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HUPKI

NEPErPY3KA CUMMATUYECKOIO OTAEAA HEPBHOW
CWUCTEMbI MNP APTEPUAABHOW TMNEPTEH3UN:
AKTYAAbHbBIE BOMPOCHI KAMUHUKU N AEHEHN4

SYMPATHETIC OVERDRIVE IN HYPERTENSION:
CLINICAL AND THERAPEUTIC RELEVANCE

B nocitenHee BpeMsT BO30OHOBHIICSI THTEPEC K BOIIPOCY O POJIH
CUMITIaTUYECKOIO OTHEJIa HEPBHOM CUCTEMBI IIPU apTEPUAILHOM
runepteH3un. [TpymarHaMy ToMy TTOCTYKUIU: 1) pe3yabTaThl UC-
CJIeI0BaHMIA, TOKA3bIBAIOIIIME, YTO HAPYIIIEHMS CO CTOPOHBI CUM-
MaTUYECKOro OT/Ie/1a HEPBHOI CCTEMbI MOTYT OKA3bIBATh BIIMSTHUE
Ha pa3BUTUE U TIPOrPECCUPOBAHUE MTOPAKEHUI B OpraHax-Mulle-
HSIX; 2) pa3pabOTKX HOBBIX TePareBTUUECKUX MOAXOI0B, HaIllpaB-
JICHHBIX Ha HOPMaJIU3aIIMIO apTePUaIbHOTO TaBJIeHUS; 3) TaHHbIC
0 TOM, YTO aKTHUBAIMS CUMITaTUIECKOI HEPBHOM CUCTEMBI OKa3bI-
BaeT HETaTMBHOE TIPOTHOCTMYECKOE BIMSIHUE Ha 3a00J1€BaeMOCTh
¥ CMEPTHOCTD OT Pa3IMUHBIX CEPIIEUHO-COCYAMCTHIX 3a00IeBaHIT.
DTO MOMYEPKUBAET BAKHOCTh MOMYJISIIIAMA CUMIIATUYECKOM aK-
TUBALIMM B KAYeCTBE 1ICJICBOTO TIOKA3aTe/IsI HEMEINKAMEHTO3HBIX
METOZIOB, a TakKe (hapMaKOTepaIiy, HAIpaBJICHHOM Ha CHITDKE-
HHME BBICOKMX IU(MP apTepUalbHOrO JaBlIeHUS. TeM He MeHee
MO-MPEXXHEMY UMEETCSI HEIOCTATOUHOE KOJIMUYECTBO JaHHBIX. [1st
OIpeAeICHUST POJIM TeHETUYECKMX (DAKTOPOB, OTHOIIICHUST MEXKITY
(yHKIUIMEN CUMITATUYECKON HEPBHOI CHUCTEMBbI U TIOPAKEHUSIMU
OpraHoOB-MUIIIEHEH, a TakKe BIMSHUS KOMOMHMPOBAHHOM bap-
MakoTepanuu Ha (GYHKIIMKA CUMIIAaTUIECKO HEPBHOI CUCTEMBI 1
ee KOPPEJISIMKA ¢ MEPOTIPUSATUSIMU 110 KOHTPOJTIO apTepraTbHOTO
JABJICHMST HEOOXOIMMO TTPOBECTH TATbHEUIITNE UCCIIEIOBAHMSI.

MpeAnOCbIAKU

Bo3oOHoBNIEHNE MHTEepeca CO CTOPOHBI MCCIeI0BaTeNIeH U
KJIMHUIIMCTOB K POJIM CUMIIATUYECKOU HEPBHON CUCTEMBI TIPU
apTepUaIbHOM TUTIEPTEH3UU U €€ aKTyaTbHOCTh B KAYECTBE MU-
LIEHU HEMEAUKAMEHTO3HBIX METO/IOB U (papMaKOJOTUYECKOM
Teparnuy OCHOBBIBAETCS Ha 1IeJIOM psiie MPUYUH. Bo-miepBbIX,
pe3yabTaThl MOCAETHUX UCCIENOBAHUI MOKA3bIBAIOT, UTO Ha-
pYLIEHUSI CUMITAaTUYECKON WHHEPBALUUM MPUBOAIT K Pa3BU-
TUIO U TIPOTPECCUPOBAHUIO TTOPAXEHUsSI OPTraHOB-MUIIEHENH,
HE3aBUCUMO OT TTOBBILICHUS apTepUaIbHOTO nasjieHus [1, 2].
Bo-BTOpHBIX, pazpaboTaHbl HOBBIE TePAIIEBTUUECKUE TTOAXOIbI
JUTST JIEYEHUST M KOHTPOJISI BBICOKOTO apTepUaTbHOTO aBJICHUS
B YCJIOBUSIX BBICOKOTO PUCKa €T0 Pa3BUTHUS, HATIPUMEDP TIPU
PE3UCTEHTHOW apTepuabHON TUTIEPTEH3UU, a UMEHHO: CTU-
MyJISIIIUS. KapOTUAHBIX 0apOperenTopoB M pPaagrovyacTOTHAs
a0Jga1us moyevyHoro Hepsa [2]. I HaKoHell, UMEIOTCs TaHHbIe
0 TOM, YTO TIPU LIEJIOM PsiJieé OCHOBHBIX CEPCYHO-COCYIUCThIX
3a00JIeBaHUI, TaKMX KaK 3aCTOWHAasl cepledyHasi HeJoCTaTo4Y-

