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Tpomboambosus sierounont aprepun (TIJIA) — He camMoOCTOATE/IbHAsI HO30JOTUYECKasT €IMHUIIA, a
OCJIO}KHEHV € PAa3/IMUHbIX 3a00J1€BaHUH U COCTOSTHUM, TPUBOAAIINX K BOSHUKHOBEHUIO [NTYOOKUX TPOMO030B
B BEHO3HOM CHCTEME, IIPABBIX KAMEPAX CEP/IIaA, TUO0 BhI3BIBAIOIIUX MECTHBIN TPOMOO3 B CHCTEME JIETOYHOM
aprepun. TOJIA xapaKTepu3yeTcs CIOSKHOCTBIO [TaTOTeHe3a Pa3BUTHU S JbIXaTeIbHON HeJI0CTaTOYHOCTH pas-
JINYHOU CTeleH! BhIPasKeHHOCTH, YTO 00yCJIaBIMBAET CJIOYKHOCTE BBIOOpA CLIOCOO0B pecnupaTopHoO 1Moj-
JIEPSKKHU.

Ilesab 0030pa. [Toka3aThb BO3SMOKHOCTH PA3JTUYHBIX METO/IOB PECITUPATOPHON MOAIEPIKKHU U TTepPCIeK-
TUBBI IPUMEHEHU ST BBICOKOIIOTOYHON OKCUT'€HOTEepauU C yUeTOM 1aTo()U3N0I0TUUYeCKUX 0COOEHHOCTel
T3JIA.

OT60p 82 MCTOUHMKOB IIPOBOAUJIN 10 MPUHIIUIY COUETAHUSI KINHUYECKUX U 9KCIIepUMEHTaIbHbBIX JaH-
HBIX U3 UCTOYHUKOB IIOCJIEeJHUX 5 JieT U OoJiee paHHUX, COXPAHUBIINX aKTyaJbHOCTD /I MEAULIMHCKON
MIPAKTUKU.

B 0030pe npecTaBU/Id CTPYKTYPY OCHOBHBIX IPUYMH U YaCTOTY pacupocTpanenus TAJIA; paccMoTrpesnn
aTarbl TpoMOOTreHe3a U OCHOBHBIE ITPOSIBJIEHUS IbIXaTe/IbHOU HEJJOCTAaTOYHOCTH Tpu TAJIA, BOSHUKAOIIINE
IIpU HECOOTBETCTBUYU BEHTUJISILIUY U NTepdy3nU Jerkux; IpUBeIu 5 METOL0B PeCIUPATOPHOM Tepanuu y
00/1bHBIX € TAJIA: HU3KOIIOTOYHYIO ¥ BBICOKOIIOTOYHYIO OKCUTE€HOTEePaInuio, HeMHBa3WBHYIO M UHBA3UBHYIO
HCKYCCTBEHHYIO BEHTUJISINIO JIETKUX, 9KCTPAKOPIIOPAJIBHYIO OKCUTeHAIIUI0 KPOBY; TOKa3au ahheKTUB-
HOCTb ¥ OTPAaHUYEHUSI ITUX METOJIOB.

3akiaroyeHue. MeTo]] BLICOKOTIOTOYHOU OKCUTE€HOTEPAITUH TIpeJicTaBJjsieTcs: Haubosiee 3 (HEKTUBHBIM
U IEPCIEeKTUBHBIM Y 00JbHBIX ¢ TAJIA B CBA3U C OTCYTCTBUEM HETaTUBHBIX KapAUOTeMOJUHAMUYECKIUX I10-
CJIe[ICTBUN, CYOBEKTUBHOU KOM(POPTHOCTHIO [IJIs1 TAlIIEHTOB, a TAaKXKe BBUJIy COOTHOIIIEHUsI C MUHUMAJIb-
HBIMU PUCKAaMH BTOPUYHBIX UH(EKITMOHHBIX OCJIOKHEHUH.

TeM He MeHee, HAaKOTIJIEHHOTO KJIMHUYECKOT0 OTbITA HEJIOCTATOYHO /7151 OTHO3HAYHOT0 BBIOOPA TOTO HUJIN
HMHOTO0 METO/1a peciupaTopHoOi nongepskku npu TIJIA. Heo6x0quMo MIPpoIoKeHNE U3YUeHNsT KIIMHIYECKON
3(ppeKTUBHOCTU BHICOKOIIOTOYHO OKCUT€HOTEPAIINH Y CIIelIN(PHUIeCKOro KOHTUHIeHTa 00JIbHBIX, IepeHec-
mux TAJIA.

Knroueswvte crosa: mpO.M603M60.}Zu.Fl,' Jecouras apmepus; cunokcemus, CZUnoOkanHus, pecnupamopHas
noaaepofcna; dvixamenbHas Heaocmamounocmb; 8blCOKONOMOYHAA OKCUceHOmepanus, UCKYCCImeeHHasl 6eH-
MUaAYUS 1ecKUX; IKCMparopnopalbrHas OkCUceHauusl kposu

Pulmonary artery thromboembolia (PATE) is not a clinical entity as such, but a complication of different
diseases and conditions leading to deep thrombosis in the low tension circulation system, right cardiac cham-
bers or causing local thrombosis in the pulmonary artery system. PATE is characterized by complex pathogenesis
of respiratory failure of varying severity, which makes it difficult to choose a respiratory support technique.

Purpose of the overview: to show advantages of different respiratory support techniques and prospects of
high-flux oxygen therapy with regard to PATE pathophysiology.

82 sources were selected based on the principle of combining clinical and experimental data from papers
published over the recent 5 years and earlier that are still relevant for medical practice.

The overview presents the structure of main causes and prevalence of PATE and considers thrombogenesis
stages and predominant manifestations of respiratory failure during PATE occurring due to inconsistency be-
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tween pulmonary ventilation and perfusion. Review discusses five methods of respiratory therapy in PATE pa-
tients: low-flux and high-flux oxygen therapy, non-invasive and invasive artificial lung ventilation, extracor-
poreal blood oxygenation. Finally, the paper shows the efficacy and limitations of these methods.

Conclusion. High-flux oxygen therapy seems to be the most effective and promising technique in PATE
patients thanks to absence of adverse cardiohemodynamic consequences, subjective comfort for patients, and
relation to minimal risks of secondary infectious complications.

Nevertheless, the clinical experience accumulated is insufficient to make an absolute choice of one par-
ticular technique for respiratory support during PATE. It is necessary to continue investigating the clinical effi-
cacy of high-flux oxygen therapy in the specific population of patients who experienced PATE.

Keywords: thromboembolia; pulmonary artery; hypoxemia; hypocapnia; respiratory support; respiratory
failure; high-flux oxygen therapy; artificial lung ventilation; extracorporeal blood oxygenation
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BBenenue

PecriparopHas ojijiepsKKa ABJSeTCs OTHIM U3
KJTIOYEBbIX 9JIEMEHTOB TePAITUN KPUTUYECKHX COCTOSI-
Huid [1-3]. Tpom6G0oaMOOIHMSA JIETOYHON apTepun
(T3JIA) — ocTpast OKKJIIO3UsI CTBOJIA MJIU BETBEN
JIETOYHOU apTepuu TPOMOOM. PacripocTpaHeHHOCTh
3TOTO OCJIO’KHEHUsI Pa3JMYHbIX 3a00JIeBaHUN
cocrasJifger npuMepHo 1-2 ciay4yada Ha 1000 yesioBek
B rof [4, 5]. KpyIiHbIe IOMyJIAIIMOHHBIE UCCJIEN0Ba-
HUA TIOKa3aJM, 4yTo 4dactora TIJIA cocraBiisier
60-70 ciryuaes Ha 100 000 HaceJieHUsI B TOJl, BHYT-
pubOJIbHUYHAS JIETATBHOCTD BapbUpyeT OT 6 110
15% [6-9]. Ilo maHHBIM MHOT'OYHCJIEHHBIX I1aTOJIO-
roOaHaTOMUYECKUX UcciienoBanui, B 50-80% ciryda-
eB TAJIA He tmarHocTupyetcs Boodte [10-13], uTo
MOYKHO OOBACHUTH 3HAUYUTEJILHBIM AaIrra3oHOM
HWHTEPpIpeTauu KIMHUYECKUX TaHHbIX 1 3HAYEeHUU
mKaJj BeposatHocTy TOJIA [14]. ITpu aToM JieTasib-
HOCTBH Cpeau He JICYEHDbIX IMallME€HTOB JOCTUTaeT
40%, TorJia Kak Ipyu TPOBeJeHNH CBOEBPEMEHHOM
Tepanuu — He nipeBblimaet 10% [6, 15, 16].

