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AHHOTOUMSA

B XXI Beke apTepuanbHasa runeptoHua (Al) octaeTca rnaBHOM yrpo3oii 340POBbO B3POC/IONO HAaceNeHUst 3eMHOrO LWapa, He-
CMOTPSA Ha peHOMEHa/IbHbIM NPOrpecc B PasBUTUM aHTUTUNEPTEH3MBHOM PpapmaKoTepanuu. CeroaHs B yC10BMAX AOCTYNHOCTU
6onee 60 opurMHaNbHbIX NPEeNapaToB AJ/151 CHAXKEHUA apTepuanbHoro aasnaeHus (AL), oTHocawmxcs K 10 papmakonormyeckmum
Knaccam, appeKTUBHbIN KOHTPOb Al focTUraeTcs He 6osiee Yem B NOIOBMHE C/lydaeB. NpuumnHon aBnaoTcs GyHAaMeHTa IbHblIe
orpaHuyeHus dapmakoTepanuu, T[/aBHble U3 KOTOPbIX — pa3BuTMe ¢dapmMaKonornyeckoin/GapmakoKMHETUYECKOM
TONEPAHTHOCTU («I‘IpI/IBbIKaHVIﬂ») K ,El,el7|CTBVHO npenapartoB, a TaKXe HEeBO3MOXHOCTb MNOJIHOCTbHO CO6I1PO,CI,aTb pexnmbl
npuema npenapartos Bcieacrsue 06beKTUBHOM ncTow,aemocCcTtmn HCVIXOCIJVIZ-!MOHOI'M"IGCKOVI d)YHKLI.VIM CaMOKOHTpPOAA. PeHanbHan
AeHepsauua (PAH) — HoBoe HemegMKaMeHTO3HOe nedyeHuwe Al, npeacTasaswoliee cob6oi MUHU-3EKTPOXUPYPruYeckoe
BMeLLaTeNbCTBO Ha CMMMNATUUYECKON cucteme no4yek, Korga ¢ nomoubro KaTeTepHOVI aﬁl‘laLl,VIM co3paeTcAa NOCTOAHHbIN 6A0K
nposegeHmMA HepBHbIX MMNYNbCOB MO NOYEeYHbIM HepBam, YTO B COOTBETCTBUU C d)YHKuMeIZ ajpeHopeuenTopoB B NOYKax
yBennuYMBaeT GUAbTPALMIO, YMEHbLUAET KaHa/bLLEBYIO peabcopbumto BoAbl M CHUMKAET KNyOOYKOBYHO CEKpeLuto peHuHa. Mocne
dopmanbHOM Heyaaum AaHHOro metoda B uccnegosaHmnm Symplicity HTN-3 ¢ ucnonb3oBaHMemM 04HO3NEKTPOAHON KaTeTepHO
cMcTemMbl MepBoro nokosieHus, POH 6bina npakTMyeckn nsobpeteHa 3aHOBO. B nepByto oyepenb, Obil paanKaibHO M3MEHEH
,CI,VI3aVIH, HOBbIE YCTpOﬁCTBa CTat MyNbTUINEKTPOOHbIMU, C TPEXMEPHBLIM NPOCTPAHCTBEHHbBIM PACNO/I0XKEHNEM INEKTPOAOB,
rapaHTUPYOLWMM MOJIHOCTbIO KPYroBOoe BO34ENCTBME M NOTHbIM KOHTAKT 3/IEKTPOAOB CO CTEHKOW apTepuun. Lpyrum
Ba*XHbIM yCOBEPLWEHCTBOBAHNEM CTa/la aHAaTOMMUYECKaA ONTUMMU3aUMNA nNpoueaypbl BMelwaTe1bCTBa C nepepacnpegeneHnem
BO3/J,el7ICTBI/Il7I B CermeHTapHble BeTBU noye4yHom apTepun, rge novye4vyHbole HepBbl MAaKCMMa/ZIbHO KOHUEHTPUPYHOTCA BOKPYTr
noYyeyHbIX COCya0B. B p,aHHOI7I CTaTbe npeacraB/ieH aHa/1n3 TeKyLLero pa3snTuAa ,L'J,aHHOVI Me,EI,MLI,MHCKOﬁ TeXHONOrmn, onpeaene-
Hbl NepCneKTuBbl ee p,aanel‘/'lmero MCNONb30BaHUA.

Kniouesble cnosa: apTepuanbHan rMNepPToHNA, CUMMNaTUYECKan HEPBHAA CUCTEMA, SHA0BACKYIAPHbIE BMELIATENbCTBA, pa-
AmMoYacToTHan abnaums.

KoH$AUKT uHTepecos: ABTOPbI 3aABAAOT 06 OTCYTCTBUM KOHPNNKTA MHTEPECOB.

Mpo3payHocTb pUHaHCOBOM HUKTO M3 aBTOPOB He MMeeT GUHAHCOBOW 3aMHTEPECOBAHHOCTM B MPEACTaBAEHHbIX MaTepuanax uan
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Abstract

In the 21 century, hypertension remains a major health threat to the adult population worldwide, despite the phenomenal
progress in the development of antihypertensive pharmacotherapy. Currently, the rate of pharmacological control of hyperten-
sion barely exceeds 50%. Indeed, pharmacotherapy is fundamentally limited by pharmacological/pharmacokinetic tolerance
(adaptation) to the drugs as well as by non-compliance of patients with treatment regimens due to depletion of their psycho-
physiological function of self-control. Renal denervation (RDN) is a new non-drug treatment of hypertension. Renal denervation
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consists of a mini-electrosurgery on the renal sympathetic system where a catheter ablation is used to create a permanent
block of conduction through the renal nerves. This procedure, in accordance with the function of the renal adrenergic recep-
tors, increases glomerular filtration, reduces tubular water reabsorption, and inhibits glomerular secretion of renin. After the
over-disputed failure of the early version of RDN using the first-generation single-electrode catheter system in the SYMPLICITY
HTN-3 study, therapy was virtually reinvented with a new three-dimensional multi-electrode design and an anatomically opti-
mized procedure. The new device design ensures deployment of the electrodes in a pre-defined fully circumferential pattern.
Moreover, this design provides a radial contact that presses the electrodes against the arterial wall thereby maximizing the
efficiency of radiofrequency (RF) tissue heating. Another major improvement of RDN therapy is the anatomical optimization of
the procedure by extending the treatment into the segmental branches of the renal artery where the renal nerves concentrate
the most around renal vessels. This article presents an analysis of the current state-of-the-development and future perspectives

of RDN therapy.
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B XXI Beke apTepuanbHas runeptoHus (Al) octaerca seay-
Len NPUUYNHON NpeXAEeBPEeMEHHOM CMepPTU U NoTepu Tpyao-
CNocobHOCTKN B3POC/IOro HacesneHusa B mupe [1], HecmoTps Ha
dbeHoMeHa IbHbIM Nporpecc B pasBUTUM apMaKoNOrMYecKnx
CNocoboB CHUXeHUs apTepuanbHoro AasneHus (A). B ne-
puoa, BKAOYAKOLWMA BTOPYIO NONOBUHY XX U MepByto AeKkaay
XXI BekoB, 6bln pa3paboTaHbl M BHEAPEHbl B KAMHUYECKYHO
NpakTuKy 6osee 60 OpuUrMHaAbHbIX AHTUIMNEPTEH3UBHBIX Npe-
napaTtos, oTHocAwmxca K 10 dapmakonormyeckum Knaccam u
MCMO/b3YIOLLMX BCE M3BECTHbIE MATOrEHETUYECKNE MEXaHU3-
Mbl aHTUTMNEpPTEH3MBHOro genctema. OaHako Al He cobupa-
eTcA caaBaTtbCA. Yncno Ay ¢ nosbliweHHbIM ALl npoaonkaet
pacTu Bo Bcem mupe [2], a yactoTa apdeKTMBHOro neyeHma Al
[axe B 9KOHOMMUYECKM Pa3BUTbIX CTPAHAX OCTAETCA Ha YPOBHE
npubnnsmtenbHo 50%, 4TO YKa3biBaeT HA OFPOMHYIO HeyAoB-
NIeTBOPEHHYIO MNOTPebHOCTb B /siIeueHMM gaHHoro 3abosnesa-
HUsA [3]. NMPUYMHBI XOPOLIO U3BECTHbI 3TO GYyHAAMEHTaNbHbIE
orpaHuyeHusa GapmaKkoTepanuu B LLESIOM, INTaBHbIMK U3 KOTO-
pbIX ABNAIOTCA Pa3BUTME TONEPAHTHOCTU («MPUBbIKAHMA») K
npenapaTam 1 HecnocobHOCTb NALMEHTOB MOIHOCTbIO CAef0-
BaTb PEXMMaM NPUEMA SIEKAPCTBEHHbIX CPEACTB.

MosTOpsAtOLWEECA B3aMMOAENCTBME IEKAPCTBEHHOIO Npe-
napara C COOTBETCTBYHOLLMMM MULLEHAMM B OPraHU3Me Yeso-
BeKa, byAb TO KNeTOYHbIE PELLENTOPbI UAN pepMeHTbI, KaTanu-
3MpytoLLe BUOXMMMYECKNE peakuumn, HensbeXKHO Bbi3biBaeT
a[anTaUMOHHbINA OTBET, HanpaB/eHHbIN Ha HeWTpaaMn3aLmio
3¢ deKToB BHELIHEro Bo3aencTaua. MexaHM3Mbl TaKOro oTee-
Ta MOTyT 6bITb Pa3ANYHbIMU. 11 KOHKYPEHTHbIX aroHUCTOB/
QHTArOHMUCTOB KNETOYHbIX PELENTOPOB — 3TO U3MEHEHWe
YYBCTBMTENbHOCTU M/UNN KOHLEHTPALMN COOTBETCTBYHOLWMNX
peuenTopoB-MULLEHEN, TaK, NpU nedYeHnn beta-bioKaTopa-
MW MOBbILIAETCA KOHLUEHTPALMA U YyBCTBUTENBHOCTb beTa-a-
OpeHopeLenTopoB K aapeHannHy n HopagpeHaauHy [4]. Ana
AHTUDEPMEHTHbIX NPENAPATOB — NEPEKOYEHNE TapreTUpy-
eMbIX BMOXMMMWYECKUX PeaKUWin Ha anbTepHATUBHbIE NYTW,
Hanpumep, nNpu nedeHnmn UAMOD reHepauua aHrMOTEH3MHA
Il MOKeT OCyLLEeCTBAATLCA C NOMOLLbIO XMMa3bl (CepuHOBOW
npoTeasbl), HEYYBCTBUTENbHOW K AaHHbIM npenapatam [5].