Recently, there has been renewed interest
in the role of the sympathetic nervous system
in hypertension for several reasons: 1) findings
that sympathetic abnormalities can influence
the development and progression of target or-
gan damage; 2) the development of new the-
rapeutic approaches for the control of blood
pressure; and 3) findings that sympathetic
activation has an adverse prognostic effect in
terms of morbidity and mortality on a variety
of cardiovascular diseases. This underlines the
importance of the modulation of sympathetic
activation as a goal for non-pharmacological as
well as pharmacological interventions aimed at
lowering elevated blood pressure values. Data,
however, remain scarce and further research is
required to define the role of genetic factors,
the relationship between sympathetic function
and target organ damage, and the effects of
combination drug treatments on sympathetic
neural function and its relationship with blood
pressure control.

Background

The renewed interest of investigators and
clinicians the role of the sympathetic nervous
system in hypertension and its relevance as
a target for non-pharmacological as well as
pharmacological interventions comes from a
number of sources. First, the recent finding
that sympathetic abnormalities favor the de-
velopment and progression of target organ
damage, independently from blood pressure
overload [1, 2]. Second, the availability of
new therapeutic approaches for the treatment
and control of high blood pressure in high-
risk conditions such as resistant hypertension,
i.e., carotid baroreceptor stimulation and re-
nal nerve radiofrequency ablation [2]. Finally,
there is the finding that, in a variety of major
cardiovascular diseases, such as congestive
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HOCTb, UHCYJIbT, MH(MAPKT MUOKapAa U MOoYeYHasl HeIOCTaTOu-
HOCTb, KOTOPbIE MATOT€HETUYECKU CBSI3aHbI C PA3BUTHUEM apTe-
PUAIbHOM TUNIEPTEH3UN, aKTUBALIMS CUMIIATUYECKO HEPBHOM
CUCTEMbl HMMeEeT He3aBUCUMOE HeOJaronpusTHOE IPOrHO-
CTUYECKOE 3HAUEHME B IJIaHEe 3a00JIeBAEMOCTUA U CMEPTHOCTU
[3-7].

B coBokynmHOCTM 3TM AaHHbIE MOAYEPKMBAIOT Ba’KHOCTb
MOJYJIMPOBaHUsI aKTUBALIUM CUMIIAaTUYECKOW HEPBHOI CUCTE-
MBI C LIEIbI0 KaK HEMEIMKAMEHTO3HOM, TaK U MEIMKAMEHTO3-
HOW Tepamnuu, HampaBJICHHON Ha CHMXKEHME BBICOKUX LMD
apTepUaIbHOIO AABJICHUSI.

