteries
and surgical denervation of the renal arteries during
the open surgery for AAA and occlusive diseases of
the aorta and iliac arteries. The results show that the
method can help patients control hypertension and
glucose tolerance without adding significant morbidity
and time in the operating room [32].

CONCLUSIONS AND PERSPECTIVES

Asignificant proportion of people with hypertension
are resistant to treatment and this is becoming a
significant medical, social and pharmacoeconomic
problem. Failure to adhere to drug therapy, failure to
recognize, and “physician and patient inertia” remain
the main causes of underachievement of therapy
goals in clinical trials in patients with RH. It is also
important to assess the need for more individualized
monitoring of BP and to identify the presence of
comorbid conditions such as stroke or transient
ischemic attacks that may further impede the effective
treatment of patients with RH.

Initial clinical evaluation, including outpatient BP
monitoring, is critical to confirm the diagnosis of RH
as well as to identify and treat secondary causes.
Pharmacological therapy should focus on optimizing
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JonbfiBaly ce MeXaHn3Mu Ha LENCTBUE, KaTo Kpanblb-
NEH KaMbK B JNIEYEHNETO OCTaBa MbPBOHAYArIHOTO Jleye-
HMe ¢ KOMOMHMPAHETO Ha TPUTE NEeKapCTBEHN CpeacTBa,
OT MbpBa NNHKS 3a fle4eHne, B MakCMMariHo TofiepupaHa
po3a (A — C — D). Bbnpeku 4e nHtepBeHummTe, 6asvpanm
Ha yCTpoWnCcTBaTa, narnexaar epekTMBHN 3a HaMansiBaHe
Ha AH npu naumeHTuTe ¢ PX, TaxHaTa MHBa3MBHOCT, 3a-
BMCMMOCT OT YMEHUsITa 1 OnuTa Ha onepartopa Tpabea aa
ce pasrnexaar 3aegHo ¢ epmKacHOCTTa, NPUabPXKAHETO
KbM aftoBaHTHaTa Tepanus 1 LieHaTa Ha nekapcTBeHata
Tepanusi Npes3 Lenus XXMBOT. Ha To3n eTan, nepKkyTaHHaTa
RDN, npunoxeHa OBYCTPaHHO U €OHOBPEMEHHO BbpXY
OCHOBHAaTa peHarnHa apTepusi U HEMHUTE Pa3KIIOHEHWS,
nokasea Han-gobpwv pesyntatn. Heobxoammm ca gombi-
HUTENHW NPEOKIIMHUYHM 1 KIMHUYHU NpOoyYBaHus, 3a Aa
ce nomorHe npuv nogdopa Ha nauueHTu (NoTeHUmManHm
«PUCTOHAEPW»), 3a KOUTO € 0BOCHOBaHO Aa ce M3nornsa-
BaT 6asvpaHn Ha ycTponcTBaTa MEeToau, U ronemMm paH-
OOMU3MPaHN NPOCMNEKTUBHU KITMHUYHU U3NUTBaHUSA, 3a
Ja ce noTBbpAM TAXHaTa edmkacHocT n 6esonacHocT
npv nauueHTn ¢ PX.
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