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[pbixaTenbHas HepgocTaTouHOCTb ([H) ABNAETCA pacnpoCcTPaHEHHBIM U CEPbE3HBIM OC/OKHEHWEM Y MALIMEHTOB C OCTPOW CEPAEYHOI HeA0CTAaTOYHO-
ctbto (OCH). B cTaTbe paccmaTpuyBaloTcs MexaHU3mbl, NpuBogALLMe K pa3suTuio [IH B KoHTekcTe OCH, a TaKKe KAMHWUYECKUe NPOsABAEHUS, ANarHo-
CTUYecKure 1 neyebHble noaxoabl. Ocoboe BHUMaHWe yAenAeTca NaToPpU3N0N0ru, BKIKOUAA BAUAHUE HA IEFOYHYIO TEMOAVHAMUKY U Ta3006MeH.
Mowck nnTepaTypbl Nposoaunncs B 6asax AaHHbIX MEDLINE/Pubmed, EMBASE (Excerpta Medica), Cochrane Central Register of Controlled Trials, a Tak-
e B PoccuiicKom peecTpe KOHTpOAUpPYeMbIX MccnegoBaHmii 3a nepmog 01.01.2015 no 10.01.2025. B KayecTe NOMCKOBbIX 3aNPOCOB UCNONb30BAANCh
TepmuHbl «high-flow nasal cannula», «acute heart failure», «respiratory failure», «non-invasive ventilation». B 0630p BktoueHbl cepuu HabnogeHu,
PEeTPOCNEKTUBHbIE N MPOCNEKTUBHbIE KOTOPTHbIE UCCEA0BAHMA, @ TaKKe PaHAOMMU3NPOBAHHbIE NCCef0BaHNA, NOCBALLEHHbIE ANATHOCTUKE U Neve-
Huio JH y naymeHnTos ¢ OCH.

NoapobHO NPOaHanM3MPOBaHbl COBPEMEHHbBIE METOZbI JIEYEHUA, BKAIOYAA MHBA3UBHYIO BEHTUAALMIO NETKUX (MB/1), HEMHBA3MBHYIO BEHTUNALMIO
nérkux (HWBN) u ucnonb3oBaHme BbICOKONOTOUHOM OKecureHaumuu (BMO) uepes HazanbHble KaHtonu. HUBJ1 3apekomeHoBana cebs Kak adGeKTUBHbI
METOZ, NO3BONAILLMIA YNYYLINTb Ta3006MEH M CHU3UTb HarpysKy Ha CepaeyHO-CoCyAnCTYIo cuctemy. BO, B cBoto ouepeab, obecneyuvBaeT Noaaep-
KY AbIXaHUA C MUHUMA/IbHBIM AUCKOMbOPTOM A1 NALMEHTA U MOXKET BbITb MCMNO/Ib30BaHA KaK a/bTePHaTUBA TPAAMLMOHHBIM METOAAM BEHTUNALMUN.
O6cyKAEHbI Pe3ynbTaTbl KIMHUYECKUX UCCAEA0BAHWI, NOAYEPKMBAIOLLME BAXKHOCTb PaHHEN AUArHOCTMKM U KOMMIEKCHOTO NOAX0Aa K BEAEHUIO Ma-
LMeHTOoB ¢ codeTaHnem OCH n JH.

KnioueBble cnosa: ocmpasa cepdevyHas HedocmamoyHOCMb, ObIXamesbHAA HeOOCMAaMOYHOCMb, BbICOKOMOMOYHAA OKCU2EHAYUS, UHBA3UBHAA
8eHMUAAYUA NE2KUX, HEUHBA3UBHAA 8EHMUAAYUA NE2KUX.
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Respiratory failure (RF) is a common and serious complication in patients with acute heart failure (AHF). This article discusses the mechanisms underlying
RF development in the context of AHF, as well as its clinical manifestations, diagnostic approaches, and treatment strategies. Particular attention is paid to
pathophysiology, including the effects on pulmonary hemodynamics and gas exchange.

The literature search was conducted in the MEDLINE/PubMed, EMBASE (Excerpta Medica), Cochrane Central Register of Controlled Trials databases,
as well as in the Russian Registry of Controlled Trials, for the period from January 1, 2015, to January 10, 2025. The following search terms were used:
“high-flow nasal cannula”, “acute heart failure”, “respiratory failure”, and “non-invasive ventilation”. The review included case series, retrospective and
prospective cohort studies, and randomized trials addressing the diagnosis and treatment of RF in patients with AHF.

Current treatment modalities were analyzed in detail, including invasive mechanical ventilation (IMV), non-invasive ventilation (NIV), and high-flow oxygen
therapy (HFOT) delivered through nasal cannulas. NIV has proven to be an effective method for improving gas exchange and reducing cardiovascular
workload. HFQT, in turn, provides respiratory support with minimal patient discomfort and may be used as an alternative to conventional ventilation
methods. The results of clinical studies highlighting the importance of early diagnosis and a comprehensive approach to the management of patients with
concomitant AHF and RF are discussed.
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BBEOEHMUE

OcTpan cepaeyHas HegocTaTtouyHocTb (OCH) sBnseTca ogHUM U3
Hanbonee cepbE3HbIX U PAcNPOCTPAHEHHBIX OCNOXKHEHUI 3abonesa-
HWUI CepaeYHO-COCYANCTON CUCTEMDI, XapaKTepPU3YeTCA yXyaLleHneM
cepaeyHoM GYHKLMM M 4acTo NPUBOAUT K HEAOCTATOYHOMU nepdysun
OpraHoB M TKaHeW. PacnpocTpaHEHHOCTb CepaeYyHOM HeaocTaTou-
HocTu (CH), no pa3Hbim oueHKam, Konebnertcs ot 0,4 oo 2,0% cpean
HaceneHus Eeponbl B uenom [1]. Kaxpas nocienytowas rocnutanm-
3auma no nosogy CH 3HaUMMO yBENIMUYMBAET PUCK IETAILHOTO UCX0AA
[2]. B CLUA esxxerogHoe KONMYECTBO rOCMMTaNM3aLMI NO NOBOAY Ae-
KomneHcauum CH coctasnset 6osee 04HOr0 MUAIMOHA NALMEHTOB, K
2039 r. KoNMYeCTBO rocnmTanmn3sauumii no nosogy CH ysennuutcs B aga
pa3a [3]. B Poccuiickoit degepaumum cmeptHocTb oT OCH B TeuyeHue
oaHoro roga pgocturaet 43%, a 31% nauneHToB NOBTOPHO roCMUTaNV-
3upytoTca B TeyeHue 3 mecaues [4].

Ha cerogHAWwHWI OeHb BblAENAOT yetbipe deHotuna OCH:
0CTpan [eKOMMeHcauus cepaeyHoit HegoctatoyHocTn  (OACH),
OCTPbIV OTEK NErKMX, U30/IMPOBaHHas NPaBOXKeNyA04KoBas HegocTa-
ToYHOCTb (MMXKH), KapanoreHHbii wok (KLL) [1].

OaHUM 13 Hanbonee onacHbIX ocnoxHeHn OCH aBaseTcs apl-
XaTeNbHasA HegocTaToyHocTb (AH). Mo AaHHBIM Pa3AMYHbIX UCCAea-
BaHWI, pacnpocTpaHéHHocTb AH cpeay naumeHTos ¢ OCH cocTasnset
0T 30% 0 70%, 4To NOAYEPKMBAET BaXKHOCTb €€ paHHel ANarHOCTUKM
1 nevenmn [3, 5]. Hannume OH 3HaUMTENbHO YXYALWAET KAMHUYECKUI
NPOrHO3 U Ka4yeCTBO KM3HW NaumeHTos. Inuaemumonorma JH 3asmeut
B OCHOBHOM OT MPWYMH, NPUBOAALLMX K HEAOCTAaTOYHOCTU. KAWHK-
yeckme npossaeHus OH moryT BapbMpoBaTb OT NETKOW OABIWKM A0
TAXENON rvnokeun u [H, Tpebytowweit HEeOTNOXKHOW MeANLMHCKOM
nomoLm. OCHOBHbIE CUMMTOMbI BK/IKOYALOT OAbILWKY, 0COBEHHO Npu
bU3NYECKOW HarpysKe WMAU B MONOMKEHUM NEXKA, TaXMMNHO3, ydacTue
BCMOMOTraTe/IbHbIX AbIXaTe/IbHbIX MbILL, U U3MEHEHUE LBETA KOXM
(umaHo3). 3TM CMMNTOMBI MOTYT COMPOBOMXKAATLCA YYBCTBOM TPEBOTU
M NaHWKK, YTO AOMONHUTENBHO YXYALUAET COCTOAHWE NauueHTa [6].