AKTMBALMNSA CUMMNATUYECKOWN HEPBHOM
CUCTEMbI NPU APTEPUAABHOU TMNEPTEH3UU

CocTostHUSI, TIpU KOTOPBIX Pa3BUBAETCS 3CCEHIIMATbHAS
TUTIEPTeH3MSI, KaK ObLIO TOKAa3aHO, XapaKTePU3YIOTCS HE TOJIb-
KO HapyIlIeHMeM TOHyca TTapacuMITaTUIECKOM, HO 1 BhIPaXKeH-
HBIM TUTIEPTOHYCOM CHUMIIATUYECKON HEPBHOU CUCTEMBI, UTO
TIPOSIBJISIETCS TTOBBIIIIEHNEM YaCTOTHI CEPACYHBIX COKPAIIEHUI
B nokoe [1]. CummaTtndeckast aKTUBAIIKAS TIPUBOIUT K Pa3BU-
TUIO 3TUX TeMOAMHAMUYECKMX M3MEHEHMI BCACACTBHE CBOMX
M3BECTHBIX IOJIOKUTEIbHBIX XPOHOTPOIHBIX 3(P(PEKTOB, KO-
TOPbIE CBOMCTBEHHBI TJIABHOMY AIPEHEPrAYECKOMY HEUPO-
Meauaropy HopaapeHanuHy [1]. Ha panHem aTamne pa3BuTus
TUIEPTOHMUYECKOIo Kpu3a, Mpy MOrpaHMYHOMN apTepuaabHOMI
TUIEePTEeH3UM, BEPOSITHEE BCEro, 3aJeWCTBOBAHbI 00a 3THUX
HelporeHHbIX HapyleHud [2]. Tem He MeHee, eCTu BbhIpaxeH-
HOCTb BaryCHO# TUCGhYHKIIMY TTPU KIMHUIECKUX COCTOSTHUSIX,
XapakTepu3ylommnxcsl 0oyiee TSOKEJIbIM yBEeJIWYeHUEM apTe-
PUATBHOTO JABJIEHUS, OCTAeTCSl CTAOWIBHOM, TO aKTWBAIIMS
CUMITATUIECKOI HEPBHOM CUCTEMBI ITOCTEIICHHO YCUIUBACTCS,
YTO BBI3BIBACT 0OJIeE TSDKEIIYIO CTCIICHb TMITICPTCH3UBHBIX CO-
cTosiHU# [8]. DTO OBUIO AJOKA3aHO, B YACTHOCTU, C ITOMOIIBIO
MPSIMBIX METOIOB HUCCIeAOBaHUs (DYHKUMIA CHUMIIATUYECKOM
HEPBHOI CUCTEMBI YeJIOBeKa, TAKMX KaK KIMHUYEeCKass MUKPO-
Heliporpadusi, KoTopasi, HeOCPEACTBEHHO C IOMOIIbIO 3a-
nucKu 3¢hGEepeHTHOro MOCTIaHIJIMOHAPHOTO CUMITaTUYECKOro
HEHPOHHOTIO paspsaa B MajoOeplOBOM WM IJIEYEeBOM HEpBE
YyeJIoBeKa, MO3BOJISIET MPE0I0JIeBaTh U3BECTHBIC OTPAaHUUYEHMS
aHayM3a TUIA3MEHHOTO aIpeHePTUYECKOT0 MapKepa Hopajape-
HayjmHa [2].

BroimreyroMsiHyTasi cuMIiatTuieckasi JUCPETysiiust Obuia
MPOAEMOHCTPUPOBAHA HA PA3IWYHBIX CTAOUsSIX TUIIEPTOHU-
YECKOU 0O0JIe3HU (JICTKOM, YMEPEHHOM M TSDKEJIOi), IpU ap-
TepUAaIbHON TUIIEPTCH3MU Y MAllMEHTOB MOJIOIOIO, CPEIHETO
U TIOXMWJIOTO BO3pacTa, apTepUalbHON TUIIEPTEH3UU «OeIoro
XaJjilaTa», JAaTCHTHOMN TUIIEPTEH3UU U apTEPUAIbHOM TUIIEPTECH-
31U, BbI3BAaHHOI OepeMeHHOoCThIO [1, 2]. HemaBHO ObLIM 3a10-
KYMEHTUPOBAHBI U APYIUe KIMHUYECKUE COCTOSAHUS, KOTOPbIE
aCCOLIMUPOBAINCH C TUMEPAKTUBHOCTHIO CUMITATUYECKOTO OT-
Jiesia HepBHOM cuctembl. OHU BKITIOYAIOT B ce0s1 TUTIEPTEH3UIO
BO BpeMsl CHa W OOJPCTBOBAHWS, TMIIEPTEH3UIO, OCIOXHEH-
HYIO CHMHIPOMOM aftHO? CHa, METabOJIMYECKUM CUHIAPOMOM
WV TIOY€YHOUN HEIOCTaTOUYHOCTHIO, M MCTUHHYIO PE3UCTEHT-
Hyto tunepteHsuio [1, 2, 9]. HakoHert, ciemayeT OTMETUTh, UTO:
1) BTOpMYHBIC (POPMBI apTEPUATBLHON TUIIEPTCH3UU, TaKHUE
KaK pEHOBACKYJISIpHAs TMIIEPTEH3USI, BEPOSITHO, HE CBSI3aHBI
C CUMMAaTUYeCKON aKTUBAaLMeil; 2) MeXaHWU3MBbI, OTBETCTBEH-
HbIE 3a pa3BUTHUE apTepUaIbHON TUNIEPTEH3UU, O0YCIOBICHHOI

heart failure, stroke, myocardial infarction and
renal failure-related hypertension, sympathetic
activation has an independent adverse prog-
nostic relevance in terms of both morbidity and
mortality [3—7].

Taken together, these findings underscore
the importance of the modulation of sympa-
thetic activation as a goal for non-pharmaco-
logical as well as pharmacological interven-
tions aimed at lowering elevated blood pressure
values.

Sympathetic activation
in hypertension

Essential hypertensive states have been
shown to be characterized not only by an
impaired parasympathetic tone but also by
marked sympathetic overdrive, with a re-
sulting increase in resting heart rate values
[1]. The sympathetic activation contributes
to this haemodynamic alteration, due to the
well-known positive chronotropic effects of
the main adrenergic neurotransmitter, nor-
epinephrine [1]. The two neurogenic abnor-
malities appear to be already present in the
pre-hypertensive stage or in borderline hyper-
tension [2]. However, while vagal dysfunction
remains stable in magnitude in clinical condi-
tions characterized by more severe increases
in blood pressure, sympathetic activation un-
dergoes a progressive potentiation as the se-
verity of the hypertensive state increases [8].
This has been shown particularly via direct
approaches to investigate human sympathetic
function, such as clinical microneurography,
which, by directly recording efferent post-
ganglionic sympathetic neural discharge in
the peroneal or brachial nerve in man, allows
the well-known limitations of plasma norepi-
nephrine assay as an adrenergic marker to be
overcome [2].