In the 21 century, hypertension remains the leading
cause of premature death and disability of the adult pop-
ulation worldwide [1] despite the phenomenal progress in
the antihypertensive pharmacology. In fact, during the sec-
ond half of the 20™ and the first decade of the 21 century,
over 60 original antihypertensive drugs from 10 pharmaco-
logical classes employing all known mechanisms of the an-
tihypertensive action had been developed and introduced
into clinical practice. However, hypertension is not going to
give up. The number of people with elevated blood pres-
sure (BP) continues to grow worldwide [2] whereas the
rate of hypertension control in population barely exceeds
50% even in the economically developed countries indicat-
ing a huge unmet need in the antihypertensive treatment
[3]. The causes of this problem consist in the well-known
fundamental limitations of pharmacotherapy including the
development of pharmacodynamic/pharmacokinetic tol-
erance to the drugs and inability of the patients to fully
comply with the treatment regimen.

Repeated interactions of a drug with its binding sites
inevitably trigger the adaptation response aimed at neu-
tralization of the external influence. The mechanisms of
such response may differ. For the concurrent agonists/
antagonists of the cellular receptors, it may be reciprocal
changes in the sensitivity and/or density of the receptors,
e.g. a beta-blocker administration is responded by the
increase in the concentration and the sensitivity of the
beta-adrenergic receptors to adrenalin and noradrenalin
[4]. In case of enzyme inhibitors, the targeted biochemi-
cal syntheses may switch to the alternative pathways. For
instance, in response to treatment with angiotensin con-
verting enzyme (ACE) inhibitors, the angiotensin Il may
be alternatively generated by chymase (serine protease),
which is insensitive to these agents [5].

Parallel to the development of the above described
pharmacodynamic tolerance, the presence of an exoge-
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MapannenbHo pa3suTuio GapmakoAnHaAMUYECKOW TolepaHT-
HOCTM NPUCYTCTBME NOCTOPOHHEr0 XMMMYECKOTO BELLECTBA B
naasme BbI3blBAaeT UHAYKLUMIO cneumnduyecknx dbepmeHTos,
yCKopAoLWMX buoaerpagaLmio 1 BblaeneHme 3Toro BeLLecTsa
M3 OpraHn3ma, AaHHbIA BUA afanTalMy NoNyYun HassBaHue
«papMaKOKMHETMYEeCKaa TosepaHTHOCTb». Hanpumep, wH-
OYKUMA UMTOXpoMmoB cemeictBa P-450 yckopsaeT buogerpa-
Jaumio 6eTa-6/10KaToOpOB, aHTAroHWCTOB KasbLuA, Topace-
Muaa u nHganamuaa [6]. HepaBHUIM cMCTEMATU3NMPOBAHHDIN
aHaNM3 NONYyAAUMOHHBIX U BONBLUMX KAMHUYECKUX UCCAen0-
BaHWUI NoKasan, 4yto npumepHo 10% naumeHTos c Al aBnatoT-
CA PE3UCTEHTHbIMM K 1EKAPCTBEHHOMY JIEYEHUIO, U pacnpo-
CTPAHEHHOCTb 3TOW IEKAPCTBEHHO-YCTONYMBOWN TMNEPTOHUMU
C TeYEHMEM BPEMEHM TONIbKO pacTeT [7]. Mpu 3ToM HamHoro
6o/bliee 3HaYeHMEe MOXKET UMETb YaCTUYHAA TONEPAHTHOCTb
K npenapaTtam, Koraa 3pdeKT neyeHna npucyTcTByeT, HO OH
3HauUTeNbHO ocnabneH. CuctemaTmyeckuit aHanms 354 paH-
AOMU3NPOBAHHBIX KNMHUYECKMX UCCNef0BaHUN aHTUrMNep-
TEeH3MBHbIX NpenapaTos, BKAoYatowmii 39 879 y4yacTHMKOB B
rpynnax akTMBHOTO JIe4eHUA, NOKa3bIBaeT, YTO CHUXKeHne ALl
npu MOHOTEPANWUKN NpenapaTamm U3 pasHbIX K1accoB ABNAET-
CA NPUMEPHO OAMHAKOBLIM U B CPeHEM COCTaBAAET BCEro
Anwb 9,1 Mm PT. CT. CUCTONNYECKOTO U 5,5 Mm pT. CT. Anacrto-
JINYECKOro [aBleHuA, 4YTO, HECOMHEHHO, CBUAETENbCTBYET
0 4YpesBbl4aliHO BbICOKOW PACMpPOCTPAHEHHOCTU YacTUYHOM
TONEPAHTHOCTU K aHTUrUNepTeH3uBHOU dapmakoTepanum
[8]. Mo cBoei cyTn, aganTauma K 3K30reHHOMY BAUSAHUIO —
HEeOTbeM/IEMOE CBOMCTBO BCEX KMBbIX OPraHM3MOB, U, CO-
OTBETCTBEHHO, TO/IEPAHTHOCTb K aHTUTMMEPTEH3UBHBIM Npe-
napatam pa3BMBaEeTCA BO BCEX Cy4anX, HO BapbupyeT OT Ya-
CTUYHOro ocnabneHua adpdeKkta 40 NONHOW NeKapCTBEHHOM
YCTONYMBOCTM.

He meHee cepbesHoi npobnemoit dpapmakoTepanuu fAe-
NAeTcA HecobnlogeHMe PEXMMOB NMPUEeMa SIeKapCTBEHHbIX
npenapatos. Tonbko 50-66% naumMeHToB, KOTOpbiM Oblia
Ha3HayeHa aHTMrMnNepTeH3MBHaA papmaKkoTepanusa, NpoaoN-
KaloT NPUHMMATL ee B TeyeHue roga [9]. C nosnumin ncuxo-
du3monornmn dapmakoTepanua B BuAE CaMOKOHTposMpye-
MOro npuema npenapatoB — 3TO LE/Nb-OPUEHTUPOBAHHOE
nosegeHve, obecneynBaemoe UCNONHUTENbHOW (yHKLMEN
co3HaHuA. o cBoel Npupoae co3HATeNbHbIN KOHTPOAb MO-
BEAEHUA WM CaMOKOHTPO/Nb SBASETCA MHIMOUPYIOLLUM,
T. €. NnpeacTaBnseT coboit KOrHUTUBHbLIM NPOLLECC aKTUBHOTO
noaBNeHUA ecTeCTBEHHOIrO WAWN MPUBLIYHOIO NOBEAEHUA B
nosib3y peanun3aumun Lenb-OpUEHTUPOBAHHOTO NOBEAEHMUA.
JaHHbIN npouecc cBA3aH C aKTUBHOCTbIO NpedpoHTaIbHON
W nepesHen meamanbHOM KOpbl TONOBHOIO Mo3ra, Tpebyet
3aTpaT IHEepPrumn 1 ABAAETCA UCTOLLAEMbIM PECYPCOM Nponop-
LMOHaNbHO MHTEHCMBHOCTM Mcrnonb3oBaHua [10]. Uctowe-
HUe QYHKLMU CAMOKOHTPONA 03HAYaET NOJIHYIO UK YacTuu-
HYI0 HEBO3MOXHOCTb LLe/Ib-OPUEHTUPOBAHHOIO NOBEAEHMS,
B A@aHHOM KOHTEKCTE — MpMemMa NpenapaToB B COOTBETCTBUM C
MHCTPYKLMEN, HAaNpUMep 13-3a HEBO3MOXKHOCTM COXPaHEHMA
MHbOpMaumMmM o 3agaye B paboyeit namaTn cosHaHua [11].
Takum 06pasom, HEBO3MOMKHOCTb MOSIHOCTbIO BbIMOAHATb
WMHCTPYKLMM NO NpMemy NpenapaTos — 3T0 06bEKTUBHbBIN de-
HOMEH UCTOLLEHMA ncuxodusnonormyeckon dyHkumm. Ove-
BMAHO, YTO UCTOLWLEHWNE AAHHOM GYHKLMM PAHO MAU NO3LHO

nous substance in the plasma triggers induction of specif-
ic enzymes facilitating biodegradation and elimination of
the drug from the body. This type of adaptation is termed
pharmacokinetic tolerance. For example, induction of
P-450 cytochrome family enzymes accelerates biodegra-
dation of the beta-blockers, calcium antagonists, torase-
mide, and indapamide [6]. Recent systematic analysis of
the population-based and large clinical studies showed
that approximately 10% of patients with hypertension are
apparently resistant to the drug treatment and the prev-
alence of the drug resistant hypertension is increasing
over time [7]. However, much greater impact may have
partial tolerance when the treatment effect is present,
but significantly attenuated. The systematic analysis of
354 randomized studies of antihypertensive drugs involv-
ing 38,879 participants in the groups of active treatment
showed that blood pressure-lowering effect of monother-
apy is remarkably small for all categories of antihyperten-
sive drugs with the mean value across five major classes
of only 9.1 mm Hg for systolic and 5.5 mm Hg for diastolic
BP, which, undoubtedly, suggests the high prevalence of
partial tolerance to the antihypertensive pharmacothera-
py [8]. In essence, an adaptation to the exogenous influ-
ences is an inherent property of all living organisms and,
thereby, tolerance to antihypertensive drugs naturally de-
velops in all cases, but it varies from a partial attenuation
of the effect to a complete drug resistance.

