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Pe3rome

CenTr4ecKuil MIOK, KaKk HauboJiee Tsokeras popMa TeYeHHs CeTICHCa, XapaKTepu3yeTcsi BBICOKOU Jie-
TaJIbHOCTBIO, focTHUTraolei 40%, HeCMOTpPsI Ha MCI0JIb30BaHKE CAMBIX COBPEMEHHBIX CTAH/IaPTOB TUArHO-
CTUKH ¥ JIeYeHNs1. B maroreHese cenTUYECKOTO III0KA BeyIasi POJIb IPUHAIJIESKUT Ba30IJIETMH, COOTBET-
CTBEHHO, U Tepanusi 00CYKJAeMOT0 COCTOSIHUsI IpeJIoJiaraeT MCI0Jb30BaHNE Ba30KOHCTPUKTOPOB,
HapAQy CO CTaHAapTHBIM Ha3HaAY€HUEeM I/IH(l)YSI/IOHHOI;'I Tepanuu, AHTUOMOTHUKOB M CUMIITOMAaTUYECKAM
JiedeHreM. BbI60p KOHKPETHOTO Ba30aKTUBHOTO ITperapara — CJI0’KHAs 3a1a4a JAJIsi IPaKTUKYIOIIero aHe-
CTe310JI0ra, T. K. Hapsiy C, HECOMHEHHO, II0JIO’KUTEIbHBIMY CBOMICTBAMH, Ka3K/IbIii BA30KOHCTPUKTOP 00J1a-
JlaeT CBOMM CIIEKTPOM HesKeJslaTeJIbHBIX TI0O0YHBIX 3(p(HEKTOB, UTO, KOHEYHO SKe, HeOOXOIUMO YUUTHIBATh
[IpY OIIpe/e/IeHIH TAKTUKY JIEYeHUsI.

ITestb 0030pa: KOMIIJIEKCHAS OI[eHKAa MHOTO(PAKTOPHOTO BO3IEMCTBHS HA NALMEHTA PA3JINYHBIX Ba30-
KOHCTPUKTOPOB JIJI5I OTIPEJiesIeHNsI KPUTEPUEB BbIOOPA ONTHUMAIHLHOTO ITpenapara (MM KOMOUHALIUHY 1Ipe-
11aparoB) IPUA CENITUYECKOM IIIOKE.

IMouck mpoBoauaH 1Mo 6a3am qaHHbIX PubMed 1 Scopus, okOHYaTETBHBIN 0TOOP 89 UCTOYHUKOB OCYIIIe-
CTBUJIM B COOTBETCTBUHM CO CJEAYIOIIMMH KPUTEPUSIM: OTHOIIIEHUE K TeMe JJaHHOro 0630pa 1 Xxapakrep
CTaTbM — B OKOHYATeJIbHBIN aHAIN3 BOIILIHM TOJBKO PAaHJIOMU3UPOBAHHBIE KOHTPOJIMPYEMbIe NCCIIeI0Ba-
HUsI, PEKOMEH/JAIINH U aHATUTUYeCKUe 0030pPHI.

PaccMmoTpesiy BHEIIIHYE M BHYTPEHHIE MeXaHNU3MbI PETYIISIIAN COCYIUCTOr0 TOHYCa, BKJII0Yast (aKTOPbI
BbIpa0aTbIBaeMble 9H/I0Te/INEM (OKCH]] a30Ta, IPOCTAIMKIINH, HJIOTEJIVH); BA30aKTUBHbIE META0OIUTHI 1
AyTOKOU/IbI — CUTHAJIbHBIE MOJIEKYJIBI JIOKAJILHOTO IeCTBYSI (CEPOTOHMH, IPOCTAVIAHJMHBI, TDOMOOKCaH
A2). CooTBETCTBEHHO, TPOAHATU3NUPOBAJIH ITPeTNaparhl, MEXaHNU3M JIEHCTBUsI KOTOPBIX CBSI3AH C BIUSHUEM
Ha aJipeHepruvyeckre (aapeHaanH, 1opaMuH, HOpagpeHa uH, GeHmIIGpuH, 100yTaMUH), Ba30MPECCUHO-
BbI€e (Ba30IIPECCUH, TEPJIUIIPECCHH, CEJIENIPECCHH) PEIENTOPHI, CHHTETUYeCKUE aHAJIOTY aHTMOTeH3MHA (aH-
ruorensyH 1) ¥ npenaparsel, Ba3onpeccopHbIi 3(h(heKT KOTOPBIX He CBsI3aH C PELeNTOPHBIM aIaparoM (Me-
TUJIEHOBBIN CUHUH, JIEBOCUMEH/IaH, THAPOKOPTU30H).

3aksroueHue. Boicokast a(p(heKTUBHOCTh HOPAPEHAINHA, ero [T0JI0KUTEIbHbIE TeMOJUHAMUYECKIE
3 eKTHI IeJIAI0T ITOT Ipernapar, BO MHOI'OM, YHUBEPCAIbHBIM CPEJICTBOM JIJIsI KYIIUPOBAHUSI CEIITUYECKOTO
moka. OgHaKo pedpakTepHbIA MIOK 00yCAaBINBAET UCII0JIH30BaHNE BBICOKUX 103 HOPAIPEeHATNHA, YTO
TIPUBOAUT K YBEJUYEHHIO PUCKA HeO/IaroprUATHBIX peakIuii. [Ipe1oTBpaTuTh 0J00HbIE OCI0KHEHN ITPHU-
3BaHa COYETAHHAS] CTUMYJISIIMSA a[peHEePTUYeCcKUX U JJUranga V — perentopoB TepyunpecciuHoM. OHaKo,
Ha CETONHSAIIHUN JeHb He CYIIeCTBYeT YeTKUX PEKOMEeH AN 110 TPUMEeHEHUIO TePJIUTIPECCHHA TIPH CeTl-
TUYECKOM IIIOKE, YTO OFPAHUYMBAET €r0 UCII0/Ib30BAHNE B KITMHIUYECKOH ITPAKTHKE.

Karouesvwle croea: cencuc; cenmuueckuti UOK; edaaonpeccopHas noaaepofcna; ea3onJjiecus

Summary

Septic shock, as the most severe form of sepsis, is characterized by high mortality reaching 40% despite the
use of the most modern standards of diagnosis and treatment. In the thanatogenesis of septic shock, vasoplegia
plays a leading role, respectively, and therapy of the condition under discussion involves the use of vasocon-
strictors, along with the standard prescription of infusion therapy, antibiotics and symptomatic treatment.
The choice of a specific vasoactive drug is a difficult task for a practicing anesthetist, as along with undoubtedly
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positive properties, vasoconstrictors each have their own spectrum of undesirable side effects, which, of course,
must be taken into account when determining treatment tactics.

The aim of review: A comprehensive assessment of the multifactorial effect of various vasoconstrictors on
the patient to determine the criteria for choosing the optimal drug (or a combination of drugs) in septic shock.

The search was carried out using PubMed and Scopus databases, the final selection of 89 articles was carried
out in accordance with the following criteria: relevance to the topic of this review and the nature of the article —
only randomized controlled trials, guidelines and analytical reviews were included in the final analysis.

External and internal mechanisms of vascular tone regulation are considered, including factors produced
by endothelium (nitric oxide, prostacyclin, endothelin); vasoactive metabolites and autocoids — signal
molecules of local action (serotonin, prostaglandins, thromboxane A2). Accordingly, drugs were analyzed the
mechanism of action of which is related to the effect on adrenergic (adrenaline, dopamine, norepinephrine,
phenylephrine, dobutamine), vasopressin (vasopressin, terlipressin, selepressin) receptors, synthetic ana-
logues of angiotensin (angiotensin II) and drugs the non-vasopressor effect of which is not linked with the re-
ceptor apparatus (methylene blue, levosimendan, hydrocortisone).

Conclusion. The high effectiveness of norepinephrine, its positive hemodynamic effects make the drug
under discussion, in many ways, a universal remedy for the relief of septic shock. However, refractory shock
may require the introduction of such high doses of norepinephrine that the occurrence of adverse reactions
will become practically inevitable. The combined use of adrenergic and ligand V receptors, terlipressin, is in-
tended to prevent these complications. However, to date, there are no clear recommendations on the use of

terlipressin in septic shock, which limits its use in clinical practice.

Keywords: sepsis, septic shock; vasopressor support; vasoplegia
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BBenenue

JleTambHOCTh TIPU CEICUCE U CeNNTUYEeCKOM
IIIOKE B HacTosIee BpeMs gocturaet 40% 1 coxpa-
HsIETCS Ha BLICOKOM YPOBHE, HECMOTPSI Ha HOBBIE
METOJbl IMAarHOCTUKU U JiedeHusd [1]. Kinnnuue-
CKas KapTWHA paHHero Iepuojia CenTUYeCKOTo
IITIOKA BO MHOT'OM 00yCJIOBJIEHA Ba30ILJIETHIECKUM
CUHIIPOMOM [1], onipenesisioiee 3HaYeHNE B JIede-
HUU KOTOPOT'0 UTPAET BOCIIOJIHEHNE BHYTPUCOCY-
IHUCTOTO 00'beMa sKuIKocTH [2]. OmHaKo, HapyIIIe-
HUEe TIPOHUIIAEMOCTA COCYAWCTOH CTEHKH,
BO3HMKalOIIlee IIPU CEeICUce, TPUBOIUT K CHUKE-
HUIO 3(p(PeKTUBHOCTY NH(PY3NOHHOU Tepanuu, a
n3bpITOuHAass MHQY3usA, cama o cebe, MOKET
HAHECTH cepbe3HbIN Bpey manueHTy [3]. Tsskemnas
Ba30IJIeTHsA, 0COOEHHO XapaKTepHasl IJIsI CeITHU-
YeCKOTO ITTOKa, TUKTyeT He0OXOIMMOCTh IIPUMEHe-
HMs1 Ba30IPECcCOPOB KOTOPbIe IPU3BAHBI MTO/IJIEP-
sKaTh aIeKBaTHYIO Iep(y3UI0 OPTaHOB B YCJIOBUSIX
OTpaHUYEHHOTO TPUMEHEHUST MaCCUBHOU WHQY-
3WOHHOU Tepanuu [4].

CenTu4eKuil IIIOK SBJISETCS BapUAHTOM
repepacIpeie/InTeIbHOTO IIIOKA C Ba30OTJIeTHeN,
BBIPA’KEHHOCTH KOTOPOU BO MHOTOM IIpeJoIpe-
neasdgeT ucxol JedeHUs [5]. 3HaHHE OCHOBHBIX
MeXaHH3MOB Pa3BUTHUA BAa30IJIETUU U METOJIOB
ee KOPPEKIUHU C UCIO0JIb30BAaHUEM Ba30IIPeCcco-
pOB — HeoOXOIMMOe yCJI0BUE YCIIENTHOU Tepa-
U 00CY>KTaeEMOTO COCTOSTHUS.

[Te1b 0630pa — KOMIIJIEKCHAsI OT[eHKA MHO-
roakTOpHOTO BO3/IENCTBUSA HA IMAIllEeHTa pa3-
JIMYHBIX BA30OKOHCTPUKTOPOB JIJIs1 ONIPeieJIEeHU s
KpUTepHUEB BHIOOPA ONTUMAJBHOTO IIpemapara
(nm KOMOWHAIMYM TpernaparoB) MPU CeNTHYe-
CKOM IIIOKE.