The above-mentioned sympathetic dysre-
gulation has been shown in the different stages
of hypertension (mild, moderate, severe), in
hypertensive forms of young, middle-aged and
elderly patients, in white-coat hypertension,
masked hypertension and pregnancy-induced
high blood pressure [1, 2]. Recently, other
clinical conditions found to be associated with
sympathetic overactivity have been documen-
ted. They include dipping or non-dipping hy-
pertension, hypertension complicated by sleep
apnoea, metabolic syndrome or renal failure,
and true resistant hypertension [1, 2, 9]. Final-
ly, it should be mentioned that: 1) secondary
forms of hypertension, such as renovascular
hypertension, do not appear to be associated
with sympathetic activation, and 2) the mecha-
nisms responsible for the hypertension-related
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aIpPEHEPrMYECKUM TepeHaIpPsSKEeHUEM, BO3MOXHO, SIBIISIIOTCS
KOMILIEKCHBIMM, BKJIIOYasi U3MEHEHMSI B HEMpOreHHOM, ped-
JIEKTOPHO, a TakzkKe MeTabOJIMUECKON MOIYJISILIMU TOHYCAa CUM-
MaTUYECKO HepBHOM cucTeMsl [ 1, 2].

KAMHMYecKkasg sSHOYMMOCTb APTEPUAAbHOM
rmnepTeHsnmn, CBI3aHHOU C CUMMNATUYECKOM
r’MnepaKkTMBHOCTbIO

B Hacrostiiee BpeMst U3BECTHBI IIPSIMbIE M KOCBEHHBIE I0Ka-
3aTeJIbCTBA TOTO, YTO COCTOSIHMS, CBSI3aHHbIE C CUMITATUYECKOI
aKTUBALIMEH, IPUBOIST K PA3BUTHIO CEPACUHBIX U COCYAMUCTHIX
M3MEHEHUI, TeM CaMbIM BbI3bIBasl ITOBBIIICHNE 3a00JIeBacMO-
CTU M CMEPTHOCTH B CJTy4asix HeJICYCHOM apTepUaJIbHOM TUIIep-
TeH3uu [1, 2]. YTo KacaeTcss UBMEHEHUI CO CTOPOHBI cepalia,
€CTh JI0Ka3aTeJbCTBa TOTO, YTO MOBBIIIEHHBI TOHYC CHMIIA-
TUYECKOW HEPBHOUW CHUCTEMBbI, BO3JACUCTBYIOIIEU Ha Cepile,
orpenensieTcst y OOJbHBIX apTepuaJbHONM TUTIEPTEH3UeH ¢ TH-
repTpodreii JIEBOTO XeTyIouKa WIK Jaxke ¢ AUACTOIMIECKOMN
ITUCHYHKIIMEH JICBOTO KEIYIOUYKa; 3TO ITOATBEPXKIAaeT KOH-
LIETIHIO O TOM, YTO KPOME YPOBHS apTepPUAIbHOTO AaBIeHUs
KpaliHe BaXKHYIO POJIb B ONpEAeIEHUU CTPYKTYPHBIX U (PYHK-
LIMOHAIbHBIX MU3MEHEHUII MUOKapaa, KOTOPbIE MMEIOT MECTO
IIPU Pa3IMYHBIX KIIMHUYECKUX TUIIEPTOHUYECKUX COCTOSIHUSIX,
urpatot u apyrue daxkropsl [10, 11]. Takxke ObLI10 HOKa3aHO,
YTO CUMITaTUYECKasl aKTUBAIIUS Y4aCTBYeT B pa3BUTUU U IIPO-
IrPeCCUPOBAHUN PEMOACIUPOBAHUS COCYI0B, IHAOTEIMATBHOMN
IUCcYHKIIMHT, a TaKXKe B TTOBBIIIIEHUN apTepUaJIbHOTO TOHYCA,
KOTOpbIe O0YCJIOBIMBAIOT Pa3BUTUE TMIIEPTOHNIECKHUX COCTO-
stHuii [12, 13]. HakoHelr, B ucciiefoBaHUSIX MIOCTEIHUX JIET 10-
Ka3aHo, YTO KaK MeTaboIMIeCcKre HapyIlIeHUsT, TaK 1 3a00J1eBa-
HUSI TIOYEK, IIPOSIBIISIIOIIMECS apTEPUAIbHOM TUIIEPTEH3UEN He
TOJILKO Ha MO3[IHUX, HO U Ha 0oJiee paHHUX CTaausIX, ACHCTBU-
TEJIbHO CBSI3aHbI C UBMEHEHMSIMM B CUMIIATUYECKO HEPBHOM
CHCTEeMEe, KOTOpbIE, BEPOSITHO, MOTEHLUPYIOT aJpeHepruye-
CKYIO IIeperpy3Ky, BCTpEYaroLIyocs yKe IIPU HEOCIOXKHEHHOM
apTepuabHOI runepTeH3uu [14, 15].