Matodusmnonorna OH npu OCH BKAtoYaeT B cebs HECKONbKO
KNtoYeBbIX MexaHM3moB. Havbonee pacnpocTpaHEHHOW MPUUMHON
ABNAETCA OTEK NIErKMX, BbI3BAHHbIN NOBbILIEHWEM A3BAEHMA B NErOY-
HbIX Kanuanapax, YTo NPMBOAUT K HAPYLLEHMIO ra3006MeHa U MNoK-
cvu [6]. 3TV NpoLieccbl MOryT ycyrybaaTbea conyTcTayoWmMMM 3abone-
BaHMAMM, TAKMMU KaK XPOHUYECKas OBCTPYKTUBHAA 6ONe3Hb Nerkmx
(XOB/1) 1 NHEBMOHMA, UTO eLwé 60/blue YBEAUUMBAET PUCK PA3BUTUA
OH [7].

MeTogp! nevenma [H BKNIOYAIOT KaK HEMHBA3WBHbIE, TaK U WH-
BasuBHble noaxodpbl. HenHsa3uBHaa BeHTUAAUMA nérkux (HUBN) c
MCMONb30BaHMEM /IMLIEBbIX MACOK 3apeKoMeHZoBana cebs Kak 3¢-
GEKTUBHbIV MeToZ, NO3BONSAIOWMIA YNYYLIUTD Ta3006MEH U CHU3WUTb
PVCK OCNOKHEHWM, CBA3AHHbIX C MHBA3WBHOM BeHTUAALMeN [8]. B no-
cnegHue rofbl METOA, BbICOKONOTOYHOM OKcureHaumu (BMO) wupoko
MPUMEHSETCA B KNIMHUYECKOM NPAKTUKE, a TaKKe CTaHOBUTCA BCE 60-
Nee nonynapHbiM, obecneynBan NOAAEPMKKY AbIXaHWA C MUHUMaNb-
HbIM AMCKOMOPTOM 4/ MaUMEHTa U, B PAAE CNyYyaes, NO3BONSET
n3bexatb UHTybaumm Tpaxen [9]. [o HaCTOALLEro BpeMeHU He Bbipa-
60TaHO eAMHbIX peKOMeHAALMI NO KoppeKuun H meTogamm pecnu-
PaTOPHON MOALEPHKKM, HET AaHHbIX OTHOCUTENbHO WMCMOAb30BaHMSA
METOAMKM PECNMPATOPHOM Noadep KM Y naumeHTo ¢ OCH. Jleyeb-
Hble MepPONpPUATMA B OCHOBHOM OCHOBAHbl Ha MHEHUAX SKCNEPTOB.

METoaonorua

Mouck nutepatypbl nposoaunca B 6asax AaHHbIX MEDLINE/
Pubmed, EMBASE (Excerpta Medica), Cochrane Central Register of

INTRODUCTION

Acute heart failure (AHF) is one of the most serious and
common complications of cardiovascular diseases. It is character-
ized by impaired cardiac function and often leads to inadequate
perfusion of organs and tissues. According to various estimates,
the prevalence of heart failure (HF) ranges from 0.4% to 2.0% in
the general population of Europe [1]. Each subsequent hospital-
ization for HF significantly increases the risk of death [2]. In the
United States, more than one million patients are hospitalized
annually due to HF decompensation, and by 2039, the number
of hospitalizations for HF is expected to double [3]. In the Russian
Federation, one-year mortality from AHF reaches 43%, and 31%
of patients are rehospitalized within 3 months [4].

Currently, four phenotypes of AHF are distinguished: acute
decompensated heart failure (ADHF), acute pulmonary edema,
isolated right ventricular failure (IRVF), and cardiogenic shock (CS)
[1].

One of the most dangerous complications of AHF is respi-
ratory failure (RF). According to various studies, the prevalence
of RF among patients with AHF ranges from 30% to 70%, high-
lighting the importance of its early diagnosis and treatment [3,
5]. The presence of RF significantly worsens clinical prognosis and
patients’ quality of life. The epidemiology of RF depends primar-
ily on the underlying causes of respiratory insufficiency. Clinical
manifestations of RF may vary from mild dyspnea to severe hy-
poxia and respiratory failure requiring emergency medical care.
The main symptoms include dyspnea, especially during physical
exertion or in the supine position, tachypnea, use of accessory
respiratory muscles, and changes in skin color (cyanosis). These
symptoms may be accompanied by anxiety and panic, which fur-
ther aggravate the patient’s condition [6].

The pathophysiology of RF in AHF includes several key
mechanisms. The most common cause is pulmonary edema re-
sulting from increased pulmonary capillary pressure, leading to
impaired gas exchange and hypoxia [6]. These processes may be
aggravated by concomitant diseases such as chronic obstructive
pulmonary disease (COPD) and pneumonia, which further in-
crease the risk of RF [7].

Treatment methods for RF include both non-invasive and
invasive approaches. Non-invasive ventilation (NIV) with face
masks has proven effective, improving gas exchange and reducing
the risk of complications associated with invasive ventilation [8].
In recent years, high-flow oxygen therapy (HFOT) has been widely
used in clinical practice and is increasingly popular, as it provides
respiratory support with minimal patient discomfort and, in some
cases, allows tracheal intubation to be avoided [9]. To date, no
unified recommendations have been developed for correcting
RF using respiratory support methods, and insufficient data exist
regarding the use of respiratory support techniques in patients
with AHF. Therapeutic interventions are mainly based on expert
opinion.

METHODOLOGY

The literature search was conducted in MEDLINE/PubMed,
EMBASE (Excerpta Medica), and the Cochrane Central Register of
Controlled Trials, as well as in the Russian Registry of Controlled
Trials, for the period from January 1, 2015, to January 10, 2025.
The search terms used were “high-flow nasal cannula”, “acute

heart failure”, “respiratory failure”, and “non-invasive ventila-
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Controlled Trials, a Tak»e B PoccuicKkom peecTpe KOHTPOSMPYEMbIX
uccnenosaHuii 3a nepuog 01.01.2015 no 10.01.2025. B Kavectse
MOMCKOBBIX 3aMpPOCOB MCMONb30BanuUCb TepMuHbl «high-flow nasal
cannula», «acute heart failure», «respiratory failure», «non-invasive
ventilation». B 0630p BK/tOYEHbI CEpUM HABAOAEHUIA, PETPOCTEKTUB-
Hble ¥ NPOCNEKTUBHbIE KOTOPTHbIE NCCEA0BAHMSA, @ TAKKe PaHAOMM-
3UPOBAHHbIE UCCNEA0BAHMSA, NOCBALLEHHDBIE ANATHOCTUKE U NEYEHUIO
[H y naupenTos ¢ OCH. B xoze npeABapuTenbHOro aHanunsa boiam uc-
KNtoUeHbl Ny6AMKaLMK, He OTparKkatoLLMe aKTyalbHble aCneKTbl TEMbI.
Mo apyrvm pasgenam 063opa NPMMeHEH CTaHAAPTHbIW HecUcTeMaT-
3UPOBAHHbIN NMOUCK.

LLENb UCCNEAOBAHMA

AHanu3 nuTepatypbl Mo pacnpocTpaHéHHoctv [H y naumeHToB
¢ OCH, aHanu3 naTopn3noNorMYeckMx MexaHM3MOB, a TaKKe OLLEHKa
3PEKTUBHOCTU M HE30MACHOCTU METOA0B PECNMPATOPHOMN NOAAEPHK-
KW.

MNato¢usmonornyeckne mexanusmol AiH npu OCH

CywecTsyeT gga Tmna AH: ocTpas v xpoHudeckas [10]. OcTpas
[H (O4H), kak npaBuno, NposaBaseTca ObICTPbIM HapacTaHUEM CUM-
NTOMOB (B TEYUEHME HECKO/IbKMX YAcOB UM OHEWN) HapyLLEHWUI ObIXa-
TeNbHOM GYHKLMK, NPUBOAALLMX K CHUMKEHWIO NApLMaNbHOTO Hanps-
KeHus kucnopoga (pO2) u/mnv NoBbILWEHWIO NAPLLMAILHOTO AABNEHMA
yrnekucnoro rasa (pCO:) B apTepuasnbHOM KpoBuW. B OTBET Ha 3TU U3-
MEHEHWSA yCUnBaeTca paboTa AblXxaTesIbHOM U CepaeYHO-CoCyANCTON
CUCTEM, YTO B KOHEYHOM UTOre NPUBOAUT K CHUMKEHUIO U UCTOLLEHUIO
bYHKLMOHaNbHbIX BO3MOXKHOCTEM opraHuama [11]. Mpu XpoHuyeckomn
[OH (XOH) cumnTombl BO3HMKAIOT Me/IEHHO M NPOrPeccupytoT B Te-
YyeHue 4nTeNbHOro BpemeHn (Mecaupsl nam rogsbl) [10, 12]. Takske OH
MOXHO pa3fennTb N0 MeXaHM3My pa3BUTUA Ha 2 TUNa:

TMNOKCMYECKUIA TUN: NPOABNAETCA TMNOKCEMMUEN B COYETAHUM C
HOPMO- UM TUMOKaNHWelh U BO3HMKAET BCAEACTBME NATONOTMYECKMX
NpPOoLLeCcCcoB, KOTOPble NPUBOAAT K HapyLweHuo aAnddy3umn rasos B Nér-
KWX, aucbanaHcy mexay BEHTUNALMEN U KPOBOTOKOM B NErKKMX, a TaK-
e HaNNYMIo WYHTOB B NETKUX U ApYyrux opraHax. Kpome Toro, moxer
HabnoaaTbcA HeAOCTaTOYHAA BEHTUNALMA aNbBeO.