Introduction

Mortality from sepsis and septic shock cur-
rently reaches 40% and remains at a high level de-
spite new methods of diagnosis and treatment [1].
The clinical picture of the early period of septic
shock is largely due to vasoplegic syndrome [1], the
decisive role in the treatment of which belongs to re-
plenishment of the intravascular volume [2]. How-
ever, the violation of vascular wall permeability that
occurs during sepsis leads to a decrease in the effec-
tiveness of infusion therapy, and excessive infusion,
in itself, can cause serious harm to the patient [3].
This circumstance, as well as severe vasoplegia, es-
pecially characteristic of septic shock, necessitates
the use of vasopressors that are designed to maintain
adequate organ perfusion in conditions of limited
use of massive infusion therapy [4].

Septic shock is a variant of redistributive
shock with pronounced vasoplegia, which largely
determines the outcome of treatment [5]. Knowl-
edge of the basic mechanisms of development of
vasoplegia and methods of its correction using va-
sopressors is a necessary condition for successful
therapy of the state under discussion.

The purpose of the review: A comprehensive
assessment of the multifactorial effect of various
vasoconstrictors on the patient to determine the
criteria for choosing the optimal drug (or a combi-
nation of drugs) in septic shock.

Methods of search and analysis of literary
sources. Search for relevant articles was done with
the help of PubMed and Scopus databases using
the following keywords: [Sepsis]; [Septic shock];
[Vasopressors + septic shock]; [norepinephrine” +
septic shock]; [norepinephrine + complications];
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MerTo/1b1 IOMCKA ¥ AHAJIN3A INTEPATYPHBIX
HCTOYHHUKOB. [IOVICK COOTBETCTBYIOIINX CTaTel
OBbLI pOBejieH 1o Oasdam JaHHbIX PubMed u Sco-
pus C MCIIOTF30BAHNEM CJIEAYIOMINX KIIOYEBBIX
csioB: [Sepsis]; [Septic shock]; [Vasopressors + sep-
tic shock]; [norepinephrine” + septic shock]; [nor-
epinephrine + complications]; [terlipressin + septic
shock]; [Dopamine+ septic shock]; [Methylene blue
+septic shock]; [catecholamine+septic shock];
[angiotensin II]; [selepressin], [Glucocorticoid +
septic shock]. OkoHuareabHBIN 0TOOP 89 cTareit
OCYIIIECTBJISJIA B COOTBETCTBUU CO CJIEAYIONTAMA
KpUTEPUAM: OTHOIIIEHHE K TeMe TaHHOTO 0630pa
" XapaKTep CTaTbu — B OKOHYATEJIbHBIA aHaJIN3
BOIIJTM TOJTBKO PaH/IOMU3UPOBaHHbIE KOHTPOJIH-
pyeMble ucciieJOBaHMsI, PeKOMEH Al 1 aHAIH -
THYeCcKue 0030pHhI.

MexaHHU3MbI Pa3BUTHUA BA3OIIJIEIrNHA
IIpH CEIITUICCROM IIIOKE

ToHyC COCyHOB OIlpefeJIAeTcs pacloJIOKeH-
HBIMM B MX CTeHKAaX IIaJKOMbIIIIEYHbIMH KJIETKAMU
(I'MKC) [1], OCHOBHBIM PETYJIATOPOM JEATEJIbHO-
CTH KOTOPBIX ABJIAETCS M3MEHEHNE BHYyTPUKJIETOY-
HOW KOHIIEHTpaluu MOHOB Kajbius (Ca®*) [6].
BHeNHAA perysisinus oCyIecTBIIsieTcs Oyrarogaps
BJIUSTHUIO CUMIIATUY€CKOY MHHEPBAIMU 1 Ba30aK-
THUBHBIX TOPMOHOB [6]. A BHYTpEHHUE PEeryIATOphI
COCYJMICTOTO TOHYCA BKJIIOYAIOT B €61 [6]:

1. ¢akTopsI BEIpabaThbIBaeMble 9HIOTETNEM
(okcup azora, IPOCTALUKIINH, 9HI0TEIUH) [7];

2. Ba3OAKTUBHBIE MeTab0MTHI (0OpasoBaB-
IIKMeCs B pesyJibrare alii03a, TUIIOKCAY, WK IPYy-
TUX TOBpEKIAIONINX (PAKTOPOB) HANpUMEp —
TIEPOKCHUL BOTOPO/Ia;

3. ayTOKOuIbl — CHUI'HAJIbHBIE MOJICKYJIbI
JIOKQJIbHOTO IeUCTBUSA (CEPOTOHMH, MTPOCTaIIaH-
IWHBI, TPOMOOKCaH A2).

Oxcup azora (NO). [Ipu cenTrueckoM HIoKe
npoucxoguT aktuBanusa NO — cuHTa3 [8], yTo
yBesrm4yrBaeT BhIpaboTky NO B HECKOJIBKO pas u
IIPUBOAUT K HEKOHTPOJUPYEMOI Ba30AU/IATAIUH,
narnbupoanuio npoaudepanuu 'MKC [8-10].
TeueHwne 1I0Ka YCYTyOJIsIETCA TEM, UTO YpE3MeEp-
Hast BbIpaboTka NO CHIKaeT peaKTUBHOCTB ajipe-
HepruvecKux peuenTopos [11].

IIpocrarnmanausel. [Ipy cenTrnyeckoM MIOKe
yBeJIMYMBaeTCs 00pa3oBaHue N30(POPMBI ITUKJIO-
OKCHUI'€HAa3bl 2 TUIIA U YCUJIMBAETCA CUHTE3 IIPO-
cTanukanHa [12], 9TO CIT0COOCTBYET HEKOHTPOJIH -
pyemoii Bazogusaranuu (13, 14].

JduporenuH 1 (ET1). BosHukarminue npu cemn-
cHuce TUIIOKCUs, HIIEeMHUsI, CTPECC CTUMYJIUPYIOT
obpasoBanue ET1. [laHHBIN TENTTHT JEHCTBYET KaK
Ba30KOHCTPUKTOP [15, 16], HO B yCJIOBUAX BOCIIA-
JUTEJIbHOI0 nporecca, ET1 MoykeT NpuBOgUTh K
HeraTUBHBIM 3 @deKTaM IyTeM aKTUBAIlUU CUT-
HaJIbHBIX IyTel, yCUJIMBAIOIINX CUHTE3 UHTEP-

[terlipressin + septic shock]; [Dopamine + septic
shock]; [Methylene blue + septic shock]; [cate-
cholamine + septic shock]; [angiotensin II]; [se-
lepressin], [Glucocorticoid + septic shock]. The final
selection of 89 articles was carried out in accor-
dance with the following criteria: relevance to the
topic of this review and the nature of the article —
only randomized controlled trials, guidelines and
analytical reviews were included in the final analy-
sis. Selected publications were analyzed by the au-
thors of this article and presented in «References».

Mechanisms for the Development
of Vasoplegia in Case of Septic Shock

Vascular tone is determined by smooth muscle
cells (VSMCQ) [1] located in their walls, the main reg-
ulator of their activity is a change in the intracellular
concentration of calcium ions (Ca?*) [6]. External
regulation is carried out due to the influence of sym-
pathetic innervation and vasoactive hormones [6].
The internal regulators of vascular tone include [6]:

1. factors produced by endothelium (nitric
oxide, prostacyclin, endothelin) [7];

2. vasoactive metabolites (formed as a result
of acidosis, hypoxia, or other damaging factors, for
example, hydrogen peroxide);

3. autocoids — signal molecules of local ac-
tion (serotonin, prostaglandins, thromboxane A2).

Nitric oxide (NO). In case of septic shock, NO
synthase is activated [7], which increases the pro-
duction of NO by several times and leads to uncon-
trolled vasodilation, and inhibition of VSMC prolif-
eration [8-10]. The condition is exacerbated by the
fact that excessive production of NO reduces the re-
activity of adrenergic receptors [11].

Prostaglandins. In case of septic shock, the for-
mation of type 2 cyclooxygenase isoform increases
and prostacyclin synthesis is enhanced [12], which
contributes to uncontrolled vasodilation [13, 14].

Endothelin 1 (ET1). Hypoxia, ischemia, and
stress that occur during sepsis stimulate the forma-
tion of ET1. This peptide acts as a vasoconstrictor
[15, 16], but in the inflammatory process, ET1 can
lead to negative effects by activating signaling path-
ways that enhance the synthesis of interleukin-1 [5],
tumor necrosis factor « [17], and interleukin-6 [18].

Acidosis resulting from insufficiency of tissue
perfusion, hypoxia and mitochondrial dysfunction
leads to even greater progression of shock and the
development of multiple organ failure [19].A dis-
tinct acidosis can lead to a decrease in the sensitiv-
ity of blood vessels to catecholamine vasoconstric-
tors [20, 21].

Oxygen free radicals. Decoupling of the inter-
action of endothelial enzymes NO synthases can
cause an increase of reactive oxygen species forma-
tion and enhance mitochondrial dysfunction [22].
The decomposition of superoxide anion, which is ex-
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JgevikuHa-1 [5], pakTopa HeKpo3a omyxoJei a [17]
U MHTepJielikuHa-6 [18].

Anua03 BO3HUKAIOIIUKI BCJEACTBUE HEJ0-
CTaTOYHOCTHU TKAaHEeBOU mepdy3uu, rUNOKCUUN U
MUTOXOHJPUAIBHON AUCQYHKIUU IPUBOIUT K
IIPOTrPECCUPOBAHUIO IIIOKA ¥ PA3BUTHUIO IIOJINOP-
raHHOW HegocTaTOYHOCTH [19]. BhIpakeHHBIN
anuI03 MOYKET IIPUBOIUTD K CHUSKEHUIO YYBCTBU-
TeJIbHOCTh COCYOB K KaTex0JIaMHUHOBBIM Ba30-
npeccopau [20, 21].

CBoOoaHBIE paguKaJIbI KUCIOpoaa. Hapy-
IIeHrEe B3aUMOJeHCTBUA 9HI0TeTNATbHBIX (pep-
MeHTOB NO-CHHTa3 MOYKeT BbI3BaTh yBeJIUUYEHUE
006pa30BaHNs AKTUBHBIX (POPM KHUCIOPOAA U YCH-
JIUTh MUTOXOHAPUAJIBHYIO ITUCYHKIMIO [22].
CymepokcuaHbIN aHNOH padJsiaraeT NO, u36bITOU-
HO 00pa3yoIuicd MpU IIOKe, W BHI3BIBAET
TUNEPHPOAYKIUIO IepoKkcUHUTpUTA [23]. IIlepok-
CUHUTPUT, JeUCTBYsI KaK MOIHBIN OKUCJIUTEb,
IIPOBOLIUPYET pa3BUTHE KJIETOUHOU TUCHYHKIINN
M Ba3oIljieruu [24].

CepoBogopon. [Ipu cerncuce 3HaYUTEJBHO
yBeJIWYMBaeTcsd 00pas3oBaHME CepoBOAOPOIA
(H2S), on nerko nudpdysaupyer B TMKC u cro-
COOCTBYET Pa3BUTHIO Ba30IJIETMYECKOr0 IIIOKA
yepes3 psJl KUCJIOPOH-3aBUCUMBIX MEXaHU3MOB,
axktuBanuio AT®-4yBCTBHUTEJNBHBIX KaJIMEBBIX
KaHaJIOoB [25, 26]. Ho, B Toske Bpems, H,S, B3aumo-
neiictByss ¢ NO, Mo)KeT OCJIaOJIATH JeWCTBUE
nocJjeaHero [27].

HeangoreauaabHbIN MexaHU3M. Upeamep-
Hasl aKTUBAIMsA KaJMeBbIX KAHAJIOB IPUBOAUT K
runeprnosisipudanuun  Mmembpansl T'MKC, uto
COIPOBOSKJAETCS 3aKPhITHEM OTEHIIUA-3aBU-
cumMbIx Ca?* KaHAJIOB U pa3BUTHEM Ba3ofguJIaTa-
nuu. Kpome storo monsl K* omocpenoBaHHO
MIOTeHIIUPYIOT COCYAUCTYIO TUC(YHKIIUIO, TUIIO-
KCHUIO, CHI)KeHUe pH 1 yBesinueHne KOHIIEHTpa-
1Y JIaKTaTa B KpoBU [28].