TopMOXXeHne AKTUBHOCTU CUMMNATUYECKOrO
OoTAEeAd HepBHOI7I CUCTeMbl KOK MULLeHb
rMNOTEH3MBHOM TEpaAnUU

Kak mokazano B Tabis. 1, yMeHbIIEeHUEe CUMIATUIECKOTO
TOHYCa, BO3JEUCTBYIOINIETO HAa CEPIEYHO-COCYIUCTYIO CUCTE-
MY, MOKET BBI3BIBATh LIEJbIN PsIIl OIATONPUSITHBIX CEPACIHO-
COCYIUCTBIX U KapanomeTtabonuueckux 3¢ hekroB. CaMbIMU
aKTyaJbHBIMU U3 HMX C KJIMHUYECKOW TOYKU 3PEHUS SIBJISI-
10TCA: 1) paBHOMEpHBINI KOHTPOJIb apTePUATBLHOTO IaBICHUS
B TEUYCHHME CYTOK; 2) yMEHbIIEeHME auarna3doHa KojeOaHus
apTepuaJbHOrO IaBJICHUs B TEYECHUE CYTOK, 3) perpeccUpo-
BaHME IOpaXKEHWII OpraHOB-MUIIeHE!; 4) ylydllleHue Me-
TabOJIMYECKUX HapyIIeHWid, CBSI3aHHBIX ¢ TurnepToHueit. C
JIPYTOif CTOPOHBI, CAMITATOMUMETHKH OKa3bIBAlOT COBEPIIIEH-
HO MPOTUBOITIOJIOXHOE NEUCTBME Ha CEPAEIYHO-COCYIUCTYIO 1
KapAMoMeTaboJIMIecKyIo CUCTeMbI (Tab. 1); OHU TIPSIMO WIIN
KOCBEHHO: 1) YMEHBIIIaI0T paBHOMEPHBINI KOHTPOJIb apTEPU-
aJIbHOTO JaBJCHMSI B T€YEHUE CYTOK; 2) MOBBILIAIOT AUAalia-
30H KoJieOaHUsI apTepUabHOIO JABJICHUS B TEUEHUE CYTOK;
3) HUBEJMPYIOT PErpecCUpoOBaHUE CEPACUYHBIX MOpPaKeHUIA;
4) yxXyaumaioT MeTaboJInuecKre HapylIeHusl, CBSI3aHHbIE C TH-
HEePTOHUEM.

adrenergic overdrive appear to be complex,
including alterations in the neurogenic, reflex
as well as metabolic modulation of the sympa-
thetic tone [1, 2].

Clinical relevance
of the hypertension-related
sympathetic overactivity

Direct and indirect evidence is now avai-
lable that a state of sympathetic activation
promotes cardiac and vascular alterations,
thus contributing to the elevated morbidity
and mortality described in untreated hyper-
tension [1, 2]. As far as cardiac alterations are
concerned, there is evidence that a heightened
cardiac sympathetic drive is detected in hy-
pertensive patients with left ventricular hyper-
trophy or even with left ventricular diastolic
dysfunction, underlining the concept that fac-
tors other than blood pressure elevation are
of key importance for determining the myo-
cardial structural and functional alterations
detectable in the clinical course of the hyper-
tensive state [10, 11]. In addition, sympathetic
activation has been shown to participate in the
development and progression of vascular re-
modelling, endothelial dysfunction as well as
in the increase in arterial stiffening reported in
the hypertensive state [12, 13]. Finally, recent
studies show that both the metabolic and re-
nal abnormalities which characterize not only
advanced but also earlier stages of hyperten-
sion are indeed associated with sympathetic
alterations, which appear to potentiate the
adrenergic overdrive already seen in uncom-
plicated hypertension [14, 15].