TMNepKanHUYeckUin (BEHTUAALMOHHDIN, KHACOCHbIMY), NpK Ko-
TOPOM MaLMeHTbl HE MOTYT NOAJEPKMBATb YPOBEHb a/lbBEONAPHON
BEHTUAALMM, AOCTATOUHbIV AnA yaanenua CO: u nopaepaHua ap-
TepuanbHoro pO: B Nnpegenax HoOpMbl. MNepKanHWA BO3HUKAET, Kak
NPaBwW/IO, B CBA3M CO CN1IADOCTbIO AbIXaTeNbHOW MYCKYNaTypbl U yrHeTe-
HWeM aKTUBHOCTM ApIXaTeNIbHOrO LieHTpa. B 3HauMTensHom Yactm cny-
YaeB runepKanHuyeckoi [1H oTmeyaeTca BbipaKeHHOE BEHTUAALMOH-
HO-Nep¢y3MOHHOE HEeCOOTBETCTBME, YTO NPUBOAWT K AajibHenwemy
ycyrybaeHuio runokcemmu.

Mpu OCH Hapywaetca cepaeyHan geatenbHocTb. [poasnaeTca
3TO NPENMYLLECTBEHHO B BUAE YXYALLEHUA AMACTONNYECKO GYHKLMM
NeBOoro Xenyaoyka (/1%K). 31o BneyéT 3a cobolt NoBbIlWEHNE AaBAEHUA
HanonHeHua /1K v 3acToiiHble ABNEHWA B NETKMX, CTaBLUME NMPUYMHO
passutna [H. 3TOT mexaHnM3m B OCHOBHOM XapaktepeH gna OLCH.
Tem He meHee, MexaHW3Mbl pa3sutva [H moryT umetb HeKoTopble
0co6eHHOCTY B 3aBUCUMMOCTH OT peHoTmna OCH.

Mpw OTEKe NETKMX, HapyLLeHWe ra3006MeHa MPOUCXOAMUT BCAes-
CTBME HAKOMIEHUA KUAKOCTU B MHTEPCTULMANBHON TKaHU U afibBe-
onax. CHayana }MAKOCTb CKanaMBaeTca B UHTepcTMumn. Mpu goctu-
YKEHUW YPOBHA KNAKOCTH Bbiwe 35-50% OT MCXOAHOTO, OHa HauMHaeT
NOCTynaTh B a/IbBEONAPHOE NPOCTPAHCTBO, YTO NPUBOAUT K PA3BUTUIO
«a/bBeONIAPHOr0 OTEKA NErkux». B sTom npouecce 3HAYUTENbHYHO
PO/Ib UrPAKOT U3MEHEHME NPOHULLAEMOCTU MeMBPAH MUKPOCOCYA0B U
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tion”. The review included case series, retrospective and prospec-
tive cohort studies, and randomized controlled trials addressing
the diagnosis and treatment of RF in patients with acute heart
failure AHF. During the preliminary analysis, publications that did
not reflect the current relevant aspects of the topic were exclud-
ed. For the other sections of the review, a standard non-systemat-
ic search was applied.

PURPOSE OF THE STUDY

To analyze the literature on the prevalence of RF in patients
with AHF, to examine the underlying pathophysiological mecha-
nisms, and to assess the efficacy and safety of respiratory support
methods.

Pathophysiological mechanisms of RF in AHF

There are two types of RF: acute and chronic [10]. Acute
respiratory failure (ARF) is generally characterized by a rapid
progression of respiratory dysfunction symptoms (within hours
or days), leading to a decrease in the partial pressure of oxygen
(pO2) and/or an increase in the partial pressure of carbon diox-
ide (pCO.) in arterial blood. In response to these changes, the
workload of the respiratory and cardiovascular systems increases,
ultimately leading to a decline and exhaustion of the body’s func-
tional reserves [11]. In chronic respiratory failure (CRF), symp-
toms develop gradually and progress over a prolonged period of
time (months or years) [10, 12]. RF can also be divided into two
types according to the mechanism of development:

Hypoxemic type: characterized by hypoxemia combined
with normocapnia or hypocapnia and occurring as a result of
pathological processes that lead to impaired gas diffusion in the
lungs, ventilation-perfusion mismatch in the lungs, as well as the
presence of shunts in the lungs and other organs. In addition, in-
adequate alveolar ventilation may also be observed.

Hypercapnic type (ventilatory, “pump” failure), in which pa-
tients are unable to maintain a level of alveolar ventilation suf-
ficient to eliminate CO: and keep arterial pO: within the normal
range. Hypercapnia usually develops due to respiratory muscle
weakness and reduced activity of the respiratory center. In a con-
siderable proportion of cases of hypercapnic RF, marked ventila-
tion-perfusion mismatch is observed, which further aggravates
hypoxemia.

In AHF, cardiac function is impaired. This is manifested pre-
dominantly by worsening left ventricular (LV) diastolic function.
This, in turn, leads to increased LV filling pressure and pulmo-
nary congestion, which become the cause of RF. This mechanism
is mainly characteristic of acute decompensated heart failure
(ADHF). Nevertheless, the mechanisms underlying RF develop-
ment may differ depending on the AHF phenotype.

In pulmonary edema, gas exchange is impaired by the ac-
cumulation of fluid in the interstitium and alveoli. Initially, fluid
accumulates in the interstitium. When the fluid volume exceeds
35-50% of baseline, it begins to enter the alveolar space, lead-
ing to the development of “alveolar pulmonary edema”. Changes
in the permeability of microvascular membranes and in the re-
absorption of sodium chloride and water play a significant role
in this process [4]. Pulmonary edema is associated with reduced
functional residual capacity, increased ventilation-perfusion mis-
match, and intrapulmonary shunting. As a result, the lungs' gas
exchange function is impaired, leading to hypoxia. Decreased ox-
ygen diffusion and increased workload on the respiratory muscles
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peabcopbumn xnopuaa HaTpus 1 Bogpl [4]. Mpu oTéKe NErKMX HabAto-
JaeTca ymeHblueHne GyHKLMOHANbHOW OCTaTOUHOW EMKOCTU NETKKX,
yBe/MYEHWE BEHTUAALMOHHO-NEPdY3MOHHOTO AvcbanaHca U BHYTpU-
NETOYHOrO WYHTa. B pesynbTaTe HapyLwaeTca ra3006MeHHas GyHKLMA
NErkux, U pasBuBaeTca rmnokcua. CHuxkeHve anddysum kucnoposa
1 BO3pacTaHWe Harpysku Ha AblXaTesbHble MbilLbl NPUBOAAT K UX
YTOMNEHUIO, YTO, B CBOKO OYepefp, Bbi3blBAET yBENUYEHUE YPOBHA
PaCO: y Takux naumeHTos [13].

«Knaccuyeckan» natodumsmonornyeckasn napagurma KL saknro-
YaeTCA B CHUMKEHUM COKpaTuTenbHoW OyHKumMu JIXK, ymeHblueHum
cepAevHoro Bblbpoca U pPasBUTUM cucTEMHOM runonepdysun. CHu-
KeHue nepdysun NpUBOAUT K pedIeKTOPHON CUMNATUYECKOW/Heil-
pOrymopasibHOM aKTUBaLMM 1 NOBbILIEHWUIO YPOBHSA KaTeX0NaMUHOB B
KpoBu. CyxeHue cocyoB obecneunBaeTca COKpaLLeHUEM IagKOMbI-
LIEYHbIX K/IETOK COCYZMCTOM CTEHKM, YTO MOAAEPKMBAET CUCTEMHYIO
nepdysuio. B To ke Bpems, pPeHWH-aHrMOTEH3NH-a/bA0CTEePOHOBAA
cucTEMA aKTUBM3MPYETCA, CNOCOBCTBYA YBEMUYEHUIO 33AEPHKKM CO-
Neii 1 BoApl. B cOBOKYNHOCTM 3TN pedneKTopHbIe peakLu yBeamyu-
BAOT MOCTHArpy3Ky Ha MUOKapA, 1 06BbEM LMPKYNMPYIOLLEN Naasmbl
(To ecTb NpeaHarpysKky Ha cepaue), npueogame K passutuio AH [14].