TAJIA — He camocToATeJbHASA HO30J0TAYe-
CKasl eIUHUIIA, a OCJIO’KHEHNe PAa3JIMYHbBIX 3a00J1e-
BaHUI U COCTOSTHUM, TPUBOJSAIINX K BOBHUKHOBE-
HUIO INTyDOKUX TpOMOO30B B BEHO3HOH CHCTEMe,
MPaBBIX KaMepax cepra, TUOO0 BHI3HIBAIOIITX MECT-
HBI TPOMOO03 B CHCTEME JIETOYHOU apTepud [4, 17].
[IpumepHO B 95% ciy4aeB OCHOBHOU NPUYMHON
TIJIA siBasieTcss TpoMbO03 TIyOOKMX BEH HIKHUX
KOHEYHOCTeN, B 2% CJTy4aeB — TPOMOO3bI B CICTEME
BepxHeH 10J10# BeHbI, B 3-15% ciIydaeB — TPOMOBI
B IIpaBOM IIpeficepiuH (IIpU MeplaTeIbHON apuT-
MWH), TPABOM >KeJTyJI0YKe, OMMCaHbl TaKKe Tapa-
TMOKCaJTbHbIE TPOMO0IMOOJTUY U3 JIEBOTO TIPEICEP-
VA IIPU OTKPBITOM OBaJIbHOM OKHe [10, 18-22].

B ocHOBe HanboJIee YaCTHIX MPUYUH BO3HUK-
HOBEHUsI TPOMOO30B B BEHO3HOII CHCTEME JIESKUT
KJlaccuveckass Tpuaja BupxoBa, a HWMEHHO:
TOBPEXKIEHUE COCYAUCTON CTEHKH (TPaBMBI, Kare-
Tepu3alys BeH), CHUsKEeHHE CKOPOCTU KPOBOTOKA
(omepaTuBHbIE BMeIIATEeIbCTBA, JJIUTEJbHAS
MMMOOUTA3AITUS, CUITINI 00pas SKU3HU, O3KUpe-
HI/Ie) 1 TIOBLIIIEHHE CBEPTBIBAEMOCTH KPOBU
(Hac/eACTBEHHbIE KoaryJjionaruu, antTugocdgoiu-
NUAHBINA CUHAPOM, TapaHeoIJIaCTUYeCKUM CUH-

Introduction

Respiratory support is one of key elements in
therapy of critical state [1-3].

Pulmonary artery thromboembolia (PATE) is
an acute occlusion of pulmonary artery trunk or
branches with a clot. Prevalence of this complica-
tion of various diseases is approximately equal to
1-2 cases per 1000 persons per year [4, 5]. Major
population studies have shown that PATE inci-
dence amounts to 60-70 cases per 100,000 persons
per year and the intra-hospital mortality varies be-
tween 6 and 15% [6-9]. According to numerous post
mortem examinations, in 50-80% of cases PATE is
not diagnosed at all [10-13], which can be ex-
plained by a wide range of clinical data interpreta-
tion and PATE probability scores [14]. Mortality
reaches 40% among untreated patients while it
does not exceed 10% when timely therapy is per-
formed [6, 15, 16].

PATE is not a clinical entity as such, but a com-
plication of different diseases and conditions lead-
ing to deep thrombosis in the low tension circula-
tion system, right cardiac chambers or causing
local thrombosis in the pulmonary artery system [4,
17]. In 95% of cases approximately, the main cause
of PATE is deep-vein thrombosis of lower extremi-
ties, in 2% — thrombosis in the superior vena cava
system, in 3-15% of cases — clots in the right atrium
(in case of atrial fibrillation), right ventricle; para-
doxical thromboembolia from the left atrium in
case of patent foramen ovale has been described,
too [10, 18-21].

Most common causes for thrombosis in the low
tension circulation system stem from the classic Vir-
chow triad, namely: damaged vascular wall (injuries,
vein catheterization), decreased blood velocity (sur-
gical interventions, prolonged immobilization,
sedentary lifestyle, obesity), and increased blood co-
agulation (hereditary coagulopathies, antiphospho-
lipid syndrome, paraneoplastic disease, intake of
oral contraceptives, and hormonotherapy) [15].

In most cases, the initial stage of thrombogen-
esis is a damage of vascular wall endothelium [23].
There is no doubt that endothelium renders a po-
tent influence on the coagulation hemostasis con-

www.reanimatology.com

GENERAL REANIMATOLOGY, 2020, 16; 1



DOI:10.15360/1813-9779-2020-1-73-85

O630pHI
||

JIpOM, MpUMeHeHNe OPaJTbHBIX KOHTPAIlENTUBOB U
ropMoHaJjibHadA Tepamnus) [15].

HavaabHBIM 3TamioM TpoMOOTeHe3a, B 60JTb-
IIMHCTBE CJIy4aesB, ABJAETCA II0BPeKIeHNe dHI0-
Tesusl CTeHKU cocynoB [23]. Her coMHeHUH, 4TO
9HIOTEJIUI UMeeT MOIITHOE BJIUSHIE HAa COCTOSTHHE
KOaryJsMOHHOIO reMocra3a. B HopMme KieTku
9HJIOTEJ/IUA CUHTE3UPYIOT 9HA0TEJINH, IPOCTAlUK-
JIMH, a TaK)Ke OKCUJI a30Ta — BelleCcTBa, CHUYKAIO-
€ COCYIUCTBIN TOHYC, TOPMO3SIIIIUE aATre3UuI0 U
arperanuio TPOMOOIIMTOB U MPeAYIPesKIAI0IINe
TpoMmbooOpasoBanue [24]. [ToMHUMO 3TOTO, 9HIOTE-
JUAaJbHBIE KJIETKU BBITEJISIOT TKaHEeBbLIN aKTHUBa-
TOp TJIA3MUHOTEHA, KOTOPHINA B CBOIO O4Yepelb,
aKTUBU3UpPYeT PUOPUHOIN3 B OTBET HA TPOMOO-
oOpasoBanue [25]. [Ipu MOBpesKIEHUH 9HIOTEIIHA,
HapsAAy CO CHUYKEHUEM ero 3alllUTHOIO BJIUAHUA
Ha CBEPTHIBAIOIIEE 3BEHO FEMOCTAa3a, TPOUCXOIUT
BBICBOOOK/I€HVE B KPOBOTOK ITPOKOATYJISTHTHBIX
BEIIECTB, B YaCTHOCTU — (pakTopa Busiebpannra,
KOTODPBIN 00pasyeT CBSI3b MEKy TPOMOOIUTAMI
1 KOJJIAreHOM, a Takke MUKpOuOpuIamMmu cyo-
aHjoTenusi. KpoMe TOro, He3amMIEHHBINA Cy0-
9HJI0TEeJINAJIBHBIN CJIOU COCYIOB CaM CTaHOBUTCS
CTUMYJISITOPOM a/Ire€3W¥ W arperanuy TpoMOoIu-
TOB, U3 KOTOPBIX BLICBOOOKTAETCS PSIT OMOJIOTH-
YeCKW AKTUBHBIX BellecTB (AJl®, cepoTOHWHH,
TpoMOOIIIaCTHH U Ap.) [26].

AKTHBan¥sA TPOMOOIIMTOB 3aITyCKAaET Koary-
JIAIIMOHHBINA KacKaJ, C y4acTHueM BcexX (pakTopoB
CBepTHIBAHUS KPOBU C 00pa3oBaHUEM, B KOHEY-
HOM UTOTe, TPOMOWHA, TpeBpaiieHreM GruopPUHO-
reHa B GUOPUH U IPUBOIUT K (pOPMUPOBAHUIO
¢dubpuH-TpOoMOOIIUTAPHOTO TpoMba [3, 15, 18, 27].

B kKJIMHWYECKHNX UM 9KCHEePUMEHTATbHBIX
Ha0JTIONIEHNSIX BBISIBUJIN YCUJIEHHE JIETOYHOTO COCY-
JIMCTOTO COMTPOTHBJIEHH ST, BLIBBAHHOTO OOCTPYKITH-
efi, 3a CYeT Ba30- M OPOHXOKOHCTPUKIINH B Pe3YJTh-
TaTe BBICBOOOYKIEHUS OMOJIOTMYECKH aKTUBHBIX
BEIECTB (TPOMOOKCAHbI, THCTaMUH, CEpDOTOHIH) U3
arperaToB TPOMOOIITOB B TpoMOe [28, 29].