Sympathoinhibition
as a goal of antihypertensive
drug treatment

As illustrated in Table 1, a reduction in sym-
pathetic cardiovascular drive may trigger a series
of favorable cardiovascular and cardiometabolic
consequences. Those more relevant from a clini-
cal view point include: 1) a homogeneous blood
pressure control during a 24-hour period, 2) a
reduction in 24-hour blood pressure variabi-
lity, 3) a regression of target organ damage, and
4) an improvement of the metabolic abnormali-
ties associated with hypertension. Conversely, of
a totally opposite nature are the cardiovascular
and cardiometabolic consequences of sympa-
thoexcitatory drugs (Table 1), which favor, again
directly or indirectly, 1) a lesser homogeneous
blood pressure control, 2) a greater blood pres-
sure variability, and 3) reduced cardiac organ
damage regression as well as a worsening of the
metabolic abnormalities associated with hyper-
tension.
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Tabnuua 1. lemoanHammudeckue n meTabonnyeckue agekTol aHTUrNNepPTEH3NBHbIX NMPenapaTos B COOTBETCTBUN
C ux aelicTBUEM Ha CUMIaTUYECKYIO HEPBHYIO CUCTEMY

Cumnato6noKaTopbl | CUMNaToMUMETUKHN
YacToTa cepAeyHbiX COKpaLleHW U KUCNTOPOAHOE NOBPEXAEHNE MMOKapaa MoHuxatoT MoBblwatoT
ConpoTMBneHne KOPOHapPHbIX COCYA0B MoHuxatoT MoBbilwatoT
[Junanas3oH KonebaHua apTepuanbHOro AaBaeHus MoHwuKatoT MoBbilwatoT
MHCYNMHOPE3UCTEHTHOCTD MoHuxatoT MoBblwatoT
MnepTpodus NEBOro }enygouka u peMoaynaLums cocyaonB [MoHuKatoT He BnustoT
CeppeyHo-cocyancTasi NpoeKLns [MoBbiwatoT [ToHWKatoT

Table 1. Hemodynamic and metabolic effects of antihypertensive drugs according to their sympathetic action

Sympathoinhibitory drugs Sympathoexcitatory drugs
Heart rate and myocardial oxygen demand Decrease Increase
Coronary vascular resistance Decrease Increase
Blood pressure variability Decrease Increase
Insulin resistance Decrease Increase
Left ventricular hypertrophy and vascular remodelling Decrease No change
Cardiac and vascular protection Increase Decrease

Cumnatuyeckue appekTol .
HEeMeAUKAMEHTO3HON U Me AUKAMEHTO3HOWM
Tepanuu

Yto KacaeTcss HEeMEIMKAMEHTO3HbBIX METOIOB, UMEIOTCS He-
OIPOBEPXKMMbIE JOKAa3aTeJIbCTBA BO3ACHCTBUSI Ha CUMITaTUYe-
CKYIO CHCTeMY HM3KOKAJOPUIHON IUEThl W IPOrPaMMBbl BbI-
MOJTHEHUSI PETyJIpHBbIX (U3MUecKuX ympaxHeHuit [16, 17].
ITockosbky 06e rmpolieaypbl OKa3bIBAIOT YETKO BBIPAXKEHHOE B -
sTHUE B TUTAHE CHIDKEHUST apTepUaTbHOTO JaBJICHUSI, BETMIMHA
KOTOPOTO YacTO CBSI3aHA CO CTETICHBIO CUMITATIYCCKOM OJIOKAIbI,
ObI1a BEIIBUHYTA TMIIOTE3a O TOM, UTO ICUCTBUE 3TUX ABYX aHTH-
TUTIEPTEH3MBHBIX METOAOB OOYCJIOBJICHO MX CHUMIIATOOJIOKUPY-
oM 3ddexramu [16, 17]. M1 HaobopoT, muTesbHas 1ueTa
C HU3KUM CoepXKaHMUEM HaTpusl, KaK COOOIIAIOCh, TPUBOIUT K
YBEJIMUEHUIO YK€ TIOBBIIIIEHHOTO aipeHePruueckKoro ToHyca [16,
17]. D10, BeposITHO, CBSI3aHO C T€M, UYTO AUETA C HU3KHUM COJAEP-
J)KaHMEeM HaTpMsl BbI3bIBAECT TMICPUHCYJIUMHEMUIO U aKTUBUPYET
PEHUH-aHTMOTEH3UHOBYIO CUCTEMY, T.€. IBa 3 dekTa, KOTopble
CMOCOOCTBYIOT BO30YXXKIEHUIO CUMITATUUECKOI HEPBHOI CUCTe-
MbI U OKa3bIBAIOT BIUsSHUE Ha 6apopedIeKTOPHbBII KOHTPOJIb CO
CTOPOHBI KaK BaraJIHOTO, TaK W CUMITAaTUIECKOro ToHyca [1, 2].
HemaBHO OBUIM yCITEITHO pa3pabOTaHbl 1B MHBa3WBHBIC TIPOLIC-
IypBl. UMITIAHTAIIMS YCTPOMCTBA, CIIOCOOHOTO CTHUMYJIMPOBATH
KapoTUIHBIC 0APOPELICTITOPHI (a CIeI0BaTeIbHO, MHTUOMPOBATh
aKTUBHOCTh CHUMIATUYECKONW HEPBHOM CUCTEMbl U TOBBIILIATH
GapopedeKTOpHbII KOHTPOJIb BaraJiIbHOTO TOHYCa, BO3ACHCTBY-
OILIETO HA Cep/lie), U JeHepBalvsl MOYEYHOTO CUMITATUYECKOTO
HepBa yepes KaTeTep, pa3MEeILeHHbIN B TOYEUHOM apTepruy U Mo~
KJIIOUEHHBIN K paauoyacToTHOMY reHepaTtopy. O6e 3Tu nmpoLeay-
bl HAXOMSTCST HAa CTAAUU KIIMHUYECKUX UCCIIENOBAHUN C TIEJTBIO
M3YYEHUsT UX TUTIOTEH3UBHOTO 3h(eKTa, KOTOPbIA, BEPOSITHO,
CBsI3aH C YMEHBIIICHHEM CUMITAaTUIeCKOro ToHyca [ 18, 19].