The second problem is not at all easier. Only 50 to 60%
of hypertensive patients follow prescribed drug regimen
for a year [9]. From the standpoint of psychophysiology,
the pharmacotherapy in the form of a self-controlled drug
intake is a goal-oriented behavior resulting from exec-
utive functions of the human brain collectively referred
to as cognitive control. By essence, cognitive control of
a behavior is inhibitory i.e. it is a process of active inhi-
bition of the natural or routine behavior in favor of the
goal-oriented behavior. This process is associated with the
activity of the prefrontal and anteromedial cortex and is a
limited resource, which may be exhausted with the inten-
sive use [10]. Depletion of the self-control function means
complete or partial inability of the goal-oriented behav-
ior, in this context, inability to follow the prescribed drug
regimen, for example, because the information about the
task is no longer stored in working memory [11]. There-
fore, non-compliance is an objective phenomenon of
use-dependent depletion of psychophysiological function.
Obviously, the depletion of cognitive control occurs in all
cases of self-administration of antihypertensive drugs,
but, similarly to the above described phenomenon of drug
tolerance, varies to a great extent from the short-term
drug holidays and/or partially incomplete drug intake to
complete treatment abandonment. The use of cognitive
control is minimal when the therapy is short-term, each
drug intake brings notable symptoms relief, and regular
drug treatment is associated with progressive improve-
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BO3HMKAET BO BCEX CYYAAX, HO, KaK M NpeaplayLime ABNeHUs,
MOKET BapbUpPOBaTb B LUMPOKUX Npeseniax OT KPaTKoCpOou-
HbIX «N1E€KAPCTBEHHbIX KaHUKYN» U/UAM YaCTMYHOro npuema
NleKapcTB A0 MOMHOrO OTKasa OT fedveHuA. Micnonb3oBaHue
bYHKUMN CAMOKOHTPONA MUHWMMAJIbHO, KOrAa mMeauKameH-
TO3HaA Tepanua ABNAETCA KPAaTKOCPOYHOM, KaxAablh npuem
npenapata NpPUBOAUT K OLLYTUMOMY ODO/er4eHUI0 CUMMTO-
MOB, @ perynsipHoe neyeHue CBA3aHO C MOCTEMNEHHbIM ynyY-
LUeHnem cocTofHMA. HanpoTue, AnnTenbHaA NPOAONKUTENb-
HOCTb NleyeHuns, 6eccMMNTOMHBIN XapakTep 3abonesaHwus,
CNOXKHbIE PEXMMbl MpUema NeKkapcTs, NoboyHble 3bdeKTbI
3HAYUTENBHO YBENNYMBAOT MHTEHCUBHOCTb MCMO/Ib30BaHUA
bYHKUMM CaMOKOHTpONA. AHTUTMNEPTEH3MBHAA GpapmakoTe-
panua — MOXW3HEHHbI CAMOKOHTPONMPYEMbIA NPUEM He-
CKO/IbKMX NPEenapaToB B Pa3HbIX A033aX U C pa3HOM YacTOTOM,
06bIYHO He CBA3AHHbIW C 3aMETHbIM Yay4LUEHUEM COCTOAHUA
nauuyeHTa unn obaeryeHmem cumntTomos 3aboneBaHus, No3-
TOMY UCMOAb30BaHNE CAMOKOHTPONA B 3TOM C/ly4ae ABAAeT-
€Sl MAKCMMANIbHO MHTEHCUBHbIM, YTO HEM3BEXKHO NPUBOAUT K
€ro YaCTbIM UCTOLLEHMAM. bblI0 NOKa3aHoO, YTO AaxKe B CTPOro
KOHTPO/IMPYEMBIX KNMHUYECKUX UCMbITAHUAX aHTUIUMNEPTEH-
3MBHbIX NpenapaTtos B cpegHem 30% NauMeHTOB XPOHUYECKHN
He cobntofatoT NpeanncaHHble pexnmbl Ux npuema [12], n
3TO HEeCMOTPA Ha WUCMOAb30BaHWE B TaKUX UCCNEL0BaHUAX
MY/NIBTUMOAA/NbHBIX CTPATErMn MO YNYYLLIEHUIO NPUBEPIKEH-
HOCTW K JIeYEHMUIO, BKIIOYAIOLLMX aKTMBHOE 0bLLeHMe naum-
€HTa C BpayoMm, npepoctaBieHne MHOOPMALMOHHbIX MaTe-
pWanos, NCNONb30BaAHME PA3/IUYHbBIX METOA0B HANOMUHAHMA
0 HeobXxoAMMOCTV NpMema NpenapaTos, KOHCYILTUPOBaHWNE
B pexkume 24/7, 6ecnnaTHyto Bblaady NE€KapPCTB, NOACHET KO-
JIMYecTBa MCNOb30BaHHbIX TaBNETOK U T. 4,

®PyHAaMeHTaNbHbBIA  XapaKTep BblWEONUCAHHbIX MNpo-
61em CoCTOUT B TOM, YTO, MO CBOEW CYTW, 3TO NPOSABAEHUA
romeocTtasa, [MIaBHOrO M YHWBEPCA/IbHOTO CBOWMCTBA BCeX
YKMBbIX OPraHN3MOB, 3aK/1H04AIOLLLErOCA B aKTUBHOM noanep-
YKaHUN CTabUNbHOCTM CBOEro COCTOAHWA, NPOTUBOLENCTBYA
BHELIHWM BO34ENCTBUAM, B AaHHOM cnyvyae dbapmMakonoru-
Yyeckmm. B aTom cmbicne passuTne dapmakogmHaMUYECKOM,
bapMaKOKMHETUYECKOW TONEPaHTHOCTU K MpenapaTtam, ncu-
XO/I0rMYecKoe CONpOTUBNEHNE HeecTecTBEHHON dopme no-
BeAEHMUA, KaKylo nNpeactaBnser cobon ANUTeNbHbIM Npuem
MeANKAMEHTOB, MUCTOLLEHNE NCUXoPuanonormdeckmnx GyHK-
LM, obecneynBatowmnx Takoe NoBeaeHNe, ABAAIOTCA CNeLm-
OUYHBIMM 3aLUTHBIMU MEXaHU3MAMMU, KOTOpble He MOoryT
6bITb NOHOCTbIO NPeOAOEHbI 63 CeEPbe3HbIX NOCAEeACTBUM
A7 OPraHn3ma 1 Co3HaHMA YenoBeka. Takum obpasom, BO3-
MOXHOCTU dpapmaKkonoruyeckoro neveHusa Al dyHaameH-
Ta/IbHO OrPaHUYEHbl U CEroAHA NPaKTUYECKN NONHOCTbIO UC-
YyepnaHbl HACTO/IbKO, YTO Aa/IbHENLLMIA NPOrpecc B KOHTpoe
Al MOXKET 6bITb LLOCTUTHYT TONIbKO C NOMOLLLbIO HOBbIX HEMe-
OVNKAMEHTO3HbIX METOA0B JIeYEHUA.

MoTeHUManbHO MHoroobewaoWwmMm HanpaBaeHMEM B
[AHHOM OTHOLLEHUWN ABNAETCA YPECKOXKHAA peHanbHaa Je-
HepBauusa (POH) — MWHKM-INEKTPOXMPYPrUYECKOe BMeELLA-
TENbCTBO HA CMMNATUYECKON cUCTeme MNoyek, Korga c no-
MOLLbIO KaTeTepHoM abnauum co3paetca NMOCTOAHHbLIN 610K
NpoBeAeHNA HEepPBHbIX MUMMY/AbCOB MO MOYEYHbIM HEPBAM.
MpekpauieHne cTumynaumm abdepeHTHbIx ala-, alb- u B-a-

ment in the condition. On the contrary, long treatment du-
ration, asymptomatic course of the disease, complicated
drug regimens, and side effects significantly increase the
use of cognitive control for the drug treatment. Antihyper-
tensive pharmacotherapy is a lifelong self-administration
of multiple drugs in different doses and with different fre-
qguency that typically is not associated with noticeable im-
provement in patient’ condition or symptoms. Therefore,
the use of cognitive control is maximal in this case, which
inevitably leads to its frequent exhaustion. It has been
shown that even in strictly controlled clinical trials, on av-
erage, 30% of the subjects are persistently non-compliant
with the treatment regimens [12] despite the use of the
multimodal strategies to improve treatment adherence
including intensive patient—physician communication, in-
formation materials, remainder systems, 24/7 consulting,
free drug dispensing, tablet counts etc.

By nature, the above-described phenomena represent
homeostatic responses. Homeostasis is the fundamental
feature of all living organisms, which may be characterized
as a natural resistance to changes in the condition or
active maintaining of the steady state including protection
against the external influences. That is, the development
of the pharmacodynamics/pharmacokinetic tolerances
to the drugs and the psychological resistance to such
unnatural form of behavior as long-term drug intake are the
specific defense mechanisms, which cannot be overcome
without serious consequences for the stability of the
human organism. Thus, the pharmacological treatment
of hypertension is fundamentally limited whereas the
potential of its further development is almost completely
exhausted. No doubts the further progress in BP control
will totally rely upon the new non-pharmacological
treatments.