TakuM o00pa3om, 9MOOJIBI BBI3LIBAIOT HeE
TOJIBKO MEeXaHWYECKYI0 OOCTPYKIIHIO JIETOYHBIX
apTepuii, HO ¥ CTAHOBSTCS MOITHBIMU aKTHUBATO-
paMu ryMopaJ/ibHbIX U3MeHeHUul. [1pu nepekpsol-
THU TPOMOOM MMPOCBETA JIETOYHOI apTepPUH, BHe-
3alHO TIPOMCXOJUT MHOTOTPAHHBIM Kackaj
KJIETOYHBIX ¥ MOJIEKYJISIPHBIX B3aUMOJIeCTBUH C
y4acTHheM KaK [IPOKOAryJIgsHTOB U Ba30KOHCTPHUK-
TopoB (PAE PDGE ET-1, 1eikoTpreHbI, TPOMOWH),
TaK ¥ AHTHUKOATYISAHTOB U Ba30QUJIATATOPOB
(raTexosnamuHbl, cepotoHuH, NO, AT-1I) [30]. Yya-
CTHE TYMOpPAJbHBIX MEXaHW3MOB OOBSICHSET
HepeaKo HaOJI0aeMoe HECOOTBETCTBHE MEKIY
TSPKECTHIO CEPJIeUHO-COCYIUCTBIX PACCTPOUCTB U
CTETIeHbIO OKKJIIO3WU JIETOUYHBIX apTEPUI.

B psine 1abopaTopHbBIX UCCIEIOBAaHUM ITPOJIEe-
MOHCTPHUPOBAaHA BAKHOCTH AKTUBAIUU IIPOTeas-
3aBUCUMBIX PELIENITOPOB, CUTHAJIBHBIX ITyTel TUII0-

dition. In health, endothelium cells synthesize en-
dothelin, prostacyclin, and nitrogen oxide — sub-
stances that decrease vascular tone, slow down
platelet adhesion and aggregation, and prevent clot-
ting [24]. Besides, endothelial cells release t-plas-
minogen activator, which, in turn, activates clot lysis
in response to clotting [25]. When endothelium is
damaged, in addition to impairment of its protec-
tive influence on the clotting hemostasis compo-
nent, procoagulant substances are released into the
bloodstream, in particular, von Willebrand factor
that forms a link between platelets and collagen as
well as subendothelial microfibrils. Besides, the un-
protected subendothelial layer of vessels becomes
itself a promoter of platelet adhesion and aggregates
releasing several biologically active substances
(ADBP serotonin, thromboplastin, etc.) [26].

Platelet activation initiates a coagulation cas-
cade involving all blood coagulation factors and
ending with formation of thrombin, transformation
of fibrinogen into fibrin, and finally entailing for-
mation of fibrin-thrombocyte clot [3, 15, 18, 27].

Clinical and experimental observations re-
vealed increased pulmonary vascular resistance
caused by obstruction due to vaso- and bron-
choconstriction resulting from release of biologi-
cally active substances (thromboxanes, histamine,
serotonin) from platelet aggregates in a clot [28, 29].

Hence, emboli not only cause a mechanical
obstruction of pulmonary arteries, but become po-
tent activators of humoral changes. Occlusion of
the pulmonary artery lumen by a clot is accompa-
nied with a sudden multifaceted cascade of cellular
and molecular interactions involving both proco-
agulants and vasoconstrictors (PAE PDGE ET-1,
leukotrienes, thrombin), and anticoagulants and
vasodilators (catecholamines, serotonin, NO, AT-1I)
[30]. Involvement of humoral mechanisms explains
the frequently observed inconsistence between
severity of cardiovascular disorders and the degree
of pulmonary artery occlusion.

Anumber of laboratory investigations demon-
strated the importance of activation of protease-de-
pendent receptors, signaling pathways of hypoxia
and inflammatory response in PATE pathogenesis
at the cellular and molecular levels [31, 32].

Occlusion and spasm of pulmonary vessels re-
sultin appearance of lung tissue areas that are ven-
tilated but not perfused; this leads to increased
physiological dead space and ventilation-perfusion
imbalance. In health, the alveolar ventilation (V)
equals on average to 4 1/min, pulmonary capillary
blood flow (perfusion) (Q) — 5 1/min, and their re-
lation — V/Q — that is referred to as the ventila-
tion-perfusion index — equals, correspondingly, to
0.8, i. e. perfusion is more intensive than ventilation
[33]. On the whole, different V/Q indices in different
lung compartments compensate each other and
the mean value of V/Q = 0.8 remains sufficient for
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KCHY ¥ BOCIIAJIATEJIBHOIO OTBeTa B aroreHese TAJIA
Ha KJIETOYHOM U MOJIEKYJIAPHOM YPOBH:X (31, 32].

B pesysibraTe OKKJ/IIO3UU U ClladMa JIETOYHBIX
COCYZIOB OAIBJIAIOTCS BeHTU/IMpyeMble, HO He Iep-
(ysupyemble y9aCTKHU JIETOYHOH TKaHH, YTO IPUBO-
JUT K YBEJIMYEHUIO (PH3UOJIOTUYECKOTO «MEPTBOTO
IIPOCTPAHCTBa» U HAPYIIEHUIO BEHTUJISIIIMOHHO-
nepy3OHHOTO COOTHOLLIeHUs1. B HOpMe anbBeo-
JsApHasa BeHTUAnuA (V) B cpegHeM cocTaBJisaeT 4 j1/
MUH, JIETOYHBIA KaIUJIJISIPHBIA KPOBOTOK (11epdy-
3us) (Q) — 5 si/muH, a ux cootHotrenue V/Q, KoTo-
poe 1 Ha3bIBAIOT BEHTWJISIIUOHHO-TIEP(Y3MOHHBIM
COOTHOIIIEHNEM, COOTBETCTBEHHO pasHoO 0,8, T. e. 11ep-
(py3us1 IpOUCXOIUT NHTEHCHBHEE, YeM BEeHTUJIALINSA
[33]. IIpu aTOM pa3Hble BeJImurHbI V/(Q B pa3/IMIHbIX
KOMITaPTMEHTAaX JIErKUX B I1€JI0M KOMIIEHCUPYIOT
Ipyr opyra, u cpegHee cootHouenue V/Q = 0,8 ocra-
€TCsI IOCTATOYHBIM [17151 3(p(DEeKTUBHOTO razooOMeHa
(oKcureHariy BEHO3HOU KPOBU U YIAJIEHUS 13 Hee
yIJIeKncIIoro rasa). [Ipu psie 3aboseBaHUiA COOT-
BETCTBHE MPOIIECCOB BEHTUJIAIMU U Ilepdy3un B
JIETKMX Hapyllaercsa. B aToM ciy4ae BO3MOYKHO
TTOSIBJIEHHE TTaTOJIOTHTYECKUX 30H C IPeobJIajaHueM
BBICOKOT0 V/Q (BEHTHUJIMPYeMbIe, HO He epdy3u-
pyeMble aJIbBe0JIbl — aJIbBE0JIAPHOE MePTBOE IIPO-
cTpaHcTBO — V/(QQ=00), miu Huskoro V/Q (mepgysu-
pyemble, HO He BEHTHUJUPyeMble ajbBEOJIbl —
WCTUHHBIN BHYTPUJIETOYHBIN HIYHT — V/Q=0).

IIpu ocTpoii JIeTOYHOU 9IMOOJIUM TIIABHBIM
MEeXaHU3MOM Pa3BUTHUA IT'MIIOKCEMUU ABJIAETCA
HapyLIeHUsI COOTBETCTBUA BEHTUJIALUU U IIep-
¢ysun (mpeobsasanvie 30H «MEPTBOTO IIPO-
cTpaHCTBa») [34, 35].

Iess 0630pa — MoOKa3aTh BO3MOKHOCTH pas-
JIMYHBIX METOAOB PECHUPATOPHON MONIEPKKU U
MIepCHeKTUBBl NPUMEHEHUsI BBICOKOIIOTOYHON
OKCUT€HOTEePANNH C y4eTOM IaTO(PU3NO0TIOTHIECKUX
0CcoOeHHOCTEH TPOMO0IMOOJIUY JIETOYHOI apTEPUIHL.