CHUsKeHUe YyBCTBUTEJBHOCTH COCYAOB K
Ba3oIpeccopaM MOKeT (POpMUPOBATHCS 3a CUET
HECKOJIbKUX MexaHu3MoB [29]. Tak, HEKOHTPOJIN-
pyeMas ycToM4uBasi TMIlepakTUBaLUs CUMIIATU-
4YeCcKON HepBHOU CHCTeMBbl IPUBOJUT K IIOTEpe
CepevyHO-COCYIUCTON M3MEHYUBOCTU (HeaaeK-
BaTHasl TaXUKapUs IIPU OTHOCUTEJbHO HU3KOM
aprepuaibHOM gaBseHuu (AJl)), dpeaMepHOH
BBIpAOOTKE KaTeXOJIaAMHUHOB U, KaK CJEICTBUE,
JleCeHCUTU3all1 KaTeX0JaMUHOBBIX PELleITOPOB.
IManHasg TpwWaja yBeJWYNBaeT NOTPEOHOCTH B
9K30TEeHHBIX KaTexoJaMUHaX AJI NOAlepsKaHus
IeJIEBBIX TOKa3arejel reMoguHaMuKu [30].

I'MIIOYyBCTBUTEJBHOCTh HAa KJIETOYHOM
YPOBHE IIpU CENTHUYEeCKOM IIOKe BO3HUKaeT 3a
cueT JeCeHCUTHU3AIUU: aJpeHepruiecKrx perer-
TOpPOB, PELEeNTOpPOB K Bas3oIpeccuHy 1 Twuma,
AHTMOTEeH3WHY THUIIA 1, YTO IIPOUCXOAUT ysKe Ha
HavyaJabHOU (pase moka [31]. Ho, Buanumo, peren-
TOPBI Ba30IIPeCCUHA MeHee YYBCTBUTEJIbHBI K aro-

cessively formed during NO shock, leads to the hy-
perproduction of peroxynitrite [23]. Peroxynitrite
acting as a powerful oxidizing agent provokes the de-
velopment of cell dysfunction and vasoplegia [24].

Hydrogen sulfide. In sepsis, the formation of
hydrogen sulfide (H2S) significantly increases; it
easily diffuses into VSMC and promotes the devel-
opment of vasoplegic syndrome through a number
of oxygen-dependent mechanisms and the activa-
tion of ATP-sensitive potassium channels [25, 26].
But, at the same time, H2S, interacting with NO, can
weaken the effect of the latter [27].

Non-endothelial mechanism. Excessive acti-
vation of potassium channels leads to hyperpolar-
ization of the VSMC membrane, which is accompa-
nied by the closure of voltage-gated Ca* channels
and the development of vasodilation. In addition,
K+ ions indirectly potentiate vascular dysfunction,
hypoxia, a decrease in pH, and an increase in blood
lactate level [28].

A decrease in the sensitivity of blood vessels
to vasoconstrictors can be formed due to several
mechanisms [29]. Thus, uncontrolled sustained hy-
peractivation of the sympathetic nervous system
leads to a loss of cardiovascular variability (inade-
quate tachycardia with a relatively low blood pres-
sure (BP)), excessive production of catecholamines
and, as a consequence, desensitization of cate-
cholamine receptors. This triad increases the need
for exogenous catecholamines to maintain hemo-
dynamic targets [30].

Hyposensitivity at the cellular level in case of
septic shock appears due to desensitization of:
adrenergic receptors, type 1 vasopressin receptors,
type 1 angiotensin, which occurs already in the ini-
tial phase of shock [31]. But apparently, vasopressin
receptors are less sensitive to agonistic stimulation
due to low concentrations of vasopressin in the
blood during shock conditions [30, 32, 33].

The intracellular mechanism of hypersensitiv-
ity islargely due to NO [34]. It activates calcium-sen-
sitive and ATP-sensitive potassium channels, myosin
light chain phosphatase and the formation of cyclic
GMBP, which contributes to the development of va-
sodilation [11]. Other mechanisms also involved in
vasodilation include the prostacyclin and cyclooxy-
genase pathways of the second type [35].

Vasopressors Therapy
in Case of Septic Shock

Vasopressors therapy is used to correct hy-
potension with the ineffectiveness of fluid [5] main-
tenance — the inability to maintain MAP > 65 mm
Hg after a correction of hypovolemia (starting FM
at a dose of 30 ml/kg, during the first three hours
[36] of septic shock with the achievement of CVP >
120 mm H,0) [2]. The earlier use of vasoconstric-
tors, even before the end of fluid maintenance, was
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HUCTUYECKOU CTUMYJAIUN U3-3a HU3KUX KOH-
IIEHTPaIMi Ba30MpecCruHa B KPOBU PU IITOKOBBIX
cocrossHuAX (30, 32, 33].

BHYTpUKJ/IETOUHBI MEXaHU3M T'HIIOYyBCTBU-
TEeJTLHOCTU BO MHOTOM 00ycsoBseH NO [34]. On
AKTUBUPYET KaJIbIIUA-4yBCTBUTEJIbHBIe U ATPD-
YyBCTBUTEJIbHbIE KajIreBble KaHAJIbI, hocarasy
JIETKOM Ieny MUO3WHA 1 00pa3oBaHMe ITUKJINYe-
CKOT0 TyaHO3MHMOHOd0c(dara, 9To CrrocobCTBYET
passuTuio Bazoguiaranuu [11]. Ipyrue Mexanus-
MBI, TakK)Xe ydYacTBYIOIIME B Ba3ogWJIaTALWU,
BRJIIOYAIOT IIyTH aKTUBALMU IIPOCTALMKJIMHA U
IMKJIOOKCUTeHa3bl BTOPOTIO TUIla [35].

BasomnpeccopHasi Tepanus
IPU CENTHYECKOM IIIOKE

BasompeccopHass Tepanusa TPUMEHSETCS
JIJIsl KOPPEKIIMU TUTIOTEH3UU TTPU HEeaPPeKTHuB-
HocTu nH(py3uoHHoi tepanuu (UT) [5] — HeBO3-
MOKHOCTH noajaepsykanus AJlcp > 65 MM pT. CT.
IocJje Koppekuuu rurososeMun (craprosasa UT
B 1o3e 30 MJI/KT, B TeUeHHe NEPBHIX TPEX YACOB
[36] cenTryeCcKOTO 1IOKA C JocTUuskenuem LB/ >
120 mm H,0) [2]. OpaBaaHo u 60Jiee paHHee IpU-
MeHeHNMe Ba30MPeCcCOPOB — ellle 10 OKOHYaHUS
MH(QY3UOHHOU Tepaluy — C I[eJIbI0 YMEHbIIIeHU 1
o6 bemMa MH(Y3NOHHOM TEPAITNH B TTIEPBHIE CYTKHU
CENITUYECKOrO 1IOKA [37], a TaKKe [J1s YMEeHbIIIe-
HUS pUCKA Pa3BUTHS MOJUOPTAaHHON HeZoCTa-
TOYHOCTHU U YBEJIMUEHUA BBI)KUBAEMOCTH [38].

BasomnpeccopHble npenapaTbl MOSKHO pasjie-
JIUT Ha YeThIpe IPyIIIbL:

1. ajpeHepruyeckue (aipeHa v, TopaMuH,
HOpajJpeHannH, GeHmI3PpUH, JOOYyTaMIH);

2. mpemnaparsl, BO3/IeHCTBYIOIIMe HA Ba3o-
IIPECCUHOBBIE PElleNTOPHI (Ba30NMPECCHH, TEPJIN-
MIPECCHH, CeJIeNPECCHH);

3. mpemnaparsl, BO3AeNUCTBYIOIINE HA pelel-
TOPbl QHTMOTEH3WHA 1 TUmna (CUHTETUYEeCKUH
aHruoreHsuH Il);

4. mpenaparbl, Ba30NPecCOPHbI aPpdeKT
KOTOPBIX He CBSI3AH C pereNTOPHBIM anliaparoM
(METHJIEHOBBIU CHUHUU, JIEBOCUMEHAH, TUAPO-
KOPTHU30H).

ApeHepruyecKye Ba3onpeccophl

AnpeHasTMH — MOIITHBIN HeCEJIEKTUBHBIN -
U 3-aroHUCT. B Hu3kux n1o3ax (10 0,1 MKr/Kr/MuH)
npeobsagaioT [-a¢p@PeKTbl, YTO NPHUBOIUT K
MOBBIIIEHUIO COKPATUMOCTA MHOKapAa H, Kak
CJIeJICTBHE, K YBEJMUEHUIO YaCTOThI CepaeuHbIX
cokparreHuii. [Tpu ucmoJib30BaHUU O0JIEE BBICO-
KHUX 103 aJpeHa InHa, IpeodJamaer a-1-omocpe-
JIOBaHHBIN cocynocykuBatomuii ag ekt [39]. Ero
3P eKTUBHOCTH CONIOCTABUMA C APYTUMU Ba30-
Ipeccopamu, CHuJia THOKOHCTPUKITUY CPAaBHUMaA C
KoOMOMHanMel HopaJgpeHaJMHa U J00yTaMuHA

[39]. He BbIsAIBJIEHO pa3J/IMYMi B JI€TAJILHOCTH IIPHU

justified in order to reduce the volume of fluid
maintenance on the first day of septic shock [37],
as well as to reduce the risk of multiple organ failure
and increase survival [38].

Vasopressors can be divided into four groups:

1. Adrenergic (adrenaline, dopamine, norep-
inephrine, phenylephrine, dobutamine),

2. drugs acting on vasopressin receptors (va-
sopressin, terlipressin, selepressin),

3. drugs affecting angiotensin type 1 recep-
tors (synthetic angiotensin II).

4. angiotonic drugs are not associated with
the receptor apparatus (methylene blue, levosi-
mendan, hydrocortisone).

Adrenergic Vasoconstrictors

Adrenaline is a potent non-selective - and
pB-agonist. Atlow doses (up to 0.1 pg / kg / min), B-ef-
fects predominate, which leads to an increase in con-
tractility and, as a result, to an increase in heart rate.
When higher doses of adrenaline are used, the a-1-
mediated vasoconstrictor effect predominates [39].
Efficiency is comparable with other vasoconstrictors,
the strength of inoconstriction is comparable to the
combination of noradrenaline and dobutamine [39].
There were also no differences in mortality in com-
parison with norepinephrine (NA) [40, 41], or a com-
bination of NA with dobutamine [42].

Despite this, the use of adrenaline in septic
shock is recommended only in the form of a second-
line vasoconstrictor — for stopping hypotension
when introduction of NA does not allow reaching the
hemodynamic targets [2]. This is due to the fact that
the drug has a number of negative effects on the cir-
culatory system: it increases the heart rate — and,
therefore, increases the myocardial oxygen demand,
increases the risk of heart rhythm disturbances [40,
41], and is capable of causing hyperlactatemia [2].

Dopamine is a biochemical precursor to NA.
Having a cardiotonic effect, it increases MAP due to
an increase in the stroke volume and heart rate [2];
in small and medium doses it stimulates $-adrener-
gicreceptors, in large doses- a-adrenergic receptors.

The widespread use of the drug in septic shock
is not recommended [2, 40, 43]. This is due to the
fact that the use of dopamine often causes rhythm
disturbances, as it was shown in a study of De
Backer D. et al in 2010 (24.1% and 12.4%, P<0.001)
[44]. In addition, a significant increase of heart rate
leads to an increase in myocardial oxygen demand,
making the risk of ischemia higher.