The potentially promising approach in this regard is
percutaneous renal denervation (RND), which, in essence,
is mini-electro-surgical intervention on the renal sympa-
thetic nervous system, when catheter ablation is used to
create a permanent block of conduction of both efferent
and afferent nerve impulses through the renal nerves. Ter-
mination of the efferent stimulation of the ala-, alb-, and
B-adrenergic receptors in the kidneys, in accordance with
their function, increases renal blood flow and glomerular
filtration, decreases the tubular reabsorption of Na* and
water, decreases the juxtaglomerular secretion of renin.
A blockade of the afferent stimuli decreases the central
sympathetic tone. The strong physiological rationale and
remarkable successes of the catheter-based interventions
in other fields of medicine gave rise to the expectations
of high antihypertensive efficacy of RDN. Indeed, the first
uncontrolled and relatively small Symplicity HTN-1 [13]
and Symplicity HTN-2 [14] trials met these expectations
and demonstrated the safe and powerful BP decrease af-
ter RND, on average, by 30/15 mm Hg. However, the first
rigorously designed randomized sham-controlled trial of
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ApeHOopeLLenTopoB B NOYKAX B COOTBETCTBUMN C UX GYHKLMeEN
yBE/IMYMBAET NOYEYHbIN KPOBOTOK U KAybouKoBYIO dUAbTPa-
LMo, YMEHbLUIAeT KaHasbuesyto peabcopbumio Na v Boapl,
CHUKAEeT IOKCTarIoMepYNAPHYIO CeKpeLmto peHnHa. baokaga
nposeaeHna apdepeHTHbIX CTUMYIOB CHUMKAET LEHTPAIbHbIN
cMMNaTMYeckuit ToHyc. MNpamoe dusmonornyeckoe ob6ocHo-
BaHWeE U CYLLECTBEHHbIW yCrex S3HA0BACKYAAPHbIX TEXHOIOTUI
B APYrnx 0baacTax mMmeauuMHbl NOPOANIN OXUAAHUA BbICO-
KOl runoteHsnsHou apdektusHoctn PAOH. MepsBble OTHOCK-
TenbHOo Hebonblume uccnegosBaHua Symplicity HTN-1 [13],
Symplicity HTN-2 [14] noaTBepAavnn paHHble OXWOAHMUA,
NPOAEMOHCTPUPOBAB BO3MOMKHOCTb HE30MACHOIO CHUMKEHUA
ALl c nomoulbto POH B cpeaHem Ha 30/15 mm pT. cT. OaHako
nocnefoBaBLlee 3a HUMU KPYMHOE CTPOro KOHTpoAupyemoe
ucnbitaHmne Symplicity HTN-3 [15] noctaBuio apdpeKkTMBHOCTb
POH nopa Bonpoc, Bnpoyem, OBO/IbHO HEOXMAAHHbIM CNOCO-
60M: He M3-3a OTCYTCTBMA CHUNKeHWA ALl nocne BmellaTesb-
CTBa, a bnarogapsa HeoXxunaaHHoO 6onbWOoMy CHUKeHUto ALl B
KOHTPOJIbHOM rpynne, TakK, YTO pas3vuna mexay rpynnamu
0Ka3aNnCb HEe3HAUNTENbHBIMM, YTO Ob11I0 POPMANBHO UHTEP-
NPeTUPOBaHO KaK HeAoKasaHHaa 3ddekTuBHOCTb. OaHaKo
[eTanbHbI aHann3 pe3ynbTaToB 3TOr0 MUCC/ef0BaHMA 3a-
CTaBNAET YCOMHUTBLCA B NPaBUIbHOCTM JAHHOIO BbiBoAa. Kak
oducHoe, Tak U ambynatopHoe cuctonmyeckoe ALl npogne-
MOHCTPUPOBANN CTAaTUCTUUECKN 3HAYMMOE CHUXKEHME nocae
POH: 14,13 +23,93 1 6,75+ 15,11 mm pT. CT. COOTBETCTBEHHO,
p < 0,001 B 06oux cnyyasx. Tonbko 6aarogaps TOMy, UTO CHU-
*eHue A/l B KOHTPOIbHOW rpynne oKa3anoCb COMNOCTaBUMBbIM:
11,74 +251n 4,79 £ 17,25 mm pT. CT., pa3HMLLA MeXAy rpynna-
MW OKaszanacb HesHaummol (2,39 1 1,96 mm pT. CT. COOTBET-
CTBEHHO). AHaNU3 AaHHbIX B nogrpynnax [16] nokasan, yto y
adpoamepuKaHLEeB, y4acTBOBABLUMX B 3TOM MCCNef0BaHUM,
6bin 6onee BbiparKeHHbIM oTBeT ALl B KOHTPONLHOW rpynne,
yem nocne POH: 17,8 mm pT. cT. npotms 15,5 mm pT. CT. co-
OTBETCTBEHHO (0ducHOe cucTonmyeckoe Afl). 3To pasnuune
CTAHOBMTCA HAMHOrO 6ONblUE, €CIM B CPAaBHEHUN YYaCTBYHOT
TO/IbKO adpoamepurKaHLLbl, Y KOTOPbIX B 1€YEHUM NMPUCYTCTBO-
Banu Basogmnatatopol: 21,9 npotme 12,3 mm pT. cT. HaKkoHew,
COrNacHO AaHHbIM UCCNeAO0BaHUA, Ba30AMNATaTOPbI 3aMEeTHO
Yallle UCMOo/b30BaIMCb B KOHTPO/IbHOW rpynne, 4em B rpyn-
ne PAH. B cymme gaHHble $aKTbl N03BONAKOT 060CHOBAHHO
NpeanonoXnTb, YTo bonee yactoe nedeHne appoamepmKaH-
LeB Ba304mMAaTaTopaMu B KOHTPO/IbHOW Tpynne B co4eTaHuK
c 6onee BbIparKeHHOW rMNOTEH3MBHOW 3GPEKTUBHOCTbIO Ba-
304MN1aTAaTOPOB Y AAHHOM KaTeropmMm NaumMeHTOB U CTano oc-
HOBHOM MPUYMHOMN HEOXUAAHHO CUNBHOrO CHUXeHuAa All B
KOHTPOJIbHOM rpynmne u, Kak cneacTBue, OTCYTCTBUA CTaTUCTU-
YeCcKM 3HAYMMOM pasHULLbI Mexay rpynnamu. [laHHoe npea-
NONOXKEHUE NOJMIHOCTbIO NOATBEPKAAETCA NPU UCKIOYEHUN
adpoamepuKaHLEeB U3 aHanM3a. B astom cnyyae cHukeHne ALl
B rpynne PAH, Kak n npeanonaranocb, OKa3blBaeTcA 3HAYNMO
(nouTtn B 2 pasa) 6onblie, Yem B rpynne KoHTpona: 15,2 npo-
TMB 8,6 MM PT. CT. (pa3HMLLA Mexay rpynnamu 6,6 Mmm pT. CT.;
[95% AW 11,8; 1,4], p < 0,01).

OpHako pasnmuua B papmakoTepanmm mexay rpynnamu
He MOryT 06bACHUTL L4OBO/IBHO YMEPEHHYIO abCONOTHYIO
BeNIMunHY addeKkTa cHmKkennsa ALl B8 rpynne PAH. OgHoi n3
NPWYKH, NO AaHHbIM UCCNEA0BAHMUSA, MOT/I0 BbITb TEXHUYECKK

RDN, Symplicity HTN-3 study [15], challenged the effica-
cy of the intervention though in a quite unexpected way,
not because there were no significant BP reduction in the
RDN arm, but because there was unexpectedly high and
significant BP reduction in the control arm so that the dif-
ference between the arms was insignificant, which was
formally interpreted as that the efficacy endpoint was not
met, and, thereby, the BP lowering effect of RDN was not
demonstrated. However, the detailed post-hoc analysis of
the study data raises serious doubts in the validity of this
conclusion. In fact, both office and ambulatory systolic BP
decreased significantly in the RND arm: 14.13 + 23.93 and
6.75 £ 15.11 mm Hg, respectively (p < 0.001 in both cases).
The negative result of the trial is completely driven by the
comparable BP decrease in the control group (11.74 £ 25
and 4.79 £ 17.25 mm Hg), which is solely responsible for
the insufficient difference between the study arms: 2.39
and 1.96 mm Hg, respectively. The analysis of the data in
subgroups [16] have shown that the African Americans
participating in the study had more pronounced BP re-
sponse in the control group than that after RND: 17.8 mm
Hg versus 15.5 mm Hg, respectively (office systolic BP).
This difference becomes much higher when the compar-
ison involves only those African Americans whose treat-
ment included vasodilators: 21.9 versus 12.3 mm Hg. Fi-
nally, according to the study data, the vasodilators were
used more frequently in the control group than in the RND
group. Taken together, these facts allow to reasonably
suggest that the more frequent treatment of the African
Americans with the vasodilators in the control group, and
the more pronounced blood pressure lowering effect to
the vasodilators in this category of patients (compared to
other study participants) were, in essence, the true reason
for the unusually strong BP reduction in the control group
and insignificant difference between the groups. This sug-
gestion is confirmed by the fact that after exclusion of the
African Americans from the analysis, the BP decrease in
the RND group in full accordance with the expectations is
significantly higher (almost two-fold) than in the control
group: 15.2 versus 8.6 mm Hg; with the significant differ-
ence between the groups of 6.6 [95% Cl 11.8;1.4] mm Hg
(p < 0.01).

However, the variations in pharmacotherapy cannot
explain a quite moderate BP reduction in the RND
group. According to the study data, the likely reason is
the technically incomplete procedure in the majority
of cases. In particular, fully circumferential treatment
of renal arteries on both sides was performed only in =
6% of patients, whereas, in the rest of the patients, the
treatment was circumferentially incomplete on one
or even two sides. It has been found that the extent of
BP reduction strongly depends on the circumferential
completeness of the treatment. In patients with fully
circumferential treatment on both sides, the decrease
of 24-hour systolic BP was 10.3 [95% Cl 21.1;0.4]
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HEenosIHoe BbINOJHEHWE Mpoueaypbl B 3HAYUTENbHOM
KONM4YecTBe cayvyaeB. B 4acTHOCTM, NONHOCTbIO Kpyrosoe
BO34eNcTBME C 06enx CTOPOH Obl10 BbINOJHEHO TOJ/IbKO
npumepHo y 6% nauMeHTOB, B TO BPEMSA KaK y OCTaJibHbIX
BO34eNCTBME ObINO HEMONHbIM C OAHOW WAW Jaxke ABYX
CTOpPOH. Bblo 06Hapy:KeHo, 4To 3ddEKT cHUKeHua Af
CyLLLECTBEHHO 3aBMCUT OT MOJIHOTbI KPYroBOro BO34EMNCTBUA.
Tak, y NauMeHTOB C MNOMHOCTbIO KPYroBbiM BO34EMNCTBUEM C
obeunx CTOpoH CHUXeHne 24-4acoBOro cuctosimyeckoro AL
6bin0 10,3 mm pT. cT. [95% AU 21,1; 0,4], a y nauMeHTOoB, Y
KOTOPbIX KPYroBOro BO3AEMUCTBMA HEe YAan0Ch AOCTUYb HU C
O/IHOW CTOPOHbI, TO/IbKO 6,3 MM pT. cT. [95% AU 8,2; 4,3].

OTpuuaTtenbHbii  pesynbTaT uccnegosBaHusa Symplicity
HTN-3 cTMMynMpoBan aKTUBHbIM MOWUCK CTpaTernin nosbl-
weHuna addektnsHoctn PAOH, 13 KOTOpbIX ceroaHsa ycnew-
HbIMW OKas3asucCb ABe: pa3paboTKa TpexmepHoro AusaiHa
YCTPOWCTB, rapaHTUPYHOLLEro NONHOCTbIO KPYroBoe BO34ei-
CTBME B apTepuu, U aHAaTOMMUYECKaa ONTMMMU3AUUA BMella-
TenbcTBa. lNepsblii nogxon 6bln peannsoBaH KOMMNaHWUA-
mu-npoussoautenamu cuctem PAH. Yactaa HEBO3MOMXKHOCTb
OCYLLLEeCTBUTb NOJIHOCTbIO KPYrOoBOE BO3AENCTBUE B apTepum,
BblfiBNIeHHan B nccnegosaHum Symplicity HTN-3, 6bina oby-
CNnoBAEHa OrpaHNYEeHUAMM AN3aHA paHHeN BepCumM yCTpom-
ctBa Symplicity Flex. KaTeTepbl nepBoro NoKoneHuaA ¢ eanH-
CTBEHHbIM 3/IEKTPOAOM Ha OTK/JIOHAEMOM KOHLLEBOW 4acTu
obecneynBanm BbICOKYIO MTMBKOCTb MaHUNYyAALMI M BblbOpa
No3nLUMK B apTepUAX, OAHAKO AOCTUNKEHNE XOPOLLEro KOH-
TaKTa CO CTEHKOW 6blN0 3aTPYAHUTENbHBIM M3-33 AOBOJIbHO
MArKOM KOHEYHOM YacTu KaTeTepa, 0cobeHHO B nepegHeit/
334HeN MNO3NUMM, KOTr4A KOHTAKT 3/1IeKTpoAa CO CTEHKOMU
He BUAEH M3 0ObIYHbIX aHrMorpaduyeckmnx npoekuuii (AP,
RAO 20). Pa3paboTunmKamm yCTPOMCTB BblN NPeaioxKeH pasg,
KOHCTPYKTMBHbIX pelueHuid, 3GPeKTUBHO rapaHTUpPyOLmMX
NO/MIHOCTbIO KPYroBOoe BO34eNCTBME 33 cYeT QUKCUPOBAH-
HOTO PaBHOMEPHOrO PacMnoIOKEHUA 3/1eKTPOL0B, Hanpwu-
Mep, CaMOYCTaHaB/IMBAOLMINCA CNMPAbHBIN KaTeTep C Ye-
TbipbMAa 3/1eKTpodamu (Symplicity Spyral), pacnpasnaemas
NPOBO/IOYHAA KOP3MHKA TaKXe C YeTbipbMA 3/1eKTPoAaMMU
(EnligHTN), 6annoHbl C pPaBHOMEPHbIM PaCMoJIOKEHNEM
3N1eKTpoaoB Ha noBepxHocTu (Vessix Reduce).