ITaTopuamnosioruyeckue
npoueccel npu TIJIA

[laToreHeTHYECKH, a TaK)Ke KIUHUYECKU Ha
TepBO€e MeCTO Y 00JIbHBIX C TOJIA BBIXOIUT AbIXa-
TeJbHAasI HEIOCTATOYHOCTh, KOTOpasgs HOCUT
COCTaBHOU XapaKTep M o0OycjaBJIIBaeTCs Ipe-
UMYIIeCTBEHHO TUIIOKCEMUEN, TUMOKAaIHUEN.
[urokceMusi MpU OCTPOHN JIETOYHOU 9MOOJIHNU
BO3HHUKAET B pe3yJibTaTe HEeCOOTBETCTBUS BEHTH-
asauuu U nepdysun [36]. OgHAKO, B YCJIOBUAX
OOIITUPHOU JIETOYHOU 9MOOJINY, HEMAJIYIO POJIb
UrpaeT IPUCYTCTBHE TOIOJHUTEJbHOIO KOMIIO-
HEeHTa — IIpaBO-JIEBOCTOPOHHETO LIyHTa. BHYT-
pHuJeroyHoe MyHTUPOBAaHUE MOYKET IIOSABUTHCA
10 Mepe pocTa JaBJEHUsI B CUCTEME JIETOYHOH
aprepuu. [Ipu paBeHCTBE /1aBJIEHNI B IPAaBOM U
JIEBOM IIpeJCepAry B yCJIOBUAX HOPMBI LIIyHTA
KPOBU MEKIy IpefcepiusMu HeT, Ho mpu TIJIA
MIpaBoIIpeicepaHasi TUIIEPTEH3UsI MOKET BECTH K

efficient gas exchange (venous blood oxygenation
and removal of carbon dioxide therefrom). In a
number of diseases, the balance of ventilation and
perfusion processes is distorted. In such case,
pathological areas might appear where high V/Q
(ventilated but not perfused alveoli — the alveolar
dead space — V/Q=0o0), or low V/Q (perfused but
not ventilated alveoli — the true intrapulmonary
shunt —V/Q=0) is predominant.

During acute pulmonary embolism, the main
mechanism of hypoxemia development is misbal-
ance between ventilation and perfusion (predomi-
nance of dead space areas) [34, 35].

Purpose of the overview: to show advantages
of different respiratory support techniques and
prospects of high-flux oxygen therapy with regard
to the pathophysiology of pulmonary artery throm-
boembolism.

Pathophysiological Processes
During PATE

In PATE patients, respiratory failure charac-
terized by a composite nature and caused mostly
by hypoxemia and hypocapnia comes to the fore
both pathogenically and clinically. During acute
pulmonary embolism, hypoxemia occurs due to
misbalance between ventilation and perfusion [36].
However, in a situation of a major pulmonary em-
bolism, presence of an additional component —
right-left shunt — plays a considerable role, too. In-
trapulmonary shunting might occur with growth of
pressure in the pulmonary artery system. In health,
when pressures in the right and left atria are equal,
there is no blood shunt between atria; but during
PATE, right atrial hypertension might lead to blood
overflow from the right into the left atrium (7, 37].
Cases of profound refractory hypoxia that was not
relieved by thrombolysis in PATE patients with
patent foramen ovale have been described [38, 39].

The second manifestation of respiratory failure
during PATE, apart from hypoxemia, is hypocapnia
that reflects growth of alveolar minute ventilation of
lungs as a part of total minute ventilation, which in-
creases in spite of dead space extension due to oc-
clusion of the capillary bed of lungs. Minute venti-
lation grows as breathing is stimulated by pain
impulses from pleura due to lung infarction. Be-
sides, stimulation of juxtacapillary receptors in the
alveolar-capillary barrier structures raises afferent
vagus activity followed by stimulation of oblongata
respiratory neurons and development of hyperven-
tilation and hypocapnia [16, 28, 33, 36].

Later, as bronchoconstriction develops and de-
creases ventilation and oxygen tension in alveolar gas,
Euler-Liljestrand reflex, i. e. microvasculature constric-
tion, takes place resulting in still higher increase of pul-
monary vascular resistance and growth of load on right
compartments of the heart [34]. Experimental findings
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IIepeTOKY KPOBU U3 IIPABOT0 B JIeBOE IIpeicepaue
[7, 37]. Ommcansb! ciy4yau TIyOOKoO# pedparrep-
HOU TUIIOKCUH, He KyITUPyeMOH TPOMOOJTM3UCOM
y nauueHToB ¢ TAJIA n He3apalleHHBIM OBaJIb-
HBIM OKHOM [38, 39].

BTrophiM TposiBJIeHWEM IbIXaTeJbHOU
HeJqocCcTaTrouHOCTU npu TAJIA, TOMUMO TUIOK-
CeMUuH, SIBJSETCA TUMOKAaNHUsA, OTpaskaromias
pOCT aJbBEOJSAPHON MUHYTHOW BEHTUJSAIUU
JIETKUX KaK 4acTH 001leli MUHYTHOU BEHTUJIS-
o1y, KOTOpas yBeJIMYMBAETCs, HEeCMOTpPs Ha
pacuimpeHre MEPTBOTO MPOCTPAHCTBA BCJET-
CTBUE OKKJIIO3WHU KATTUJIJISAPHOTO JIOKA JIETKUX.
K pocTty MUHYTHOU BeHTUJIALUN HNPUBOLUT
CTUMYJIALIUSA AbIXaHUs 00JI€BBIMU UMITYJIECaAaMU
U3 TJIEeBPHlI BCJeACTBUE MH(PAPKTA JIETKOTO.
KpomMme TOro, cTUMynsanmusa KCTaKalUuJIJIAPHBIX
penenTopoB B CTPYKTypax aJbBeOJIAPHO-
KaNWJIJISIPHOTO Oapbepa moBbIaeT adgepenrt-
HYI0 BaryCHyI0 aKTHBHOCTb C IOCJeAyIoIlel
CTUMYJIAEN peCIUPaTOPHBIX HEHPOHOB IPO-
JIOJITOBATOr0 MO3ra, pa3BUTHEM TUIIePBEHTH-
JIAIMU U TUIIOKAHuU [16, 28, 33, 36].

B manbHeiireM, 1o Mepe pasBUTUSI OPOHXO-
KOHCTPUKIIMY, BeyIledl K CHUSKEHUIO BEHTUJISI-
[IMY ¥ TAPIIUATBHOTO JABJIEHUA KUCI0PO/A B aJlb-
BEOJIIPHOM rase, cpaOarbiBaeT pedJerc
diiepa-JlnnmecTpania, 3aKJIIOYAIOITAICS B KOH-
CTPUKIHAYU MEJIKUX COCYJIOB, YTO IIPUBOIUT K e1le
00JIbIIIEMY TOBBIIIEHHIO JIETOYHOTO COCYIMCTOTO
COIIPOTUBJIEHUS W POCTy HAarpy3Ku Ha IIpaBble
oTneJisl cepaua [34]. Peaysbsrarsl, 0JIy4eHHbIE B
3KCIIEPUMEHTAJIbHBIX HWCCJEeNOBAHUAX, CBUE-
TeJIbCTBYIOT, UTO OKKJII03UsI JIETOYHOU apTepUM C
IIOCJIEAYIOIIM BO3pacTaHUEM CUCTOJIMYECKOrO
JaBJICHUA B IPABOM SKeJIYA0YKe He COIIPOBOXKIA-
€TCA aleKBaTHBIM KOMIICHCATOPHBIM yCUJICHUEM
KpPOBOCHAOKEHUS TIPABBIX OTJEJI0B CEP/IIA, YTO
IIPUBOJIUT K UIlIeMUU MUOKapza [40].

KoMmneHncaTtopHoe yBesmyeHre paboThl Ipa-
BOI'0 YKeJIyI0YKa BBUY BBICOKOTO COIIPOTHUBJIE-
HUS B MAJIOM KpyTe B a3y JeKOMIIeHCaluy IIpo-
SIBJISIETCSI ero Ieperpy3koi, (opmupoBaHueM
[IPaBOsKEJIyJOYKOBON HEJJOCTATOYHOCTU U pa3BU-
THEM OCTPOTO JIETOYHOTrO cepaia. JlocTaTtovHo
YaCcTO IIPU 9TOM HAOJI0JaeTCSA TaXUKaPIUS U CHU-
sKeHUEe CeplIevHOro BhIOpOCca, YTO erne 0OoJIbIle
yCyTyOJIsIeT THITOKCEMUIO.