UMAKH MoXeT BO3HUKHYTb BCNEACTBME PE3KOro yBeAUYeHuA
MOCTHArpy3k1 Ha npasblii kenygouek (MK) (nérounas ambonusa, m-
MOKCUA, aUUAEMUSA) UAN CHUXKEHUA COKpaTUMocTu MK (Mwemus MK,
MWOKapAMT, NOCTKAPAUOTOMUYECKUIA LIOK). T cBA3aH C NErOYHbIM
KpoBOOOpalLeHMEeM, XapaKTEePM3YIOLWMMCA BbICOKOM KOMMIAEHT-
HOCTbIO M HU3KUM COMPOTMBAEHWEM, YTO NO3BONAET emMy afanTupo-
BaTbCA K U3MEHEHUAM 06bEMA, a He AaBneHus. Peskoe yBesnyeHne
MOCTHarpy3kn Ha MK MOXKeT yMeHbLUUTb YAapHbIN 06BbEM MK npu
MWHUMANIbHOM YBEIMYEHWM CUCTONIMYECKOTO AaBneHus B MK [15-22].
M3011MpoBaHHOE CHUMKEHME COKPATUTENbHOM cnocobHOCTH MK Takke
MOXKET BbITb BbI3BAHO NPAMbIM MOBPEKAEHNEM MUOKAPLA B Pe3y/b-
TaTe TaKMX MEXaHM3MOB, KaK BOCMaseHWe MUOKapAa (MUoKapauT) u
nwemus. CHuKeHue yaapHoro obbéma MK npuMBoauT K aunataumm
M, 4yTo cnocobCTBYET Pas3BUTUIO TPUKYCNIMAANBHOW peryprutaumm
(TP), ycyrybnset gunataumio MK 1 OKa3bIBAET KeNyL0YKOBOE B3au-
MO3aBUCMMOE BAMUAHWME Ha HanonHeHue JIXK. CuctemHasa rmnonep-
dy3na moxKeT BO3HMKATb B pe3y/bTaTe MeXaHW4YecKoro ynioLieHuA
MEKIKENYA0YKOBOW NepPeroposKu, YTo NPUBOAUT K CMELLEHMIO Ne-
peropogku Bneso. B pesynbrate yBennuMBaAETCA KOHEYHOE AMacTo-
Nnyeckoe aasnenve B JIK 1 cHMXKaeTca TpaHCMypasibHOe JaBaeHne
HanonHeHua JIXK, 4To NPenATcTBYeT ANACTONNYECKOMY HamONHEHUIO
NXK [16]. Onactonnueckoe B3aMMOLENCTBME MEXAY Kenynouka-
MM MOMHO PacCMaTpMBaTb KaK KOHKYPEHLMIO 33 [AMacTo/MyecKoe
pacTAXeHWe 1 HanoNHeHWe B YCI0BUAX OFPaHUYEHHOrO NepuKapau-
aNbHOrO MPOCTPaHCTBA. Kpome TOro, CyLLecTBYeT U CUCTONMYECKoe
B3aMMOAENCTBME, MOCKO/bKY, MO oLeHKam oT 20 go 40% cuctonmye-
cKoro gasneHuna MH BO3HMKAeT B pe3ynbTate CoKpaweHua JTK. 31o
B3aVMOZEWCTBUE MEXKAY KeNyA0UKaMM MOXKET yCyrybnsTh COCToAHNE
nauueHTa 1 cnocobcTBoBaTh passuTuio OH.

Cumntombl AH

Mpu passutum OLH CMMNTOMOKOMMAEKC OBbIMHO BKKOYAET
NPOABNEHUA TMMNOKCEMMU, TUNEPKANHUM UK TOFO U APYroro, Conpo-
BOXAatoLmecs cneumduyeckumm cumntomamu. OfbILLIKa NPUCYTCTBY-
eT B 60/bLWIMHCTBE CyYaeB U ABAAETCA CUMMTOMOM, KOTOPbIN YacTo
HaBOAMT Bpaya Ha MbIC/Ib O BOSMOXKHOCTM [1H. Takke moryT Habto-
[aTbCA LUMaHO3, ycuneHue paboTbl AbIXaTe/IbHbIX MbilL, TaXWMHO3,
TaxvMKapauaA, apTepuanbHan MMnoToHUA, HapyLleHWe Co3HaHusA, Haby-
XaHve ApEMHbIX BeH. OfHUM U3 Hanbonee JOCTYMHbIX U AEHCTBEHHDBIX
MEeTOL0B AMarHoCcTUKM [IH ABNAeTCA NyNbCOKCUMETPUA — HEUHBA3WB-
HblIli CNOCOb onpeaeneHns CTeNeHN HaCbILLEHMA remornobuHa Kucno-

lead to muscle fatigue, which, in turn, increases PaCO: in these
patients [13].

The “classical” pathophysiological paradigm of cardiogenic
shock (CS) consists of reduced LV contractile function, decreased
cardiac output, and the development of systemic hypoperfusion.
Reduced perfusion triggers reflex sympathetic/neurohumoral
activation and elevated catecholamine levels. Vasoconstriction
is mediated by the contraction of vascular smooth muscle cells,
thereby maintaining systemic perfusion. At the same time, the
renin-angiotensin-aldosterone system is activated, contributing
to increased salt and water retention. Collectively, these reflex
responses increase myocardial afterload and circulating plasma
volume (i.e., cardiac preload), thereby contributing to the devel-
opment of RF [14].

Isolated right ventricular failure (IRVF) may occur as a result
of a sudden increase in right ventricular (RV) afterload (pulmo-
nary embolism, hypoxia, acidemia) or a decrease in RV contrac-
tility (RV ischemia, myocarditis, post-cardiotomy shock). The RV
is connected to the pulmonary circulation, which has high com-
pliance and low resistance, allowing it to adapt to changes in
volume rather than pressure. A sudden increase in RV afterload
may reduce RV stroke volume with only a minimal increase in RV
systolic pressure [15-22]. An isolated decrease in RV contractili-
ty may also be caused by direct myocardial injury, such as myo-
cardial inflammation (myocarditis) or ischemia. A decrease in RV
stroke volume leads to RV dilatation, which contributes to the de-
velopment of tricuspid regurgitation (TR), worsens RV dilatation,
and exerts ventricular interdependence effects on LV filling. Sys-
temic hypoperfusion may occur as a result of mechanical flatten-
ing of the interventricular septum, leading to leftward septal dis-
placement. As a consequence, LV end-diastolic pressure increases
and LV transmural filling pressure decreases, thereby impairing
LV diastolic filling [16]. Diastolic ventricular interaction may be
regarded as competition for diastolic expansion and filling within
the limited pericardial space. In addition, systolic interaction also
exists, since an estimated 20% to 40% of RV systolic pressure is
generated as a result of LV contraction. This ventricular interac-
tion may worsen the patient’s condition and contribute to the
development of RF.

III

Symptoms of RF

When ARF develops, the clinical picture usually includes man-
ifestations of hypoxemia, hypercapnia, or both, accompanied by
characteristic symptoms. Dyspnea is present in most cases and is
often the symptom that prompts the physician to suspect RF. Cya-
nosis, increased work of breathing, tachypnea, tachycardia, arterial
hypotension, impaired consciousness, and jugular venous disten-
tion may also be observed. One of the most accessible and effec-
tive methods for diagnosing RF is pulse oximetry, a noninvasive
technique that measures arterial hemoglobin oxygen saturation as
a percentage. In AHF, clinically significant thresholds are hemoglo-
bin oxygen saturation (Sp0:) <90% and Pa0. <60 mmHg [17].

Treatment of RF

Respiratory support is the primary method for correcting re-
spiratory disturbances and is used for temporary replacement of
external respiratory function, as well as to maintain SpO: above
90% and Pa0: above 60 mm Hg. Respiratory therapy comprises a
set of interventions, including oxygen therapy, as well as noninva-
sive and invasive mechanical ventilation (MV), which enable full
control of the breathing process [18, 19].
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POLOM B apTepuraibHON KPOBK, BbipaxKkaemoro B npoueHTax. Mpu OCH
KNMHWUYECKM 3HAYMMBbIM ABNAETCA YPOBEHb HAChILLLEHWA FeMornobrHa
Kucnopopom (Sp0O:) meHee <90 v yposeHb Pa02 <60 mm Hg [17].

Neuvenune AH

PecnupatopHas nofaepKa ABAAETCA OCHOBHbIM METOA0M KOp-
PEKLUMM AbIXaTeNbHbIX HAPYLIEHWI U NPUMEHAETCA ANA BPEMEHHOO
3amelLeHua GyHKLMM BHELWHEro AbIXaHuWA, a TaKKe 415 NoAfepiKa-
HuA yposHA SpO: Bblwwe 90% 1 Pa0: 6onee 60 mm Hg. PecnupatopHas
TepanuA npeacTaBnAeT coboit KOMNAEeKC MeponpuATUIA, BKAKOYato-
Wi B cebA OKCMreHOTepanuio, a TaKKe HEMHBA3UBHbIE U MHBA3WB-
Hble MeTofbl WCKYCCTBEHHOW BeHTUAAUMM nérkux (MBJ), kotopble
NO3BONAIOT NOJIHOCTLIO KOHTPOIMPOBATL NpoLece AbixaHua [18, 19].