BTtopas ctpaterns 6bina paspaboraHa B HUWU Kapauo-
norun (Tomck). Ha ocHoBe aHanM3a AOCTYMNHbIX AAHHbIX MO
QHaTOMMM NOYEYHOro CMJIETEHUA Mbl NPEANONOKUAN, HTO
BMELLATeNbCTBO, BbiMOAHAEMOe B BUAe 46 aHAOBACKYNAp-
HbIX abnaumii, paBHOMepPHO pacnpeaeseHHbIX B CTBOAE MO-
YeyHOW apTepuun, He ABNAETCA aHAaTOMUYECKU afEeKBATHbIM.
Takol xapaKTep BMmelLATeNbCTBA Npeanosiaraer, 4to Bce
noyeyHble HepBbl CTPOro C/eAyOT BAO/b apTEPUMN Ha BCeEM
NPOTAXKEHUM OT a0PTbl A0 BOPOT MOYKW. B aeincreutenbHo-
CTW, XMPYPruyeckne nccnefoBaHnAa AEMOHCTPUPYIOT, YTO No-
YyeyHble HepBbl, bepyLine Havyano U3 HECKOIbKUX OTAENbHbIX
WCTOYHUKOB B BEPXHEM YacTu BplowHOM NOAOCTM, Hanpas-
NAOTCA NPAMO K NOYKe, 06pasyn TpeyroabHoe cnaeTeHue ¢
LUMPOKMM OCHOBaAHMEM Y aopTbl U BEPLUMHOW, cxoaAalleeca
K BOPOTaM NOYKWU. Takoe HepBHOE CrnieTeHMe ManoaoCTyn-
HO AN1A 3HAO0BACKY/IAPHOrO BO34ENCTBUA B MPOKCMMAbHOM
W CpeaHen TpeTu NOYEYHOW apTepum, rae NnoYeyHble HepBbI
MAYT HA 3HAYMTENIbHOM PACCTOSIHMM OT apTepuu. Hanbonb-

mm Hg, but only 6.3 [95% Cl 8.2;4.3] mm Hg in patients
in whom circumferential treatment was not achieved on
both sides.

The negative result of the Symplicity HTN-3 trial has
stimulated active search for the strategies to improve the
RND efficacy, among which the two strategies have proven
successful: 1) the three-dimensional design of the devices
ensuring a complete circumferential treatment of the
vessel and 2) anatomical optimization of the intervention.
The first approach was developed by manufacturers
of the RDN systems. In fact, the main reason why the
circumferential treatment of the renal artery was not
achieved in the Symplicity HTN-3 trial was the one-
dimensional design of the first-generation Simplicity Flex
catheter. These catheters with a single electrode on the
deflectable tip ensured high flexibility of the manipulations
and choice of the electrode positions within the arteries,
but achieving a good contact with the arterial wall was
quite challenging because of a rather soft tip of the
catheter, especially with the anterior/posterior aspects of
the artery when the contact of the electrode was invisible
in the usual angiographic projections (AP, RAO 20). To
address this problem, a number of the designs have been
developed, which ensure deployment of the electrodes
in the pre-defined three-dimensional patterns effectively
guaranteeing the complete circumferential treatment,
and, also, providing contact force for the electrodes,
for example: self-expanding spiral catheter with four
electrodes (Symplicity Spyral), expandable basket also
with four electrodes (EnligHTN), and the inflatable balloon
with the electrodes evenly spaced on the surface (Vessix
Reduce).

The second strategy was pioneered by the research-
ers at the Cardiology Research Institute of Tomsk NRMC
(Tomsk Research Institute of Cardiology prior to 2016).
Based on the analysis of available data on the anatomy of
the renal plexus, we proposed that RDN procedure in the
form of four to six endovascular ablations equally distrib-
uted within the main trunk of the renal artery is not an-
atomically adequate. Specifically, the technique assumes
that all renal nerves strictly follow the course of the re-
nal artery along the entire length from the aorta to the
renal hilum. In reality, the surgical studies consistently
demonstrate that the renal nerves taking roots from sev-
eral separate sources in the upper abdomen go straight to
the kidney forming a triangular plexus with a wide base
towards the aorta and the apex converging to the renal
hilum. Such plexus is inaccessible for the endovascular
treatment in the proximal and middle portions of the re-
nal artery where the renal nerves proceed at a significant
distance from the artery. The maximal efficacy of the en-
dovascular treatment may be achieved in the segmental
branches of the renal artery where the nerves are max-
imally concentrated around the renal vessels. Therefore,
the major cause of the low efficacy of the early-version
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wyto apPeKTUBHOCTL IHAOBACKYNAPHOE BO3aeicTBMe ByaeT
MMETb B CErMeHTapHbIX BETBAX NOYEYHOW apTepuu, rae He-
pBbl MAaKCMMaIbHO KOHLEHTPUPYIOTCA BOKPYT NOYEYHbIX CO-
cynoB. Takum 06pa3om, OCHOBHOW NPUYMHON Manol adpdek-
TUBHOCTM paHHel Bepcumn POH B cTBONE NOYEYHOW apTepum,
no Hallemy MHeHWto, bbl1a aHaToMMYecKas HeaZleKBaTHOCTb
TaKoro noaxopa. [Ana npoBepKn AaHHOM rMnoTesbl Mbl pas-
paboTanu auctanbHblli metog PAH B cermeHTapHbIX BETBAX
noyeyHol aptepun (puc. 1) n cpaBHUAN €ro ¢ TPaAAULMNOH-
HOM $OpMO BMELLATENbCTBA B ABOMHOM CNENOM PaHAOMM-
3MPOBAHHOM KOHTPO/IMPYEMOM UCCNELOBAHUM.

TpaguunoHHas

Conventional

RDN in the trunk of the renal artery, in our opinion, was
the anatomical inadequacy of the approach. To verify
this hypothesis, we developed the distal method of RND
in the segmental branches of the renal artery (Figure 1)
and compared it with the conventional procedure in the
double-blind randomized controlled study. The study pop-
ulation included patients meeting criteria of true drug-re-
sistant hypertension. The exclusion criteria were sec-
ondary hypertension, mean 24-hour ambulatory systolic
BP <135 mm Hg, estimated glomerular filtration rate

AunctanbHaAa

Distal

Puc. 1. CxemaTnyeckoe npeacTaBaeHMe HAHECEHUA BO34eNCTBUI NPy TPaAULMOHHOM cnocobe BMeLlaTeIbcTBa U AMUCTaIbHON peHanbHOM

ZeHepsauum

Fig. 1. Cartoon representation of “Conventional” (left) vs “Distal” (right) mode of renal denervation: Red/yellow spark clouds indicate targeted

regions of therapy delivery

MonynAuuna nccnefoBaHMA BKAOYaNa NaLMeHTOB, OTBe-
YaBLIMX KPUTEPUAM MUCTUHHON PE3UCTEHTHOM apTepuanb-
HOW runepTeH3nn. Kputepmamm UckatoueHus 6blam BTopuY-
HasA rMNepToHWA, cpefHee cyTouHoe (24 4) cuctonnyeckoe
Al <135 mm pT. CT., pacyeTHada CKOpOCTb KybouKoBoW
dunbtpaumm pCKP < 30 ma/muH/m?, pacnpocTtpaHeHHoe
3abo0neBaHMe NOYEYHbIX apTEPUM U TAXKENAnA COMyTCTBYIO-
WaA NaToNOruA, 3HAYNTENIbHO YBE/IMYMBAKOLLAA PUCK BMe-
LIATeNbCTBA (MO MHEHUIO UCCnefoBaTens).

Bce naumeHTbl, COOTBETCTBYIOLLME KPUTEPUAM UCCeno-
BaHWA, paHAOMM3MPOBAAUCL B COOTHOWweHun 1:1 B rpyn-
ny AuctasbHOM uauM obblyHoM POH HenocpeacTBEHHO B
peHTreHonepaLMoOHHOW, U TUN BMeLIaTeNbCTBa OCTaBascA
HEW3BECTHbIM 4/1A MaLMEHTOB, UccnenoBaTenel U Apyrux
CNeunanmcToB, OLEHNBABLLMX pPe3ybTaTbl 1eYeHUs, Ha BCEM
NpoTAXKeHUn nccnegosanua. POH nposogunack ¢ ncnonb3o-
BaHMem abnaumoHHoro Katetepa Symplicity Flex u reHepa-
TOpa paAnoYacToTHOM aHeprum Symplicity G2™. begpeHHbIn
3HAOBACKYNAPHbLIA  AOCTYN, [AWMArHOCTUYEeCcKas aHruorpa-
éua n KaTeTepMsauma MOYEYHOM apTepuu BbINOAHAIUCH
06blYHBIM  cnocobom. TpaAMUMOHHAA AeHepBauma Ocy-
LLEeCTBANACh B CTBOJIE MOYEYHOM apTepun B COOTBETCTBUM
C pekomMeHZauMAMM KOomNaHuu-npomssoautena. B rpynne
ANCTaNbHOM Tepanuu Noc/e KaTeTepusalmm CTBOsIa Novey-
HOW apTepuu abnaLMOHHbIN KaTeTep NOCNeA0BATENBHO NPO-
OBUranca B CErMeHTHble BETBW apTepuu, rae BbIMOAHANOCH
24 TOYeYHbIX BO3ENCTBMA B 3aBUCUMOCTM OT AAMaMeTpa Co-
cyna. OducHoe n ambynatopHoe AJl, NOYEYHbIN KPOBOTOK
(yneTpassykoBaa ponnaep-baoymeTtpusa), noyeyHaa oyHK-