B pesynbrare neperpysku paBoro sKeJjyod-
Ka Ha (hoHe 3HAUUTEJIbHOTO YMEHbIIIEHUSI eMKO-
CTH apTepuaIbHOI0 pyCJ/ia HACTyNaeT 3HAYUTe Ib-
HOe OTpaHWYeHNre BeHO3HOr0 BO3Bpara KPOBU B
JIeBbI€e OTHeJIbI cepria. Kpome Toro, m3a6eIToOuHOE
HaIpssKeHUe CTEHKU IIPaBOro sKeJIyI0YKa IIPUBO-
JUT K CMEIIeHUI0 MeYX)KeJyJ0YKOBOH Iepero-
POOKHU B IOJIOCTh JIEBOI'O JKeJYLOYKa U CysKaeT
ero npocseT. PazBuBaeTcss CHHAPOM MaJIoro cep-
JIeYHOTO0 BBIOpOCA (JIEBOKETYIOYKOBAS HEJIOCTA-
TOYHOCTB) (41, 42].

evidence that pulmonary artery occlusion and subse-
quent increase of systolic pressure in the right ventricle
is not accompanied with an adequate compensatory
increase of blood supply to right compartments of the
heart, which results in myocardial ischemia [40].
Compensatory intensification of the right ven-
tricle function due to high resistance in the pul-
monary circulation during the decompensation
phase manifests as its overloading, right ventricle
failure and acute cor pulmonale. Tachycardia and
lowered cardiac output are observed quite frequently
in such case, aggravating hypoxemia still stronger.
Right ventricle overload at a background of sig-
nificant reduction of the arterial bed capacity results
in a considerable decrease of venous return of blood
to left compartments of the heart. Besides, excessive
tension of the right ventricle walls shifts the inter-
ventricular septum into the left ventricle cavity and
narrows down its lumen. Low cardiac output syn-
drome (left ventricular failure) develops [41, 42].

Methods of Respiratory
Support During PATE

In view of the above, respiratory support dur-
ing this pathology might become crucial. We can
only ask what respiratory support technique should
be chosen particularly for PATE patients. There is
still no clear-cut answer to the question raised [43].

Low-flux Oxygen Therapy

Low-flux oxygen therapy is the first choice and
the simplest and most available choice of respira-
tory support in a clinical setting [44, 45]. Among a
great versatility of oxygen therapy implementation
techniques, insufflation of humidified oxygen
through nose cannulas, nasal or face masks is the
most common (46, 47]. However, oxygen therapy
performed using conventional methods might not
always be sufficient for a patient suffering from
acute respiratory failure (ARF), when, due to pul-
monary ventilation-perfusion misbalance, simple
increase of the oxygen fraction in inhaled gas does
not help to improve arterial oxygenation [48-51].
Besides, this method has a number of limitations:

— efficacy for mild respiratory failure only;

— gas flow rate up to 15 1/min;

— ‘dilution’ of oxygen-gas mixture flow with air;

— constitutional, somatic and neurological
limitations for method application;

— inefficient gas mixture humidification;

— inefficient gas mixture warming [50, 51].

Noninvasive ALV (NILV)

The second respiratory support method ap-
plied is NILV that has a number of advantages not
only over low-flux oxygen therapy, but over invasive
lung ventilation as well [52-55]:

— minimized risk of injury in upper air pas-
sages (UAP);
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MeToabI peciupaTOPHOM
noaaep:kku npu TIJA

Hcxopns u3 BIIECKA3aHHOTO, PECITUPATOP-
Hasl MOJIepP’KKa TP JAaHHOU MMaTOJIOTUN MOSKET
npuobpeTarh IepBOCTeNIeHHOE 3HAaUeHne. OcTaer-
CS1 JIUIITH BOTIPOC, KAKOUW METOJ PeECIIUPATOPHOU
TIO/IJIEP>KKU CTOUT BBIOPATH /17151 O0JIEHBIX UMEHHO
c TAJIA. B HacTosmiee OJHO3HAYHOTO OTBETA HA
IIOCTaBJIEHHBIN BOIIPOC He MOoJIy4eHo [43].

HuskomorouHnas OKCHIeHoTepamnuAa

OCHOBHBIM, a TaK)Ke CaMbIM IPOCTBIM U
JIOCTYITHBIM METOJIOM BEIOOPa PECIIUPATOPHOIM IO -
JIEPKKU B KJVHUKE SIBJISIETCSI HU3KOIIOTOYHAS
okcureHoTepanus [44, 45]. Cpemu O0JIBIIIOTO pas-
HOOOpa3usi CIoCO0O0B pean3aIii OKCUTeHOTepa-
Y HanboJIee 9acTo UCIOb3YETCs MHCY(DIISINS
VBJIQYKHEHHOTO KUCJIOPO/IA Yepe3 HOCOBBIE KaHIO-
JIN, Ha3aJIbHbIe UJIM JIULeBbIe MacKku (46, 47]. OnHa-
KO, OKCUT€HOTEePaIusi, IPOBOIUMAsI TPAIUIIMOHHbI-
MU METOJIaMH, He BCera MOKeT ObITh JJOCTaTOYHOM
IIJIsT D0JIBHOTO C OCTPOH JbIXaTeTbHON HEJJOCTATO4-
Hoctblo (O1H), Korga BeyieICTBYUE HAPYILIEHU BEH-
TUIAIMOHHO-TIEP(Y3NOHHBIX OTHOIIIEHU B JIET-
KHUX IPOCTOE YBeJIMYeHNE (PPaKIUK KUCIOPOIA BO
BIbIXaeMOM ra3e He IIPUBOIUT K YJIYUIIIEHUIO apTe-
puanbHOU oKkcureHaruu [48-51]. Kpowme Toro, ata
MeTOIKa UMEET PSIJT OTPAHUYEHHIL:

— 3((HEKRTUBHOCTH TOTBKO ITPU JIETKUX (POP-
Max IbIXaTeJIbHON HeIOCTaTOYHOCTH;

— CKOpPOCTB ITIOTOKA rasa Ao 15 Jji/muH;

— «pasbaBJjieHHE» TIOTOKAa KHCJOPOIHO-
ra3oBOM CMECH BO3AYXOM;

— KOHCTUTYOMOHAJIbHbIE, COMAaTUYE€CKUE U
HEBPOJIOTUYECKHE OTPAaHUYEHUs] MPUMEHEHUs
MeTOo[1a;

— Hea(p(PEeKTUBHOE YBJIAYKHEHUE Ta30BOU
cmecy;

— Hea(p(PEeKTUBHOE COTrpeBaHNE Ta30BOU
cmecu (50, 51].

HeunnBasusuag UBJI (HUBJI)

BTopoii MeTom mpUMeHsIeEMON pecupaTop-
HOU mogmepskku — 910 HUBJI, kKOTOpast mmeer
PAII IPEUMYIIIECTB HE TOTBKO ITepe] HU3KOMOTOY-
HOU OKCHUTEHOTepaIuel, Ho U Iepe]] THBa3UBHOU
BEHTUJIAMEN JIETKUX [52-55]:

— MUHUMH3AUsl pHCKA TMOBPEXIEHUN
BEPXHUX JbIXaTebHBIX ImyTel (BJII1);

— 06JibIIIe 6€30TIACHOCTH U KOM(OPT JIsT
60JILHOTO;

— COXpaHeHWEe CIIOHTAHHOTO JTbIXaHMST;

— CHIPKEeHUEe PUCKa Pa3BUTHSI BEHTUJISATOP-
acconmupoBaHHOU MHEBMOHUM (BAIT)

— MEHbIIasi BbIPA’KEHHOCTh HEraTUBHBIX
KapIuOreMOINHAMUYECKUX W PEeCIUpPaTOPHBIX
3 peKTOoB;

— greater safety and comfort for the patient;

— retention of spontaneous breathing;

— reduced risk of ventilator-associated pneu-
monia (VAP)

— milder adverse cardiohemodynamic and
respiratory effects;

— possibility of contact with the patient.

NILV allows efficient adjustment of various
disorders in pulmonary gas exchange, reduces the
need for trachea intubation, allows an opportunity
of earlier trachea extubation during invasive lung
ventilation [43, 51, 56].

Compared to ALV, initial usage of NILV is asso-
ciated with a lower mortality (23 vs. 39%); however,
itis still not fully clear whether this was a result of a
systemic error of selection (NILV was performed in
patients with milder respiratory failure symptoms)
or fewer complications, mostly, ventilator-associ-
ated pneumonia [51].

NILV failure as a method of treatment is asso-
ciated, as a rule, with increased mortality with the
exception of subgroups of patients suffering from
cardiogenic pulmonary edema and hypercapnic
respiratory insufficiency (this group includes COPD
patients). Correspondingly, in future, these factors
should be taken into account in the selection of pa-
tients for clinical trials of NILV efficacy [57]. NILV is
also associated with a lower incidence of nosoco-
mial infections [58], most probable, thanks to fewer
incidence of ventilator-associated pneumonia due
to trachea intubation and other nosocomial infec-
tions related to the time in ICU (sinusitis, device-
related infections, etc.) [59].