In septic shock, the use of dopamine is al-
lowed only as an alternative to NA in case of pa-
tients with a low risk of tachyarrhythmias and in the
presence of absolute or relative bradycardia [2]. The
use of the drug for «<nephroprotection», as was re-
cently recommended [45], is now recognized as un-
justified [2], since there is no convincing evidence
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NpUMeHEeHUH! afjpeHa nHa B CDaBHEHUY C HOPaJl-
penanuaom (HA) [40, 41], mtub60o kombuHammeit HA
¢ robyTaMuHOM [42].

HecMmoTps Ha aTO, IpUMeHeHWe aipeHaTnHa
PU CENTUYECKOM IIOKEe PEKOMEHI0BaHO JIUIIIb B
BHJIe Ba3oIpeccopa BTOPOU JIMHUU — [JISI KyIIU-
pOBaHUA IMIIOTEH3NUH B CJIydae ecaiy BBenenue HA
He I03BOJIsIeT JOCTUYb IIeJIeBbIX IapaMeTpOB
reMoguHaMUKH [2]. OOYCJIOBJIEHO 9TO TEM, YTO
mpermapar obJjagaeT psIoM HeraTUBHBIX 3 dekr-
TOB Ha CHCTEMY KPOBOOOpAIIleHUs: YBETUINBAET
YaCTOTY CepAeYHbIX COKpAIleHni — a, cjieoBa-
TeJIbHO, YBEJIUYNBAET MOTPEOHOCTh MIOKAap/Ia B
KHUCJIOpOJle, YBEJWYUBAET PUCK HapylIIeHUuH
putma cepana [40, 41], u criocob6eH BBI3LIBAThH
runepJakrareMuo [2].

JlomaMuH SIBJISIETCS OMOXUMUYECKUM TIpeJi-
mectBeHHUKOM HA. 067181851 KapIMOTOHUYECKUM
JelicTBueM, yBeanuuBaeT AJl cp 3a cueT yBesuue-
HUs yIapHOTO 00beMa M YacTOThl CEePAEYHBIX
COKpallleHu! [2], B MaJIbIX ¥ CPEeITHUX 103aX CTUMY-
JIIpYeT -alpeHOPEeNenTOPhI, B 00IBIINX 033X —
-aIPEeHOPELENTOPHI.

[ToBcemecTHOe TpUMeHeHHe TIpenapara npu
CEeIITUYECKOM IIIOKe He peKOMEeHA0BaHo (2, 40, 43].
OG6yCJIOBJIEHO 3TO TEM, UTO, KaK OBLJIO IIOKA3aHO B
ucciaegoanuu De Backer D.et al. B 2010 r., mpume-
HeHHe AOoNaMHWHA 4Yalle, yeM npumeHeHue HA,
BbI3bIBAET HApPYyILIeHUs puTMa: (24,1 1 12,4%, coor-
BeTCTBeHHO, p<0,001) [44]. Kpome TOro, 3Hauu-
TeJIbHOE YBEJIMYCHHE YaCTOThI CepIeYHbIX COKpa-
[IeHWH TPUBOAUT K YBEJHMYEHHUIO TTOTPEOHOCTH
MUOKapa B KHCJIOPOJE U PUCKY €r0 UILIEeMUU.

[Ipu cenTryecKoM IIOKe TPpUMeHeHne JoIa-
MUHAa, KaK aJsrepHarusbl HA, 1onyckaeTcs TOJIbKO
y NallMeHTOB C HU3KUM PUCKOM TaXUapUTMUU U
MPY HAJTUIUU aOCOJTIOTHON WJIM OTHOCHUTEEHOMN
Opamukapauu [2]. Fico/ib30BaHMe 3TOTO Iperapa-
Ta 17151 «He(POIPOTEKIINN», KaK 9TO PEKOMEH 10Ba-
JIOCH €ellle COBCeM HeJlaBHO [45], ceromHs NpU3HaHO
HEOIIpaBIaHHBIM [2], TaK KaK HeT yOequTeIbHbIX
JIOKa3aTeJIbCTB er0 3(h(HEKTUBHOCTHU B OTHOIIIEHUH
VIIy4IIeHHUsI II09€YHOI0 KPOBOTOKA, YBEJIMYCHUS
TeMITa TUype3a M CHIKEeHM s TOTPeOHOCTH B 3aMe-
CTUTEJIbHOU TTI0YeYHOU Tepanuim [44, 46].

®eHn3¢puH — aroHUCT ¢ 1-agpeHepruye-
CKUX pelenTopoB. [Ipumenenne penunappuna
IIpU CeIICuCe OrPaHWYEHHO CHUTyalUusMH, IIpU
KOTOPBIX UCIIOJb30BaHNe HA MOYKeT NpUBECTH K
YBEJIMYEHUIO PUCKA KU3HEYIPOYKAIOIIUX apuT-
MHUH; TpU JOCTAaTOYHO BBICOKOM CEPJIEYHOM
BBIOpOCE, HO C COXPAHSIONIENCsT IIPU 9TOM TUTIO-
TeH3Uel; 160 KaKk TOTOJHUTETHHOTO ITpermapara
mpu pedpakTepHo runoren3uu [47]. Ero mpume-
HEeHUe B JaHHBIX CIy4Yassix 00bsICHIETCA TEM, YTO
dennsiadpuH 1o cpaBHenuto ¢ HA adderTruBHee
CHU’KAeT 4YacTOTy CepIedyHbIX COKpallleHUui u
MOBBIIIAET CUCTEMHOE COCYAUCTOE COIIPOTUBJIE-
HUe 0e3 NU3MEeHEHUsI IPYTUX reMOANHAMUYeCKUX

of its effectiveness in improving renal blood flow,
increasing the rate of urine output, and reducing
the need for renal replacement therapy [44,46].

Phenylephrine is an agonist of ¢1-adrenergic
receptors. The use of phenylephrine in case of sep-
sis is limited to situations in which the use of NA
can lead to an increased risk of life-threatening ar-
rhythmias; with a sufficiently high cardiac output,
but with persistent hypotension; or as an additional
drug for refractory hypotension [47]. Its use in these
cases is explained by the fact that phenylephrine,
in comparison with NA, more effectively reduces
the heart rate and increases systemic vascular re-
sistance without changing other hemodynamic pa-
rameters, which was identified by Jain G. et al. in
2010 (P<0.001) [48]. However, it should be noted
that in patients who have a cardiac pathology, the
drug leads to a decrease of cardiac output [47], and
vasoconstriction of the internal organs that it po-
tentiates can aggravate their ischemia [42].

Noradrenaline (NA) is a derivative of dopamine,
has a very powerful vasopressor effect and is a first-
line drug for the correction of hypotension in case of
septic shock [2, 5]. The administration of NA leads to
mobilization of the vascular volume, the appearance
of a moderate inotropic effect [49], which increases
the final diastolic volume, and the cardiac index [50].
In this case, there is no increase in the heart rate, and,
consequently, myocardial oxygen demand does not
increase [2, 44]. In addition, the choice of NA as a first-
line drug is associated with a lower risk of arrhythmias
[42] and lower mortality compared to dopamine [40,
42], as confirmed by a study of Avni T. et al. (2015)
which demonstrated a decrease in mortality by 11%
(RR 0.89: 95% CI 0.81-0.98, high reliability) [40].

The high potency and positive hemodynamic
effects make NA largely universal for stopping hy-
potension caused by septic shock [2]. However,
when the dose is exceeded by 0.5 mg/kg/min, the
effectiveness of the drug decreases and an expo-
nential increase in the dose of NA is necessary for a
further increase in MAP [51-53]. Refractory shock
may require the administration of doses that ex-
ceed the recommended ones (up to 1 ng/kg/min),
which increases the risk of norepinephrine-medi-
ated unfavorable responses.

Auchet T. et al. (2017) determined that the
emergence of finger necrosis due to the use of NA
is possible when using a dose of 1 ng/kg/min for 1
hour, and serious changes develop in 6% of patients
in this case [54]. When using doses of NA more than
2 ng/kg/min, irreversible microcirculation disor-
ders can occur, leading to ischemia of the fingers
and requiring amputation. There is also evidence
that high doses of NA can lead to lip ischemia [55].

In their study, Cox]J. et al. (2015) found that the
use of high doses of NA is also a significant risk fac-
tor for the development of pressure bed sores by

septic patients (r=0.119; P=0.04) [56]. Exceeding a
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rapameTpoB, 4To ObLIO BBIsABJIEHO Jain G. et al. B
2010r. (p<0,001) [48]. ITpu 9TOM CiieIyeT IOMHUTD,
4YTO y TIAIlMEHTOB C CepJ/IeYHOU maTooruen peHu-
JA3(ppUH MPUBOJIUT K CHHUKEHUIO CEPJIEYHOTO
BbIOpoca [47], a mOTeHITUpyeMasi UM Ba30KOH-
CTPHUKIIVSI BHYTPEHHUX OPTraHOB MOKET YCYTyOUTh
HX uieMuio [42].

HopagpeHayiun sABJsieTCSI TPOU3BOIHBIM
JIoraMuHa, 00J1a/1aeT 04eHb MOIITHBIM Ba30TIpec-
COpHBIM 3(p(HEKTOM U SIBJISETCS IpernapaToM rnep-
BOM JIMHUH JJIs1 KOPPEKIIUYM TUTTOTEH3UH TIPU CETl-
TUYECKOM HIoKe [2, 5]. BBegenue HA npuBoguT K
MOOMIM3AIUH COCYAMCTOTO 00'beMa, BOSHUKHO-
BEHUIO YMEPEHHOI'0 MHOTPOMHOro s dexrTa [49],
YBEJIMYMBAET KOHEYHBIN JNACTOJTNYECKUH 00heM
U cepaeuHbIi uHekc [50]. [Ipu aToM He Mponcxo-
JIIUT yBeJIMYEHNE YACTOThI CepAeuYHbIX COKpaIle-
HUH, a, CJIeIoBaTeJIbHO, HEe BO3pacTaeT morpeod-
HOCTh MHOKapjJa B Kucjopone [2, 44]. Kpome
aToro, BbI0op HA B KadecTBe mpemapara nmepBoi
JIMHUM CBSI3aH C MEHBIIIUM PUCKOM BO3HUKHOBE-
HUSI apUTMUH [42], 1 accOIUUpOBaH ¢ 60Jiee HU3-
KOMU J1eTaJIbHOCTHIO, B CPABHEHUU C JIOTIAMHUHOM
[40, 42], 4TO IOATBEPIKIAETCA HCCJIeJOBaHUEM
AvniT. etal. (2015 1.) B KOTOPOM IIPOJIEMOHCTPUPO-
BaHO CHHU KeHHNU JjeTajJbHocTu Ha 11% (RR 0,89:
95% CI 0,81-0,98, BbICOKast JOCTOBEPHOCTH) [40].

Bricokast ap(peKTUBHOCTH IIpenapara, ImoJo-
SKUTeJIbHble  reMoAuHamMudeckue  3(heKTsl
nenator HA Bo MHOTOM YHUBEpPCAJbHBIM CpE€/i-
CTBOM JJIs1 KyIIUPOBAHUSA TMIIOTEH3UH, BbI3BAaHHON
CEeNITUYECKUM ITIOKOM [2]. OfHAKO, IpU HpeBbIIIe-
HUA 10361 0,5 MT / KT / MUH IPOUCXOUT CHUYKEHNE
3¢ eKTUBHOCTU Npenapara u AJjsi JaabHeHuIero
yBesmmueHus1 AJICp HeoOXOAMMO 9KCIIOHEHITAATb-
Hoe yBesindeHue 103bl HA [51-53]. PedppakTepHblii
IITIOK MOJKET MOTpeboBaTh BBEJEeHUsI 103, TPEBHI-
HIAIOMINX peKOMEHIyeMble (10 1 MKI/Kr/MuH), 4TO
yBeJIMUMBAeT PUCK HOpPalpeHaJIMH-0II0CpeJOBaH-
HBIX HeOJIarONpUATHBIX PeaKIni.