(eGFR) < 30 mL/min/m?, extended disease of the renal ar-
tery, and severe comorbidities significantly increasing the
risk of the procedure (according to investigator’ opinion).
All patients, meeting the study criteria, were randomized
in a 1:1 ratio to the distal or the conventional RDN treat-
ment directly in the Cath lab, and the type of procedure
remained unknown to the patients, investigators, and oth-
er outcome assessors during the entire study period.
Renal denervation was performed using Symplicity Flex
ablation catheter and Symplicity G2™ radiofrequency ener-
gy generator. The femoral endovascular approach, diagnos-
tic angiography, and catheterization of the renal artery were
performed as usual. The conventional RND procedure in the
main trunk of the renal artery was performed in accordance
with the instruction for use provided by the manufacturing
company. In the distal therapy group, after catheterization
of the main trunk of the renal artery, the ablation catheter
was further advanced beyond bifurcation into the segmen-
tal branches where 2—4 point treatments were performed
depending on the diameter of the vessel. Office and ambu-
latory BP, renal blood flow (ultrasonic Doppler-flowmetry),
and renal function (serum creatinine, 24-hour proteinuria,
and eGFR) were assessed at baseline, 6 and 12 months after
the procedure. Also, in some patients, the additional safety
visit was performed to assess the office and ambulatory BP
one month after the procedure. Baseline pharmacotherapy
was maintained unchanged as much as possible in all pa-
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uMA (CbIBOPOTOYHBIM KpeaTUHUH, 24-4acoBas NpoTeUHypwUs,
pCK® no popmyne MDRD) onpegensnvcb B Havyane uccne-
[0BaHMA, yepe3 6 n 12 mec. nocne paHgommsaumm. Takxe
Yy 4acTuM nauMeHTOB MPOBOAWMICA AOMNO/NHUTENbHbIN BU3UT
6e30nacHOCTN Yepes O4MH MecAl, nocae Npoueaypbl, Ko-
TOPbI BKAKOYAN OUEHKY oducHOro u ambynatopHoro AL. Y
BCEX MALMEHTOB, HACKOJIbKO 3TO 6bI10 BO3MOXKHO, UCXOAHAA
dapmakoTepanua nogaepmMBanacb HEM3MEHHOM Ha BCeM
NPOTAKEHUM UCCNefoBaHUA. MiccnepoBaHne 3aperucTpmpo-
BaHO B MEXAYHAapPOAHOM perucrtpe KANHUYECKUX uccneno-
BaHul ClinicalTrials.gov nog, Homepom NCT02667912, npo-
TOKON UcCnepoBaHWa onyb/IMKOBaH Ha caiTe perucrpa no
aapecy: https://clinicaltrials.gov/ct2/show/NCT02667912.
PesynbTaTbl MccnepoBaHua 6biamn onybamnkosaHbl B 2017 T.
[17]. B obuweit cnoxkHocTn auctanbHaa PAH BbinonHeHa y
28 nauMeHTOB, Y OCTa/ibHbIX 27 BMELWaTeNbCTBO 6blIO Npo-
BEAEHO TPAAMULMOHHBIM cnocobom. McxoaHble xapaKTepu-
CTUKM CYLLECTBEHHO He OT/IMYa/INCb MeXAy rpynnamu, 3a
nckntoveHnem pCKe, kotopas 6bl1a OTHOCUTENBHO BbIWwe (B
npezenax HOPMasbHOro AManNasoHa) B rpynne ANCTaabHOro
neyeHunn. TeXHUYECKUI ycnex BMeLaTenbcTBa (MUHUMYM
yeTblpe ycreLwHbIX BO34eNCTBUA B apTepmmn) coctasua 100%
B 06enx rpynnax. CpesHee KoNMYecTBo BO34EeNCTBUI B rpyn-
nax 66110 NPUBAN3UTENBHO OAMHAKOBbLIM (rpynna AnCTanb-
Hol Tepanun 13,6 +1,8; obbl4HaAA rpynna BMellaTebcTBa
12,7 +1,4). UHTpaonepaunoHHan aHrMorpadus He BbiABMAA
3HAYMTENbHbIX NOBPEXAEHUI NOYEYHOWN apTeEPUM BO BPEMA
npoueaypbl, BKAOYaA CerMeHTapHble BETBU B rpynne Auc-
TanbHOro sieyeHmA. Cepbe3sHbiX OC/IOXKHEHUIM TaKKe He Ha-
6atoganocb. OaHO HeboNblLOE OCNOKHEHUE (MOCTNYHKUM-
OHHaA nceBaoaHeBpM3Ma bespeHHON apTepun) oTMeYeHo
y NaumeHTa U3 rpynnbl AucTanbHON Tepanuun. UccnepoBsa-
HuWe 3aBepwunun 47 naumeHToB (85%), 23 nocne guctanb-
Hou PAH, 24 nocne TpagWUMOHHOIO TMMNAa BMeLIAaTeNbCTBa.
CeMb NaLMEHTOB BbIObIIM U3 UCCIEQ0BAHMA: YETbIpE yYacT-
HUKA YMepan (B TPEX CNyYanX OT MPUYMH, He CBA3AHHbIX C
cepAeyvHo-cocyamncTbimm 3abonesaHnamMn, B O4HOM Cayyae
OT MHCY/IbTa); TPU YEI0BEKA OTKA3a/IMCb NPOJ0IXKATL UCC/e-
posaHue. OaMH NaLMeHT, 3aBepLUNBLUNI UccnenoBaHKe, He
MMEN MOJHbIX JaHHbIX MOHUTOpMpoBaHua AZl. CornacHo no-
JlyYeHHbIM pe3yabTaTam, 06a meTtoga POH npusenu K ctoi-
KOMY CHUXKeHMIo A/l, KOTOpPOE COXPAHANOCH Ha NPOTAXKEHUN
12 mec. nocne smewarenbcrea. OgHaKo CHUXKeHue A/l B
rpynne aucranoHol POH 66110 npumepHo B ABa pasa 60/b-
e, 4yem B rpynne TpaAMLUMOHHOIO BMeLLATENbCTBA B CTBOJIE
noyeyHom apTtepun. Yepes 6 mec. nocsne BMeLLATENbCTBA
CHUKeHue 24-4acoBoro cnctonndeckoro Al No OTHOLEHMUIO
K ucxogHomy B rpynne PAH coctasuno 21,1 mm pt. cT. [95%
Au 13,5; 28,71, p < 0,001 npotus 10,3 mm pT. CT. B rpynne
KoHTpons [95% AU 3,0; 17,6] mm pT. cT., p = 0,005, pasHu-
ua mexay rpynnamum: 10,8 [95% AWM 0,3; 21,4] mm pT. cT.,
p =0,045. Yepes 12 mec. Nnocne BMeLLATENbCTBA CHUXKEHNE
24-4acoBoro cmcrtonmyeckoro A No OTHOLIEHMIO K UCXOA-
Homy 6bino 22,1 [95% AU 30,0; 14,3] mm pT. cT., p < 0,001
B rpynne AUCTasbHOro BmellatenbcTea npotms 11,5 [95%
Aun 17,9; 5,0] mm pT. cT., p <0,001. PasHuua mexay rpyn-
namu No-npexHemy ocCTaBasiacb CTaTUCTUYECKM 3HAYMMOW:
10,7 [95% AU 20,8; 0,5] p = 0,041.

tients during the entire study period.

The study was registered in the international registry
of clinical trials ClinicalTrials.gov (No. NCT02667912); a
protocol of the study is available at the registry website:
https://clinicaltrials.gov/ct2/show/NCT02667912.

The primary results of the study were published in
2017 [17]. A total of 55 patients were enrolled. Twenty
eight patients underwent the distal RND whereas the
conventional RDN procedure was performedin 27 patients.
The groups did not significantly differ at baseline except
the eGFR values, which were relatively higher (yet within
the normal range) in the group of the distal treatment.
Technical success of the intervention (minimum four
successful ablations per artery) was 100% in both groups.
Mean number of the ablations was approximately the
samein the groups: 13.6 £ 1.8 in the group of distal therapy
and 12.7 £ 1.4 in the group of conventional mode of the
intervention. The intraoperative angiography did not show
any significant damage to the renal arteries including the
segmental arteries in the group of the distal treatment.
One minor event, post-puncture pseudoaneurysm of the
femoral artery, occurred in the patient from the distal
therapy group. Forty seven (85%) patients completed
the study including 23 patients after the distal RND and
24 patients after the conventional type of the procedure.
Seven patients dropped out from the study: 4 patients died
(3 from non-cardiovascular causes; 1 from fatal stroke);
3 patients refused to continue in the study. One patient
who completed the study did not have full ABPM data.
According to the study data, both RND methods resulted
in the sustained reduction of BP, which was preserved for
12 months after the procedure. However, the BP decrease
in the group of distal RND was approximately two times
greater than in the group of the conventional main trunk
treatment. Six months after the procedure, the decrease
of the 24-hour systolic BP was 21.1 [95% Cl 13.5; 28.7]
mm Hg, (p <0.001) in the group of the distal treatment
versus 10.3 [95% ClI 3.0;17.6] mm Hg, (p=0.005) in
the controls; the difference between the groups was
significant: 10.8 [95% Cl 0.3; 21.4] mm Hg, (p =0.045).
Twelve months after the procedure, the decrease in
24-hour systolic BP was 22.1 [95% CI 30.0; 14.3] mm Hg,
(p<0.001) in the group of the distal treatment versus
11.5 [95% CI 17.9; 5.0] mm Hg, (p =0.005) in the control
group of the conventional main-trunk RDN. The difference
between the groups remained significant: 10.7 [95% CI
20.8; 0.5] mm Hg, p=0.041. No significant changes in
the eGFR, creatinine, and 24-hour protein excretion were
found in either group. Doppler flowmetry also did not
show any significant changes in the blood flow through
the renal arteries including the segmental branches after
the distal RND. The mean number of the drugs taken in
the groups did not significantly differ at baseline and did
not significantly change through 12-month follow up. This
study demonstrate the possibility to significantly improve
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3HauMMbIX M3MeHeHun pCK®P, KpeaTMHWHA, CYTOYHOM
3KCKpeLmn 6enka He HbIN0 3aperncTpMpPoBaHO HU B OAHOM
u3 rpynn. Jonnnep-psoymeTpua TakKe He BbiiBUAA 3Ha-
YNTENIbHOTO M3MEHEHWA KPOBOTOKA B MOYEYHOW apTepuu,
BK/IlOYAA CerMeHTHble BETBM NOC/e AWUCTaNbHOW AeHepBa-
umn. CpegHee KOAMYECTBO MPUHUMaEMbIX MpenapaToB B
rpynnax 3Ha4Mmo He pa3/sInyanochb 1 CyLEeCTBEHHO He MeHA-
NOCb Ha NpoTAXKeHUKU 12 mec. HabntogeHun. Pe3ynbTaTbl AaH-
HOTO UCCNef0BaHUA A0Ka3a/IM BOSMOXKHOCTb 3HaYUTE/IbHOIO
nosbiweHunsa apdektmesHoctn PAH ¢ nomowbio aHaTomnye-
CKOM ONTUMM3aLLMM BMeLLaTeNbCcTBa 6e3 yBeNMYeHUs pucka
0CNOXKHeHUN. MNonHble pesynbTaTbl UccaegoBaHua onyban-
KoBaHbl Ha caiTe peructpa ClinicalTrials.gov no aapecy:
https://clinicaltrials.gov/ct2/show/results/NCT02667912.