EBponeiickoe 06LIECTBO KapAWo/ioros, a Takxe Poccuiickoe
KapAmMonormyeckoe obLLecTBO PEKOMEHYIOT MPUMEHEHWE KUC0PO-
potepanuu y naunentos ¢ OCH npu yposHe SpO. <90% u/unn PaO:
<60 Mmm Hg c uenbto Koppekuun runokcemuu. lMauueHtam c Bbipa-
KeHHbIMK Npu3Hakammn [IH 1 TAXKENOW rMnokcemuen pekomeHayeT-
€A, KaK MOXHO paHbLie HaymMHaTb HUBJ1. OgHako B HacToALee Bpema
OTCYTCTBYHOT YETKME PEKOMEHIALIMMU OTHOCUTENBHO BbIBOPA PEXUMA,
4acToTbl U 06bEMA e€ NnpumeHeHus [17].

Mpn OCH kucnopopoTepanua ABAAETCA CPeACTBOM MNepBOro
paga ana koppekuun OH [20]. B nocneaHue rogpl yBEAUUUCA UHTE-
pec K NpYMeHeHUIo pasnnyHbix metogos HUBJ1 y Takmnx naumneHToB
[21]. Pa3nnuatoT cnepylowme BuAbl PECNMPATOPHON MNOAAEPHKKU:
HM3KONOTOYHaA okcureHotepanua (HMO), BNO, HUBN (c nomoLibio
pasnMyHbIx pexkumos) n MBJ (nocpescTBOM 3HAOTPaxeanbHoM Tpyb-
Ku). HMO sBnsetca TpagmMLUMOHHBIM cnocobom nofauu Kucaopoza
NoCpeACTBOM Ha3asbHOW KaHIONW, OAHAKO OAHUM W3 HeAOCTaTKOB
ABNAETCA TO, YTO KMCOPOA, CMELUMBAETCA C OKPYMKAIOLLMM BO3JYXOM,
U KOHLLEHTPALMA KUCA0POAA BO BAbIXAaEMOM BO3/yXe He NpeBblllaeT
40% [20].

[laHHble HEMHOTOUYMCAEHHbIX UCCNeA0BaHUI MOKa3bIBAKOT, YTO
HWB/ y naymentos ¢ OCH nomoraeTt ynyywmTb KNMHUYECKNE NposB-
NeHus, HOPMannM30BaTb MOKa3aTeNn LEeHTPasbHOW reMOAMHAMUKK,
CHU3UTb HEOBXOAMMOCTb B MHTYBALMM Tpaxen U YMeHbLUTb CMepT-
HOCTb [22-24]. 3TOT MeToA NpeanoyTuTeneH y nauveHTos ¢ OCH npu
XpoHuyeckor [H [25]. HecmoTps Ha npeumyectsa HUBJ, cywecTsy-
eT pas GaKTopoB, KOTOPbIe OrPaHUUYMBAIOT €€ LIMPOKOe UCNOb30Ba-
Hue. K HUM OTHOCATCA CNOMHOCTb BbINOHEHMA NPOLEaypbl U Bbi3bl-
BaeMblIi eto gvckomoopT y naumerTos [20].

HMB/ B pexume Continuous Positive Airway Pressure (CPAP)
ABNAETCA Hanbosnee 4acTo UCNONb3YEMbIM METOLOM B KJMHUYECKOM
MPaKTUKe, YTO 0BYCNOBNAEHO €ro MPOCTOTOM U OTCYTCTBUEM Heobxo-
[MMOCTM B UCMONBb30BAHUM CIOXKHOTO 060pyaoBaHMA. CyTb meToaa
3aK/IH0YAETCA B CO3aHWUMN HEMPEPBLIBHOTO NOMOKMUTENBHOIO AaBNEHUA
B NIErKMX C NMOMOLLBIO rePMETUYHON MACKM, OCHALLEHHOMN KnanaHom
NONOXMTENbHOTO AaBNEHMA B KOHLe Bblaoxa (MAKB) [4].

HMBN Takxke B pexume Non-Invasive Pressure Support
Ventilation (NIPSV) ocyLuecTBnseTca ¢ MCNosb30BaHUEM BEHTUAATOPA,
KOTOpbIV HaCTPOEH Ha [iBa YPOBHA AaBNEHUA: NONOXKUTENbHOE AaB-
nenve saoxa (IPAP) n nonoxutenbHoe aasneHue sbigoxa (EPAP). 3tor
MeToq, TakKe u3secTeH Kak HMBJ/1 ¢ Non-Invasive Positive Pressure
Ventilation (NIPPV), nHoraa umeHyemblii AsyxypoBHeBbIM 1am Bilevel
Positive Airway Pressure (BIPAP). Mo cBoemMy mexaHM3My AeicTBuA
CX0X ¢ pexkumom CPAP c nogpaeprkkoi Baoxa. ns ahpdekTmBHON Ha-
CTpo¥ikK annapata MBJ/1 B cOOTBETCTBMM C M3MEHSAIOLMMUCA NOTPEe6-
HOCTAMM NaLueHTa HeobXoauM onpeaenéHHbIN ONbIT, TaK KaK BaXHa
afleKBaTHAA CMHXPOHM3aLIMA MEeXAy annapaTtom U NauueHTom. Baxk-
HO OTMETUTb, YTO YacTOTa AbIXaHWA He YCTaHAB/AMBAETCA 3apaHee U
NOJIHOCTbIO 3aBUCHT OT MaLLMeHTa, 4To cnocobCcTByeT bosiee ecTecTBeH-
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The European Society of Cardiology, as well as the Russian
Society of Cardiology, recommends oxygen therapy in patients
with AHF when SpO: is <90% and/or Pa0: is <60 mm Hg in or-
der to correct hypoxemia. In patients with marked signs of RF and
severe hypoxemia, NIV should be initiated as early as possible.
However, there are currently no clear recommendations regard-
ing the choice of mode, frequency, or extent of its use [17].

In AHF, oxygen therapy is a first-line treatment for correcting
RF [20]. In recent years, interest in the use of various NIV meth-
ods in such patients has increased [21]. The following types of
respiratory support are distinguished: low-flow oxygen therapy
(LFOT), HFOT, NIV (using various modes), and invasive mechani-
cal ventilation (via an endotracheal tube). LFOT is the traditional
method of oxygen delivery via a nasal cannula; however, one dis-
advantage is that oxygen mixes with ambient air, and the oxygen
concentration in the inspired air does not exceed 40% [20].

Data from a limited number of studies indicate that NIV in
patients with AHF improves clinical manifestations, normalizes
central hemodynamic parameters, reduces the need for tracheos-
tomy, and decreases mortality [22-24]. This method is preferable
in patients with AHF and chronic RF [25]. Despite the advantages
of NIV, several factors limit its widespread use. These include the
complexity of the procedure and the discomfort it may cause pa-
tients [20].

NIV in the Continuous Positive Airway Pressure (CPAP) mode
is the most commonly used method in clinical practice, owing to
its simplicity and the lack of need for sophisticated equipment.
The essence of the method is the creation of continuous positive
pressure in the lungs using a tight-fitting mask equipped with a
positive end-expiratory pressure (PEEP) valve [4].

NIV may also be delivered in the Non-Invasive Pressure Sup-
port Ventilation (NIPSV) mode using a ventilator set to two pres-
sure levels: inspiratory positive airway pressure (IPAP) and expira-
tory positive airway pressure (EPAP). This method is also known
as non-invasive positive pressure ventilation (NIPPV), also called
bilevel or Bilevel Positive Airway Pressure (BiPAP). In terms of its
mechanism of action, it is similar to CPAP with inspiratory sup-
port. Effective adjustment of the ventilator to the patient’s chang-
ing needs requires some experience, as adequate synchronization
between the device and the patient is essential. It is important to
note that the respiratory rate is not preset and depends entirely
on the patient, which contributes to a more physiological breath-
ing pattern and greater comfort during ventilation [4].

In the late 1980s, the first scientific studies using CPAP in pa-
tients with heart failure were conducted. The results showed that
manifestations of RF resolved more rapidly with this method than
with standard oxygen therapy, which in turn contributed to a re-
duction in the number of cases requiring tracheal intubation and
transition to invasive mechanical ventilation [26]. In 2000, the
first randomized study investigating the use of NIPSV in cardio-
genic pulmonary edema was published. The results of this study
confirmed the efficacy suggested by earlier findings [27].

Several meta-analyses [28-30] have shown that NIV, partic-
ularly NIPPV and CPAP, reduces the need for tracheostomy and
decreases mortality compared with conventional oxygen therapy.