AuchetT. et al. (2017 r.) onipeieJInJIN, 4TO BO3-
HUKHOBEHWE HEKPO3a MaJIbIleB, 00yCIOBJIEHHOTO
npumMeHenueM HA, BO3MOYKHO MPHU MCIOJIb30Ba-
HUU 03B! 1 MKI/Kr/MUH B TeyeHuH 1 yaca, a cepb-
e3Hble M3MEHEHUS MUKPOLUMPKYIAIUN pPas3BU-
BarorcA y 6% nanueHTos [54]. [Tpu ucrosib3oBaHumn
HA B mo3e 6oJ1iee 2 MKT/KT/MUH MOTYT BOSHUKATh
HeoOpaTHMble HAPYIIEHUs MHUKPOIUPKYJIAINH,
MIPUBOJAIINE K UIIIEMUH MTAIbIIEB PYK U TPeOyIO-
Ie UX aMIyTanuu. Takske UMeloTCs CBeIeHUsI O
TOM, YTO BBICOKME 103kl HA MOI'yT IIpUBOAUTH K
uremMud ryo [55].

B cBoem ucciaenosanuu Cox J. et al. (2015 1)
BBISIBUJIY, YTO MCIOJIb30BAaHNE BBICOKUX J103 HA,
SABJISIETCSI 3HAYUTEJIbHBIM (PAKTOPOM pUCKa Pa3BU-
TUA TpOJIesKHEeH y CeNTUYeCKUX IalMeHTOB
(r=0,119; p=0,04) [56]. Ilpesbimienue n03sl 0,6
MKT/KI'/ MUH IIPUBOJUT K PA3BUTHIO IIPOJIEsKHEN Y

50% marmmenToB [57, 58].

dose of 0.6 pg/kg/min leads to the development of
pressure sores by 50% of patients [57, 58].

A high dose of NA in excess of 1 pg/kg/min is
an independent predictor of high mortality among
patients with septic shock [59, 60]. During the
AuchetT. et al. study (2017) it was determined that
with infusion of NA at a dose of more than 1
pug/kg/min, mortality reaches 65.1% [54], and ac-
cording to Jenkins C. R. (2009), at a dose of more
than 2 pg/kg/min, itis 96.4% [61].

Current recommendations state that a dose
exceeding 1 pg/kg/min should be avoided, and the
use of NA should be discontinued as soon as possi-
ble in order to reduce the risks of developing un-
controlled vasoconstriction, intestinal, skin and
finger necrosis [55].

The data make us think about using a second
vasopressor to reduce the dose of NA in order to level
its side effects associated with the use in high con-
centrations. However, no modern guidelines provide
clear recommendations as to what dose of NA
should be used for the second vasoconstrictor and
what should be the starting dose of the second drug,
depending on the initial dose of NA infusion [62].

Dobutamine is a synthetic catecholamine,
which is a strong agonist of -1 adrenergic recep-
tors and a weak agonist of 3-2 adrenergic receptors,
at the same time it has a mild «-1 effect, which is
manifested at doses of more than 15 pg/kg/min
[47]. Current recommendations indicate the use of
dobutamine among the patients with persistent hy-
poperfusion [63] that persists after adequate infu-
sion therapy and the use of angiotonic drugs [2].

With the administration of the drug in a dose
not exceeding 2.5 ng/kg/min, there is an increase
in the stroke volume and blood pressure without
changing the heart rate. A further increase in dose
provides an increase in indicators only by increas-
ing the heart rate [39].

The role of dobutamine in septic shock is am-
biguous. Administration of the drug even in low doses
can increase the myocardial oxygen demand and pro-
voke rhythm disturbances [47]. Efficiency has been
proven only with systolic dysfunction [64], and with
diastolic dysfunction, dynamic left ventricular ob-
struction, indicators of heart activity, on the contrary,
may worsen [39]. The alleged cause of the heteroge-
neous dobutamine responses is the ever-changing
picture of septic shock and the ongoing pathophysi-
ological processes during each stage. Along with this,
changes occur in adrenergic receptors, leading to a
decrease in their sensitivity and, as a consequence, to
a change in the response to catecholamines [39].

Drugs Acting
on Vasopressin Receptors

Vasopressin (AVP) is an endogenous peptide
hormone of the infundibular body, interacting with
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Beicokasa nosa HA, npessimatromniass 1 Mkr/
KI'/MUWH SIBJISIETCS HE3aBUCUMBIM MPETUKTOPOM
BBICOKOMU JIETAJIbHOCTH y IAI[UEHTOB C CelThYe-
CKUM mIokoM [59, 60]. B xome unccjaegoBaHUs
Auchet T. et al. (2017 r.) onpeeJinay, 4YTO TPU
nHpy3uu HA B 1o3e 60s1ee 1 MKT/KT/MUH JIeTaTh-
HOCTB JocTuraet 65,1% [54], a mo cBegeHussm Jenk-
ins C. R. (2009 1.) mpu 103e 60s1€€ 2 MKT/KI'/MUH
OHa cocTaBJisgeT 96,4% [61].

CoBpeMeHHbIe PEKOMEHIAINU IJIACAT, YTO
JTO3bI, TPEBBIIIAIONIEH 1 MKT/KI/MUH ciieayeT u3be-
raTh, a mpuMeHnenrie HA 1o/KHO OBITE ITpEKPaIeHo
KaK MOYKHO paHbIIIe C [EeJIbI0 CHUKEHUSI PUCKOB
Pa3BUTUS HEKOHTPOJIMPYEMOU Ba30KOHCTPUKIINHY,
HEKPO30B KUIIIEYHNKA, KOYKU U TTAIbIEB [55].

[IpuBeneHHbIe NaHHBIE 3aCTaBJIAIOT 3a1y-
MarbCs 0 IPUMEHEeHNUH BTOPOT0 Ba30IIPECCOPHOTO
npemnapara AJid CHU)KeHUsA [03bl HA ¢ mesbio
HUBEJIMPOBAHUS €ro MOO0YHBIX 9(P(eKTOB, CB-
3aHHBIX C IPUMEHEHNEM B BBICOKMX KOHIIEHTpa-
nusax. OMHAKO HA OOHO COBPEMEHHOE PYKOBOACTBO
He JaeT YeTKUX pPeKOMeHJAIluii OTHOCHUTEJHHO
TOTO, PU KaKko# 1o3e HA nokeH ObITh TpUMeHeH
BTOPOM Ba30MPeCCOp 1 KAKOU TOJIPKHA OBITH CTap-
TOBAs1 1032 BTOPOTO IIpernapara B 3aBUCUMOCTH OT
HavaJIbHOU 1036l nHQY3un HA [62].

JoO0yTaMHH — CHHTETHYECKHH KarexoJia-
MUH, SBJISIONMNACA CHWJIBHBIM aroHucrom J-1
aIpeHoPENeNTOPOB W CJIA0BLIM aroOHUCTOM [3-2
aJIpEHOPEIENITOPOB, B TO K€ BPEMS UMEET MATKUH
a-1 apderT, KOTOPBIN MPOSBJISAETCS MPU T03aX
6osee 15 Mkr / KT / MuH [47]. COBpeMeHHbIE PEKO-
MEeH/IAI[MH TOBOPST O IPUMEHeHNH! To00yTaMUHa Y
IMaleHToOB CO CTOMKOU rumnonepdysuein [63],
COXpaHSAIOIIENCs TToc/ie TPOBEJeHHON aJeKBaT-
HOU MH(Y3UOHHOU Tepalluu U MPHU UCIIOJIb30Ba-
HUU Ba30IIPECCOPHBIX IIperaparos [2].

[Ipu BBeeHnu npenapara B 103e, He IPeBbI-
mrarmolei 2,5 MKr/Kr/ MyH, IPOUCXOIUT yBeJnye-
HHUe yaapHoro oowema u AJl 6e3 m3MeHeHUs
4acTOThI CepAeYHbIX COKpallleHui. /lajpHeliiee
yBeJIM4YeHre J03bI 00eCrevynBaeT POCT ITOKa3are-
Jiel TOJIBKO 3a CYeT YBeJIMUeHUsI YaCTOThI Cepliey-
HBIX COKpaleHui [39].

Posp moOyTaMuHA MPU CENITUYECKOM IIIOKE
HeOoJHO3Ha4YHa. BBeneHne npemnapara 1ake B HU3-
KUX J103aX MOSKET YBEJIUYUTH MOTPEOHOCTH MHUO-
Kapja B KUCJI0PO[ie, ¥ IIPOBOLMPOBATh HAPYILLICHU
putMma [47]. Ero ap(peKTUBHOCTD I0Ka3aHa TOJbKO
IIPU CUCTOJINYECKOUN TUCHYHKIIUU MUOKap/a [64],
a [IpYU IMACTOJINYeCKON TUCHYHKINY, AUHAMUYe-
CKOH JIEBOYKETYJOYKOBOI OOCTPYKITAHY ITOKA3aATETH
IeATeJbHOCTH Cephla, HAllpOTHUB, MOIYT YXy.I-
mmThes [39]. [penmosaraemoi MpUYUHOM reTepo-
TeHHBIX OTBETOB Ha BBeJeHWE T00yTaMUHA
ABJISIIOTCAA W3MEHEHUS KapTHUHbI CENTUYECKOTO
III0KAa U TPOUCXOAANINX NMATO(U3UO0JTOTHUECKUX
MIPOIIECCOB B KAYKJIOM ero nepuon. Hapsay ¢ atum
OPOUCXONAT W3MEHEHUsI B aJpeHepruYecKux

type I vasopressin receptors in VSMC that causes a
vasoconstrictor effect [65]. However, when interact-
ing with type 2 vasopressin receptors, it can lead to
fluid retention in the body, thrombosis of the mi-
crovasculature, and vasodilation [66].

The course of septic shock suggests a relative
deficiency of endogenous AVP , its elimination due
to exogenous intake increases vascular tone, which
explains the expediency of its use in case of this dis-
ease [67]. Currently, the drug is recommended as a
supplement to NA in order to reduce the dose of the
latter while maintaining hemodynamic targets [2],
or to increase blood pressure to the target value,
provided that NA monotherapy was not effective
[2]. Exceeding the recommended dose (0.03
units/min), in view of the pronounced side effects
(myocardial ischemia, impaired microcirculation
of internal organs and fingers), is an extreme meas-
ure and is used in the absence of the effect of using
other vasoconstrictors [68].

AVP, even at a minimum dose, effectively in-
creases blood pressure in patients with resistant
hypotension in septic shock [69, 70], due to the
preservation of vasoconstrictor activity in acido-
sis and, apparently, less sensitivity toV1 receptor
stimulation.

The study of Bihari S. et al. (2014) evaluating
the addition of AVP to NA as the second vasoactive
drug to patients at the early stages of septic shock
showed that it was possible to achieve the target
MAP faster in comparison with NA monotherapy
(5.7 hours and from 7.6 hours, P=0.058, respec-
tively), and led to faster resolution of organ dys-
function [71]. These statements suggest that correc-
tion of AVP deficiency at an early stage reduces the
time spent by patients in septic shock [72].