Takum obpasom, nocne Heyaauu paHHen sepcum POH
B uccnegosaHum Symplicity HTN-3 meTog 6bin 3HaunTesnb-
HO YCOBEpLUEHCTBOBAH KaK KOHCTPYKTUBHO, TaK U MeToaun-
yecku. lMocnenoBaBlune KAUMHUYECKME WCMbITAHUA HOBOM
Bepcun POH nonHocTblo nNoATBEpPAMIM €e 3HAYUTEeNbHble
NpenmyLLecTBa No CPaBHEHMIO C UCXOAHON. Mporpamma Ho-
BbIX KAMHWUYECKMX MCMbITaHWi Symplicity Bkatovana aga uc-
cneposaHusa SPYRAL HTN OFF-MED y naumeHTOB C MArkom
n ymepeHHoi Al (150-180/90 mm pT. cT.) 6e3 aHTUrMnep-
TeH3mBHOM Tepanuu n SPYRAL HTN ON-MED y naumneHTOB C
MAFKOM N ymepeHHoM Al, HO y)Ke Ha POoHe aHTUrnnepTeH-
3nBHoM Tepanun (13 npenapatos). B o6ounx nccnegosaHmnax
6bl1 UICNO/b30BAH ABYXCTYNEHYATbIN CKPUHWUHT, paHLOMM3a-
LMS, WaM-KOHTPO/b, @ TaKKe N1abopaTopHbIi KOHTPO/b CO-
AepKaHWA NpenapaTos B N1a3sMe U MoYe, T. €. MaKCUMabHO
CTpOruit AnsaiiH, B 3Ha4YUTENIbHOWN cTeneHn 6onee CTporui,
yem B uccneposaHuun Symplicity HTN-3. B uccnegosaHum
SPYRAL HTN OFF-MED y»e yepe3 3 mec. 6bin BbIIB/IEH CTa-
TUCTUYECKN 3HAUYMMbIN TMNOTeH3uBHbIM addekT POH [18].
CHukeHne oducHoro cuctonmndeckoro Al 8 rpynne PAH co-
ctasuno 10,0 mm pT. cT. [95% AN 15,1; 4,9], p < 0,001 npoTtus
2,3 MM pT. CT. B rpynne KoHTpons [95% AN 6,1; 1,6], p = 0,24,
pasHULA Mexay rpynnamu boina CTaTUCTUYECKM 3HAUYMMOW:
7,7 mm pT. cT., p =0,02. CHUKEeHMEe 24-4aCcOBOro CUCTONNYE-
ckoro A/l coctasuno B rpynne PAH 5,5 mm pT. cT. [95% OM
9,1; 2,0], p =0,003 npotne 0,5 [95% AN 3,9; 2,9], p = 0,7644),
pasHULa Mexay rpynnamu 6blaa TaKkKe CTaTUCTUMYECKM
3HaumMma: 7,7 mm pT. cT., p =0,04. B nccnegosanHmn SPYRAL
HTN ON-MED cTaTUCTUYECKM 3HAYMMbIA TMNOTEH3UBHbLIN
addekT POH 6biln NnpoaeMoHCTPUPOBaAH Yepes 6 mec nocse
BMmewwaTtenscTsa [19]. CHUKeHWe 0PUCHOrO CUCTONNYECKOTO
A[, B rpynne PAH coctasuno 9,4 mm pT. cT. [95% AN 13,5;
5,3] mm pT. cT., p<0,001; pasHULA C KOHTPOJIbHOWN rpyn-
non 6,8 mm pr. cT. [95% AN 12,5; 1,1] mm pT. cT., p =0,02.
CHuKeHune 24-yacosoro cuctonmyeckoro A: 9,0 mm pT. CT.
[95% AW 12,7; 5,3] mm pt. cT., p<0,001; pasHuua C
KOHTPOJIbHOM rpynnoi 7,4 mm pT. cT. [95% AN 12,7; 2,3]
MM pT. cT., p =0,005.

MapannenbHoO NpPoAo/IXKMNA CBOE Pa3BUTUE TEXHONOTUA
ynbtpassykoson PAH Paradise (ReCor Medical). B 2018 r. B
X04e KNMHUYECKOro MUCCNefoBaHMA C aHANOMMYHO CTPOTUM
amn3anHom RADIANCE-HTN SOLO y nauyeHToB C MAFKoM M
ymepeHHon Al 6e3 MeAMKaMeHTO3HOM Tepanuu yxKe 4e-
pe3 2 mec. bbl1 OTMEYEH CTAaTUCTUYECKM 3HAYUMbIA TUMNO-

the efficacy of RND by the proper anatomical optimization
of the intervention without compromising the safety of
the procedure. Complete results of the study are available
at the following URL: https://clinicaltrials.gov/ct2/show/
results/NCT02667912.

Therefore, after the failure of the early version of RND
in the Symplicity HTN-3 trial, the therapy has undergone
significant advancements both in the device design and
in the procedural technique. Recent clinical trials con-
firmed the advantages of the upgraded RDN over the ini-
tial version. The program of clinical trials of the upgrad-
ed multi-electrode Symplicity Spyral system included the
SPYRALHTN OFF-MED study in patients with mild-to-mod-
erate hypertension (150-180/90 mm Hg) without antihy-
pertensive therapy and the SPYRAL HTN ON-MED study
in patients also with mild-to-moderate hypertension, but
on the antihypertensive therapy with 1-3 drugs. In both
studies, maximally rigorous design, more strict than that
in the Symplicity HTN-3 trial, was used including two-step
screening, randomization, double-blinding, sham-con-
trol, and laboratory control for the drug concentrations
in plasma and urine. In the SPYRAL HTN OFF-MED trial,
the significant hypotensive effect of RDN was found as
early as at three months after the procedure [18]. The de-
crease in the office systolic BP in the group of RDN was
10.0 [95% CI 15.1;4.9] mm Hg (p < 0.001) versus 2.3 [95%
Cl 6.1;1.6] mm Hg in the control group (p = 0.24); the dif-
ference between the groups was significant: 7.7 mmHg
(p = 0.02). The decrease in 24-hour systolic BP values
was 5.5 [95% Cl 9.1;2.0] mm Hg (p = 0.003) in the RDN
group versus 0.5 [95% Cl 3.9;2.9] (=0.7644) in the con-
trols; the difference between the groups also reached
significance: 7.7 mm Hg (p = 0.04). In the SPYRAL HTN
ON-MED study, the significant hypotensive effect of RDN
was demonstrated six months after the intervention
[19]. The decrease in the office systolic BP in the group
of RDN was 9.4 [95% CI 13.5;5.3] mm Hg (p <0.001) ver-
sus 2.6 [95% Cl 6.7;1.6] mm Hg (p = 0.22) in the control
group with the significant difference between the groups:
6.8 [95% ClI 12.5;1.1] mm Hg (p = 0.02). The decrease
in 24-hour systolic BP was 9.0 [95% Cl 12.7;5.3] mm Hg
(p<0.001) versus 1.6 [95% CI 5.2;2.0] mm Hg (p =0.37)
in the control group; also with the significant differ-
ence between the groups: 7.4 [95% Cl 12.7;2.3] mm Hg
(p=0.005). In parallel, the ReCor Medical Company
continued to develop the Paradise technology of the
ultrasound-based RDN. In 2018, the clinical study with
a similarly rigorous design, RADIANCE-HTN SOLO trial,
demonstrated the significant BP lowering effect of RDN
two months post-procedure in patients with mild-to-mod-
erate hypertension without drug therapy [20]. A decrease
in the office BP was —10.8 + 13.6 mm Hg in the group of
RND versus —=3.9+ 17.4 mm Hg in the control group; the
difference between the groups was significant: —6.5 [95%
Cl -11.3;-1.8] mm Hg (p = 0.007). The decrease in the
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TeH3unBHbIN 3ddekT POH [20]. CHUKeHue oducHoro ALl B
rpynne smellatenbcrea cocrasmno —10,8 £ 3,6 mm pT. CT. B
rpynne PAH npotus —3,9 £ 7,4 B rpynne KOHTPOAA; pa3HULa
mexay rpynnamu: —6,5 [95% AW 11,3; —-1,8] mm pT. cT.,
p=0,007. CHuKeHMe 24-yacoBoro cuctonmyeckoro Al
6b1n0:-7,0 £ 8,6 mm pT. cT. B rpynne POH npotne—3,1+9,78
rpynne KOHTPOASA; pasHuLa Mexay rpynnamu: —4,1 mm pr. CT.
[95% OMN -7,1; -1,2], p = 0,006.

Takum obpasom, TpU UCCNEfOBaHWUA ABYX Pa3/MYHbIX
TexHonormn POH ¢ MaKcMManbHO CTPOrMM AM3aMHOM B
CyMMe NpoAeMOHCTPUpoBann 6e30roBopoUHyto adpderTms-
HOCTb JaHHOIO MeToAa SIeYeHuA.

BennunHa rvnoTteH3MBHOro adpdekta B mccaeayembix
BblIBOPKax NALMEHTOB C MAFKOM M ymepeHHoM Al cocTaBu-
na npumepHo 10 mm pT. cT. CornacHo HegaBHEMY MeTaaHa-
nnsy 123 uccnegoBaHWin, BKAKOYaBeMY AaHHble 613 815
NauneHToB, CHUXKeHNe opucHoro cuctonnyeckoro Al Ha 10
MM PT. CT. BbI3blBAeT YMEHbLUEHNE PUCKA CEpPbe3HbIX cep-
AeYHO-cocyancTbix 3aboneBaHuii Ha 20% (MwemuyecKomn
6onesHu cepaua Ha 17%, nHcynbta Ha 27%, cepaedyHol He-
[OCTaTOYHOCTU Ha 28%), YTO B UCCaeLyeMblX NONYAALMAX
NPUBOANJIO K CHUXEHUIO 0bLelt cmepTHocTn Ha 13% [21].
MNcxoaa s atoro, POH noteHuunanbHo npeacraenset cobou
MOLLHbIA UHCTPYMEHT CHUMKEHUA CcepAevyHO-CoCYANCTON 3a-
601€BaeMOCT U CMEPTHOCTM.