Nevertheless, in addition to absolute advan-
tages, NILV features a number of drawbacks as well:

— impossibility of use in case of low con-
sciousness level, patient’s anatomical peculiarities;

— pain, erythema and facial skin damage
caused by a mask;

— inadequate gas mixture humidification and
warming resulting in damaged tunica mucosa of
the nose and mouth, UAP, especially when usage is
polonged;

— aerophagy, nausea, heartburn;

— idiosyncrasy (claustrophobia) [60, 61].

Invasive ALV

In case of fulminant PATE, respiratory therapy
involves mostly ALV [62]. An adverse influence of
ALV in patients suffering major PATE presents as
decreased venous return and aggravated right ven-
tricular failure caused by a positive intrathoracic
pressure [36].

According to a number of studies, application
of ALV in PATE patients resulted in negative clinical
outcomes wherein in some studies ALV usage even
increased mortality [63]. The main risks of ALV
usage are a ventilator-associated damage of lungs
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— BO3MOYKHOCTH KOHTAaKTa C 00JIbHbBIM.

HWBJI no3BoJisieT 3(p(peKTUBHO KOPPEKTU-
poBaTh pa3JMYHble HapylIIeHUs razoobMeHa B
JIETKUX, CHI)KAeT MOTPeOHOCTh B MHTYOAIUH Tpa-
XeH, TaeT BO3MOKHOCTh D0Jiee paHHeH 9KcTyOa-
Y TPaxeu MPY MPOBeJeHNY MHBA3UBHOW BEHTH-
JISAIIUY JJerkux [43, 51, 56].

[lepsuunoe ncnonb3oBanue HMIBJI o cpaBHe-
Huto ¢ VIBJI accorumpoBaHo ¢ 6oJiee HU3KOH JIeTaTb-
HOCTBIO (23 mpoTuB 39%), OHAKO TaK 0 KOHIIA U He
SICHO, AIBJISIETCS JIA 9TO PE3yJIETaTOM CHCTeMaTude-
ckoi ommmOkm or6opa (HVIBJI mpoBoamsIach y maru-
€HTOB C MeHee BhIPaYKEHHbIMH TPU3HAKAMH JIbIXa-
TeJbHOU HEIOCTaTOYHOCTH) WA  MEHBIIEro
KOJIMYEeCTBa OCJIOKHEHH, B OCHOBHOM — BEHTHUJIS-
TOP-aCCOIMUPOBAHHOM MTHEBMOHUH [51].

Hecocroarenpnocte HHUBJI, kak wMertona
Jle4eHus1, KaK MPaBUJIO, ACCOIMUPOBAHA C IMOBBI-
IIEHHOH JIeTaJIbHOCTHIO, 34 MCKJIIOYEHHEM II0M-
CPYILI [IAIJUEHTOB C KApIUOT€HHBIM OTEKOM JIETKUX
Y TUTIEPKATHUYECKOU IbIXaTeJTbHON HEJOCTaTou-
HOCTBIO (B 9Ty IpyIIy BXoAAT nanuenTsl ¢ XOBJI).
COOTBETCTBEHHO, B Ja/JbHEUIIEM, 3TH (PAKTOPHI
TIOJKHBI VYU THIBATHCS IIPYU OTOOPE MAITMEHTOB AJIs
KJIMHUYECKUX UCTbITaHUH apperTuBHOCTH HVBJI
[57]. HUBJI Takske accOnmuUpoBaHA C MeHBIIEN
4aCcTOTOM HO30KOMUAJIbHBIX MHG ek [58]. Bepo-
SITHEU BCETO, 3T0 00yCJIOBJIEHO MEHBIIIEH 9aCTOTON
BEHTUJISITOP-ACCOIIMMPOBAHHON ITHEBMOHUH, CBSI-
3aHHOU c MHTyOanued Tpaxeu, a TaKkKe OPYrUX
HO30KOMHAJIbHBIX WH(EKITNH, CBS3AHHBIX C JIJTU-
TeJbHOCThIO TpeObiBaHuss B OPUT (cuHycutsi,
KareTep-acCOMHUPOBaHHbIE HH(eKrMU 1 Jp.) [59].

Ho, moMuMo aOCOJIIOTHBIX MPEUMYIIECTB,
HUBJI uMmeert u psy HELOCTATKOB:

— HEeBO3MOKHOCTb IPUMEHEHUs NP HU3-
KOM YpOBHE CO3HaHWs, aHATOMUYECKUX 0COOEH-
HOCTSIX 00JILHOTO;

— 00Jib, 9puUTEMa U TMOBPEKIEHUE KOKU
JIAIIA TPU UCTIOJIb30BAHUU MACKWY;

— HeaJleKBaTHOe yBJIa’KHEHUE 1 COTpeBaHue
ra3oBOU CMeCH — IMOBPEYKIEHUE CJIU3UCTON HOCO-
u porowioTkd, B/ITI, ocoOeHHO TIpH AJIUTETHHOM
NIpYMEeHeHNnY;

— aspodarus, TOIIHOTA, U3KOT3a;

— UHAUBUAYaJbHasA HelnepeHOCUMOCTh
(kmaycrpodobdus) [60, 61].

NuBazusuaa UBJI

[Tpu mostHUEeHOCHOU hopme TIAJIA pecniupa-
TOpHAas Tepanus 3aKJII4YaeTcs IJIaBHbIM 00pa3oM
B mpoBenenuu VIBJI [62]. OTpuiiaresibHOE BJIUS-
Hue VMBJI y 601bHBIX ¢ MaccuBHOU TAJIA mpo-
ABJISIETCA B BUJe CHUSKEHM I BEHO3HOTO BO3BpaTa
1 yCYT'yOJIEHUH ITPABOSKETYIOYKOBOI HEJJ0CTATOY -
HOCTH, BCJIEICTBUE IIOJIOKUTEJBHOIO BHYTPH-
TPyAHOIO AaBJjeHus [36].

[To maHHBIM psija MCCJIeJOBAHUHN UCOJIH30-
BaHue VIBJI y nmanuenTos ¢ TOJIA npuBoguIIO K

and development of ventilator-associated pneu-
monia [48, 64]. Invasive ALV with aggressive param-
eters used to correct severe ARF certainly allows
correct severe ventilation disorders, on the one
hand, and, on the other, renders a number of im-
mediate and delayed adverse effects on organs and
systems: lung hyperinflation, barotrauma, volu-
trauma, atelectrauma, respirator-associated tra-
cheobronchitis and pneumonia, extrapulmonary
purulent-septic complications. That is why the
concept of a ‘safe’ and ‘sparing’ ALV has gained trac-
tion recently [48, 49]. One of the principles of this
concept consists in retention and maintenance of
patient’s spontaneous breathing even in a situation
of invasive respiratory support [47, 61].

Extracorporeal
Blood Oxygenation

Experimental evidence testifies to that extracor-
poreal blood oxygenation might produce effect during
amajor PATE [65]. This opinion is supported by some
case descriptions and serial observations [66—68].

High-flux Oxygenation

High-flux oxygen therapy (HFOT) is a rela-
tively new and most promising method of respira-
tory therapy in PATE patients [61, 69, 70]. It is im-
plemented with the help of a high-speed gas flow
generator (up to 60 liters per minute and over), a
system for efficient gas mixture humidification and
warming provided with a faculty of stepwise flow
rate and temperature regulation, precise setting of
the oxygen fraction, and a special circuit made of a
semi-permeable material eliminating condensa-
tion, as well as an original nasal or tracheostomy
cannula [51, 61, 71].