Yro KacaeTrcsi BIMSHUST TUTIOTEH3UBHBIX MPETIapaToB Ha Cep-
JICYHO-COCY/IUCTYIO BETETATUBHYIO (DYHKIIMIO, MMEIOTCS [TOKa-
3aTeNILCTBA TOTO, UTO, KaK ITOKAa3aHO B Ta0J. 2, HEKOTOphIE (hap-
MaKOJIOTMUECKME KJIACChl aHTUTUIICPTEH3MBHBIX IIPEIapaTtoB
(Hanpumep, OeTa-0JOKATOPbI, MHTUOMTOPHI AHTMOTCH3UHIIPE-
Bpawaroiero gpepmerra (MAII®D) u 610KaTOphI PELICIITOPOB aH-

Sympathetic effects of
non-pharmacological and
pharmacological interventions

As far as non-pharmacological interventions
are concerned, there is overwhelming evidence de-
monstrating the sympathomodulatory effects of low-
calorie dietary interventions and regular physical
exercise programs [16, 17]. Since both procedures
trigger clear-cut blood pressure-lowering effects of
a magnitude often related to the degree of the sym-
pathoinhibition, the hypothesis has been advanced
that the antihypertensive effects of the two interven-
tions are related to their sympathoinhibitory effects
[16, 17]. Conversely, an enhancement of the already
elevated adrenergic drive has been reported during
a long-term and marked low sodium diet [16, 17].
This is presumably related to the fact that marked di-
etary sodium restriction elicits hyperinsulinemia and
renin-angiotensin stimulation, i.e., two effects which
promote sympathoexcitation and impair baroreflex
control of both vagal and sympathetic drive [1, 2].
Recently, two invasive procedures, i.e., implantation
of a device capable of stimulating the carotid barore-
ceptor (and thus inhibiting sympathetic activity and
enhancing baroreflex control of cardiac vagal drive),
and renal sympathetic denervation through a ca-
theter positioned in a renal artery and connected to
a radiofrequency generator, have been successfully
developed. They are both under clinical investiga-
tion to define their blood pressure-lowering effects,
which may be associated with a reduction in sympa-
thetic drive [18, 19].

As far as the effects of antihypertensive
drug treatment on autonomic cardiovascu-
lar function are concerned, there is evidence
that, as shown in Table 2, some pharmacologic
classes of antihypertensive drugs (such as be-
ta-blockers, angiotensin-converting enzyme
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ruoteH3nHa II) Moryr okasbIBaTh BbIpaXKeHHOE CUMIIATOOJIOKU-
pyloliee IefCTBUE, B TO BpeMsl KaK Ipyrve KJIacchl BOOOIIE €ro He
OKa3bIBAIOT (AHTArOHWCTHI KaJIbLIMS [UTUTEIBHOTO ACWCTBUS) WA
JlaKe YCWIIMBAIOT aipeHEPrUIECKUI TOHYC B OTHOIIIEHUH Cepaey-
HO-COCYJTUCTOM CUCTEMBI (IMYPETUKU, AaHTATOHUCTBI KAJTBITUST KO-
potkoro nevictsust) [16, 20—22]. B HacTosIiiee BpeMst UMeeTcsT He-
JIOCTaTOYHOE KOJIMYECTBO MH(OPMALINN O JSUCTBUSIX PA3TAIHBIX
KOMOVHALIMIA aHTUTUIIEPTEH3MBHBIX IIperapaToB Ha (YHKIIMIO
BETETATUBHOU HEPBHOM CUCTEMBI, BO3JIEHCTBYIOILIEN HA CEPIEYHO-
COCYIHUCTYIO CUCTEMY, 1 BCSI OHA OCHOBBIBACTCSI HA KOCBEHHBIX U,
TaKUM 00pa3oM, MeHee YyBCTBUTEIbHBIX MapKepax TOHYCa CUMIIa-
TUYECKOI HEPBHOI CUCTEMBbI, TAKMX KaK IIa3MEeHHAast KOHIIEHTpa-
LIMST HOpaipeHaJIMHA.