BbllweonucaHHbIM ycnex HoBol Bepcun PAH Booaywe-
BWA UcCNepoBaTenell Ha NpoBeAeHMe MacwTabHbIX Nnpegpe-
TMCTPALMOHHbBIX UCMbITAHWIA C y4acTMeM COTEeH NaLMeHTOB.
MNepBble pe3ynbTaTbl CTaHYT n3BecTHbl B 2020 r., n B cay-
Yyae ycnexa, OYeBUAHO, NPUBEAYT K CYLLECTBEHHbIM U3Me-
HEHUAM B pekomeHZaumAx no nedveHuto Al TakKe HOBble
nccnefoBaHWA NoB/ieKAM 3a coboli M3meHeHue 6as3oBow
napagurmol POH. Ecan ncxogHo AaHHbIN MeTog, paccmaTpu-
BaJ/ICA KaK cnocob AOMNOMHUTENbHOMO SIeYEeHUA MauneHToB
C NnekapcTBeHHo-pe3ncTeHTHon Al, To Tenepb PAH nosu-
LMOHMPYETCA KaK anbTepHaTuBa dapmakoTepanuu, B Tom
ymcne U y naumeHToB ¢ 1-i cteneHbto nosbiweHna AL, He
No/ly4aloWmx aHTUIMNEepPTEH3UBHbIX MpenapatoB. B Kave-
CTBE OAHOKPATHOM HEenpoAO/IKUTEIbHOM U HEHArpy304HOM
npoLeaypbl, KOTopas MOXKET BbINOAHATbCA ambynaTopHo,
HO Mpu 3ToM obecneynBaeT CyLLeCTBEHHbIN JONTOBPEMEH-
HbI TMNOTEH3UBHbLIN 3PPEKT, aHANOIMMUYHBIN NOCTOAHHOMY
npuemy 12 runoTeH3nBHbIX Npenapatos, PAH moxeT 6biTb
O4YeHb NpuBNEKaTeIbHbIM BapUaHTOM /leYeHMA Kak ana na-
LLMEHTOB C KOHTPOAMPYEMOW rMnepTeH3nen, y KOTopbIX OHa
MOKET NPUBECTU K 3HAYMTENIbHOMY COKpPALLEHWIO Konuye-
CTBa NPMHMMAEMBIX TMMOTEH3UBHbIX NPENaAPaToB, Tak U ANA
naumeHToB 6e3 NeKapcTBEHHOM Tepanuu, ecanm oHa NoOMo-
KET OTCPOYMTL Ha AAUTENIbHOE BPEMA HaYano NOCTOAHHOTO
npuema npenapaTtos, CHUKarowmx ALl.

OpHako coBpemeHHoe pa3sutne PAAH He orpaHnumnBaetca
ToNbKO 0bs1acTblo Al B HacToslee Bpems aKTUBHO M3y4atoT-
€A BO3MOXHOCTM M NepcrneKkTuBbl NpumeHenuna POH B apyrux
obnactax Kapgmnonormmn. O4eHb MHTEPECHbIE U MHOroObeLato-
e pesybTaThbl OblIM NOyYeHbl B OTHOWEHUK GUBpUANALUN
npeacepani (GN) — camoro pacnpocTpaHeHHOro HapyLeHua
puTma cepaua. M. Heradien 1 coaBT. BbINOAHWUAN PaHLOMMU3N-
pOBaHHOE LWAM-KOHTPO/MpYyeMOe uccnefoBaHne apdekTus-

24-hour systolic BP was —7.0 + 8.6 mm Hg in the RND
group versus —3.1+ 9.7 mm Hg in the control group; the
difference between the groups was also significant: —4.1
[95% CI-7.1; —1.2] mm Hg (p = 0.006).

Thus, three studies of two different RND technologies
with maximally rigorous design collectively demonstrated
the undoubted efficacy of this therapy. A magnitude of
the blood pressure lowering effect achieved by RDN in
the patients with mild-to-moderate hypertension was,
on average, approximately 10 mm Hg. According to
recent meta-analysis of 123 studies involving 613,815
hypertensive patients, a decrease in the office systolic BP
by 10 mmHg results in the reduction of the risk of major
cardiovascular disease events by 20% (coronary artery
disease by 17%, stroke by 27%, and heart failure by 28%)
leading to the decrease in the total mortality by 13% [21].
From this perspective, the RDN potentially represents a
powerful tool for reduction of cardiovascular morbidity
and mortality.

Above mentioned success of the upgraded version of
RDN inspired initiation of the large-scale confirmatory
trials involving hundreds of patients. The first results
of these trials may be available in 2020, and, providing
their success, they might result in the global changes
of the guidelines for treatment of hypertension. It is
worthy to note, that the new studies also caused the
change of the very paradigm of RND. If initially RND was
viewed as add-on treatment in the patients with drug-
resistant hypertension, these trials provide the evidence
supporting the use of this catheter-based therapy as
the alternative to pharmacotherapy in all hypertensive
patients including drug-naive patients with mild
hypertension. As one-time, short, low-burden procedure,
the RND may be administered on an ambulatory basis
and yet provide the significant and sustained BP lowering
effect similar to that of a continuous administration of
1-2 hypotensive drugs. As such, RDN may be an attractive
treatment option both for patients with hypertension
controlled by pharmacotherapy, in whom it may lead to
a significant reduction in the number of used hypotensive
drugs and, also, for drug-naive patients where it may
help to significantly postpone the initiation of the lifelong
antihypertensive pharmacotherapy.

However, the development of the RDN is not limited
to the field of hypertension. Several other potential
indications for RDN are under investigation. Recently,
quite interesting and promising data were reported on the
significance of RDN for prevention of atrial fibrillation (AF),
the most common heart rhythm disorder. M. Heradien et
al. conducted the randomized sham-controlled study of
RDN in 80 patients with hypertension and hypertensive
cardiomyopathy in the form of the left ventricular
hypertrophy and/or the left atrial dilatation (ClinicalTrials.
gov identifier: NCT01990911). Forty two patients received
the RND and 38 patients underwent sham procedure
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Hoctu POH no npeaynpexaexuto @Iy 80 naumeHTos ¢ Al u
rMnepTeH3MBHON KapauonaTtueln B Buae runeptpodun neso-
ro »Kesnygouka u/wnv gunataumm nesoro npeacepamsa (NCT
01990911). Y 42 naumeHTOB BbiNoNHeHa POH, y 38 — wam-Bme-
WwartenbcTBo (aHrnorpadusa). BosHMKHOBeHMe anusogos Pl
BbIABNANOCH C MOMOLLI UMNAAHTUPYEMOIO NETEBOrO perun-
cTpaTopa. o pe3ynsTaTam f@aHHOIo UCCIe0BaHUA, NPeaCcTaB-
NEHHbIM Ha eXerogHom KoHrpecce EBponerickoro obuiectsa
MO YPECKOXKHbIM CEepAeYHO-COCYAUCTBIM BMELIATENLCTBAM
EuroPCR 2019 (20-24 masa 2019 r.), 3a Tpu roga HabnogeHua
KO/IMYECTBO C/ly4yaeB BrepBble BO3HUKWen Pl 66110 Ha 60%
MeHblLue B rpynne PAH, 4em B KOHTPONbLHOW rpynmne, NP1 3STOM
YyacToTa BrnepBble BO3HMKLero anusoaa eI 8 rpynne POH Tak-
e 6blna HamHoro Huxe: 97,3 + 38,5 npoTtne 123,5 + 56,6 cooT-
BETCTBEHHO. 3HaUNUTeNbHO HUKe B rpynne PAH 6bin10 Konunue-
CTBO 3MM30408 Taxucuctonuyeckon ®M >100/muH: 5 npotus
12% B rpynne KoHTpons. OpgHako Hanbonee yaMBUTENbHbIN
pe3ynbTaT — 3TO 3HAYUTENbHOE CHUMKEHME CepAeYHO-cocyau-
CTOM CMepTHOCTU: oAMH cny4an B8 rpynne PAH npotus wectn
CNy4aeB B KOHTPOAbHOM rpynne. 3¢dekTnBHoCTb PAH B Nn1aHe
npepynpexaeHna O TakKe NOATBEPKAAETCA cepueit uccne-
[OBAHMWI, B KOTOPbIX AaHHbIA METOA MPUMEHANCA B KOMOMU-
HaLMK CO CTaHAAPTHbIM MHTEPBEHLMOHHbIM NeveHnem Ol
paamoYacToTHON nU3onaumen nerodHbix BeH (M/1B). Hanbonee
macliTabHoe 13 aTux uccnegosaHuii — ERADICATE-AF, B KoTo-
pom 302 naumeHTa ¢ napoKkcusamanbHoint P u Al 6biin paH-
OOMU3NPOBaHbI B napannensHble rpynnol PAH + U/1B 1 TonbKo
WNB. CornacHo ero pesynbtaTam, NPeacTaBNEHHbIM Ha exe-
rogHol KoHdpepeHumn ObuwectBa cepgeyHoro putma (Heart
Rhythm Society), npoxoausuweit B8 mae 2019 r., npoBegeHue
POH B8 pononHeHne K U/1B no3sonsaeT NoBbICUTb yCnex neve-
HuA (B BUAE cBOOOAbI OT apUTMUU U MPOTUBOAPUTMUYECKMX
npenapaTos B TEYEHME OAHOIO rofa Nocie BMELIATeNbCTBA) €
58 f0 72%, uTO ABNAETCA AOBONLHO 3HAYNTE/IbHBIM YAYyYLLEHN-
emM 3DEKTUBHOCTUN NNeYEHMS.

Taknm 06pasom, MOXKHO KOHCTAaTUMPOBaTb, YTO pPa3Bu-
TMe metoga PAH He ToNbKO MONHOCTbIO BOCCTAHOBW/IOCH
nocne Heygaum 2014 r., HO M pacWMPUAO CBOU FOPU3OHTbI,
B MepByl0 oyepeab, KaK MOMHOULEHHAA anbTepHaTUBa aH-
TUrMNepPTeH3MBHOW dapmakoTepanun M cnocob MoBbICUTb
3pPeKTUBHOCTb NPOPUAAKTUKN U nedveHuna OI. Jpyrue Bo3-
MOXKHble NepcrneKTUBbl — 3TO JIeYeHMe CepAeYHON 1 novey-
HOM HeaOCTAaTOYHOCTH, A1A KOTOPbIX TAK¥Ke XapaKTepHa Bbl-
COKaA CMMNATUYECKAA aKTUBHOCTb.
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