A number of studies have not revealed a de-
crease in mortality when using AVP compared with
NA [2, 73, 74]. However, a recently conducted and
fairly large randomized study by Russell J. A. et al.
(2008) discovered that patients receiving the drug
have a tendency to decrease mortality compared to
patients receiving NA (32.2% versus 40.5%, P=0.12).
However, this difference was not recognized as sig-
nificant enough. Meanwhile, the use of AVP has a
number of positive effects: it reduces the incidence
of acute kidney injury in septic shock by 18.8% com-
pared with NA monotherapy (P=0.03). Accordingly,
there was a decrease in the need for substitutive
renal therapy compared with the control group [75].

Unfortunately, the drug is not registered in
Russia and therefore is not used in clinical practice.

Terlipressin (TP) has similar effects to vaso-
pressin, has a longer duration [76], and is more se-
lective for type I vasopressin receptors [70]. This
contributes to a more pronounced vasoconstric-
tion with the least side effects [73, 77, 78]. Hemody-
namic efficiency with continuous infusion of both

drugs is equivalent [79].
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penenTopax, IpUBOIAIIYE K CHUKCHUIO UX YyB-
CTBUTEJBHOCTHU U, KaK CJIEeICTBHE, K N3MEHEHUIO
oTBeTa Ha KarexoJaMUuHbI [39].

IIpenaparsbl gelicTByIOIIME
Ha Ba30IIPeCCHHOBHIE PellenTopPbI

Basonpeccun (AVP) — aH/1I0TeHHBIN NeNTU -
HbBII TOPMOH 3aHel 01 rurnodu3a, B3BauMoiei-
CTBysI C peuLenTopaMy K Ba3ollpeccuHy | Ttuma B
I'MKC BbI3bIBAaET Ba3OKOHCTPUKTOPHBIN 3 PeKT
[65]. OmHAKO TPU B3aUMOJIEUCTBUH C Ba30IPECCH-
HOBBIMM PelIeNTOPaMHU 2 TATIA OH MOYKET IPUBOJIUTH
K 3a/iepsKKe KUIKOCTU B OpraHu3Me, TpoMOo3aM
MUKPOLUPKYJIATOPHOIO PyCJIa, BadoauaaTauus [66].

TeueHre cenTUYECKOTO IIOKA MPENIIOaraeT
OTHOCUTEJIbHBIN JleuiuT aHA0reHHOro AVP, ero
yCTpaHEHHe 3a CYeT 9K30T€HHOI'O IOCTYIICHUS
MTOBBIIIAET TOHYC COCY/IOB, YTO O0BSICHSIET I1eJIeCO-
00pa3HOCTh MPUMEHEeHUsT BasolpeccuHa [67]. B
HacTosAIIee BpeMs perapaT peKOMEeH/I0BaH B Kaye-
CTBe 0oIoJIHeHUs K HA ¢ 11e/1b10 yMEHbIIeHN A 10351
MOCJIeAHEro NPy NOAepsKAHNH I1eJIeBbIX TOKa3aTe-
Jiell reMOMHAMUKH [2], uiu 17151 yBesimueHusa A/l o
[1eJIeBOT0 3HAaY€HMs, [IPU YCJI0OBUH, YTO MOHOTepa-
st HA okasasack He acpderTuBHOM [2]. [TpeBbIte-
HUe pekoMeHJyeMou 1o3bl (0,03 en/MuH), BBUILY
BbIPa’KEHHBIX ITOOOYHBIX 3P (PEeKTOB (UIIIEMIS MHO-
KapJa, HapylleHne MUKPOLYPKYJIALAY BHyTPEH-
HUX OPTAHOB, MAJBIIEB), SBJSETCA KpaliHel Mepoi
U HCHOJB3yeTCcs NMPHU OTCyTCTBUE 3deKTa OT
HCII0JIb30BaHUs IPYTUX Ba30IIPECCOpPOB [68].

AVP, nasxe B MUHUMAJIbHOMU 103€, 3P eKTUB-
HO noBblmIaeT A/l y IaliieHTOB C Pe3UCTEHTHON
TUIIOTEH3UEN TPU CENTUYECKOM Ioke [69, 70],
OJrarogapsi COXpaHEHHIO ero Ba3OKOHCTPUKTOP-
HOU aKTUBHOCTU IIPH allUI03€.

Hccaenosanmue Bihari S. et al. (2014 r.), ore-
HuBalollee gobdasJsienne AVP k HA mamueHnTam Ha
PaHHUX CTaOUSIX CEITUYECKOro III0Ka, IT0Ka3aJo,
4TO MIPUMEHEHN e BTOPOro BA30AKTUBHOTO ITpemna-
paTa IO3BOJIMJIO OBICTpee JIOCTUYhL I[eJIE€BOr0
Allcp B cpaBHeHnu ¢ MoHOTepanueit HA (5,7 yacoB
U 7,6 4 coorBeTCcTBeHHO, p=0,058), U IpuBeEIO K
0oslee OBICTPOMY paspelnreHuI0 OPraHHOW JIVC-
¢yskuuu [71]. ITH KaHHBIE TO3BOJISAIOT IIPEJIO-
JIOKUTh, YTO KOppekIus gedurura AVP Ha paH-
Hel CcTaguu COKpalllaeT BpeMsi HaXO0KJEHUs
NaleHTOB B COCTOSTHUM CENTUYECKOTO MIOKa [72].

Psi  mpoBelleHHBIX WCCJENOBAaHUN He
BBISIBUJI Pa3U4Mi JIETAJTbHOCTH MPU UCIIOJb30-
Bauuu AVP jmbo HA [2, 73, 74]. OgHako, He Tak
JaBHO IIPOBEIEHHOE OCTATOYHO KPYITHOE PaHI0-
MU3UpOBaHHOe uccaenoBanue Russell J. A. et al.
(2008 r.) mokasaso, 4TO B IpyIlIe IanKueHTOB,
IIOJTy4aBIIMX Ba30IIPECCUH, UMeJlach TeHIeHIUA
K CHHYKEHHMIO JIeTaJIbHOCTU B CPABHEHUM C IpyIl-
IOH manueHToB, noJyyaBiux HA (32,2% npotus
40,5%, p=0,12). Mexny TeMm, npuMeHeHue AVP

TP stabilizing and normalizing hemodynam-
ics, improves tissue perfusion, promotes greater
blood oxygenation, increases the rate of urine out-
put, reduces the level of lactate in the blood,
thereby reducing the frequency of complications. A
small dose of the drug can be recommended as a
first-line vasoconstrictor support in cases of refrac-
tory hypotension in septic shock [70]. Comparison
of continuous TP infusion with NA monotherapy
did not reveal a large difference in the achievement
of MAP sufficient for adequate tissue perfusion
[70]. Side effects associated with the introduction
of these drugs according to Choudhury A. et al.
(2017), were also comparable in the studied groups
(70.5% versus 44.4%, P=0.06) [80].

The long half-life allows the use of TP in the
form of a bolus injection, but at the same time, the
risk of excessive vasoconstriction increases, which
reduces the delivery of oxygen to peripheral tissues.
Continuous infusion with an equivalent effect is
not accompanied by a pronounced decrease in car-
diac output [73], which makes this type of admin-
istration preferable.

Small doses of TP (1.3 pg/kg/h) as an adjunct
to NA reduce the time to reach the target hemody-
namic parameters compared with NA monother-
apy [73, 81]. With a high need for angiotonic sup-
port, the addition of NA infusion, continuous TP
infusion at the above dose reduces the need for the
main vasoconstrictor, thereby reducing the risk of
developing NA-mediated complications [81]. In ad-
dition, there is evidence that the use of terlipressin
improves renal hemodynamics; this may be useful
for the restoration of renal function in case of its
dysfunction [80].

However, a meta-analysis by Zhu Y. et al.
(2019), which included 10 studies (928 patients),
did not reveal the effect of TP on reducing mortality
compared to catecholamines (RR=0.94; 95% CI
from 0.85 to 1.05; I=0%; P=0.28). At the same time,
it was shown that the target group had an ALV
shorter than the control group [82].

A variety of combination options with other
vasoconstrictors and TP dosing regimens make the
study group not entirely correct and do not cur-
rently determine the optimal strategy for the use of
this drug, as well as objectively evaluate side effects
and possible complications. This limits the wide-
spread use of terlipressin in the treatment of shock
conditions [2].

Selepressin is a synthetic selective fast-release
type 1 vasopressin receptor agonist. Similar to va-
sopressin it is an effective angiotonic drug in case
of resistant septic shock [83]. However, unlike it, the
side effects of AVP are deprived, so when it is ap-
plied, water retention does not occur and the pro-
coagulant von Willebrand factor is not released [29].
Currently, there is only one RCT devoted to the use
of selepressin by patients with septic shock [83]. Ac-
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IIPUBOAUT K PAAY IOJIOKUTEJBHBIX 3((PeKTOB:
CHUKEHUIO YaCTOTHI OCTPOTO NOYEYHOI'0 IIOBPEsK-
JeHUus IIpU CelnTuYecKoM IIoke Ha 18,8% 1o
cpaBHeHuIo ¢ mororepanueii HA (p=0,03). Coort-
BETCTBEHHO YMEHBIIAETCA MOTPEOHOCTH B 3aMe-
CTUTEJbHOU ITOYeYHOU Tepanuu [75].

K coskanenmuio, npemnapar B Poccun He 3ape-
TUCTPUPOBAH U [I03TOMY B KJIMHUYECKOU IPaKTU-
K€ He UCII0JIb3YeTCH.

Tepaunpeccun (TP) o6JtagaeT CXOTHBIMU C
BasompeccuHoM adderTamu, 60Jee IPOTOIIKHU-
TeJILHBLIM NTeficTBHEM [76] 1 6oJiee n3dbMparesieH K
penienTopam Basonpeccuna I tumna [70]. 3To cno-
cobcTByeT OoJiee BEIpAasKeHHOM Ba30OKOHCTPUKIIAH
C HAaUMEHBIITUMHU TTOOOYHBIMU 3 PeKTaMu IPHU
ero npuMeHenuu [73, 77, 78]. leMonuHamMuyeckas
3((PEeKTUBHOCTh IIpU HENPEepbIBHONW HH(PY3uu
00oux mperaparoB paBHO3HavHa [79].

TP, cTabnmaupyst ¥ HOpMaIU3ysI TeMOIIHA-
MUKY, YIy4IaeT nep@ysuro TRaHel, CTocoOCTBY-
€T OKCHUT€HAallu! KPOBH, IIOBBIIIAET TEMII Iuype-
3a, yMEHbIIAeT COAepsKaHue JIaKTara B KPOBHU,
CHU’KAsg TeM CaMbIM YacCTOTy OCJIOKHEHUH.
MauJtast mosa rpermnapara MOsKeT ObITh pEKOMEH/I0-
BaHa B KAa4eCTBE BA30IMPECCOPHOM MOJIEPIKKU
IIepBOY JIUHUU B CJy4yasax pedpakTepHOU rumno-
TEH3WHU IPU cenTUYeCcKoM Ioke [70]. CpaBHeHUe
HenpepbIBHOU nH(py3uu TP ¢ MmonoTtepanueiit HA
He BBISABUJIO PA3JIUYUN B YACTOTE JTOCTUKEHU S
AJlcp, IOCTaTOYHOTO AJIs aieKBaTHOU nepdy3un
TraHel [70]. [Tobounble a¢pheKThI, CBSI3aHHBIE C
BBEJEHMEM JTHUX IIpenaparoB, II0 CBeJeHUAM
Choudhury A. et al. (2017 r.), 6BLJIH COITOCTaBUMBI
B uccienyeMslx rpynnax (70,5 nporus 44,4%,
cooTBeTCcTBeHHO, p=0,06) [80].