In 2008, a large randomized trial (3-CPO) was conducted to
evaluate the efficacy of NIV compared with standard oxygen ther-
apy in patients with cardiogenic pulmonary edema. The study
included 1,069 patients, divided into two groups based on the
method of respiratory support. CPAP and NIPSV were used as the
NIV modalities. The results showed that although NIV was asso-
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HOMY AbIXaTe/IbHOMY NMPOLLECCY M NOBbILIAET KOMPOPT BO BPEMS BEH-
™mnaumm [4].

B KoHue 1980-x rogoB Bnepsble 6biAM NPOBEAEHbI HayyHble
nccnenoBaHnA, B KOTOpbIX NpumeHanca pexkum CPAP y nauyeHTos ¢
CH. Mony4yeHHble pe3ynbraTbl NOKa3anu, 4yto asneHuna [H paspewa-
toTCA BbICTPEE NPU UCNONB30BAHUM AAHHOTO METOAA NO CPABHEHUIO
CO CTaHAAPTHOMN OKCUreHoTepanuen, YTo, B CBOKO OYepesb, Crnocob-
CTBOBA/I0 YMEHbLUEHMIO KO/IMYECTBA C/ly4aeB MHTYGaLMM Tpaxeu u
nepeBoga 6osbHbIx Ha MBI/ [26]. B 2000 rogy 6bin10 onybanKkoBaHo
nepBoe PaHAOMM3NPOBAHHOE UCCAEA0BAHNE, B KOTOPOM M3y4asioch
npumeHenune pexkmma NIPSV npu KapamoreHHoOm OTEKe NErkmx. Pe-
3yNbTaThl 3TOFO UCCNELOBAHMA NoaTBEpAWAN IGPEKTUBHOCTL paHee
NoNyYeHHbIX AaHHbIX [27].

HeckonbKko meTa-aHanu3os [28-30] nokas3anu, 4To MCNONb30Ba-
Hue pexkmma HUBJI, ocobeHHo NIPPP 1 CPAP, NpMBOAWT K CHUXKEHUIO
HeobXoaMMOCTN B MHTYOALMM TPAXEN U YMEHBLLEHWIO YPOBHSA CMePT-
HOCTM MO CPaBHEHMIO C TPAAMLIMOHHOM OKCUMreHoTEPanuen.

B 2008 roay 6b110 NpoBeeHO MacluTabHOe PaHAOMMU3NPOBaH-
Hoe uccneposaHue (3-CPO), noceaAWEHHOE oLeHKe 3PdEKTUBHOCTU
HWBJ/1 B cpaBHeHMM C 06bIYHOM KUCIOPOAHOM Tepanuel y NaLmMeHToB
C KapaMoreHHbIM OTEKOM NETKMX. B faHHOM UCCnef0BaHMM y4acTBO-
Banu 1069 naumeHToB, KOTopble OblIM pas3aeneHbl Ha 4Be rpynmbl B
3aBMCMMOCTM OT MeTofa PEeCcnMpaTopHON NofaepKu. B kavectse
meTtogos HUB/T npumensann CPAP n NIPSV. PesynbTaTbl nccnegoBaHua
MoKa3anu, YTo HeCMOTPSA Ha TO, YTo npumeHeHne HUBJT accoummpo-
BaHO C 60/1ee 3HaUMTE/IbHLIM YNYYLLEHUEM TaKUX NOKasaTenen, Kak
OfblLLIKa, YacTOTa CepAeYHbIX COKPALLEHWUN, aupMao3 U rMnepKanHus,
Pa3NNYMI B CMEPTHOCTM MEXAY rpynnamu, Noay4yaBlIMMM KUCIOPOL,
1 HUB/ He Habatoaanock. CmepTHOCTb cocTasuna 9,8% B rpynne, no-
nyyaslweit HUBN u 9,5% B rpynne cTaHAAPTHON KMCnopodoTepanum
(p=0,87), a yactoTa uHTYbauum — 2,8% B rpynne, nonyyasiueir HUBM n
2,9% B rpynne, nonyyasLeit knucnopog, (p=0,90) [31].

B KauecTBe pecnmpaTopHO NOAAEPKKMN Y NALMUEHTOB C TAXKENOM
[H B Hauane XXI BeKa Hayanu paccmaTpusaTb elé meHee MHBA3MB-
HbIli meTog,— BMO. BNO saensetca pasHoBuaHocTbto HUB/ v obnagaet
PALOM NPEMMYLLECTB MO CPABHEHMIO C TPAAULMOHHOM OKCUTeHOTepa-
nueit. OHa obecneunsaet 6onee KOMPOPTHOE SleueHMe ANA NaLneH-
TOB U, KaK NMOKa3blIBaOT UCCNEA0BAHMSA, MOXKET CAYKUTb IGGEKTUBHOM
anbtepHaTneoi HMBJ/T npu pasnnuHbix popmax OAH [18, 32]. BMO
obecneunsaeT nofayvy yBNaKHEHHOTO M MOLOFPETOr0 KMCAOPOAA C
KOHUeHTpauuen ot 21% go 100% npu MakcumanbHOM pacxoze 4o 60
NIUTPOB B MUHYTY [33].

KntoueBble XapaKTepucTukin BIMO BKAKOYAOT BO3MOMKHOCTb MO3-
TanNHOM HACTPOMKM CKOPOCTM MOTOKA M TEMNepaTypbl, YTO NO3BONAET
a[anTUpoBaTb TEPANMIO K UHAMBMUAYANbHBIM NOTPEOHOCTAM NaLyeH-
Ta. Kpome TOro, cuctema obecneunBaeT BbICOKYH TOYHOCTb YCTAHOBKM
[ONU BAbIXaEMOTO KMCIOPOAA, YTO ABNAETCA BAaXKHbIM acNeKTOM B Jie-
YEHWUW PECNMPATOPHbIX 3a601eBaHMIA U NOAAEPKAHWUM AAEKBATHOTO
rasoobmeHa [20]. 3T1 ocobeHHocTH aenatoT BMO apdeKTUBHLIM UH-
CTPYMEHTOM B K/IMHWUYECKOIN NPaKTUKe s ynpasaenus OH n opyrv-
MM COCTOAHUAMM, TPEBYIOLLMMM KUCAOPOLHON Tepanuu.

BMO mokeT obecneynTb OTHOCWUTENBHO TOYHYIO MOCTOAHHYIO
TeMnepaTypy ¥ MOCTOAHHYIO BIA¥HOCTb rasa ANA Has3a/lbHOMN Bbl-
COKOMOTOYHOM YBNAMKHAIOLWLEN KUCNOPOAHOIN Tepanuu, Kotopas Cco-
OTBETCTBYET TEMMEPATYPe ra3a M BNAKHOCTM AbIXaTe/bHbIX NyTei B
bU3NONOrNYECKMX YCNOBUAX YEN0BEKA. ITO B UTOTE CHUXKAET BANAHME
MEAMLMHCKMX CYXMX U XONOAHbIX Fa30B HA MYKOLM/IMAPHYIO cucTemMy
N OYHKLMIO CAM3UCTBIX 0D0N0YEK BEPXHUX M HUMKHUX AbIXaTe/bHbIX
nyTeii [34]. Mo cpaBHeHUIO ¢ 0BbIYHOM KMCNOpoaHOI Tepanueld, BNO
obecneunBaeT rasoByto CMecb C abCONOTHOM BAAXKHOCTbIO 44 mr/n,
4TO COOTBETCTBYET GU3NONOTNYECKOMY COCTOSIHMIO a/IbBEON U, TEM Ca-

ciated with greater improvement in parameters such as dyspnea,
heart rate, acidosis, and hypercapnia, no difference in mortality
was observed between the oxygen therapy and NIV groups. Mor-
tality was 9.8% in the NIV group and 9.5% in the standard oxygen
therapy group (p=0.87), while the intubation rate was 2.8% in the
NIV group and 2.9% in the oxygen therapy group (p=0.90) [31].

At the beginning of the 21st century, an even less invasive
method, HFOT, began to be considered as a form of respiratory
support in patients with severe RF. HFOT is a type of noninvasive
respiratory support with several advantages over conventional
oxygen therapy. It provides more comfortable treatment for pa-
tients and, according to studies, may serve as an effective alterna-
tive to NIV in various forms of ARF [18, 32]. HFOT provides humid-
ified and heated oxygen at concentrations ranging from 21% to
100%, with a maximum flow rate of up to 60 L/min [33].

The key characteristics of HFOT include the ability to adjust
flow rate and temperature in discrete steps, which allows tailor-
ing therapy to the individual needs of the patient. In addition, the
system provides highly accurate control of the fraction of inspired
oxygen, which is an important aspect in the treatment of respi-
ratory diseases and the maintenance of adequate gas exchange
[20]. These features make HFOT an effective tool for the manage-
ment of RF and other conditions requiring oxygen therapy in clin-
ical practice.