HFOT has a number of advantages compared
to low-flux oxygen therapy [72, 73]:

— high speed of gas flow significantly exceed-
ing flow speed during patient’s inhalation mini-
mizes atmospheric air admixture and allows main-
taining the preset constant high fraction of oxygen;

— high speed of gas flow offsets UAP resist-
ance and reduces patient’s respiratory work;

— high speed of gas flow reduces the flow
shortage during inspiration in ARF patients, as a
result, thoraco-abdominal asynchronism diminish-
es, respiratory rate decreases, and the tidal volume
becomes larger;

— high speed of gas flow provides gas
exchange improvement by generating a positive
pressure in laryngophalanx and UAP;

— high speed of gas flow improves CO, elimi-
nation and alveolar ventilation, decreases the vol-
ume of anatomical dead space;

— positive respiratory effects of the high
speed of gas flow are practically unaccompanied
with aggravation of cardiohemodynamics;
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OTpPUIATEeTbHBIM KIMHUUYECKUMH UCXOJaM, IPpHU
3TOM B HEKOTOPBIX UCCJIEJTOBAHUAX IPUMEHEHN e
VBJI pasxe yBeJIMYMUBaJIO YPOBEHB JIETAJIBHOCTHU
[63]. OCHOBHBIMU pPHUCKAMHU WCIIOJIb30BAHUS
VBJI ABAAIOTCA BEHTUJIATOP-ACCOLUUPOBAHHOE
MMOBpEsKAeHNe JIETKUX U Pa3BUTHE BEHTUJIATOP-
acconuMupoBaHHON mHeBMOHUU (48, 64]. bes-
YCJIOBHO, UCIIOJIb3yeMasi [IPU KOPPEKIUU TsKe-
got OJIH muBasuBHass VMBJI ¢ arpeccuBHbIMU
rnapaMmeTpaMu, C OJHOU CTOPOHBI, TTO3BOJISIET
KOPPUTUPOBAaTh TsAKeJIble HApylLIeHWUs raso-
oOMeHa, c IPyroil — UMeeT psiJ HeMeIJIeHHBIX 1
OTCTPOYEHHBIX OTpHUIlaTeIbHBIX 3((PEeKTOB Ha
OpTraHbl U CUCTEMBI: TUNIEPUHQPIIAINS JTETKUX,
bapoTpaBMa, BOJIOMOTpaBMa, aTeJIeKTOTPaBMa,
pecruparop-acconUpPOBaHHBIE TPAXe0OPOHXUT
1 ITHEBMOHUS, BHEJIErOYHbIe THOWHO-CENTHUYe-
CKue 0c/0kHeHu:A. [loaToMy B mocseqHue rogsl
MOJIy4YnJIa pa3BUTHE KOHIIENHs «Oe30ImacHO»
unm «agsmeii» UBJI [48, 49]. OmHUM U3 TIPUH-
[IMIIOB 3TOU KOHIIEIINY SIBJISETCS COXpAaHEHUE U
Mo ep KaHne CIIOHTAaHHOTO IbIXaHUS 00JILHOTO
Jla’Ke B YCJIOBHUSAX UHBA3UBHOU pecrnupaTopHOM
oA iepsKKU [47, 61].

JKCTpaKopIiopajibHasa
OKCHUI'€HIIUsA KPOBHU

JlokasaTeJibCTBA, MOJyUYeHHbIEe B 9KCIIEPU-
MeHTa/IbHBIX NCCAeJ0BAHUAX, CBUIETEIbCTBYIOT,
4to mpu MaccuBHOU TIAJIA MoskeT nath adeKT
9KCTpaKkoprnopaJibHasdg OKCUTeHIIUsI KPOBU [65].
JTO MHEHMe MTOATBEPIKIAETCS OTIeJIbHBIMU OIIH-
CaHUSAMHU KJIMHUYECKUX CJIydyaeB U CepUUHBIMU
HabJ/II0IeHusAMHA [66-68].

BpicOKONOTOYHAsI OKCUT€HAIUA

BeicokomnoTrounas okcurenorepanusi (BITO)
SIBJISIETCSI OTHOCHUTEILHO HOBBIM U HauboJIee mep-
CIIEKTUBHBIM METOI0M PECIIUPATOPHOH Tepanuu y
6oabHBIX ¢ TIJIA [61, 69, 70]. OHa peanusyercs
MMOCPEJICTBOM TeHepaTopa BBICOKOCKOPOCTHOTO
MOTOKA rasa (o 60 JuTpoB B MUHYTY U OoJiee),
cucteMbl AJs1 3((HEKTUBHOIO YBJIAKHEHUS U
CcorpeBaHUsI Ta30BOM CMECH C BO3MOKHOCTHIO
MIOIIArOBOM PETYIAINY CKOPOCTU IIOTOKA U TEMITe-
parypsl, TOYHON YCTAaHOBKU (PpaKIIUU KUCJIOPOAA,
a TaK)Ke CIelMaJIbHOI0 KOHTYypa U3 IIOJIYIIPOHU-
1[aeMOT0 MarepuaJsa, He JOIyCKaIIero o6paso-
BaHUS KOHJEHcaTa, U OPUTHHAJIBLHOW HOCOBOU
WUJIA TPAXeoCTOMHYECKOU KaHt U [51, 61, 71].

BITO umeert psAn IperMyIIeCTB II0 CPaBHEHUIO
C HU3KOIIOTOYHOU OKCUTeHOoTepanuen [72, 73]:

— BBICOKAasi CKOPOCTH IIOTOKA rasa, cylue-
CTBEHHO MPEBBIIIAIIIASA CKOPOCTh NOTOKA NPHU
BJIoXe OOJIBHOTO, MUHUMH3UPYET «IIPUMEIINBa-
HHe» aTMOC(EPHOTO BO3/1yXa U MO3BOJISIET MO -
JepsKUBaTh 3aJaHHYI0 IIOCTOAHHYIO BBICOKYIO
(paKIrio KUCI0PO/a;

— adequate warming and humidification of
inhaled gas improves the function of epithelium in
the upper air passages and that of alveoli, the func-
tional condition of all tracheobronchial tree struc-
tures, lowers the energy and metabolic inputs of the
body in a situation of increased energy requirement
at a background of respiratory failure [61, 71, 74].

The principal mechanism determining the clin-
ical efficacy of HFOT is the creation of a gas flow sub-
stantially greater than the patient’s inspiratory flow,
and generation of a positive pressure in UAP [75]. It
should be noted that HFOT efficacy derives from the
conjunction of all above factors [37]. A specific fea-
ture of this method is, first of all, no influence on in-
trathoracic pressure, that is why its application does
not compromise the right ventricle function [76-78].

In order to establish HFOT efficacy for PATE, a
retrospective study was undertaken in France on the
premises of two ICUs. 104 PATE patients treated in
ICUs since January 2011 till June 2015 were chosen for
the study [79, 80]. Clinical and laboratory symptoms
of acute respiratory failure were present in 33 patients;
of them, 14 required urgent invasive ALV and two
more patients — NILV for COPD exacerbation [81].
The remaining 17 ARF patients (52%) received high-
flux oxygenation where FiO, was 100% and flow speed
was 60 1/min. PATE severity was determined based on
the following parameters: profound desaturation dur-
ing spontaneous room-air breathing (SpO, —
70-89%), loss of consciousness (27%), presentation of
interventricular dyssinchrony according to Echo-CG
(75%). According to CT-angiography, bilateral PATE
was observed in 15 patients. Three patients received
systemic thrombolysis for deterioration of hemody-
namics [82]. Within the first 2 hours of HFOT, signifi-
cant improvement of breathing measures was found:
SpO, grew from 93% to 100%, P<0.00001; respiratory
rate decreased from 29 to 20 per minute, P=0.0007.
There was not a single patient who needed trachea in-
tubation during the first 24 hours of HFOT usage. Sur-
vivability amounted to 88% (n=15)

The above characteristics of HFOT as well as
findings of few investigations allow surmising the
possibility of a more physiological, compared to
other types of respiratory support, prosthetic repair
of the external respiration function by means of this
technique in PATE patients.

Conclusion

Thus, respiratory support during PATE is a
very acute issue due to high incidence of this com-
plication, diversity of its pathogenesis, and also be-
cause of unsatisfactory clinical results.