BbiBOADI

Ene npenctout onpenevTh LesIblid psii BOIIPOCOB, CBSI3aHHBIX
C POJIBIO CUMITATUYECKOW HEPBHOM CUCTEMBI TIPU apTEPUATbHOM
TUIIEPTEH3UU:

— pOJIb TEHETNYECKUX (haKTOPOB B TEperpy3ke CUMITaThyie-
CKOW HEpBHOI CUCTEMBI, O0YCJIOBJIEHHON TUIEPTEH3UEIH;

— OTHOILICHUS MEXY Pa3TUUHBIMU IMOKa3aTeNISIMU (DYHKIIUU
CUMIIATUYECKOWM HEPBHOM CUCTEMBI U HOBBIMU MapKepamu Mo-
BPEXIEHUS OPraHOB-MUILICHE/apTepuanbHOM TUCHYHKIINMY;

— BO3EHCTBYE KOMOMHMPOBAHHOM JIEKAPCTBEHHO! Teparuu
Ha (DYHKIMK CUMIATUYECKOI HEPBHOI CHCTEMBI U €€ BO3MOXKHAsI
CBS3b C KOHTPOJIEM apTEPUATIBHOIO IaBICHHUS.

inhibitors (ACEI) and angiotensin II receptor
blockers) may elicit profound sympathoinhi-
bitory effects, while other classes may leave
unchanged (long-acting calcium antagonists),
or even further increase (diuretics, short-ac-
ting calcium antagonists), the adrenergic car-
diovascular drive [16, 20—22]. Information on
the effects of different antihypertensive drug
combinations on autonomic cardiovascular
function is scarce at present and mainly based
on indirect, and thus less sensitive, markers of
sympathetic drive such as plasma norepineph-
rine.

Conclusions

A number of issues related to the role of the
sympathetic nervous system in hypertension
remain to be defined:

— the role of genetic factors in hyperten-
sion-related sympathetic overdrive;

— the relationship between the various indi-
ces of sympathetic function and the novel mar-
kers of target organ damage/arterial dysfunction;

— the effects of combination drug treatment
on sympathetic neural function and its possible
relationship with blood pressure control.

Tabnuua 2. BaussHue pasinyHbiX KJ1aCCOB aHTUIrMNepPTeH3UBHbIX MPenaparos Ha rnepudepunyeckyro cumnaTu-
4YeCKyI HePBHYIO CUCTEMY U Ha CUMINAaTUYECKYIO HEPBHYIO CUCTEMY, BO34EHCTBYIIOLLYIO Ha cepaLe

Knacc npenapatos

BauaHue Ha nepudepuveckyio
CUMNaTU4ECKYI0 HEPBHYIO CUCTEMY

BnvsiHMe Ha CMMNATUYECKYIO
HEpPBHYIO CUCTEMY, AEWCTBYIOLLYIO
Ha cepaue

CUMNaTONUTUKM LEEHTPANbHOMO AEVCTBUS

BblipaxeHHoe NoHuKeHre GyHKLMK

MoHmKeHne GyHKUMK

O-6110KaTopbI

BblipaxeHHoe NoHuKeHWe GyHKLMK

be3 nameHerwumn

TasuaHble AUYPETUKM

BblpaxeHHoe NoBbllLEHWE (DyH KLUUH

be3 nameHerum

AHTUMUHEPaNOKOPTUKOMAHBIE Npenapatbl

MoHWKeHne GyHKUmK

be3 nameHerum

[-6nokatopsbl

MoHmKeHne GyHKUMK

BblipaxeHHoe NoHWKeHne GyHKLMK

AHTaroH1CTbl KanbLsi KOPOTKOro AENCTBUSA

BblpaxeHHoe NoBbllLEHWE (DyH KUUH

BblpaxeHHoe noBblleHne d)yH EIZ17]

AHTaroHMCTbl KanbLs AIMTENBHOIO AEUCTBUS

MoHmKeHne GyHKLUMK, 6€3 USBMEHEHUI

Bes nameHeHun, NoBbIWaloT GyHKLUK

NAMND

MoHuKeHre GyHKLUMK, 6€3 USMEHEHWI

be3 nameHenwum

Bnokatopbl peuentopos aHrMoTeH3uHa |l

MoHWKeHre GyHKLUMK, 6€3 USMEHEHUI

be3 nameHenum

Table 2. Effects of different antihypertensive drug classes on peripheral and cardiac sympathetic drive

Drug class

Effects on peripheral sympathetic

Effects on cardiac sympathetic

nervous system nervous system
Central sympatholytics Marked reduction Reduction
a-blockers Marked reduction No change
Thiazide diuretics Marked increase No change
Anti-aldosterone agents Reduction No change
B-blockers Reduction Marked reduction

Short-acting calcium antagonists

Marked increase

Marked increase

Long-acting calcium antagonists

Reduction, no change

No change, increase

ACEI Reduction, no change No change
Angiotensin Il receptor blockers Reduction, no change No change
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