JuTe IbHBIN IepuoJ II0JTYBbIBEIeHUS [103-
BOJISIET HCIOJb30Barb TP B BHae 0OO0J/I0CHOIO
BBeJEeHMs, HO IPU 9TOM BO3pacTaeT PUCK Upe3-
MEPHOU BAa3OKOHCTPHUKIIMU U CHUKEHUS TOCTAB-
KM KHuCJOopoja K mnepudepruyecKuM TKAHIM.
HenpepriBHas nundy3ua TP npu paBHO3HAYHOM
rurepTeH3uBHOM 3(h(PeKTe He COMMPOBOKTAETCS
BBIPpQYKEHHBIM CHUKEHNEM CEePIIEeTHOr0 BRIOpOCca
[73], 9TO neJsiaeT MAaHHBIM THUM BBEJEHUS MPEJ-
MOYTUTETbHBIM.

Heb6oubmue 10361 TP (1,3 MKI/Kr/4) B Kade-
CTBe NonoJHeHus K HA cokpamaoT BpeMs JOCTH-
sKeHUs 1leJIeBbIX TapaMeTPOB FreMOJUHAMUKUA I10
cpaBHeHHUIO ¢ MoHOTepanueil HA [73, 81]. IIpu
BBICOKOM MOTPEOHOCTH B Ba30IIPECCOPHOM MO~
Jlep>KKe nornosHeHne nH(y3un HA HenipepbIBHOM
nH(pyaueil TP B BIllIeyKa3aHHOU 103€ yMeHbIIIaeT
pacxon OCHOBHOTO Ba3oOIIpeccopa, TeM CaMbIM
CHUYKAETCs pUCK pa3BuTrsa HA-omocpenoBaHHBIX
ocsioskHeHu# [81]. Kpome Toro, uMeIoTcs TaHHbIE,
4TO HCIOJb30BaHUE TEPJIMIIPECCUHA yIydliaer
IOYe4YHOe KPOBOOOpaIleHre, 9TO MOKET OBITh
MOJIe3HBIM [IJII BOCCTAHOBJIEHUSI ITOYEYHBIX
¢yHKIIUH B ciydae ux HapyuieHui [80].

cording to Russell J. A. et al. (2017), the use of a
vasoconstrictor at a dose of 2.5 ng/kg/min effec-
tively increased MAP, while at the same time reduc-
ing the need for NA. The effect of selepressin on the
development of multi-organ failure and 7-day mor-
tality also demonstrate a positive effect (54% versus
23%, P<0.02). When assessing a 28-day mortality,
there was no difference between the groups, which
is possibly a consequence of limiting the infusion
of the study drug for a period of 7 days [83]. More-
over, during the study, undesirable effects associ-
ated with excessive stimulation of vasopressin re-
ceptors of the first type — cyanosis, peripheral
ischemia, myocarditis — were recorded. Taking into
account the uniqueness and paucity of the study, it
is not possible to conduct an in-depth analysis of
complications, and additional large-scale studies
are required to identify the potentially positive and
negative medical claims, including comparing the
effects of selepressin and AVP. Despite the many po-
tential positive effects, including the possible abil-
ity to improve the treatment of patients with septic
shock, the drug is not registered in Russia and its
use is not allowed.

Drugs Affecting Angiotensin
Type 1 Receptors

Angiotensin II is a synthetic analogue of the
endogenous angiotensin produced in the body
when the reniniangiotensin of the aldosterone
system is activated as a result of renal hypoper-
fusion [84]. The drug causes direct vasoconstric-
tion by binding to angiotensin type I receptors in
VSMC, increases the intracellular calcium con-
centration in VSMC, potentiates an increase in
the secretion of NA, vasopressin, which leads to
a vasoconstrictor effect. However, excessive pro-
duction of proinflammatory cytokines can lead
to deactivation of AT II, which contributes to re-
fractory hypotension.

Most of the studies have been devoted to the
use of AT Il in various doses as an additional vaso-
pressor agent, as an addition to NA in refractory
septic shock. The effects of monotherapy with AT
have not been studied. A presumably effective ini-
tial dose of administration is 2-10 ng/kg/min [51].

The administration of AT Il in refractory septic
shock can effectively increase blood pressure and
reduce the need for a dose of NA [51, 85]. But when
using the drug, there is also a risk of a number of
side effects such as the occurrence of hypertension,
alkalosis, cyanosis, excessive vasoconstriction and
arrhythmia, but their probability is quite compara-
ble with the frequency of occurrence of these com-
plications when using NA monotherapy.

The study by Khanna A. et al (2017) did not re-
veal a decrease in 28-day mortality when using AT
II as compared with NA (46% and 54%, respectively,
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OpHako, MeTa-aHaJn3 MPOBeeHHbIN Zhu Y.
et al. (2019 r.), BRJIrovaromui 10 MccaegoBaHun
(928 marueHTOB), HE BBISABUJI PA3JIMUUN JIeTATb-
HOCTH B IpyIIlax NanydeHToB, nojgy4aBmux TP
anb6o karexosamul (OP=0,94; 95% U ot 0,85 1o
1,05; I=0%; p=0,28). BmecTe c TeM, OBLIIO IIOKA3aHO,
4YTO B IIepBOY rpymile NPOLOJIKUTENIbHOCTE VIBJI
ObL1a MEHBbIIIe [82].

PasHooOpa3ue BapmaHTOB KOMOWHAIIUU C
JPyTUMHM Ba30IIpeCcCOPaMU U PesKUMOB 103UpPOBa-
HUs1 TP He MO3BOJIAIOT B HACTOSIIIHMI MOMEHT
OIpeJesIATh ONTUMAJIBHYIO CTPATeruio IpUMeHe-
HUsI JaHHOTO TIperapara, a Takyke 00beKTUBHO
OITEHUTH eT0 IMTOO0YHBIE 3(P(HEKTHI U OCTOKHEHHUS.
JTO OTPAaHNYMBAET IIIUPOKOE IPUMEHEeHNE TePJI-
IIpecCyHa IIPHU IIIOKOBBIX COCTOAHUAX [2].

CeJiennpecCH — CUHTETUYECKUU CeJIEKTUB-
HBIY arOHUCT Ba30MPECCUHOBBIX PEIENTOPOB 1a
TUTIAa KOPOTKOTO JIeCTBUsI. AHAJIOTUYHO Ba30-
IIpeccuHy sIBJsieTcsl 9(p(eKTUBHBIM Ba3oIpec-
COPHBIM IIperapaToM P pe3UCTEHTHOM CeNTH-
4yeckoM Iioke [83]. OmHaKO B OTVIMYUM OT HETO
JIUIIeH To000YHBIX 3 (ekToB AVP, Tak mpu ero
MMPUMEHEHNN He NPOUCXOIUT 3a/IepPsKKa BOABI U
He BBICBOOOSKAETCs MPOKOATYISATHBINA (paKTOp
BunbnebpanTa [29]. B HacCTOAINIT MOMEHT UMe-
eTcs b onHo PKU, mocBsAmenHoe npuMeHe-
HUIO CeJIelIpeCChHA y TalleHTOB C CEITUYEeCKUM
mokoM [83]. ITo manabIM Russell J. A. et al. (2017 1),
HWCIIOJb30BAHWE 3TOTO Ba3oIpeccopa B J03e
2,5 ur/kr/mMuH a¢dekTuBHO NOBLBIIAM0 AJl cp,
OTHOBPEMEHHO C 9TUM CHH’KAsI MOTPEOHOCTh B
HA. IlpuMeHeHUe ceJlelIpeCCUHA YMEHBIAJI0
4acTOTy Pa3BUTHUSA ITOJUOPraHHON HeJL0CTaTou-
HOCTH U 7-JHEBHYIO JIETAJIbHOCTH TaK K€ IeMOH-
CTPUPYIOT IOJIOKUTEJIbHBIN 3 eKT (23 mpoTus
54% B KOHTOPOJIbHOM rpymne, p<0,02). ITpu oneH-
Ke 28-THEeBHOH JIeTaJbHOCTU Pa3/InuYui MesKIy
rpynIiaMy He BBIAABUJIY, YTO, BOSMOKHO, ABJISET-
Cs1 CJIe[ICTBUEM OTpaHMYEHUs] UHPY3UU UcCe-
JlyeMoTo IIpernapaTra CpokoMm B 7 nHell [83]. Ilpu
3TOM B XOJle MCCJIeJOBaHMsI ObLITH 3apEeTUCTPUPO-
BaHbI HesKeJlaTeJbHbIE 3(P(EeKThl CBsI3aHHBIE C
ype3MepHON CTUMYJsANMENd Ba3oNpeCcCHHOBBIX
pelenTopoB MepBOTO TUIlAa — IMAaHO3, mepude-
prYecKasi ullleMusi, MUOKAPIUT. YUUTHIBAs €1-
HAYHOCTb MCCAEJOBAaHUSA M MaJjblii 00beM
BBIOOPKH TIPOBECTU TIOJIHOIIEHHBIN aHaJIu3
OCJIO’KHEHUU MpUMeHeHUs Ipernapara He Tpe/l-
CTaBJsIETCA BO3MOKHBIM. J[lJIsT BBISIBJIEHUS
CBOWCTB Ipernapara TpeOyITCs JOMOJTHUTEb-
Hble  KPYITHOMACIITaOHBIE  WCCJIETOBaHWUSA,
cpaBHuBamwIue aderTh! cesenpeccura u AVP.
HecmoTpsa Ha MHOKECTBO TTOTEHIIUAJABHO MOJIO0-
SKUTEbHBIX 9(p(PEeKTOB, B TOM UM CJIe — BO3MOK-
HOCTBD YJIYYIIUTh Pe3yJIbTraThl JIEYUCHU IallueH-
TOB C CeNTUYeCKHM IIOKOM, Mpemnapar Ha
TeppuTopun Poccruu He 3aperucTpUpoOBaH U IPHU-

MEHEHHE €T0 HE pa3pEIICHO.

P — 0.12) [50]. As part of the study, it was not
planned to compare the incidence of AKI and the
need for SRT, however, it was found that the need
for SRT was lower in the group of AT II compared
with placebo [51].

The paucity and lack of comparative studies
with other non-adrenergic vasoconstrictors in
combination with unproven economic efficiency
limits the use of AT II in the world practice. In Russ-
ian Federation, the drug is not registered at all.

Angiotonic Drugs That Are Not
Associated With The Receptor Apparatus

Methylene blue is a water-soluble stain that
inhibits the formation of NO synthases and guany-
late cyclase [86], which limits the overproduction
of NO thereby contributing to an increase in vascu-
lar tone in case of septic shock. The drug has a short
half-life, therefore, its administration is carried out
in the form of a continuous infusion.

The use of methylene blue in septic shock
leads to an increase in systemic vascular resistance
and an increase of MAP [87]. The use of the drug as
a second angiotonic agent reduces the dose of NA
inputted, which reduces the risk of NA mediated
harmful effects [88]. The administration of methyl-
ene blue poses a potential risk of excessive suppres-
sion of NO synthases, which can lead to a decrease
in cardiac output and increase mortality of patients
with septic shock [29].

The effectiveness of methylene blue at the
moment remains unknown, and the effect on
mortality is poorly understood, which limits the
widespread use of the drug in refractory septic
shock. In addition, despite the ongoing research
in the world and the potential beneficial proper-
ties of the drug, its use in Russian Federation is
not allowed.

Glucocorticoid therapy is a controversial
method of shock treating; the effect of drugs on
mortality is ambiguous.