HFOT can provide a relatively precise and stable gas tem-
perature and constant humidity for high-flow humidified oxygen
therapy via nasal cannula, matching the physiological tempera-
ture and humidity conditions of the human airways. As a result,
it reduces the adverse effects of dry, cold medical gases on the
mucociliary system and the mucosal function of the upper and
lower respiratory tracts [34]. Compared with conventional oxygen
therapy, HFOT delivers a gas mixture with an absolute humidity of
44 mg/L, which corresponds to the physiological state of the al-
veoli and thereby prevents bronchoconstriction or bronchospasm
caused by inhaling dry, cold air, creating more comfortable condi-
tions for the patient [35].

At present, data on the efficacy of HFOT in patients with AHF
remain contradictory. In one study, 5 patients with cardiogenic
pulmonary edema and RF were included. The results demon-
strated the ineffectiveness of NIV, whereas improvement in the
patients’ condition was observed only after switching to HFOT
[36]. Other authors reported that in patients with cardiogenic
pulmonary edema, there was no statistically significant difference
in respiratory rate changes during HFOT versus NIV. However, the
point estimate and its wide confidence interval may suggest a po-
tential benefit of HFOT [37].

A meta-analysis of 9 randomized controlled trials involving
2,093 patients found no significant difference in mortality be-
tween HFOT and conventional oxygen therapy; the relative risk
(RR) was 0.94 (95% confidence interval (Cl), 0.67-1.31). The cer-
tainty of evidence was moderate. However, a reduction was ob-
served in the risk of requiring tracheal intubation (RR=0.85, 95%
Cl 0.74-0.99) or escalation of oxygen therapy — that is, switching
to HFOT in the control group or initiation of non-invasive or inva-
sive mechanical ventilation in either group — in favor of patients
receiving HFOT (RR=0.71, 95% ClI 0.51-0.98). Nevertheless, the
certainty of the evidence for both outcomes was low due to im-
precision and issues related to risk of bias. HFOT had no effect
on the duration of stay in the intensive care unit (mean differ-
ence (MD) 1.38 days longer, 95% CI from 0.90 days fewer to 3.66
days longer; low-certainty evidence), length of hospital stay (MD
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MbIM, NPEAOTBPALLAET BPOHXOKOHCTPMKLMIO AU BPOHXOCMNasM, Bbi-
3BaHHble BAbIXaHUEM CYXOrO M XONI04HOTO BO3ZyXa, Co3saBasn bonee
KoMOpTHbIE yCN0BKUS A/1A naumeHTa [35].

B HacTosiLLee Bpems CyLLECTBYIOT MPOTUBOPEYMBLIE AaHHbIE 06
addektnsHocTM BMO y naumeHTtos ¢ OCH. B ogHoM U3 uccnenoBaHuii
6b11M BKAOYEHDI 5 NMALMEHTOB C KapAMOreHHbIM OTEKOM NErkmx 1 [H.
Pe3ynbtat nccneposaHua nokasanu HeaddektmsHocTs HUB/, n anwb
nocne nepexoaa Ha BMNO otmeyanocs ynyylueHne cOCTOAHMA NaLmeH-
ToB [36]. lpyr1e aBTOPbI NMOKa3a/u, YTO Y NALMEHTOB C KAPAMOTrEHHbIM
OTEKOM NETKMX He HabNtoAaN0Ch CTaTUCTUYECKM 3HAYMMOM PasHMLLbI
B M3MEHEHUAX YaCTOTbl AblxaHus Ha ¢oHe BMNO mam HUB/. OgHako
TOYeYHasn OLEeHKa U ee BO/bLLIOI [OBEPUTENbHBIVA MHTEPBAA MOTYT
npeanonarate nons3y BMNO [37].

MeTa-aHanu3 9 paHLomM3MpoBaHHbIX PKU, B KOTOPbIX y4acTBo-
Bann 2093 naumeHTa, He BbIABUA CYLLECTBEHHbIX Pa3NNYMiA B CMepT-
HOCTM cpeau NaumeHToB, noayyaswmx BIO, no cpaBHeHUIO € Temu,
KTO NPOXOAMA TPAAMLMOHHYIO OKCUIeHOTEPanuto, OTHOCWUTENbHbIV
puck (OP) coctasun 0,94, a 95% posepuTenbHbIM MHTepBan (OM) —
0,67-1,31. YpoBeHb AOCTOBEPHOCTM BbiN yMepeHHbIM. OgHaKo bbiio
3apMKCUPOBAHO CHUMKEHME PUCKA HEOBXOAMMOCTM MHTYBauuM Tpa-
xen (OP=0,85, 95% AW 0,74-0,99) nnu ackanaumm OKCMreHoTepanum
— TO ecTb nepexosa K BNO B KOHTPOAbHOI rpynne AMbo Havana He-
WHBA3MBHOW MM MHBA3UBHOM MEXaHWUYECKOM BEHTUAALMK B OO0V
rpynne — 8 NoNb3y NaLuueHToB, nony4yaslwmx BMO (OP=0,71, 95% AN
0,51-0,98). OaHaKo ypoBeHb LOCTOBEPHOCTM MO 06OMM pesyabTaTam
6bln HM3KMI KM3-3a MOrpeLIHOCTEN U NPobem, CBA3AHHbLIX C PUCKOM
cmewleHua. BMNO He oKasana BAMAHWA HA NPOAOMKUTENbHOCTb Mnpe-
6bIBaHMA B OTAENEHUW MHTEHCUBHOW Tepanuu (cpeaHas pasHuua (PC)
coctasuna 1,38 aHa 6onblue, 95% AW ot 0,90 AHA MeHblie Ao 3,66
[HA 6onblue, HU3KaA onpeseNEHHOCTb), NPOAOMIKUTENBHOCTb FOCNy-
Tanusaumu (PC Ha 0,85 gHsa meHblue, 95% AN ot 2,07 gHA MeHblue 40
0,37 aHA 6onblue, ymepeHHas onpeaenéHHocTb), KompopTa naumeH-
T0B (CPC Ha 0,12 Huske, 95% AM ot 0,61 Huxke Ao 0,37 Bbille, 04YeHb
HW3Kan AOCTOBEPHOCTb) UK OABILLKY, O KOTOPOM coobLian nauueHT
(cTaHmapTM3MpoBaHHan pasHuua cpesHux (CPC) Ha 0,16 Huke, 95%
[N o1 1,10 Huske g0 1,42 Bblle, HU3Kas onpeaenéHHocTb). OcioxHe-
HUWA Ie4eHns BblIM ONUCaHbI NO-Pa3sHOMY B Pa3/IMYHbIX MCCIEA0BaAHN-
X, OflHAKO 1crnonb3oBaHue BIMO He 6biN0 CBA3AHO C CYLLECTBEHHbIM
Bpeaom [32].

[pyroe KOHTpO/MpyemMoe uccaefoBaHne, NPOBeAEHHOE C yya-
ctmem 128 naumeHToB C KapAMOreHHbIM OTEKOM IETKMX, MOKa3asno,
4TO MO CPaBHEHMIO C OObIYHOW KUCIOPOAHON Tepanuel, nocne 60
MUHYT npoBeaeHus BMO 3HauUMTeNbHO CHM3MAACh CPeaHAs YacToTa
[bIXaHWA NaLMEHTOB M YMEHbLLIMAAC oAbilwKa [38].

B npocnekTMBHOM MCCAeA0BaHWMM € ydacTuem 44 nauueHToB C
OCH TaK:Ke 0TMeYeHo, YTO Y NaLMeHToB, nonyyasLumnx BNO, Habnoaa-
NOCb 3HAUUTENbHOE YAYYLIEHWE AbIXaTe/IbHOro KoM$OpTa, MHAEKCA
OKCUreHaLMm 1 YacToTbl ApixaHuA yepes 1, 2 1 24 yaca No CpaBHEHUIO
€ 06bIYHOW K1copoaHoi Tepanuelt (p<0,05) [39].

Merta-aHanm3 6 PKW, noceawgéHHbIX adpdekTuBHOCTM BMO
HWB/1 y naumenTos ¢ OCH (572 naumenTa, 221 B rpynne ¢ BMO un 351
— HWBN) nokasan ycnex neuenus y 24% (54 nu3 221) B rpynne BMO u
y 13% (46 n3 351) 8 rpynne HXB/I. BMO npofeMOoHCTPUPOBaia TaKyHo
e 3QPeKTUBHOCTb, Kak 1 HMBJ1 B nnaHe CHUXKEHMA YacToTbl AblXa-
HUA WM MHTEHCUBHOCTM OAbILWKW. Pe3ynbTaTbl paH4O0MM3NPOBaHHbIX
UCCNef0BaHMI, CPaBHMBAOWMX 0Da MeToAa JeueHus, npoTusope-
ymBbl. B ABYX MCCNeaoBaHMAX GbLIM NOMYYEHbI CXOXKME Pesy/bTaTbl
[40, 41], a B ogHom — npeBocxoactso HUBJ [42]. CnesyeT oTMETUTD,
yTO B MOCAEeSHEM MCCNeA0BaHUM Bblav BKAKOYEHbI NaLMeHTbl ¢ 60-
Nnee TAKENbIM KNMHUYECKMM COCTOAHMEM MO CPaBHEHUIO C APYTMMM
NCCNef0BaHUAMM, YTO, BEPOATHO, CTANI0 NPUUYMHOMN CHUNKEHHOW 3¢-
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0.85 days shorter, 95% Cl from 2.07 days shorter to 0.37 days
longer; moderate-certainty evidence), patient comfort (standard-
ized mean difference (SMD) 0.12 lower, 95% CI from 0.61 lower
to 0.37 higher; very low-certainty evidence), or patient-reported
dyspnea (SMD 0.16 lower, 95% Cl from 1.10 lower to 1.42 higher;
low-certainty evidence). Treatment-related complications were
reported inconsistently across studies; however, the use of HFOT
was not associated with substantial harm [32].