The method of high-flux oxygen therapy seems
most effective and promising in PATE patients
thanks to absence of adverse cardiohemodynamic
consequences, comfort for patients, and minimal
risks of secondary infectious complications.
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— BBICOKASA CKOPOCTH MTOTOKA Ta3a HUBEJIN-
pyer comporuBisieHne BTl u cHukaetr paboTy
JIbIXaHUSI 00JILHOTO;

— BBICOKAsA CKOPOCTH IIOTOKA ra3a penyuu-
PYeT «IIOTOKOBBIH T'OJION» P BAOXe OOJTBHBIX C
OJIH, B pesyJibTaTe 4ero yMeHbIIIaeTcs Topakoad-
JIOMUHAJbHbBIN AaCUHXPOHU3M, CHUYKAETCS YaCTOTa
IIbIXaHW S, YBEJTMINBAETCS AbIXaTeTbHBIH 00 beM;

— BBICOKAsi CKOpPOCTb NOTOKa rasa obec-
MeYnBAET YIIy4IlleHre Ta3000MeHa 3a CUET TeHe-
panuu MOJIOKUTEJTBHOTO JABJEHUSA B TOPTAHO-
riotke u B/IT;

— BBICOKAasI CKOPOCTH II0TOKA rada yJIy4laer
anmmMuHanuio CO, 1 aJIbBEOJIAPHYIO BEHTUJIALUIO,
YMeHbIIIaeT 00'beEM aHATOMHYECKOTO MEPTBOTO
MMPOCTPAHCTBA;

— TOJIOKUTEIbHbIE pecnuparopHbie
3¢ (P eKrThI BHICOKOU CKOPOCTHU MOTOKA r'a3da Ipak-
TUYECKHU He COIIPOBOKAAIOTCA YXYAIICHUEeM Kap-
IHOTeMOINHAMUKY;

— aJieKBaTHOE COrpeBaHue U yBJa’KHEHUE
B/IbIXae€MOI0 ra3a yjIy4diiaeT (OyHKIUIO SIIUTE N
BEPXHUX JbIXaTeJIbHbIX IyTeH 1 aJIbBE0JI, (PYHKIIMO-
HaJIbHOE COCTOSTHUE BCEX CTPYKTYP TPaxeoOpOHXM-
QIBHOTO JIepeBa, CHUYKAET 9HEPreTUIECKUE U MeTa-
Oostmyeckre 3arparbl OpraHW3Ma B YCJIOBUAX
YBEJIMYEHHON 9HEPTeTUYeCKON MOTPeOHOCTH Ha
¢oHe JpIxare/IbHON HEJJOCTATOYHOCTH [61, 71, 74].

[IpyHIIMOWANBHBIM MEXaHU3MOM, OmpeJe-
JITIOIIUM KJIMHUYecKyo apdexktuBHOoCTh BIIO,
ABJISIETCA CO3JaHue II0TOKA rada, CyleCTBEeHHO
MPEBBIINIAIOIIEr0 MHCITUPATOPHBIA ITOTOK OOJIBLHO-
r0 U TreHepanus MOJIOKUTEJIbHOTO JABJEHUSA B
BAIT [75]. Ilpu atoM cjiegyer OTMETUTb, YTO
addexTuBHOCTE BIIO 006yc/OB/IeHA COBOKYI-
HOCTBHIO BCeX Iepevyuc/ieHHbIX (akTopoB [37].
Oco6eHHOCTBIO 3TOM METOAWKH, B TIEPBYIO OYe-
penpb, ABJIAETCA OTCYTCTBUE BJIMAHUA HA BHYTPU-
IrpyfHOE JaBJeHUE, [I09TOMY ee IpUMeHeHne He
MIPUBOAUT K YXyIIEeHUIO (PYHKITUU IIPABOTO YKeTy-
no4ka [76-78].

C uenwio onpenenenus apdexruBHocTr BI1O
ripu TAJIA Bo ®pannmn Ha 6ade nByx OPUT 661710
MMPOBEAEHO PETPOCHEKTUBHOE NCCIiefoBaHue. [y
HcciienoBaHusA ObLIM BhIOpaHbI 104 mamumeHTa C
TAJIA, KOoTOpbIE HAXOMUIUCH B oTHeeHusx OPUT B
nepuof ¢ auBapsa 2011 o urous 2015 rr. [79, 80].
Knmauko-mabopaTopHble TPU3HAKKU OCTPOM JbIXa-
TeJIbHOM HeJJOCTaTOYHOCTU MPUCYTCTBOBAIN y 33
MaIMEeHTOB; U3 HUX 14 MOHAI00M/IaCh 9KCTPEHHAs
nHBasuBHas1 IBJI u eme nsym — HUBJI ipu o60cCT-
pennu XOBJI [81]. OctanbHble 17 manmentos ¢ O/IH
(52%) moJsry4asy BbICOKOIIOTOYHYIO OKCUT€HALIUIO C

Jluteparypa

1. Epemenko A.A., I[lonskoea I1.B., Boicuzuna M.A. BiusiHre MeTo0B
HEUHBA3WBHOI PeCMpaTOPHOIl MOJIeP/KKY Ha ra3000MeH y Kap-
JIMOXUPYPrHYECKUX O0JIBHBIX C OCIE0IePAIIOHHOI IbIXaTeIbHOM
HEJJ0CTAaTOYHOCTBI0. O6uwas peanumamonozus. 2019; 15 (4): 21-31.
DOI:10.15360/1813-9779-2019-1-21-31

Nevertheless, the accumulated clinical expe-
rience is insufficient to make a decisive choice in
favor of a particular method of respiratory support
during PATE. It is necessary to continue investiga-
tion of the clinical efficacy of HFOT in the special
population of patients who experienced PATE.

mapamerpamu: FiO, — 100%, ckopocTb moToka— 60 J1/
MuH. Tsorects TOJIA onpenesnanack CaenyionumMu
rapamMeTpamu: IyOOKOH JlecaTyparyeil Ipu caMmo-
CTOATEJIBHOM JbIXaHWW KOMHAaTHBIM BO3JYXOM
(SpO, — 70-89%), norepeii cosHauus (27%), HAIU-
qreM MesKIKeJyJOUKOBOU TUCCUHXPOHUU I10 JaH-
HbIM IXO-KI' (75%). Ilo peaynsraram KT-anruorpa-
¢un Omnarepanpuylo TIJIA Habmomamm y 15
IanyeHToB. TpeM manyenTaM B CBA3HU C YXyIIICHU-
€M reMOIMTHAMHKY ITPOBEJIA CUCTEMHBIA TPOMOO-
Jmswc [82]. B mepsrble 2 yaca mpoBenenwsi BI1O 65110
BBIAIBJIEHO 3HAUUTEJIbHOE YJIydIlleHue IToKa3aresen
IbIxaHusA: Tak — SpO, yBesimumiiack ¢ 93 1o 100%,
p<0,00001; Y — yMeHbIIUIaCh C 29 10 20 B MUHY-
Ty, p=0,0007. Hu omHOMY ITaniieHTy He TOHaI00u-
JIach UHTYOAIWs Tpaxew B IepBbIe 24 yaca IpruMe-
HeHnwnd BITO. BepknBaemocTthb coctaBusia 88% (n=15)
BermrenepeunciaeHHbIe XapaKTepUCTUKHU
BIIO, a Takske naHHbIe HEMHOT'OYM CJIEHHBIX UCCJIE-
JIOBAaHUU IMO3BOJISIOT IPEAIOJIOKUTH BO3IMOMK-
HOCTBH 60Jiee (pU3NO0JTOTUYECKOTO, B CPABHEHUU C
JIPYTUMU BUJAMU PECIUPATOPHON MOIIEpPsKKH,
NIpOTe3UPOBAHUSA (DYHKIIMU BHEIIHETO AbIXaHUs
TIOCPEICTBOM 3TOTO METOa ¥ 00TBHBIX ¢ TAJIA.

3akJaouenue

Takum obpasom, npobJieMa pecnupaTopHoOi
nognepsxkku npu TIJIA crout kpaiiHe octpo,
BCJIEICTBHE BBICOKOW YaCTOTHI BCTPEYAEMOCTHU
3TOT0 OCJIO’KHEHUsI, MHOT000pa3uH ero aToreHe-
33, a TaksKe — BBUJY HEYJOBJIETBOPUTETHHBIX
KJINHUYECKUX Pe3y/IETaTOB.

MeTop BBICOKOIIOTOYHOM OKCUT'€HOTepanuu
npencrasJsieTcs Haubosee a(pheKTUBHBIM U TIep-
CHEKTUBHBIM Y 00/IbHBIX ¢ TDJIA B CBSI3H C OTCYT-
CTBHEM HeraTHUBHBIX KapJUOreMOANHAMUYEeCKUX
MOCJIEICTBUIN, KOM(pOPTOM [Js TMAlMEeHTOB, a
TakKe MHUHUMAJIbHBIM pPHCKAaM BTOPUYHBIX
MH(PEKIIMOHHBIX OCIOKHEHUH.

Tem He MeHee, HAKOIIJIEHHOT'O KJIMHUYECKOTO
OIBITA HEJJOCTATOYHO J1JIsI OJHO3HAYHOI'O BBIOOpA
TOT'0 MJIM MTHOT'O METO/Ia PeCIIpPaTopHON IOAePsK-
ku ipu TAJIA. Heo6xommMo Mpoo/KeHre N3y IeH ST
KkamHIYecKkol apderrrBHOCTH BITO y cienuduye-
CKOT'0 KOHTUHTeHTa 00JIbHBIX, TepeHecnx TIJIA.
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