The administration of hydrocortisone is not
accompanied by an increase in direct angiotonic
or inotropic activity, but leads to a faster resolution
of shock. Therapy increases the responsiveness of
adrenergic receptors [29], suppresses the excessive
pro-inflammatory reaction, reduces the produc-
tion of NO thereby leading to a decrease in vasodi-
lation, and increases the production of AT II [89].
The optimal timing of initiation of glucocorticoid
therapy remains unknown, but the question of the
need for this therapy is relevant for patients receiv-
ing two or more angiotonic drugs [2]. The recom-
mended dose of hydrocortisone in case of the re-
fractory septic shock is 100 mg every 8 hours or 50
mg every 6 hours, it is also possible to administer
the drug in the form of a continuous infusion at a
dose of 200 mg/day [2].
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IIpenapartbl, BO3€iiCTBYIOIIHE
Ha penenTopbl aHrmoTeH3uHa 1 Tumna

AnrunorenauH Il — cuHTETUYECKU aHATIOT
9HJIOTeHHOTO aHTMOTeH3WHa, 00pa3yoIerocs B
opraHu3Me IIpYU aKTUBAllUU PEHUHUAHTUOTCH3UH-
aJIBJJOCTEPOHOBON CHCTEMBI BCJEJCTBHE TUIIO-
nepdysuu nouek [84]. IIpenapar BbI3bIBaeT Ips-
MyK0  BAa30OKOHCTPUKLMIO,  CBS3BIBAsICh C
penentopamMu anruorensuHa I tumra B 'IMRKC, yse-
JIMYKMBaeT BHYTPUKJIETOYHYIO KOHLEHTPALUIO
kanbua B TMKC, noteHIIMpyeT yBeJIn4eHue CeK-
penuu HA, BazonpeccuHa, 4To IPUBOJUT K Ba30-
KOHCTPUKTOpPHOMY 3 PerTy. OnHaAKO Ype3Mep-
Hasi BBIpaOOTKa MPOBOCHATNUTEIbHBIX IUTOKUHOB
MOYKET IIPOBOAUTS K Ae3aktusanuu AT 11, uyTo crio-
CcOOCTBYyET peppaKkTepHOI TUIIOTEH3UH.

BoJIBIIMHCTBO MPOBEIEHHBIX UCCJIEI0BAa-
HUH O6bLI0 mocBAleHo npuMeHeHuio AT II B
pasIMYHBIX 103aX B POJIM JOIOJHUTEJBHOIO K
HA BasompeccopHOTO areHTa npu pedpakrep-
HOM CENTUYEeCKOM IToKe. IPPerTbl MOHOTEpa-
nuu AT Il He maydensl. IIpennoJiosKuTEIbHO
addexTuBHON HavaJdbHOU 10301 BBegeHUA
ABJisieTca 2—-10 Hr/kr/mMuH [51].

Beegnenue AT Il npu peppakTepHOM cenTrye-
CKOM IIIOKe T03BoJIAeT 3(p(PeKTUBHO MOBBICUTH
AJl, ¥ CHU3UTH TOTPEOHOCTB B 103€ BBOAUMOTO HA
(51, 85]. Ho mpu ncrniosib30BaHUM Iipenapara cyle-
CTBYyeT PUCK BO3HUKHOBEHHs TaKHUX IOOOUYHBIX
a(pdeKrToB, KaKk TUNepTeH3Us, aIKaI03, IINAHO03,
4ype3MepHasi BA3OKOHCTPUKIUA U aPUTMUH, HO UX
BEPOSATHOCTH BIIOJIHE COIIOCTaBUMa C 4aCTOTOH
BO3HUKHOBEHHUS IIOJ00HBIX OCJOKHEHUN IIpU
NIpUMeHeHUU MoHoTepanuu HA.

UccnenoBanue Khanna A. et al. (2017 r.) ue
BBIABUJIO PA3JINYUH 110 28- THEBHOM JIeTaTbHOCTU
npu ucnosabzoBanuu AT II mu6o HA (46 u 54%
cooTBeTCcTBeHHO, p=0,12) [51]. B pamkax npose-
JICHHOT'0 UCCJIeJOBAHUS He IJITaHUPOBAJIU CPABHE-
HHe 9acToThl Bo3HuKHOBeHUs1 OIIII u moTpebHO-
cru B 3IIT, omHako OBLIO YCTAHOBJIEHO, YTO
norpe6HOoCTh B 31T Obly1a HUSKE B TPyTIIe IpUMe-
uenus AT 11, uem B rpymre ¢ niame6o [51].

MaJIOYHUCJIEHHOCTh U OTCYTCTBUE CPAaBHU-
TeJIbHBIX UCCJIeJOBaHUN C IPYTUMH He aJpeHep-
FMYEeCKUMHU Ba30IpPecCoOpaMu B COBOKYITHOCTH C
He/l0Ka3aHHON 9KOHOMMYECKOl addeKTus-
HOCTBIO orpannuusaet npuMenenue AT II B Mupo-
BOI mpakTuke. B Poccuu ske mpemapar v BoBce He
3aperucTpupoBaH.

IIpenaparsbl, BadonpeccopHbIi 3 ekt
KOTOPBIX HE CBA3aH

C PEeCIITOPHBIM aIlImmaparTomM
MeTuneHOBBI CHHHMH — BOJOPacTBOPHU-

MBI KpacUTe b, KOTOPBI HHTUOUpPYyeT 00pa3oBa-
Hue cuHTa3 NO u ryaswiarnuiksiaasel [86], 4To

Conclusion

The high effectiveness of norepinephrine, its
positive hemodynamic effects make the drug under
discussion, in many ways, a universal remedy for
the relief of septic shock. However, refractory shock
may require the introduction of high doses of nor-
epinephrine, which will inevitably lead to an in-
creased risk of norepinephrine — mediated adverse
reactions. The combined use of adrenergic and
nonadrenergic drugs for the relief of refractory sep-
tic shock, and especially V-receptor ligands, is de-
signed to prevent these complications. In Russia,
the only drug approved for clinical use of the non-
catecholamine series is the V-positive drug, terli-
pressin. However, to date, there are no clear recom-
mendations on the use of terlipressin in septic
shock, which limits its use in clinical practice.

orpaHuyuBaer runepnponykuuio NO TeM caMbIM
CITOCOOCTBYET MOBBIIIEHUIO TOHYCA COCYA0B IIPHA
CeNTHYeCcKOM IToKe. [Ipenapar nmMeeT KOPOTKUAHN
IIepUOo] II0JIyBbIBEJEHUS], II09TOMY €r0 BBeJleHre
OCYILIECTBJIAETCSI B BUJIe HeIIPEPbIBHOU NH(Y3UU.

[IpuMeHeHUEe MEeTUJIEHOBOTO CHHEro IIpHu
CEeNTUYECKOM IIOKe IPUBOLUT K YBEJUYEHUIO
CUCTEMHOI'O0 COCYIMCTOIO COIPOTUBJIEHUSI U
nosbiteHuto AJlcp [87]. icnoJsib3oBaHue npemnapa-
Ta KaK BTOPOIr'0 BA30IIPECCOPHOI0 areHTa 103BO-
JIIeT CHU3UTh 403y BBoAUMOro HA, 4to cHuskaet
puck HA omocpenoBaHHBIX HeOJIarOTPUATHBIX
addexrToB [88]. BBegeHre MeTHIIEHOBOTO CUHETO
COIIPSISKEHO C OIIACHOCTBIO YpEe3MEePHOT0 II0/IaBJIe-
HUA NO-CcHHTa3, YTO MOKET NPUBOIUTD K CHUKE-
HUIO CEPIeYHOTO BEIOPOCA U YBEJTNYEHUIO JIETATh-
HOCTH y IAIIMEHTOB C CEITUYECKUM IIOKOM [29].

9P (PeKTUBHOCTH METUJIEHOBOT'O CHUHEr0 B
HACTOSAIIEed MOMEHT He JTI0Ka3aHa, a BJIUSHNE Ha
JIETAJIbHOCTh MAJIOM3y4eHO, YTO OTPAHUUYUBAET
IXPOKOe IpUMeHeHMe Npenapara 1pu pegpaxrep-
HOM CeNTUYeCKOM 110Ke. Kpome Toro, HecMoTpsi Ha
IIPOBOIMIMBIE B MUpe HCCJIEJOBAHUS U IIOTEHIU-
aJIBHO TT0JIE3HBbIE CBOMCTBA IIPeTapara, ero mpume-
HeHue Ha Tepputopuu Poccuu He pa3pelieHo.

I[NIIOKOKOPTUKOUIHASA Tepamusl sIBJISAETCS
METOJIOM JIeUeHUs IIOKA C HeJToOKa3aHHOU a(pder-
THUBHOCTBIO, BJIMSTHHE MIPENapaToB 9TON I'PyIIbI
Ha JIETAJIbHOCTb HEOTHO3HAYHO.

BBeneHue ruIpOKOPTH30HA He COITPOBOYKIA-
eTcsl IPAAMBIMU Ba30IIPECCOPHBIMHU UJIM NUHOTPOII-
HBIMH 9 (heKTaMu, HO IPUBOAUT K O0JIee ObICTPO-
My paspelleH’I0 II0Ka. [MApoKOpTU30H
YBeJIMYMBaeT «OT3bIBUMBOCTh» aipeHEPruuecKux
penenTopos [29], mogasasgeT Ype3aMepHyIo Ipo-
BOCITAJNUTEJbHYIO peaknuio [89], cHukaeT mpo-
nyknuo NO, TeM caMbIM YMEHBIIAeT CTeIleHb
BasonuJIaTalluy U yBeandyusaeT npogyknuio AT 11
[86]. OnTMaJIbHBIE CPOKM Havdasla [JIIOKOKOPTH-
KOUJHOU Tepamnuu OCTAITCS HEM3BECTHBIMU, HO
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BOIIPOC 0 HEOOXOAMMOCTH TAaHHOH Teparmy akTya-
JIeH I TAIMeHTOB, ToJydanmux 2 u 6oJsee
Ba3O0IIPeCCOpPHBIX IIpenapara [2]. PekomMeHgyeMble
JI03BI TUJIPOKOPTU30HA TPU pepaKkTepHOM Cell-
TUYECKOM IIIOKe COCTaBJIAIOT 100 Mr Kaskablie 8
qacoB nau 50 Mr Kaskable 6 4acoB, BO3SMOYKHO
TaKsKe BBeJIeHNe TIpernapar B BUje HePePbIBHOMN
nH(@y3uu B 1o3e 200 Mr/cyTKH [2].

3akJrouenue

Bricokast apdextuBHOCTS HA, €ro mososxu-
TeJIbHbIE TeMoAgrnHaMu4ieckre 3(h@eKTh JeaT
9TOT TIpenapar, BO MHOTOM, YHIUBEPCAJTbHBIM CPe/I-
CTBOM [IJIsT KYIWUPOBAHUs CENTUYECKOTO IIIOKA.
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PedpakTepHBbIil IOK 00yC/IaBINBAET UCTIOIH30Ba-
HMe BbICOKUX 103 HA, 4TO IPUBOIUT K YBEJIMYECHUIO
pUCKa HeOJIAaroNpHUATHBIX peariuid. [IpemorBpa-
TUTH MO00HBIE OCJIOKHEHNS IPU3BAHO COYETaH-
HOE UCII0JIb30BaHNe aJpeHepruYeCcKuX U Heaape-
Hepru4ecKux IpernaparoB, B YaCTHOCTHU
auragnos V-penentopoB. Ha Trepputopuun Poccun
€IMHCTBEHHBIM PAa3pPEIICHHBIM K KJIMHUYECKOMY
TIPUMEHEHNIO Ba30IIPeCCOPHBIM IIpeIaparoM HeKa-
TEXOJIaMUHOBOI'O PALA, ABJAETCA TEPJIAIPECCHH.
OnHako, Ha CETOTHSIIHNN IeHb He CYIIeCTBYeT YeT-
KHUX peKOMeHalui 110 IPUMeHEeHUIO TepJINIIpec-
CHHA [IPX CEIITUYECKOM IIIOKE, YTO OrPaHUYUBaECT
€ro UCI0JIb30BaHle B KIIMHUYECKOU ITPAKTUKE.
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