Another controlled study involving 128 patients with cardio-
genic pulmonary edema showed that HFOT, compared with con-
ventional oxygen therapy, significantly reduced the mean respira-
tory rate and dyspnea after 60 minutes of treatment [38].

A prospective study involving 44 patients with AHF also
found that patients receiving HFOT demonstrated significant im-
provement in breathing comfort, oxygenation index, and respira-
tory rate at 1, 2, and 24 hours compared with conventional oxy-
gen therapy (p<0.05) [39].

A meta-analysis of 6 randomized controlled trials evaluating
the efficacy of HFOT and NIV in patients with AHF (572 patients;
221 in the HFOT group and 351 in the NIV group) showed treat-
ment success in 24% (54 of 221) of patients in the HFOT group and
in 13% (46 of 351) in the NIV group. HFOT demonstrated efficacy
similar to NIV in reducing respiratory rate and dyspnea severity.
The results of randomized trials comparing the two treatment
methods are inconsistent. Two studies showed similar results
[40, 41], whereas one demonstrated the superiority of NIV [42].
It should be noted that the latter study included patients with a
more severe clinical condition than those in the other studies,
which likely accounted for the reduced efficacy of HFQOT. Similarly,
in patients with acute hypercapnic RF caused by AHF and treated
with NIV rather than HFOT [43], a greater reduction in respiratory
rate was observed. These findings suggest that NIV is superior to
HFOT in patients with the most severe form of disease [44]. At
present, it should be emphasized that there remains insufficient
data to determine optimal methods and algorithms for respirato-
ry support in patients with AHF [45].

Despite the frequent occurrence of RF among patients hos-
pitalized with AHF, most clinical studies have not reported the
prognosis of such patients requiring mechanical ventilation. How-
ever, recent studies indicate that the development of RF during
hospitalization for AHF is associated with an increased risk of
rehospitalization and all-cause mortality. This circumstance high-
lights the need for closer monitoring of patients with AHF and
concomitant RF at hospital admission, since they represent a
high-risk group [31].

CONCLUSION

Analysis of the published literature indicates that RF is a
common manifestation of AHF. Unfortunately, there is still a
shortage of published data, and no established algorithms have
been developed for the management of such patients. A num-
ber of studies have demonstrated that residual signs of acute
respiratory failure persist in patients even after the symptoms of
ARF have been relieved. Patients with AHF who develop RF have
worse outcomes. The scale of this problem requires a more de-
tailed investigation.

Many clinical studies have confirmed NIV's efficacy and safe-
ty, and it is considered the gold standard for the treatment of RF
in patients with AHF. As an adjunct to conventional drug therapy,
NIV is beneficial in patients with AHF because it increases cardi-
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¢dektBHocTM BMNO. AHanornyHbiM 06pasom, y NauueHToB C OCTPOW
runepkanHuyeckon [H, sbizsaHHOM OCH, M nonyyaBwmx neveHve ¢
nomotpto HUBJ, a He BMO [43], Habntoganoch bonbluee CHUXeHUe
4acToTbl AblXaHWA. 3TW pe3ynbTaTbl CBUAETENLCTBYIOT O MPEBOCXOA-
ctBe HMB/1 Hag BMNO y naumeHToB ¢ Hanbonee TAxEnon popmoit
3aboneBanus [44]. Ha cerogHAWHUN AeHb cresyeT OTMETUTb, YTO
CYLLECTBYET HEAOCTAaTOK AaHHbIX A/1A OMNpefeneHUs ONTUMasbHbIX
METOAOB W aNrOPUTMOB NPUMEHEHUA PECTIMPATOPHOW NOALEPHKKM Y
naumenTos ¢ OCH [45].

HecmoTpAa Ha yactoe BbiaBneHune [IH y rocnuTannsvpoBaHHbIX
¢ OCH, B 60/1bLIMHCTBE KAUHUYECKMX UCCea0BaHUI He coobLlanoch
0 NPOrHo3e TakWx NauueHToB, Tpebytowwx MBJ/1. OaHaKo pesybTaTsl
HefaBHUX UCCNe0BaHUIA CBUAETENBCTBYIOT, UTo passuTue [H B xoae
rocnutanmsaumm no npmumrHe OCH cBA3aHO C MOBbILEHHBIM PUCKOM
NOBTOPHOM rOCNUTANU3ALLUM U NIeTANbHOTO UCXoaa OT Noboi npuun-
He. 3T0 06CTOATENbCTBO AaKLEHTUPYET BHUMaHWE Ha HEOBXOAMMOCTH
60nee NPUCTa/IbHOTO MOHWUTOPUHIA 33 MaLMeHTamu, CTPajatoLLymMm
OCH wu conytctaytowen [H, npu vx noctynaeHun B cTaumoHap, no-
CKONbKY OHM NPeAaCTaBAAkoT cobo rpynny NoBbILEHHOTo pucka [31].

3AKNIOYEHUE

AHann3 nutepaTypHbIX AaHHbIX Nokasasn, yto [IH AsnseTca ya-
cTbiMm nposasneHnem OCH. lMpu 3TOM, K COXaneHuto, CyLLecTByeT He-
[0CTaTOK /IMTepaTypPHbIX AaHHbIX U HET pa3paboTaHHbIX anropuTMOB
BBELEHMA TakUX MauMeHTOoB. Pag uccnefoBaHWi NpoaeMoHCTpUpo-
BaJl, YTO nocne ycrtpaHeHna cumntomos OJH y naumeHToB cOXpaHa-
IOTCA OCTAaTOYHble NPU3HAKK 3TOro coctoAaHuA. MaumeHtsl ¢ OCH, y
KoTopbIx pa3suBaetca [H, umetoT xyawwme ucxogpl. MacwTab stoit
npobnemsl TpebyeT Honee AeTaNbHOro U3yUYeHus.

MHorue KAMHUYecKne uccnepoBaHua noaTeepanan sbdekTus-
HOCTb ¥ 6e3onacHocTb HUBJI, u oHa ABAAETCA 30/10TbIM CTaHAIPTOM
nevenmna [H y nauymentos ¢ OCH. HMBJ/1 B KauecTBe AONOAHEHMA K
TPAAULMOHHOMY MEAMKAMEHTO3HOMY JIeYEHMUIO NOMe3Ha ANA Nauu-
eHToB ¢ OCH, nocKonbKy OHa CNocoBCTBYET YBENNYEHWUIO CEPAEYHOTO
BbIGPOCa, NPUBOAUT K BbICTPOMY Y/YULIEHUIO Fa3006MeHa, CHUXKAET
noTpebHOCTb B SHAOTPaxeanbHON MHTYBALMKN U PUCK Pa3BUTUA BEH-
TUNATOP-AaCCOLMPOBAHHON NHEBMOHUU. Kpome Toro, Habntogaertcs
TEHAEHLMA K CHUKEHUIO BHYTPUOONbHUYHOM CMEPTHOCTM.

MockonbKy npumeHeHue BIMO B oTaeneHUsX UHTEHCUBHOW Tepa-
NN ONA B3POCAbIX ABNAETCA OTHOCUTENbHO HOBbIM, [OKa3aTeNbCTBa,
NnoATBEpKAAOWME ero MUCNoNb30BaHUE, OCTAOTCA OrpaHUYEHHbIMU
M COCTOAT NMPEUMYLLECTBEHHO M3 HabnoAaTeNnbHbIX UCCAeA0BaHUA.
BbileckazaHHOe NoAYEPKUBAET HEOBXOAMMOCTb AabHENLIUX UCCAe-
[0BaHWI ANA ONTUMU3ALLMM IeYEHWA AAHHOM KaTeropum NaLmueHToB.

ac output, facilitates rapid improvement in gas exchange, reduc-
es the need for endotracheal intubation, and lowers the risk of
ventilator-associated pneumonia. In addition, there is a tendency
toward reduced in-hospital mortality.

Since the use of HFOT in adult intensive care units is rela-
tively new, the evidence supporting its use remains limited, con-
sisting predominantly of observational studies. The above high-
lights the need for further research to optimize treatment for this
patient group.
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